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THE EFFEC’ OF VARIATION OF 
SPECIFIC HEAT WITH TEMPERA- 
TURE ON THE THEORETICAL EFFI- 
CiENCY OF THE DIESEL ENGINE. 


By S. Lers, Manchester. 


Ir is now fairly established that the specific heats 
at constant pressure and constant volume of all 
gases dealt with in the study of internal-combus- 
tion engines rise with the temperature. Within 
the limits of temperature encountered in practice 
the variation may be expressed sufficiently accu- 
rately by formulz of the type :— 


K,p= A, + BT =a, +80) 
K. = Ag+ BT =a,+ 80) ° 


where K, and K, are the specific heats at constant 
pressure and constant volume respectively at 6 deg. 
Cent. (T deg. Cent. absolute), and A,, A,, a,, ag, 
and Bare constants. The adoption of the variable 
specific heat considerably modifies the usual thermo- 
dynamic formule. Thus the adiabatic curves, 


instead of satisfying p v’ = constant, satisfy :—* 
pvt ATA (2) 


The net effect of the variation in specific heat is 
to cause a diminution in the theoretical efficiency 
of internal-combustion engines. The calculation 
in the case of the ‘‘ constant-volume” cycle—the 
typical case for gas-engines—is given by Wimperis 
(loc. cit, page 81, et seq.). In the following an 
attempt is made to work out the calculation for the 
standard Diesel cycle. The standard gas equation, 
p v=R T, will still be assumed. [See British 
Association Report on Gaseous Explosions, 1908 ; 
appendix by Professor Callendar. } 

The figure shows the theoretical diagram. The 
working fluid is taken in at constant pressure 
(py, atmospheric) during the first stroke of the 
piston. This stage is represented by the line A B 
Daring the second stroke the fluid is compressed 
adiabatically (compression represented by BC) to 
pressure p,. During the early part of the third 
stroke the fluid is heated (see C D) at constant 
pressure, p, ; then adiabatic expansion (D E) takes 
place for the remainder of the stroke. The 
exhaust then opens, and there is rapid diminu- 
tion of the pressure from p, to p, (Eto B). During 
the fourth stroke the remaining working fluid is 
swept out of the cylinder, except for a small por- 
tion due to clearance. This, however, enters into 
the contents of the next charge, and so must not 

taken into account in considering the cycle. 

@ effective area producing work is BCD E. 

is is obtained by considering the heat exchanges, 
which occur only along C D and E B. We shall 
denote the temperatures at B, C, D, and E by 
T,. T,, T,, and T, respectively. If H, denote the 
heat received by the working fluid in passing from 
C to D, we shall have :— 


(1) 


= constant 








** The Internal-Combustion En- 


See, ¢.g., Wimperis, 
page 70. In (2) + denotes A,/A.—#,¢., the ratio of | 


* 
zine,” 


she specific heats at the absolute zero, 


Te -Ts 
K,dT = \ (A, +8T)aT, 
Tt) 
= A, (T;, — T,) + 8 (T*%, — T4)/2, 


n-| 


H, = (T, — T;) (mean specific heat from C to D) 
= [T, — T,] [Ai + 8 (T, +T.)/ 2] (3) 
Similarly, if H, denote the heat lost by the 
working fluid along E B, we shall have :— 
Hy = [Ts  — To] [Az + 8 (To + Ts)/2] 
The work done by the fluid is H, —H,. 
sequently the efficiency is :— 
H, - H.)/H, =1- LT3—Tol fAo+8 (T3+T))/2] -_— 
(i, a, (T2—T,) | A+B (T.+'T))/2) ©) 
In what follows we shall denote V,/V, by r (the 
ratio of compressicn), and V,/V, by p (the cut-oif 
ratio). We proceed to express T,, T,, and T, in 
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terms of T,, rand». Applying, firstly (2), to the 
path BC in the diagram, we get :— 
Po Vor eB T0/A2= p, (Voir) Ye BTV, 
But p)V,/T, = p, (V./r) + Ti, from the gas equa- 
tion. Hence 
T, = Tory} ¢ B(To-Ti) /A,, 
To simplify matters, we shall use the single 
symbol A for B/A,. Thus :— 
T, =T,)r¥~! A@o-™ (6) 
Considering next the path CD, since the pris- 
sures at C and D are the same, we must have T,= 
T, (V./V,), in virtue of the gas relation. Thus :— 
T. = pT, =T, pr’! 2 (To-T) (7) 
To get T;, we have :— 
P; (p Vo/r)¥ AT = Ps Vo% e Ts, 
But 
Pi (p Volr) + T2 = ps Vo/Ts 
Hence 
Ts = Ts (o/r)¥~ 1 eh a-Ts) 
= Ty p¥ & (To - Ti +Te-Ts) . @) 
Before further progress can be made with (6), 
(7), and (8), we shall have to approximate. We 
shall assume that all the exponentials used are not 
much different from unity so that—e.g , 


€A (T)-T) =1+ A(T, aad T,) . (9) 





with sufficient exactness. Taking thus (6), we get 
on solving for T, :— 
T, = Tyr? (1+ ATL + AT, r¥—!) (10) 
We shall use the theorem that if 8 and « be small 
quantities, 
(1 + 5)\(1 + €) = 1 + 8 — ¢€, approximately. 
Thus (10) may be written :— 
T,=T (14417 - rh). GD 
T, is simply this multiplied by p from (7). In 
treating (8) in a similar manner to (6), it is to be 
noticed that sufficient exactness is secured if we 
replace T,, T,, and T, in the exponential (which 
is itself a small correction) by the approximate 
values :— 


T, = Ty ry—1 
T, = T, pry . (12) 
T; = Ty p’ 


obtained 
and (8). 

T; = Ty p¥ [1 + AT) (1 + pv? - r¥—*— pr] (18) 

We have, lastly, to substitute in (5) for T,, T., 
and T;, as given by (11) and (13). Confining our- 
selves, as before, to first-order terms in A T,, we get 
for the efficiency 7 :— 

mL. G 
¥ (ep - 3) rr! 
say, where (correction) 


rT, 
= 1 (p . yl” (1 + pry! — ry! —pr) 


+ ats {pv -1+,f7 (2 -? *1)}] (15) 


The usually accepted efficiency is obtained from 
(14) by neglecting the correction. 

It is difficult to decide what value to take for 
A = (8/A,). We shall, however, take :— 


7 = 1.4, 


ox aaguotinn the exponentials in (6), (7), 
us we get :—* 


n=1- — (correction) . (14) 


witht 
Ky = 0.194 + 0.000051 0; 
= 0.180 + 0.000051 T. 


If we take the case of an engine with r = 12, 
p = 2.6, we should have an efficiency (neglecting 
variation of specific heat) of 0.56. The correction 
given by (15) would, however, be :—{ 


0 000051. 
as [ 25a + 1.5 x 1204 — 2.51.4) 
1294 x 1.5 x 1.4 
2.5! - Ifans 44 1904 (2 ‘ 45)) 
ae | 1.4 , 


assuming that T, = 400 deg. absolute. 
a correction 0.137. 

Keeping the same compression, but altering the 
cut-off top = 1.5, we get for the currection 0.093, 


This gives 





* This process might bave been app ied tw get (11), but 
the method adopted to get (11) :eally justifies (13). 

+ See Wimperis, page 85. 

t In all cases the correction is to he subtracted from 
the efficiency usually quoted, 
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which is much less than before. The corresponding 
» (without correction) is 0.61. It is not hard to 
verify that, as we make p approach unity in value 
n, the efficiency (without correction) approaches 


(1 - at b whilst the correction approaches 
ry~ 


rT, (—1,); both definite limits. 
lit . 
The calculations we have just given indic ge 
importance of considering the variation of spe“tc 
heat in the cycle. Whilst the above figures are 
not to be trusted too much, on account of our lack 
of knowledge of A, it is yet apparent that the 
corrected efficiency will be appreciably lees, in 
general, than the usual value taken, whilst the 
limiting value of the correction as p apprvaches 
unity is interesting. 
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Surveying and Levelling Instrwments, Theoretically and 
Practically Descritted By Wiit1am Forp STanuey. 
Fourth Edition. Revised by H.T. Tatitacx. London: 
E. and F.N. Spon. [Price 7s. 6d.] 

Tue issue of a new edition of the late Mr. 

Ford Stanley’s work on surveying instruments 

reminds us that nearly twenty-five years have 

passed since this useful work was given to the 
public, and that for a still longer period the firm 
of Stanley has occupied a prominent position 
among instrument-makers. The book has much 
to recommend it, and coming from a maker of 
instruments, it is natural that more attention 
should be bestowed on the use and construction 
than on the theory. This is particularly notice- 
able in discussing the corrections to the observed 
quantities read directly from the instruments ; 
these refer to mechanical corrections, and do not 
aim at the nicety obtainable by arithmetical cor- 
rections derived from theoretical considerations. 

In this particular there is no de from the 

original lines on which the book was planned, 

the reviser feeling it his duty to adhere closely to 
the methods of his predecessor 

As we turn over the leaves of this encyclopedia 
of surveying instruments, with its many illustra- 
tions and references to patents of forty years and 
more ago, we ask ourselves in what direction has 
instrumental manufacture advanced, and what have 
been the achievements of our opticians and in- 
ventors ? Doubtless tools have improved, accuracy 
of construction has advanced, the convenience of 
the observer has been consulted ; rigidity has been 
maintained or increased, while weight has been 
lessened, making the instrument less cumbersome 
to handle ; division errors have been noticeably 
reduced, especially in the cheaper forms; the 
standard of workmanship has been raised, but the 
impression left is, that improvements have been 
mainly confined to points of detail, and little novelty 
or generic alteration is to be credited to our manu- 
facturers. 

Measurement, whether angular or linear, does not 
admit of change. The compass remains an emblem 
of stability, and still assumes the form in which it 
was designed. The late Lord Kelvin introduced 
some mechanical arrangements that made the indi- 
cations more reliable, but that form, being used 
mainly for giving direction to a ship’s course, finds 
no mention in a work limited to surveying instru- 
ments. The absence of reference to the home of 
gyro-compass suggested by Anschutz and by 
Sperry is explicable perhaps on the same grounds. 
The level and the theodolite do not offer much scope 
to ingenuity, though the greater extent in which 
some forms are employed in mining surveys, and the 
greater accuracy demanded, have necessitated some 
alterations in the accessories tending to greater con- 
venience in use. Greater precision has been secured 
in observations with the tacheometer, but due to 
geeater care in construction, not to the employ- 
ment of any new principle. In telemeters and 
range-tinders possibly greater improvements have 
been effected than it is desirable to make public. 
The value of such devices in war time is readily 
admitted, and though we may be travelling rather 
far from surveying instruments properly so-called, 
yet, since mention is made of and Stroud’s 
telemeter, a fuller description might have been 
expected of those instruments that science has 
devised to give greater effect to long-range artil- 
lery. Equally scant is the reference to the em- 
ployment of photography in surveying, though in 








the last few years the process has made great 
strides, and improved instruments of the Lee 
Bridges pattern mark something like a new de- 
parture. Clinometers have found new applications 
in the last quarter of a century, requiring modifi- 
cations in detail, but the general principles of 
construction remaim unaltered, and have received 
fitting attention. 

The sextant defies time and acknowledges no 
competitor in its own field. It remains indis- 
pensable alike tothe navigator and explorer. On 
account of its portability and simplicity of mani- 

lation, dispensing with all fixed support, and 
urnishing data with the least expenditure of time, 
it admits of no rival. To all intents and purposes, 
the form given to this invention of Newton, by 
Hadley or Godfrey nearly 200 years ago, retains its 
original characteristics, and the rapidity and pre- 
cision of the results obtained by a practised 
observer testify to its abundant merits. The 
author lingers over the various forms that ro oem | 
has suggested, but he has no new triumph to record. 
Some of the remaining instruments described are 
as old or older than the sextant ; Gunter’s chain 
and the plane table carry us back to the time when 
surveying was in its infancy, but they still hold 
their own in competition with later and more com- 
plicated devices. And here one might say a word 
for the Jiaderin tape, or the Konstat tape, as the 
author calls it. In the last twenty-five years, in 
various applications to rigorous geodetic measure- 
ments, this method has proved its utility and 
accuracy, and apparently has a great future before 
it. The heliostat and celostat have also received 
many improvements of late years fitting them for 
wider application than the author’s brief reference 
would suggest. 

The value of the book consiste in showing very 
effectively what apparatus is at the command of 
the surveyor, what particular form is best suited 
for his purpose, and generally how it can be used 
to the best advantage, as well as its limitation. 
There are many useful hints scattered through the 
pages which shoulé be treasured by all who have 
to use instruments, .nd which may not be neglected 
without loss and trouble. 





An Elementary Treatment of the Theory of Spinning- 
Tops and Gyroscopic Motion. By HaroLtp CRABTREE. 
Second Edition. Illustrated. London: Longmans, 
Green and Co. [Price 7s. 6d. net. ]} 


Ir is possible to write about the gyroscope and 
leave the reader only perplexed and disheartened, 
and also it is possible to make the subject enter- 
taining and to convey abundant information. Mr. 
Crabtree has wisely followed the latter course, and 
the second edition of his book is, as it should be, 
an improvement on the first. He uses mathe- 
matical formule not to darken but to explain. 
While he gives very exact ideas on the subject of 
rotation about a fixed axis, he is not afraid to attack 
the more difficult problems connected with gyro- 
static movement, or the motions of an axis of rota- 
tion in an ellipsoidal body or in space. He will, 
too, lighten the purely mathematical discussion by 

using to explain how a cat manages to fall on its 
foot. and does not scorn the assistance of kinema- 
tographic illustration. The mysteries of ‘‘ diabolo ” 
that exercised so weird a fascination some years ago 
are resuscitated for our guidance, and their discussion 
made instructive. But the teachings of the gyroscope 
serve other purposes than to enforce the principles 
of rigid dynamics. They find practical application 
in the Brennan monorail, in Rchlick’s gyroscopic 
device for steadying ships, and in the guidance of the 
deadly torpedo. Into all these and other uses the 
author enters, and mathematical notation is made 
to contribute to exactness and lucidity. 

The new matter in this edition is mainly collected 
into appendices ; not the least important of these 
is the presentation of the theory of the Anschutz 
gyro-compass in a very satisfactory form. Some 
years ago the author, in collaboration with Mr. 
Alfred ge, put Dr. Schuler’s theory into an 
English dre-s, for Messrs. Elliott Brothers, the 
English makers of the gyro form of compass ; but 
this, aiming at completeness, and intended for 
practical use, was rather a formidable affair. Here 
we have the whole gist of the matter in a few 
pages, that can be easily mastered. It is impos- 
sible not to admire the ingenuity of the construc- 
tion and the manner in which the mechanism is 
operated, and one would like to know to what extent 
theory and experiment have combined to build up 
the instrument. That a gyroscope; having three 





degrees of freedom when perfectly balanced, would 
maintain the axis of rotation fixed in space, and 
therefore serve to indicate the ship’s course, must 
have been very evident from the general theory, 
and equally certain was the recognition that with- 
out perfect balancing, precession would be set up 
and a cumulative error be introduced that would 
render the instrument useless. How to secure a 
horizontal position and overcome this difficulty must 
have been the stumbling-block, and the peculiar 
merit in the gyro-com lies in the damping 
mechanism that keeps the axle level. Theoretic- 
ally the point is as interesting as the mechanical 
accomplishment is ingenious. We know now that 
it can be effected by the emission of a stream of air 
through two openings of equal size, but whose 
available aperture is capable of being increased or 
diminished automatically by the tilt of the axle of the 
gyrostat, the difference of the action of the two 
streams forming a turning couple round the vertical 
axis of the system, which, by opposing the preces- 
sion, brings the axle of the gyroscope horizontal. 
Experiment may have determined the adequacy of 
this device for a particular Jatitude, but theory 
alone could have indicated the necessity for a lati- 
tude correction, or of a kind of aberration, to use 
ap astronomical term, depending upon the relation 
between the ship’s nti peer the earth’s rotation. 
There is, too, a third correction—the ballistic 
correction—due to the change in the ship’s motion 
in latitude. The way in which these several correc- 
tions are worked out will be much appreciated by 
those who admire accuracy of deduction and nicety 
of mechanism. 

Those who are inclined to more frivolity can 
study the reasons for the swerving of a ‘“‘ sliced ” 
golf-ball, a subject that Sir J. J. Thomson has put 
before delighted audiences ; and in quite a different 
direction, but not inappropriate to the present hour 
of anxiety, the problem of the drifting of projec- 
tiles and the flight of a rifled bullet in air may 
remind us in how many various ways the old 
problem, De motu turbinis, enters into the every- 
day aftairs of life. 





Wireless Telegraphy : A Hand-Book for the Use of Operators 
and Students. By W. H. Marcuant. London: Whit- 
taker and Co. [Price 5s. net. ]} 


TueERE have been several of these primers, that are 
usually described as elementary, but are not fun- 
damental, that shun all the difficulties that need 
illumination, and are content to put before the 
reader only the practical results that have been 
derived. This little book belongs to that class and 
is not distinguished by any peculiar features. The 
author states frankly that it is written tur those 
who are engaged in the practical operation of radio- 
telegraph installations, and he caters mainly for 
those who have to satisfy the examiners and obtain 
a certificate for proficiency. We grow rather tired 
of descriptions of the Marconi 1}-kw. set, that 
forms the picce de resistance of this class of treatise, 
and of the practical details for generating electrical 
oscillations. The same facte are repeated and the 
same difficulties are ignored. If some of the 
phenomena that are utilised cannot be explained, 
it would only be right to inform the reader that no 
complete explanation is yet forthcoming. For 
instance, Mr. Marchant might have warned his 
students that the mechanism, or process, by 
which the signals are conveyed from the trans- 
mitting to the receiving apparatus is unknown. It 
is easy to postulate ‘‘an infinitely tenuous medium 
termed the ether,” but that is only a veil to 
ignorance. It is no doubt correct to say that the 
effect is due to the action of electro-magnetic 
waves ; but whether these are Hertzian waves or 
space waves remains undetermined. Similarly, and 
connected with the method of transmission, it is 
not clear what part the earth plays, and therefore 
the process by which the transmission of long- 
distance signals is made possible is obscure. The 
author attempts no more than to indicate that if 
certain apparatus be provided, and certain opera- 
tions ormed, definite results will be produced. 
Enlightenment is not made one whit greater by 
writing down a formula without explaining how it 
is derived. To tell what the symbols mean may 
enable one to get a numerical result, but serves 
little useful purpose. But doubtless the author 
knows what candidates are likely to be asked, 
what diagrams they will have to draw, and has 
supplied the necessary answers. Stripped of 
details, he explains that at a transmitting station 
there must be a source of high electromotive force; 
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a condenser in which is stored an electric charge 
capable of being suddenly released, and an open 
radiative circuit coupled to the condensing circuit. 
At the receiving station there must be an aerial 
to pick up the radiations transmitted, a condenser 
circuit having variable capacity and inductance, 
and some form of oscillating detector to make an 
audible or visible signal. Ingenuity has varied 
these essentials in a multitude of ways, giving rise 
to different systems ; but with few exceptions the 
fundamental principles remain unchanged. 

The author touches on some of the mechanical 
improvements needed to make the apparatus more 
effective or convenient. He instances and describes 
a simple form of calling-up device that would 
dispense with the continual watchfulness of the 
operator. This is, no doubt, much to be desired, 
and it is suggested that the deflection of a needle 
might be made to close a circuit containing a 
trembling bell. If there is sufficient energy, this 
is an obvious result, but here again he fails to 
point out the necessity of preventing atmospheric 
discharges making a ‘‘ false” call, and of confining 
the action to a pre-arranged signal. Indeed, the 
whole subject of ‘‘atmospherics” or ‘‘ strays” is 
practically ignored, and thus fails to impress upon 
the student the existence of a frequent and trouble- 
some difficulty. A fairly good description is given 
of the Sydney Brown relay, but we are not told 
what amount of power is necessary to work the in- 
strument. What seems to be wanted is a relay or 
recorder that will work with a power of only a 
few micro-microwatts at the rate of fifty signals a 
second. In these days of war, when aeroplanes 
are 80 prominent as scouts, great interest attaches 
to portable sets of apparatus capable of being 
carried aloft. Some schemes are described, but 
they introduce no new feature. The principal aim 
in designing them is to reduce weight and make a 
convenient arrangement of the necessary apparatus 
within a small space. 
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EXTENSION OF MESSRS. BOLCKOW, 
VAUGHAN’S STEEL WORKS. 


ConsIDERABLE developments have been made at 
the iron and steel works of Messrs. Bolckow, 
Vaughan and Co., Limited. New laboratories and 
power station andan entirely new basic open-hearth 
steel department have recently been completed, 
and additional rolling-mills and rail hot - banks 
are being constructed. As the design and the 

ement of the accessories embody the fullest 
experience of a most progressive company, the 
illustrations of the new plant, which we publish on 
Plates I. to IV., and on pages 4, 5, and 6, will 
be studied with interest. First it will give satisfac- 
tion to all to realise that one of the old steel- 
manufacturing firms which did much useful and 
stimulating pioneering work still shows that spirit 
of enterprise which is essential to our national indus- 
trial supremacy. The firm of Bolckow, Vaughan and 
Co. dates from the beginning of the Cleveland iron- 
making industry ; it was the founders of this now 
great concern who discovered the Eston iron- 
stone deposits, and built the first blast-furnace at 
Middlesbrough, in 1851. Since then the district 
has advanced at a rate equalled only in this country 
by the rise of the Furness area, due also to the 
discovery of ironstone. This first Eston furnace 
was followed by others built under the shadow of 
the Eston Hills, from which, since then, millions 
of tons of iron-stone have been taken to burden the 
ever-growing number and capacity of the company’s 
furnaces. But even the Eston Hills do not contain 
enough iron-stone to satisfy the needs of what 
is now the largest number of blast-furnaces in 
the country under one direction, so that other 
parts of the Cleveland range have been tapped 
and shafts sunk at North Skelton, South Skelton, 
Belmont, and Lon , all of which mines are 
situated between the ancient ecclesiastical town of 
Guisbro’ and the sea coast. The company’s coal- 
mining properties in the county of Durham, too, 
are so extensive that, after supplying all the coal 
and coke required by their works, they still have 
over a million tons of coal per annum to place on 
the market. The recovery of sulphate of ammonia, 
tar, and benzols as by-products from the coke- 
ovens forms another source of profit to this great 
organisation. When it is further mentioned that 
the company owns large limestone quarries and 
brick works, and extensive wharfage on the Tees 
for shipping their products, it will be realised to 
how great an extent their operations are self- 
contained. 

The blast-furnaces are built in six separate 
plants, five of which are situated near to one 
another at South Bank (3 miles from Middles- 
brough), and the sixth on the bank of the Tees at 
Middlesbrough. This latter plant is used for the 
manufacture of spiegeleisen and ferro-manganese. 
Of the 23 blast-furnaces owned by the company, 14 
are at present in blast. Most of these are ef the 
usual Cleveland type, each making 900 to 1000 
tons of iron per week from ironstone calcined in 
circular kilns. The Grangetown plant of two 
furnaces is constructed to American designs, and 
is equipped with automatic loading and dischargin 
apparatus, the ironstone in this case being calcin 
by waste gases in Roberts and Colby roasters. 
The Bessemer blast-furnace plant, also of two 
furnaces, is of a modified Cleveland type, designed 
for larger makes, with skip-charging hoists ; 1200 
to 1500 tons per week are made by each of the 
Bessemer and Grangetown plant furnaces. Hema- 
tite iron, spiegeleisen, and ferro-manganese from 
foreign ores are also made in these furnaces. The 
burden is transported from kilns and bunkers to 
the skips by electric telpher railway, with elec- 
trically-operated discharging and self-contained 
weighing apparatus. 

The working of the telpher railway is illustrated 
in three views given on Plate I., Figs. 1 to 3. 
The system consists of an overhead - supported 
track-rail carried round the calcining kilns and 
storage bunkers to the base of the skip - hoists. 
The materials for each furnace are conveyed by one 
set of telpher lines, consisting of a motor and a 
trailer car. Each carries two tipping-buckets, 
holding 40 cwt. of calcined ironstone, makin 
4 tons altogether, which constitutes a load for the 
blast-furnace skip. When receiving its load under 
the shoots at the kilns, the bucket is weighed by a 
self-contained apparatus on each car. A relieving 
gear prevents damage when travelling. Each 
bucket is tipped by suitable motor-operated gear 





when it arrives over the skip-hoist bucket. The 
attendant who travels with each train performs, 
with the help of another man, the filling, weighing, 
and discharging. As a check to accurate weighing, 
a Pooley overhead-track weighing-machine is 
installed near each furnace, with the steelyard 
placed in the furnace-attendant’s cabin. i 
attendant also controls the shoots which lead the 
coke direct into the furnace-skips. In the entire 
system there are a number of patent junction- 
switches which have been very effective in their 
operation. The cars are operated by direct current, 

volts. The travelling motors are totally enclosed, 
and in duplicate, to prevent delays in case of failure. 
The aie is about 4 miles hour. 

When Bessemer’s magnificent conception was 
made known to the world, Messrs. Bolckow, 
Vaughan and Co. were large makers of iron rails, but 
so impressed were they by the importance of the 
discovery that they were the first in Cleveland to 
take up the manufacture of steel by the new process, 
notwithstanding the fact that, in order to make 
hematite iron, it was necessary te import foreign 
ores, and, to this extent, discontinue the use of the 
ores in their own adjacent properties, which were 
too high in phosphorus for the acid Bessemer 
process. Not content alone with anticipating the 
needs of constructional engineers by pioneering 
this new steel-making process, the foresight and 
activity of the directorate showed itself in the 
manner in which the use of their plant and staff 
was placed at the disposal of Messrs. Thomas 
and Gilchrist, to experiment with the basic pro- 
cess, and they can claim the honour for their 
works of being the first to bring to commercial 
success a process by which millions of tons of 
steel are annually produced. Soon after the 
assured success of the basic Bessemer process, a 
further step in advance was taken by the erection 
of five basic-lined open-hearth furnaces to work 
both the direct process and, in conjunction with 
the basic Bessemer converter, what is known as 
the duplex process. 

ry > — ago, Messrs. Bolckow, Vaughan 
an . found it necessary as a ive 
organisation to adopt a process which involved 
the displacement of their own ores by foreign ores, 
time, well employed, has brought them their 
reward. The years spent in the wilderness with 
the basic process in all its variations have furnished 
new ideas which enable the company to return to 
the use of Cleveland ore and iron for steel-making, 
with the certain knowledge that as fine a struc- 
tural steel as is produced in the world can be 
made from these materials. The company has 
been through all the phases of steel-making— 
acid open-hearth, acid Bessemer, basic Bessemer— 
and now they claim that they have the latest 
and most highly developed form of all—open-hearth 
basic. In the light of recent scientific advances in 
metallurgical chemistry and physics, open-hearth 
basic steel, made in modern furnaces and under 
such highly technical control as we find at Eston 
is, in constitution and physical structure, as 
superior to the same kind of steel made ten years 
ago as the finest open-hearth acid then was to 
basic Bessemer. In its resistance to rupture under 
fatigue tests, it excels steel made by any other 
process. The output of basic open-hearth steel in 
this country increases each year to an extent which 
is very significant of its success in displacing the 
acid product. The entirely new plant erected at 
Cleveland Works embodies the latest designs in 
modern steel-works practice, and the drawings 
reproduced in Plates II. and III. will prove 
interesting. Fig. 4 is a general elevation of the 
open-hearth plant. Fig. 6 is an elevation of the 
open-hearth plant, showing one furnace and one 
mixer. Fig. 5 is a cross-section of the open-hearth 
shop through a furnace, showing the casting plat- 
form and teeming arrangements ; and Fig. 7 is 
a cross-section of the open-hearth shop through 
one of the mixers. 

The plant will ultimately consist of ten 60-ton 
furnaces and two 400-ton -fired mixers, and is 
intended to make steel from iron produced by the 
company’s blast-furnaces which are burdened with 
Cleveland ore. Four of these furnaces have now 


g | been in operation for a year, and three others are 


in process of construction. The total output of 
the completed plant will be about 400, tons 
of ingots annum. 

The melting-shop, Fig. 4, is 904 ft. long, and will 
shortly contain seven furnaces and two mixers. 
When completed to house ten furnaces and two 
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mixers the total length of the shop will be 1185 ft. 
The width over all is 135 ft. 24 in., divided into 
two bays. the one on the charging side being 
76 ft. 8} in. wide, and that on the casting side 
58 ft. 5} in. (Fig. 6). The charging side is served 
by two 50-ton cranes with 10-ton auxiliary lifts 
and two 5-ton Wellman chargers. There are two 
100-ton cranes with 25-ton auxiliary lifts, and these 
cranes convey the metal from the mixers to the fur- 
naces, and from the furnaces to the casting plat- 
form in 70-ton ladles. Teeming is done from the 
casting-platform, the moulds being moved below 
the ladle on cars by hydraulic power. An iron 
footway runs the whole length of the shop, enabling 
the cranemen to descend at any point in case of 
emergency. The materials for charging the fur- 
naces are brought in charging-boxes, four on a 
bogie, up an inclined railway to the charging-stage 
level, on which are two lines of rails with numerous 
cross-overs. This enables the various materials 
required to be placed opposite their respective 
furnaces without blocking the main line feeding the 
entire plant. 

Twenty-seven water-bottomed gas-producers pro- 
vide gas for seven furnaces and two mixers. These 
producers are mechanically fed and blown with 
central hooded cones by means o; 8 positive blast, 
to which steam is supplied at about 7 lb. pressure. 
The gas-flue is a 7-ft. diameter brick-lined tube 
carried on columns overhead, with 4-ft. 4-in. 
branches to each furnace and small branch-pipe for 
drying ladles, &c. 

The furnaces and mixers (Figs. 5 to 7) are 
carried on steel stanchions and girders, with an open 
space underneath, allowing a railway line to be 
taken through to the casting side. This enables 
slag- pots on bogies to be pushed directly below the 
tapping-hole ; the pots when filled are removed by 
locomotives, The mixers, which are placed together 
in the centre of the shop, are made to tilt concen- 
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trieally to the port block, which is rectangular in 
section. The ports are removable longitudinally 
for repairs. e slag is drawn off on the charging 
side, and the metal on the casting side of the 
mixer. The hot metal forthe mixers is brought in 
ladles to a space between the mixers and raised 
through an opening in the platform by means of 
50-ton cranes serving the charging side. 

@ open-hearth furnaces (Fig. 5) have a nominal 
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capacity of 60 tons, but will hold 70 tons if required ; 
the bath measures 14 ft. 6 in. between side walls, 
which are 18 in. thick and 35 ft. 6 in. long between 
blocks ; the depth is 284 in. below door-plate level. 
The gas enters the furnace through two, and the 
air through three, ports. In the block end these 

rts have a vertical drop into the slag-pockets 
Catow. The furnace bath is encased in a massive 
riveted steel-plate pan carried on the main girders 





before mentioned. On the charging side there are 
three doors, two 5 ft. wide in the clear for charging 
large scrap when necessary, and the centre one is 
3 ft. wide, On the tapping-hole side, the doors are 
three in number and all 3 ft. wide. The furnace 
structure is very strongly bound with eteel channel 
verticals and cast-steel plates around the doors. 


The gas and air reversing-valves are 42 in. in 
diameter, and operated by hydraulic power and 
compressed-air cylinders respectively. e chim- 


neys are 150 ft. high, 6 ft. in diameter inside, 
built of steel plate and brick-lined to the top. 

Each mixer (Fig. 7) measures 55 ft. over the 
chills, which latter are made of cast iron, and not 
water-cooled, as is sometimes the case. The bath 
is 15 ft. 6 in. wide by 46 ft. in length at the metal 
line, and has ample capacity for tons of iron. 
The mixer is tilted by two double-acting hydraulic 
cylinders with 19-in. diameter ked pistons and 
64-in. diameter rods. The igdenaiile pressure is 

lb. per sq. in., and is furnished for the entire 
plant by a set of motor-driven three-throw pumps 
and accumulator. The latter controls the pump 
motor by automatic electric-control switch-gear. 
In order to ensure a continuity of supply in case of 
accident or repairs, hydraulic pressure from another 
source can be obtained by opening an isolating- 
valve. The port ends can moved back by 
hydraulic power when brickwork renewals are 
necessary. These structures contain two gas and two 
air uptakes from the slag-pockets which are placed 
at the ends of the regenerators. The air and 
regenerators, together with the sleg-pockets or 
chambers at each end of the mixers and furnaces, 
are encased in a strong riveted steel-plate casing 
suitably stiffened by angle and channel sections. 

Until recent years, tteel made in basic-lined fur- 
naces was unable to compete in point of quality with 
steel made from pure pig-irons in acid-lined fur- 
naces, This inferiority still obtains in the case of 
basic Bessemer steel, which forms by far the 
greater proportion of the output of German steel 
works. The inferiority of basic Bessemer steel lies 
in the drastic nature of the process, which demands 
at the end of the ‘“‘blow” such highly —— 
conditions to remove the phosphorus, and suc 
intense heat that a portion of the iron must, of 
necessity, be burnt to oxide. This oxide of iron 
dissolves in the molten steel in such large quanti 
ties that it is impoesible to obtain complete de- 
oxidation, the result being a liability to red-short- 
ness and failure under shock. 

In the case of basic open-hearth steel much the 
same conditions have prevailed, but in a less degree, 
since the process of 1efinement is not nearly so 
drastic, requiring six to ten hours for completion 
instead of as many minutes in the case of the basic 
Bessemer process. Recent study and investigation 
of the nature of the reactions taking place in the 
manufacture of basic open-hearth steel has brought 
to light much that accounts for the bad results 
obtained in the basic-lined open-hearth furnace 
during its early development, when charges were 
worked in practically the same manner as in an 
acid-lined furnace. 

With acid open-hearth steel a certain latitude 
was permissible in the constitution of the finishing 
slag, and the viscosity was a sufficient guide as to 
its constitution to enable the melter to tap with a 
neutral or nearly neutral slag. Only in recent 
years has it been forced upon the steel-maker 
that a more scientific control of the furnace- 
bath must be maintained when working the pig 
and ore process on a basic bottom. The viscosity 
of a basic slag is often a very inadequate guide to 
ite constitution, and adie b, supplemented by 
complete chemical analysis to ascertain the total 
basicity and amount of free ferric oxide left dis- 
solved in the slag, no matter how low the total iron 
content therein may be. Lack of knowledge and 
scientific control has led to much basic open-hearth 
steel being tapped in a highly oxidised condition 
resulting in a product which showed red-shortness, 
worked badly in rolling, and developed surface 
defects. The ferrous and manganous silicate slag 
of an acid charge does not give any trouble on this 
account, since, if no metalloids are immediately 
oxidised by the Fe,O, of the feeding ore, the latter 
at once attacks the silica lining, forming ferrous 
silicate. 

The influence of these factors on the successful 
manufacture of basic open-hearth steel intended 
to compete with the highest grade acid steel has 
not been overlooked in laging out the new plant at 
the Cleveland Works. In addition to inhibiting 
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Their experiments were conducted on annealed and 
neato’ ?-in. and 1}-in. plates of each quality 
as supplied commercially for ship and boiler con- 
struction. The mechanical tests made included 
resistance to shock as indicated by tensile and 
transverse impact. The general conclusion arrived 
at from this investigation was that while each 
quality of steel presented slight advantages under 
particular circumstances, there was no evidence 
leading to the conclusion that either process of 
manufacture gave the better steel. 

The importance of strict control over the quality 
of the material during the course of manufacture 
has already been emphasised ; but, to carry out the 


final tests of the product, entirely new mechanical, | i 


hysical, and chemical laboratories have been built 
or the new open-hearth plant. The test-house is 
a large, well-lighted, and well-ventilated building 
constructed throughout of stone manufactured at 
the company’s artificial-stone works, and comprises 
testing-room, machine-room, bend-room, together 
with offices for test-house manager, clerks, and 
resident surveyors. 

In the test-house are situated two Buckton testing- 
machines of 100 tons and 50 tons capacity respec- 
tively, fitted for all of tensile, impression, 
dead-load, &c., tests. e 100-ton machine is illus- 
trated by Fig. 10, and the 50-ton machine by 
Fig. 11, both on page 4. Both are Messrs. 
Buckton’s standard-type Wicksteed’s vertical single- 
lever machines, with patent hydraulic poise-control 
mechanism for rapid work. They are also fitted 
with patent bridle for restraining the impulse 
which sometimes comes upon the knife-edges from 
a sudden high-load break of a hard specimen. The 
100-ton machine will admit specimens in tension 
up to a length of 30in. between the clip-boxes, and 
also deflection tests of raile, &c., up to 6-ft. centres 
of supports. Each machine has its own belt-driven 
hydraulic pump and accumulator for providing the 
necessary power. There is also an Elliot Brothers 
conductivity testing set for testing conductor-rails. 

The adjoining bend-test room, illustrated in 
Fig. 12, on page 4, contains specially sharp shears 
for cutting plate test-pieces to a convenient size, 
hydraulic bending-machine, pumps and accumu- 
lators for the Buckton machines, and racks for 
the storage of test-pieces during inspection. In 
the test-preparing room (Fig. 13, on page 5) are 
all the necessary tools for the rapid and accurate 
preparation of different types of test-pieces. The 
machines are of the most recent design, and com- 
prise planing-machine, 6-in. and 8-in. centre lathes, 
drilling-machine, power hack-saw, and plate-shap- 
ing machines. ere is also a furnace-room for 
preparing temper bend tests, and adjacent to this 
are placed the rail impact-testing machines. 

The chemical laboratories consist of a brick 
building, 110 ft. long by 45 ft. wide, the interior 
being lined with white glazed brick. The building 
is divided into three sections, the largest being 
used for routine testing of pig-iron, steel, ores, 
fuels, refractory materials, &c. The second section 
is devoted to the analysis of oils and fats, non- 
ferrous alloys, gases, waters, and the determination 
of the calorimetric value of fuels. In the remaining 
section the work is chiefly in the nature of research 
and experiment. 

In this section, also, the pyrometers used at the 
blast-furnaces and in the steel works are tested 
and re-calibrated. This latter is a most impor- 
tant department of the laboratory equipment, as 
at many points in the course of manufacture the 
control of temperature is of paramount considera- 
tion in respect of quality of the product and 
economy of the process. The thermo-couples are 
checked directly by measuring, on a delicate poten- 
tiometer, the electromotive force generated at 
the freezing-point of pure metals. The galvano- 
meters are J seelh by applying an electromotive 
force, measured on the potentiometer, to the 
terminals of the galvanometer. 

A complete metallographic outfit for carrying 
out microscopical research on steel and iron has 
also been installed. This equipment includes 
& Bausch and Lomb optical bench with photo- 
graphic camera adap by means of a totally 
reflecting prism to a Rosenhain metallurgical 
microscope. The microscope is mounted on an 
adjustable table, which enables it to be moved 


exactly into the focus of a Nernst light for visual 
examination, or into that of a powerful arc for pro- 
jection or photography. Fig. 9, on Plate IV., isa 
view of a part of the metallographical and physical 
research laboratory, which is admirably equipped, as 


the view shows. As many as 400 eamples, involv- 
ing 1000 separate analytical determinations, are 
dealt with every twenty-four hours. 

In addition to these main laboratories, there is 
another built on the stage of the new open-hearth 
plant to-enable bath and slag samples to be 
examined and reported upon during the actual 
working of the charge, which is thus constantly 
under control. 

It will be apparent that with these advances in 
the science of steel-making from native ore, no 
anxiety need be felt over the rapid exhaustion of 
hematite, which hitherto has been the basis of 
or steel. A possible source of anxiety may 
indeed lie in the fact that the rapidly diminishing 
supply of pure hematite ores makes it necessary to 
fall back upon others which previously were re- 
—_ on account of their high phosphorus content. 

ose acquainted with the history of steel-making 
in America will know that this temptation was not 
infrequently succumbed to, as witness the long 
series of rail breakages and consequent disasters 
traced to acid steel containing high percentages of 
phosphorus. As a result, specifications had to be 
stringently revised and more rigorous inspection 
enforced. 

In addition to the new plant described above, 
large sums of money are being expended in laying 
down new rolling-mills and new rail hot-banks 
with cambering machines, so that the rolling-mill 
department may keep pace with the additional 
steel-producing capacity. 

A most interesting feature of the works is that 
of the power generation, which is performed by a 
cycle of operations designed to utilise all i. = 
ene in a singularly complete manner. e 
surplus gas from the blast-furnaces is burned under 
Babcock and Wilcox boilers to provide steam for 


latter is then delivered to a series of Rateau 
heat - accumulators, turbo - blowers, and turbo- 
alternators, which respectively supply blast at 7 Ib. 
to 15 lb. pressure to the furnaces and generate 
sufficient electric power, not only to meet the 
requirements of the works, but those also of the 
Eston mines. With the exception of locomotives 


boiler in the works. 

The power-house, which contains both the elec- 
tric generators and the turbo-blowers, is 203 ft. 
long by 40 ft. wide, and is served by a 15-ton 
overhead electric crane which travels the full length 
of the building. Fig. 8, on Plate IV., is a per- 
— view, and Fig. 14, on e 6, a section 

rough the part of the house in which the turbo- 
blowers are ced, this section showing the 
arrangement of the condensing machinery, &. The 
electric power plant consists of three 2000-kw. and 
one 1000-kw. turbo-alternators generating three- 
phase current at 2400 volts, 60 periods, when 
running at a speed of 1800 revolutions per minute, 
driven by ‘‘ mixed pressure” turbines fitted with 
automatic control gear. The steam supply is at 
150 1b. per sq. in. superheated about 100 deg. Fahr. 
The alternators are placed at one end of the house. 
Eight turbo-blowers occupy the other portion of 
the house, six of these having a normal capacity 
of 25,000 cub. ft. of air per minute against a pres- 
sure of 10 lb. when running at a speed of re- 
volutions per minute. The other two blowers are 
of the same capacity, with two extra stages, and the 
turbines have more horse-power to enable them to 
blow to 151b. pressure at the same speed. 

The switch-board is placed at one end of the 
building, from which power is taken over a number 
of circuits to different parts of the works and the 
company’s Eston mines. The house has a 
ment 16 ft. deep, in which the condensing plant is 
placed, as shown in Fig. 14. Each turbine has a 
surface-condenser underneath, and directly con- 
nected with the exhaust branch. All the con- 
densers are of the same design, with Edwards three- 
throw air-pumps motor-driven through reduction 
gear, with the exception of one recently installed, 
which has a Mirrlees-Le Blanc air- pump direct 
driven by motor. 

The exhaust steam from the steel works is carried 
in an overhead main through an oil-separator and 
then through eight Rateau accumulators, the latter 
made from old boiler-shells 30 ft. long by 7 ft. 
in diameter. The exhaust steam supply is main- 
tained at 16 lb. pressure absolute. The condensed 
steam from the surface-condensers is raised by a 





small ee driven from each air-pump to the 
hot-well, and the piping arrangements are so 








the rolling-mill engines, the exhaust from the| 7 


and a few portable cranes, there is not a coal-fired | I 


made that the discharge of each condenser can be 
measured in a Lea recorder, either separately or 
collectively. From the main hot-well the condensed 
steam and make-up water is raised by centri- 
fugal pumps to a series of feed-heaters, through 
which a portion of the surplus exhaust steam is 
passed, raising the temperature to nearly boiling- 
point. From these heaters the hot water is 
again pumped by centrifugal pumps to the three 
groups of water-tube boilers which are located 
near the blast-furnaces at Grangetown, Cleveland, 
and South Bank respectively. e cooling water 
for the surface-condensers is pumped from the 
River Tees through two 30-in. diameter mains for a 
distance of about 5000 ft. The pumping-station at 
the river side for the above supply consists of five 
centrifugal pumps, driven by 200 horee-power high- 
tension three-phase motors. After passing through 
the surface-condensers the water is carried back to 
the foreshore through two 33-in. diameter mains. 
The total horse-power available in the power-house 
is 22,000. 

The general management of the works is in the 
hands of Mr. George Ritchie, whose name is well 
known in connection with the manufacture of the 
highest e steels for armour-plate, ordnance, 
tyres, axles, shafts, and boiler-plates. 





Tur Panama Oanat.—The east-bound traffic passin 
through the Panama Canal in sc September, an 
October was as follows :—August, 12 vessels, 57,182 tons 
cnmpeses September, 30 vessels, 186,776 tons cargoes ; 
and October, 41 vessels, 252,288 tons caigoes. The west- 
ward movement was :—Avugust, 12 versels, 49,106 tons 

‘oes ; September, 27 vessels, 135,262 tons cargoes * 
and October, 43 vessels, 168,069 tons cargoes. It will be 
observed that traffic has thus far been limited, but thav 
it is increasing, although the world’s trade wes affeckd 
during the three months under notice by the great 
uropean war. 





Gas -Worxs Drreecrory anp SratistTios, 1914-15. 
—We have received a copy of this directory for 1914-15, 
the thirty-seventh issue. It contains an alphabeti 
index of officials of gas-lighting works; lists of associa- 
tions of managers and engineers of gas works. The 
greater part of the book is taken oy a directory and 
statistics of gas works in England Wales, Scotland, 

reland, and in foreign and colonial towns. For each 

town, the particulars include the population, the railway 
system on which the town is situated, the owners of the 
gas works, the output, prices, and the names of the 
officials. The direc is issued at the price of 10s. 6d. 
net, by Mesers. Ha Watson and Viney, Limited, 
52, Long Acre, London, W.C. 





Prince Rurgert.— Work on the west end of the Grand 
Trunk Pacific Railway, between Prince George and Prince 
Rupert, is practically closed up, as winter has settled 
down. All important ballasting for the season has been 
completed upon the line, and with two months’ more 
work in the ing the section will be finished. The 
line is now fully lasted from Winni to Prince 
Rupert. Twelve-stall round houses are being built at 
Prince George, Endako, Smithers, and Pacific, and con- 
tracts are pending for stations. All bridges will be 
completed upon the main line by January 1, and a 
contract for a new dock at Prince Rupert, which will 
accommodate oil-steamers, will be let in January. The 
Grand Pacific dry dock will be shortly in operation. 
Prince Rupert is feeling the benefits of the Grand Trunk 
Pacific Railway, and is ming an prea fish port. 
Prince George has developed into a lively little city. 


InpIAN Rai.way Workinc.—A narrow-gauge line 
about 30 miles in length, from Broach to Jambusar, bas 
recently been for passenger traffic, and is now 
incorporated in the Bombay, Baroda, and Central India 

stem. At the close of March the South Indian Railwa 

mpany was working 17528 miles of line, viz.: bros 
gauge, 446 miles; metre gauge, 908% miles ; narrow 
pause, 98? miles ; and metre gauge lines other than State 
nes, 299 miles. A connection established between India 


base- |#md Ceylon by the South Indian Company is now in 


a. A viaduct establishes communication between 
the mainland of India and the Island of Rameswaram, and 
a Scherzer rolling-lift bridge carries trains over the 
Pamban Pass. traffic over the new lines is 
now in full operation, but there bas been some delay as 
regards goods traffic, and the Ceylon Government still 
—- ——— 8 to - . a pest, and refuses 
together carriage of live n consequence of 
a heavy and abnormal fall of rain, the main line of the 
metre-gauge section was recently washed away between 
Capper Quarry and Coleroon. The normal rainfall of 
the district is about 49 in. per annum, but in one month 
alone rain fell to the extent of 41 in., of which 25 in. fell 
in 48 hours. The consequence was that numerous canals 
and tanks burst their banks, and all the rivers, of which 
there are four in the district affected, overflowed their 
banks. The railway was breached almost continuous! 
for 10 miles; none of the bridges was serious! y cwowom'f 
and only one culvert was carried away. e damage, 


however, was so extensive that all traffic over the 10 miles 





had to be suspended for a month, and the restoration of 
communications cost nearly 6700. 
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1500-HORSE-POWER ELECTRIC LOCOMOTIVE FOR THE MIDI RAILWAY. 
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Fig. 1. 
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As is well known, the Midi Railway Company, of 
France, has a large single-phase electrification scheme 
in hand for some of ite main lines. Much experi- 
mental work and many careful tests have been carried 
out by the company in connection both with the 
locomotives and with the method of suspending the 
overhead conductors. Among the firms entrusted 
with the building of a trial locomotive was the Société 
Anonyme des Ateliers de Constructions Electrique du 
Nord et de l’Est, of Jeumont (Nord), France, of 
which the agents in this country are Messrs. H. W 
Butler and Co., of Craven House, Kingsway, 
London, W.C. This locomotive successfully met the 
whole of the specified conditions, and was the first of 
the entrants to get through the trials. As a result 
eight similar locomotives have been ordered from the 
company. We illustrate the locomotive and some of 
its details on the present and opposite page. 

The section of line between Marquixanes and Ville 
franche, which has a maximum gradient of 1 in 59, 
was chosen for the tests, and it was specified that the 
locomotive should be able to start a train of 400 tons 
on this section, that it should be able to draw a train 
of 280 tons at 40 km (25 miles) an hour on the up- 
gradient of the section, and a train of 100 tons at 
60 km. (37 miles) an hour. Descending from Ville- 
franche to Marquixanes, the motors had to work 
regeveratively, and the speed was to be capable of 
regulation to half of that specified for the ascent. The 
gauge of the line is 1.435 m. (4 ft. 84 in.), and the load 
per driving-axle 18 tons, the total weight 85.3 tons, and 
the lateral play of the driving-axles both ways 65 mm. 
(2y%5 in.). The maximum speed is 75 km. (464 miles) 
an hour, and the motors can exert 1500 horse-power. 
Current supply is from an overhead line at 12,000 
volts, 16% periods, single phase. 

oe dimensions of the locomotive are sum- 
marised in the following table :— 

Length over buffers... 14.270 m. (46 fs. 9 in.) 

»» . of the body... ee Pe ae ee 

Height of body above rails 3.515 ,, (11 ,, 

Height, including panto- 

graph (maximum) 

Height, including panto- 


9 
4 
6,,) 

6.500 ,, (21, 4,, ) 

” 9 ” ) 

, oe 
3 ) 
9,,) 


graph (minimum) --- 4.500 ,, (14 
Diameter of driving-wheels 1. ee we 
” i ing ” 1,000 ” ( 3 ” ” 
Wheel-base of driving- 
wheels oon nt one | Ee os CAR wn De 
Load per driving-axle 18 tons 
Total weight of locomotive 85.3 ,, 
Electric supply .-« 12,000 volts, 16% periods, 
3-phase 
Power ... — 1500 horse- power 
Maximum speed 75 km. (464 miles) per 
our. 
The h 1 arr ts of the locomotive are 





interesting. As will be seen from Fig. 1, there are 
three driving-axles in the centre and a two-wheel 
—_ ateach end. Each driving-axle is driven by an 
independent motor, and no coupling-rods are used. 
The motors are rigidly fixed to the underframe directly 
above the axles, and drive the axles through gearing, 
@ flexible coupling arrangement being fitted, which 
allows a certain amount of horizontal, vertical, or 
lateral movement in the road wheels, inde ent of 
the motors or gearirg. The arrangement is detailed 





CONSTRUCTED BY THE SOCIETE ANONYME DES ATELIERS DE CONSTRUCTION ELECTRIQUE DU NORD ET DE LEST. 










Fig.2 








Fie. 3. GENERAL VIEW OF LOCOMOTIVE. 


in Figs. 4to 6, on page 9. As will be seen from these 
figures, each axle runs through the centre of 4 
hollow shaft which is marked a, in Figs. 5 and 6. 
This shaft has two opposite arms at each end, as is 
well shown in Fig. 4. The hollow shaft, which is 
free from the axle, except for the connection made 
through the flexible couplings, is carried by two 
bearings, which form part of the motor-casing. It 
carries a double helical -wheel at one end, which 
is driven by a pinion on the motor-shaft. The reduc- 
tion ratio is 2.72to1. The axle, with the driving- 
wheels, is carried altogether independent of this 
arrangement by outside journals, which can more or 
less be seen in Fig. 3. 

The details of the flexible coupling will be under- 
stood from Figs. 4 to 6. The arms, which are formed 
in one piece with the hollow shaft a, and which have 

y been referred to, are bent at right angles at 
their outer ends, and fitted with bronze bushes, one 
of which is shown at }, in Fig. 6. Connection between 
the bent arms and the driving-wheel is made by a 
floating ring c. This ring has four radial journals 
fixed at angles of 90 deg. each from the next. 
Two opposite journals thee: in the bushes 6 in the 
bent arms of the hollow shaft, while the other two 
work in a pair of bearings carried by the wheel. 
These bearings, one of which is shown in section at d, 
in Figs. 5 and 6, are carried in boxes in which they 
can move parallel to the axle, and can rock about 





their centres. As the journal can at the same time 
move endwise in the bearings, the whole arrangement 
forms a construction which gives great freedom of 
movement to the wheels and axle in relation to the 
underframe and motor. Flexibility of drive is ensured 
by springs placed between the wheel and the boxes 
carrying the journals. There can be seen in Fig. 5. 
They serve an additional purpose in preventing lashing 
of the gears by keeping the teeth constantly in contact. 

The driving-axles, as before mentioned, have outside 
bearings. On each grease-box there is a blade-type 
suspension spring, as is shown in Fig. 1. The spring 
system of each of the two two-wheel bogies is con- 
nected to the nearest driving-axle springs through 


equalising-levers, so that the equivalent of a three- 


point suspension is secured, and the distribution of 
weights is easily regulated. The two bogies are alike. 
They have inside journals. ‘The axle-boxes are secured 
to a casing with cast-steel slides, on which the shoe of 
the pivot-lever rests. The pivot is fixed to the frame 
of the locomotive. The transverse movements of the 

ivot-lever are checked by two springs, which tend to 
bring it parallel with the axis of the locomotive. The 
maximum play is limited to 65 mm. (24 in.). The 
underframe consists essentially of two sheet-metal 
longitudinals, 30 mm. (1, in.) thick, connected by ten 
cross-members. The six central cross-members, which 
carry the motors and transformers, are of cast steel. 
Bracing-girders are fitted fore and aft of the driving- 
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DETAILS OF 1500-HORSE-POWER ELECTRIC LOCOMOTIVE. 
THE SOCIETE ANONYME DES ATELIERS DE CONSTRUCTIONS ELECTRIQUES. 











axles. The body is 12.6 m. (41 ft.) long by 2.75 m. 
(9 ft.) broad. It is built of steel and is divided into 
three compartments. The outer two, for the driver, to 
permit driving from either end, are 2.32 m. (7 ft. 6 in.) 
long. The central compartment, for the electrical 
apparatus, contains two separate high-tension cabins. 
The brakes are of the Westinghouse type, while sand- 
gear, buffers, and other details are to the ordinary 
standard of the Midi Railway. 


{To be continued.) 





MANGANESE: ITS USES, PRODUCTION, 
IMPORTS, EXPORTS, AND THE WAR. 
MANGANESE is one of the most interesting and im- 
portant of the minor metals. The ore is obtained from 
many parts of the world, including British India, 
North America, Brazil, Russia, France, Germany, and 
other countries. It is used largely in the manu- 
facture of iron-manganese alloys, such as spiegeleisen, 
ferro-manganese, silver spiegel, and silicomanganese. 
Spiegeleisen and ferro-manganese are used largely in 
the manufacture of steel, as reducers and re-car- 
burisers. A considerable quantity of high - grade 
manganese ore is also used as a depolariser in the 
manufacture of dry-cell electric batteries. The large 
quantities of ore consumed indicate that manganese is 
& very important alloy; thus manganese steels are 
hard, but not brittle, and are malleable, though they 
offer very considerable resistance to cutting tools. 
These properties make manganese steels highly useful 
in the manufacture of such articles as gears, pinions, 
sprocket chains, railroad frogs and switches, and the 
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faces and digging parts of crushing and excavating 
machinery used in mining and allied industries. For 
the production of some of these articles, manganese is 
practically the only alloy available. Manganese bronze 
is produced by alloying manganese with copper, whilst 
silver bronze is obtained by alloying manganese with 
aluminium, zinc, and copper. Oxides of manganese 
are used in glass manufacture, in dry batteries, as a 
drier of varnishes and paints, and in the production 
of certain disinfectants. As a colouring material, 
manganese is used for staining glass, pottery, tiles and 
bricks, also in calico-printing and dyeing, and ‘in 
paint manufacture. There arein addition many other 
uses for manganese. 

In the United States, at some of the mines the ores 
are treated and alloyr, such as ferro-manganese and 
spiegeleisen, produced in very large quantities ; thus, 
during 1913 the output amounted to 227,930 tons, an 
increase of nearly 50,000 tons over the output of 1911, 
indicating a healthy demand for these alloys. In addi- 
tion, more than 100,000 tons are imported annually. 
Some of the richest deposits of manganese ore are 
located in the Russian Caucasus. The more important 
mines are situated at Tchiatouri, in the Government 
of Kotais, about 120 miles from the Black Sea ports 
of Batoum and Poti. The development of the Tchia- 
touri mines began about thirty-six years ago, but con- 
tinued on a somewhat limited scale until 1885, when 
the Trans-Caucasian Railway was constructed; the 
transport facilities thus provided put new life into the 
enterprise. The ore is now produced in large quan- 
tities, and is exported to many countries, includin 
England, Germany, the United States, France, Bel- 





gium, and in smaller quantities to other countries ; 
the largest consumers are England, the United States, 
and Germany. The war has, of course, completely cut 
off this supply for the time being. In Great Britain 
the output of manganese ore is falling off; during 
1906 the quantity produced was 22,760 tons, but for 
several recent years it has been below 5000 tons, valued 
at the mine at 16s. per ton. It ocours at Barmouth, 
Harlech, Carnarvonshire, Tavistock, Launceston, and 
in Derbyshire ; it occurs as carbonate, also as pyro- 
lusite and psilomelane. 

Considerable quantities of manganese ore have been 
mined in New Brunswick and Nova Soctia, and small 
amounts in Quebec and Ontario. In Newfoundland 
manganese carbonate of brownish colour is obtained. 
There are manganese deposits of importance in the 
Province of Santiago de Cuba, where the ore is chiefly 
pyrolusite ; but other oxides of manganese are also 
mined, A considerable deposit of manganese ore of 
superior quality has been found in the Island of St. 
Martin, in the West Indies, and another deposit has 
very recently been discovered in Haiti. Manganese ore 
has not as yet been mined to any extent in Mexico. 
Few, if any, of the iron-ore deposits have associated 
manganese, though veins containing pure manganese 
ore have been observed in various localities. The 
Nombre de Dios manganese-bearing region of Panama 
is said to cover an area of nearly sq. miles along 
the Caribbean Sea. The ores there occur as oxides, 
pe psilomelane, but also as pyrolusite and 

raunite ; the output has been exported for over forty 

ears. Manganese ores are very extensively distri- 
buted in Brazil, where large deposits ocour in the 
State of Minas Gereas, and others of lesser extent 
in the State of Bahia. Ores have also been reported 
from the States of Matto Gross», Parana, and Santa 
Catharina, and from the region of the Amazon River. 
In Chile, the manganese deposits are all on the west 
slopes of the Andes Mountains, in the Provinces of 
Santiago, Coquimbo, and Atacana. 

In Spain, manganese is found in the following asso- 
ciations and localities :—As carbonates and silicates 
in the Province of Huelva ; as oxides in the Provinces 
of Oviedo, Teruel, and Ciudad Real; also in man- 
ganiferous iron-ore in the Province of Murcia. There 
is a considerable number of large mines in the district 
of Beja, in the Province of Alemtejo, Portugal, of 
which some produce manganese carbonate, yielding 
from 34 to 50 per cent. of manganese, whilst others 
produce oxides, The principal manganese mines of 
France are in the Departments of Saone-et-Loire and 
Ariege. The Saone-et-Loire mines ship binoxide, and 
the mines of Las Cabesses, in Ariege, export calcined 
and assorted carbonates. Less important deposits are 
found in the Departments of Indre, Aude, and Allier, 
Hautes-Pyrenees, and Lozere. Belgium does not pro- 
duce manganese ores proper, but produces a consider- 
able quantity of manganiferous iron ores, which are 
mined in the country round Liége, now occupied by the 
Germans, who can obtain supplies from those localities. 
These ores are also found elsewhere in Belgium asso- 
ciated with hematite. Germany has very extensive 
deposits of manganese ; the more important are along 
the Rhine Valley in the neighbourhood of Wiesbaden 
and Coblenz, in Hesse-Nassau. Smaller deposits are 
found in the Harz Mountains, in Saxony, in the Bonn 
district, also in Coburg-Gotha, in Thuringia. Man- 
ganese ores of three types have been found in Sweden 
—namely, pyrolusite with manganite ; hausmannite 
with braunite, and carbonite and silicate of manga- 
nese accompanying iron-ores. In Austria-Hungary, 
manganese ore is found in many localities, including 
Bukowina, Carniola, Moravia, nia, Herzegovina, 
Transylvania, and Bohemia. At Roffna, in Over- 
halbstein, in the Swiss Canton of Graubunden, manga- 
nese ore occurs as beds in slates of Jurassic or Tertiary 
age. The ores are pyrolusite, polianite, and psilome- 
lane. Manganese ores are also found in Italy, on 
Monte Argentario, at Carrara, at Rapolano, and on 
the Island of Elba; also in Tuscany ; at Turin and 
Pralorgnan, in Piedmont, and at Gambatesa, in Eastern 
Liguria. There are small mines at Iglesias, on San 
Pietro Island, off the west coast of Sardinia. Manga- 
nese ore, reported to average 73 to 75 per cent. oxide, 
and manganiferous iron ore, have been found near 
Salerno, in Campania, on the coast south of Naples. 
In Greece the ores are not quite so rich ; at Laurium 
manganiferous iron ore occurs, containing 18 per cent. 
of manganese and 34 per cent. of iron. There are 
deposits also at Cape Vani, on the Island of Melos, 
and in the Cyclades, and several other localities. In 
both European and Asiatic Turkey manganese ores 
are found ; in Southern Macedonia, the shipping port 
being Stratoni, on the Augean Sea ; in Asiatic Russia, 
they have been found at Aptal, near Trebizond, in 
Northern Asia Minor, near the Black Sea, and also 
near Flatzs, in the same neighbourhood. On the 
Island of Cyprus, in the Mediterranean, manganese 
ores occur at Strullos, not far from Larnaka. 

The largest producer in the world of manganese is 
Russia, which bes held the leading position for many 
years. By far the largest portion of the ore is pro- 
duced in the district of Sharopan, in the province of 
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Kutais, Transcaucasia, on the Asiatic slope of the 
Caucasus Mountains. Smaller quantities are obtained 
in the Nikopol district, in the province of Ekaterino- 
slav, in southern Russia, also in the provinces of 
Perm and Orenburg in the Ural Mountains. 
Africa, deposits of manganese are found in Tunis, 
near Ain-Mulares. The quantity available has been 
estimated to amount to a million tons. An impor- 
tant discovery of manganese has recently been 
made at Caledon, Cape Colony. The deposit is 
reported to contain at least 30,000 tons of ore, with 
& manganese content of 42 per cent. Manganese 
ores and manganiferous iron ores occur together in 
deposits on the Sinai Peninsula, east of the Gulf of 
Suez. In Asia, ore occurs in the Madras and Bombay 
presidencies, also in Central India, in the Central Pro- 
vinces of Bengal, also in Lower Burma. Small de- 
posits of manganese ore containing a small percen 

of cobalt are ound in Ceylon at Ampituja. There is 
also a small output of manganese ore from Japan; but 
the deposits are not very extensive. The Philippine 
Islands contain deposits; they are found in the pro- 
vioces of Ilcos Norte and Tarlac on Luzon Island, 
and on Misbate Island. Deposits exist in Java and 
in British N orth Borneo. New Zealand and Australia 
also have depvsits. 

The World’s Output.—The total production of man- 
ganese ore throughout the world ra from 
2,000,000 to 2,250,000 tons, of which about 49 per cent. 
come from Russia ; the output is distributed as follows 
according to the must recently available figures :— 


Tons. 
Russia dos = ied esi oe 987,724 
India ae = ies an “a 674,315 
Brazil foe ot te ee 163,506 
Germany ... es i sai ee 75, 787 
a tn oe il a vs A tf 
in ie = Pe ode se ; 
Tarkey a ee eo ex Se bey 
a aa a me bs x 
eRe 
Hungary ... wi 10,410 


The productions of other countries are smaller. 
Uxporting countries are Russia, British India, Brazil, 
Germany, Belgium and France. One of the first 
effects of the war was the action of Russia, which 
laced an embargo on the export of manganese ore. 
larly in October the embargo was raised, to the great 
relief of users of ferro-manganese. Great Britain 
exports large quantities of ferro-manganese to the 
United States; in fact, American steel-makers depend 
mainly on this country for their supply of this alloy ; 
consequently the outbreak of war caused them con- 
siderable auxiety and difficulty. The fear of a com- 
plete cessation of, or greatly restricted shipments, 
resulted in a sudden advance in prices; but more 
recently, as the supply was not cut off, the prices 
declined to a more normal level. It has been rumoured 
in the United States that the British Government may 
prohibit the exportation of ferro-manganese. Should 
that occur, American steel-makers would again be 
faced with a serious problem. 

It is also rumoured there that Great Britain may 
declare ferro-manganese contraband, to prevent any 
falling into the hands of the enemy. There are, how- 
ever, said to be ample supplies of the material in 
Germany. An embargo has been placed on shipments 
of manganese ores from British India to the United 
States, and war conditions render it practically im- 
possible for Russia to export her output. That will 
vend to develop the Brazilian output; manganiferous 
iron ores are being opened up in California, as a result 
of the war, which may render the United States inde- 
pendent of Indian and Russian supplies after peace is 
concluded. In consequence of the war, the production 
of manganese ore in Brazil has assumed an importance 
never known before; British and American steel- 
manufacturers have been taking about 65,000 tons 
annually, and arrangements are now being made in 
the States for the importation of a much larger quan- 
tity. The Brazilian ore is of exceptional excellence, 
principally pyrosulite and rhodonite. There are vast 
supplies ; in the vicinity of Corumbo there are more 
than 100,000,000 tons of ore. 

Our imports of manganese ore have nearly doubled 
during recent years, as shown by the following 
figures :— 


Tons. £ 
1909... ad Ak 330,500 636,020 
ad jn 482,200 937,350 
a $60 wa 358,910 690,420 
1912... an ele 387,730 768,330 
1913 601,170 1,295,110 


For the first eleven months of 1912, 1913, and 1914, 
the imports have been as follow :— 


Tons. £ 
1912 vi eg 346,260 672,030 
1913_—i... a ne 530,350 1,142,250 
1914 ian 446, 200 A 


The effect of the war is shown in the table of 


monthly imports of the ore, compared with former 
years, given in the next column. 





Tons. £ | ancient Rages One of its first uses was in glass- 

November, 1912 ... 30,050 54,470 making. tian and Roman glass wares have been 

” 1913... 46,090 103,290 | shown by anelpens to contain over 2 per cent. of 

” 1914 1,230 2,470 | man, s oxide. Pliny mentions the use by the 
October, 1912 44,090 91,080 a, oe Be aggre 7 

> 4913 40,530 90,470 Romans of manganese oxide, under the name of 

” 19°4 38 210 84.5: magnes, for decolorising glass; he considered it a 

September, 1912 60, 350 126,110 variety of lodestone, or magnetic iron ore. The value 

‘e ” 1913 37,300 78,420 | of manganese as a deoxidising and solidifying agent 

ea 1914 50,430 115,020 |in the manufacture of steel was discovered in the 

August, ve 36,620 66,920 | early years of the last century. 
- aoe ie 5 ong 58,140 | A rapid determination of manganese in the presence 


143,730 i- —_ is as follows :—The — containing iron 
We import manganese ore from Russia, Portuguese | #0d manganese is precipitated whilst boiling by an 
oe in Indie, Spain, Brazil, British i ont excess of sodium hydroxide and about 1 gramme of 

in very small quantities from Germany. We depend | sodium persulphate. The precipitate is then washed by 
largely on Russia; our supplies from that country | decantation, and then on a crimped filter until the 
were increasing, and are now cut off :— | washings are neutral. The wet filter and the precipi- 
| tate are then introduced into a long-necked flask of 


Tons. £ | 200 cub. om. to 250 cub. em. capacity, then 20 cub. om. 
1909... «137,660 236,200 | of hydrochloric acid added, and the flask closed with 
Peas me ae oye @ ground stopper fitted with absorption-bulbs, and a 





ge tube extending to the bottom of the flask. 
From Portuguese India our imports have recently | The bulbs contain 3 grammes of potassium iodide and 
increased fourfold in value; during 1913 they were | 5 grammes of sodium acetate in solution, and 4 to 5 
24,710 tons, valued at 55,250/., though during 1911 grammes of zinc oxide in suspension. The solution in 
they were only 4574 tons, valued at 13,720/. Oar) the flask is boiled, while a slow current of carbon 
imports from Brazil are falliog off, probably through | dioxide is through. When the manganese 
American competition, and those from Spain are also | present is ouly, small in amount, the chlorine liberated 





decreasing. ‘There has been a threefold increase of 
our imports from British India ; last year they were 
308,790 tons, valued at 708,120/.; five years ago the 
were only 109,480 tons, valued at 218,310/. Our 
exports of manganese ore are very limited in quantity 
—last year only 9960 tons, valued at 38,220/. The 
difference between import and export shows our own 
consumption, to which must be added the British 
output. Our exports go mainly to Belgium, and, toa 
very limited extent, to the United States. 

Our imports of manganiferous iron ore have doubled 
within five years, as shown by the following details :-— 


Tons. £ 
1909... os hie 103,570 85,420 
1910... sibs aid 172,300 140, 250 
ia die san 216,100 175,260 
. az is ven 163,182 136,210 
1913 211,640 172,490 


None of the above was re-exported ; of ore produced 
in this country only 34 tons were exported last year ; 
during 1910 the quantity reached 786 tons. Our 
imports come from Spain and Greece ; those from 
Spain are increasing rapidly, as shown below, whilst 
those from British India have ceased lately. 


Tons. £ 
1909... ial — 90,380 70,860 
za Mee én 150,960 124,800 
1913... ites a 188,190 149,630 


For the eleven months of 1914 our imports of manga- 
niferous iron have been as given below, the bulk com- 
ing from Spain :— 


Tons. £ 
i aa a 134,650 110,600 
.—l( pe ie 201,880 165,360 
1914... “ak a? 161,870 138,070 


Our exports of the ore produced in this countr 
for the same period were 1498 tons, compared with 
only 27 tons for the corresponding eleven months of 
1913. The effect of the war is shown by the following 
figures of our imports of manganiferous iron ore :— 


Tons. £ 
November, 1912 ... 11,460 9,222 
- 1913... 17,010 14,790 
a 1914 ... 4,060 3,170 
October, 1912 ... 16,670 13,87 
és 1913... 10,240 9,530 
- 1914 ... = 21,250 
September, 1912 ... 12,760 8,710 
es 1913... 10,660 8,310 
de 1914... ¥ 29,010 
August, 1913 ... 23,110 19,460 
“ 1913... 12,590 10,320 
os 1914 13,850 11,790 


In addition to manganiferous ores, there are several 
other sources of supply, such as manganiferous iron 
and silver; also the manganiferous residuum from 
zinc-roasting. In the United States there are man 
deposits, but only in a few places do they occur in 
sufficient quantity to be of high commercial value. 
Deposits occur in the New England, Appalachian, and 
Piedmont regions in the Eastern United States, and 
to a limited” extent in Central Western California. 
Manganiferous iron and silver ores are also widely 
distributed ; but manganese mining is not a very 
important industry in the States, owing to the dis- 
continuous and somewhat scattered nature of a great 
many of the deposits. Where ore only occurs in 

ets of inconsiderable extent, which are soon 
exhausted, the erection of expensive concentrating 
plants is impossible. 

The use of manganese for a variety of purposes is 
of t antiquity ; there can be no doubt that it was 

known at least as long ago as the time of the 


| by the manganese dioxide is all evolved in two or 
| three minutes. The liberated iodine in the bu!bs is 
| titrated with an N/10 solution of sodium thiosulphate. 
A blank test should be made on the reagents. , sae 

rience has shown that this method yields very accurate 
results. 

py oe forms part of about 100 minerals, and 
is a relatively widespread element, but practically all 
the manganese of commerce is derived from material 
containing one or more of the minerals polianite, 
pyrolusite, psilomelane, wad, manganite, braunite, 
and franklinite. Commercial manganese ores are those 
which contain about 35 per cent. or more of man- 
ganese, and otherwise conform to the specifications of 
the trades in which they are used. 

The composition and percentage of the more impor- 
tant manganese ores are aa follow :— 





: ve nese. 
Mineral. Composition. Percentage. 
Polianite MnO. 63.2 
Pyrolusite Mn0.nH,0 60.63 

Psilomelane MnO.(MnK Ba)OnH,O 45.60 
Wad Hydrousimpure mixture Variable 

of manganese oxides 
Manganite Mn, 0; H,O0 62.4 
Braunite 3 Mn, O, MnU. SiO, 69 
Franklinite (FeZnMn)O(FeMn),O, Variable 
Rhodochrosite MnO. CO, 47.56 

Rhodonite MnO. SiO, 41.9 

(manganese pyroxene) 

‘ephroite 2Mn0O.Si0, 54.3 


(manganese olivine) 
Spe sartite 3 MnO. Al, O, 3 SiO, 33.3 
(manganese garnet) 

These minerals are found either separately or com- 
bined among themselves, or with other minerals ; the 
form four different classes of materials from whic 
manganese can be obtained commercially :—(1) Man- 
ganese ore; (2) manganiferous iron ores ; (3) man- 
ganiferous silver ores; and (4) manganiferous zinc 
ores. Manganese ores consist of various mixtures of 
manganese oxides sometimes containing admixtures 
of manganese carbonate. Manganiferous iron ores con- 
sist of mixtures of manganese and iron ores. Mangani- 
ferous silver ores consist of mixtures of manganese 
and iron oxides with small quantities of silver sulphide 
and lead carbonate. As a rule, the iron content 
exceeds the manganese content, but locally the iron 
is altogether absent. Manganiferous silver ores are 
divided into three classes, according to their uses :— 
(1) The greater portion of the manganiferous silver 
ores are used for their silver and foal contenta ; man- 
ganese and iron content often ensures these ores 
obtaining a higher yew on account of their fluxing 
value. (2) A second class of manganiferous silver ore 
is too low in silver and lead to be used as a source for 
these metals, but it is sufficiently high in manganese 
and iron to be used for the manufacture of ferro- 


y | manganese and of spiegeleisen, as is the case with the 


high-grade manganiferous iron ores mentioned above. 
(3) There is a third class of manganiferous silver ore 
too low in silver and lead to be used primarily for 
these metals, and too low in iron and manganese to 

used for the manufacture of iron-manganese alloys. 
This ore is sold to the smelters as flux, the iron and 
manganese become waste products, while the silver 
and lead contents are recovered during the smelting. 
Manganiferous zinc residuum is an artificial furnace 
product, consisting of mixtures of manganese and iron 
oxides in a matrix of slag. Manganiferous zinc resi- 
duum is obtained from zinc volatilising and oxidising 
furnaces using special zinc ores ; the residuum consists 
largely of iron and manganese oxides, the zinc having 
been removed by volatilisation and collected as zinc 
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INDUSTRIAL NOTES. 


THE annual meeting of the Yorkshire Miners’ Asso- 
ciation was held at Barnsley on Saturday, December 19, 
Mr. H. Smith occupying the chair. The vexed ques- 
tion of the use of steel props in the collieries was dealt 
with, and it was reported that permission was granted 
to the men at the Altofts Nos. 1 and 2 Collieries to take 
a ballot to decide whether they will tender their 
notices ongieting the introduction of these steel props 
into the pits. It was agreed that before notices are 
given the men’s representatives should ask Sir William 
Garforth if he would receive an official deputation on 
the question. 

The men’s Executive were hopeful of arriving at a 
settlement on the matter if the desired interview 
could be brought about. There were twenty-three men 
‘* victims” on the funds, because they had refused to set 
steel props. This was to be regretted, especially at 
a time like this. Colliery managers appeared to have 
the idea that they could send anything into the pit 
and order the men to use it, irrespective of the ques- 
tion of danger. It was a very great mistake to think 
that the men should not be consulted in a matter of 
this kind. He did not consider there could be any 
lowering of dignity on the part of any manager who 
consulted his men previous to the introduction of 
new methods. It was all very well to talk about a 
shortness of supply of timber, but he did not think 
there was any scarcity at the present time. He 
hoped the Executive would be able to get the matter 
settled without anything more serious occurring. He 
was pleased to say that the South Yorkshire Coal- 
owners’ Association had agreed to meet the men’s 
officials at Sheffield shortly, with a view to discuss 
the question of using steel props, and he felt sure that 
if the West Yorkshire coalowners would meet the 
men and discuss the point, they would get out of 
the difficulty much more pleasantly than they were 
doing at the present time. 





In this matter of the use of steel props, which is 
being discussed in conjunction with the Altofts Col- 
lieries, Sir William G. Garforth, managing director of 
Messrs. Pope and Pearsons, Limited, is reported to 
have stated that he is quite willing to accede to the 
request of the men’s representatives for an interview. 

‘““When the war broke out,” Sir William added, 
‘‘we found that we had not the usual quantity of 
timber to meet cur requirements. We had therefore 
to fall back upon steel props, which we knew were 
being used in large quantities in other parts of the 
federated area. We know of one colliery alone in the 
Midlands where 8000 steel props are in use, and the 
conditions in that colliery are altogether similar to ours. 

‘‘Therefore when we found we had not sufficient 
timber we uscd steel props, and even now I cannot 
understand the objection to them. For many years 
we have used a certain number of iron telescopic props, 
and the steel props which we now want to use are 
much less troublesome. As to the suggestion that 
they are dangerous, we must surely be allowed to know 
what is dangerous and what is not, seeing that during 
the whole seventeen years that the seam has been 
worked—in which time we have raised 34 million 
tons of coal—we have not had a single fatality at the 
coal-face. 

“ The suggestion of the men that steel props require 
so much fixing as to affect their wage-earning capacit; 
is scarcely worth considering. Altogether the steel 
props that we ask them to use are a proportion of only 
about one-eighth of the total props used in the pit, 
seeing that they are only required to be set in the 
gates, and not down the banks at all. Even if we 
made the use of steel props universal throughout the 
pit, the men would not suffer financially, for we are 
assured that they are just as easy to set as the timber 
props. Anyhow, the wages of the first six men who 
went on strike averaged 11s. 9d. a shift, which repre- 
sented between 3/. and 3/. 10s. a week.” 





There being a shortage of hands in the woollen mills 
of South Lancashire, Belgian refugees are availing 
themselves of the opportunity to lify for employ- 


ua 
ment, Employment has already tom found in the | 2000 Loth 


mills for many female refugees; a further number 
will be taken on On the other hand, a system of 
amicable exchange his been instituted, in that several 
Belgian refugees are teaching Lancashire girls their 
finer art of lace-making. Belgian miners are working 
in the British coal-pits temporarily to replace colliers 
who have enlisted in the army. 





On page 698 of our last volume we gave publicity to 
an article published in the Liverpool ee and 
dealing with the British glass trade and the war. In 
® recent issue we find the following article on the 
same question, which, we feel sure, will interest our 
readers :— 

‘*Many remarkable commercial situations have 
arisen on account of the war, and one of the most 
remarkable is that relating to the flint-glass industry. 
At the present moment certain firms of British glass 





manufacturers are having the ‘time of their lives’ in 
the direction of disposing of glass at premium prices 
and being able to place themselves on an admirable 
footing for defeating competition. A different state of 
things, however, exists in regard to the flint-glass 
industry, which, above every other, ought to be 
doing well now that German competition is at a 
standstill. Flint glass is chiefly associated with the 
manufacture of tumblers, lamp-glasses, lamp-shades 
and the like, of which an enormous number are dis- 
posed of in Great Britain, and this trade has for 
years been in the hands of the Germans and Austrians. 
Originally it was practically a Continental trade, but 
the war of 1870 resulted in Great Britain acquiring a 
start in it on an extensive scale. Instead, however, 
of the British maintaining their hold, they allowed 
the trade to be wrested from them once again by the 
Germans and Austrians in duenasnntin the most 
humiliating description. The trade now isa wonderful 
asset to any country which can get it, but the British 
are no longer able to make a serious bid for it, 
according to some of our best authorities. It is 
stated by them that it is all the fault of the Flint 
Glaesworkers’ Society, which, it is alleged, hampered 
the employers in every way when the trade was 
being encouraged. One of the principal grievances 
against the union was that it throttled the number of 
apprentices, four only being allowed to every ten 
men. The union further prevented the introduction 
of machinery, and as a consequence the Germans and 
Austrians, using moulds for the production of the 
glass, so cheapened the output that they captured 
the market. Now that the war has given Great 
Britain an opportunity of re-creating a flint-glass 
trade on an exteneive scale, it is said that it would be 
rash to sink money in it, because nearly all the experi- 
enced men having died out, there are few who have 
served an apprenticeship to take their place. This 
seems to be a serious indictment of trade unionism as 
a deterrent of the country’s progress.” 





We read in the Manchester Guardian that a resolu- 
tion was passed at the quarterly meeting of the Opera- 
tive Spinners’ Amalgamation, held in Manchester on 
December 26, confirming the agreement with the 
Masters’ Federation that notices to cease work should 
not be sey by either organisation until the dispute 
from which they might arise had been dealt with by 
the two associations, both locally and centrally. 

The agreement in question was suggested by Sir 
George Askwith on the ground that since the 
repudiation of the Brooklands Agreement there 
had existed no arrangement between the Masters’ 
Federation and Operatives’ societies for dealing 
with disputes. On both sides it was agreed to be 
desirable that, at any rate for the duration of the war, 
an informal understanding should be come to which 
would reduce the risk of strikes or lock-outs to a 
minimum. In November last a very similar agree- 
ment had been concluded by the employers with the 


Card-Room Amalgamation. So far as organisation | 


for the prevention of ew. disputes is con- 
cerned, the cotton trade may now said to be in the 
same position as when the Brooklands Agreement was 
still in force. 

In the case of the operative spinners there was 
already in existence, dating from the time of the 
Mossley bad-spinning disputes, an agreement not to 
give notices in any bad-spinning dispute until the 
question at issue had been considered by the two 
associations. The resolution passed on December 26 
has extended that temporary agreement to all other 
disputes. 





At the conclusion of a five-hours’ sitting of the 
Lothian Miners’ Conference at Dalkeith, on Saturday 
evening, December 26, it was reported that, as a 
result of the modification of shipping restrictions, 
greatly increased facilities for the despatch of orders 
for coal were now being taken advantage of, the 
majority of miners thus obtaining full-time employ- 
ment, and others obtaining from eight to ten days’ 
work per fortnight. It was also reported that about 
ian miners were serving in the Army and 
the Navy. 





The Southport National Aid Committee states that 
with the exception of various sections of the building, 
printing, and other trades employing female labour, 
such as drapers and milliners, employment conditions 
at Southport are satisfactory under the circumstances, 
and do not appear to call for any action on the part of 
the employment sub-committee at present. The 
position of joiners particularly has been relieved by 
contracts for huts for the War Office and the Cor- 
poration sewerage and other works. A successful ex- 

eriment in the making of toys (of which some 3000 
Soe been made) hes provided employment for # 
number of women. There has been very little un- 
employment amongst women. Conditions among the 
townspeople have been materially improved by the 
billeting of a large number of troops, 


The following statement is given in the issue for 
December 17 of The Iron Trade Review, Cleveland, 
Ohio:—‘‘The best Christmas gift which manufacturers 
can give men this year is an opportunity to work. 
Even if many must be reduced in wages and given 
an let as many as possible be given some 
work.” 





We are glad to put on record the following letter 
which the Admiralty has recently written to the British 
shipbuilding yards and engineering firms. The letter 

8 as follows :— 

“* Gentlemen,—I am commanded by my Lords Com- 
missioners of the Admiralty to acquaint you that they 
have noted with t satisfaction the strenuous 
efforts which have been made since the outbreak of 
war to press on with the work for the Navy which has 
been entrusted to the various shipbuilding and engi- 
neering firms of this country, ood they desire me to 
send their hearty congratulations upon the excellent 
results which have already been achieved. 

**I am to ask you to bring this letter to the notice 
of all your staff and employees, and to assure them, 
in the name of the Admiralty, that their patriotic 
efforts have assisted materially in increasing the 
strength and readiness of the Fleet. 

“It is their Lordships’ earnest wish that each 
worker should realise that, however small his own 
work may seem, it is still an essential of a great 
united effort, and that by steadfast devotion to his 
duty he is taking his part in maintaining his country’s 
honour and safety just as surely as those who are 
engaged on active service. 

** Continued sacrifices and efforts are still required 
from all concerned if we are to sustain our soldiers at 
the front and our sailors afloat, and come through this 
business with honour and without misadventure. 

**T am, gentlemen, your obedient servant, 
** (Signed) W. Granam GREENE.” 





The quarterly meeting of the Cleveland Ironstone 
Miners’ and Quarrymen’s Association was held at 
Middlesbrough a few days ago. Mr. H. Dack, Presi- 
dent, stated that they had, under all the regrettable 
circumstances of the moment, much to be thankful for, 





and reason to feel proud of the way in which the 
members of the Cleveland Miners’ and Quarrymen’s 
Association had come forward to offer their services 
in the hour of their country’s need. Over }1 per cent. 
| of the total membership were now serving in the 
| King’s forces, and the time had now arrived when 
| it was very necessary to consider whether it was 
in the best interests of the country to make 
| any further drain upon the district. The industry 
| with which they were identified was one of the first 
importance to the Government in providing material 
for munitions of war, and he thought their members, 
by steady and regular attendance at work, could just 
as usefully serve their country here as if they were 
fighting across the North Sea. He was not a mili- 
| tarist, but he was whole-heartedly with the Govern- 
| ment in the prosecution of the war, as it could only 
be by pushing it to a successful issue that they would 
save themselves from the domination of military caste 
over democracy, and release industrial peoples from 
the horrible nightmare which had depressed Europe 
for many years. 

He added that stocks had not altered very much 
during the quarter, and prices, which had ebbed and 
flowed from week to week, were now higher than they 
had been for the whole year—about 54s. per ton being 
the present figure for Cleveland pig-iron. From an 
organisation standpoint the executive had had to 
consider the Association’s attitude towards those who 
had refused to join the Association. At the outbreak 
of war the Association declared a truce, but some of 
the men outside the ranks had tried to persuade 
those who were regularly subscribing not to do so, 
and, as a result, the executive had Secided to take 
measures against those outside the Association, either 
to compel them to pay their share or remove from the 
industry. 





The monthly report of the British Steel Smelters’ 
Association was issued last week. It states that 
most of the branches of the iron and steel trade con- 
tinued to improve, and that the somewhat pessimistic 
tone which previously ruled had disa A 

The more promising outlook in the tin-plate trade 
of a month ago , however, been overcast by the 
decision of the Government to place an em on 
the exportation of tin-plates to Holland and the - 
dinavian countries, on the ground that a considerable 
part of these exports were being transferred to Ger- 
many, in spite of the precautions taken by Welsh 
manufacturers. The general secre of the union, 
Mr. John Hodge, M.P., was co-operating with the em- 
ployers in their efforte to obtain from Government the 

rovision of such arrangements as would protect the 
interests of the tin-plate trade without at the same 
time helping the enemy. The Board of Trade was 
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considering the suggestions which had been put 
forward. 

A further slight reduction in the a 
membership was reported, but a good deal of short 
time was still being worked. An analysis of the 
returns shows that 1.64 per cent. only of the members 
were entirely idle in November. 





BONECOURT SURFACE - COMBUSTION 
BOILERS. 

We illustrate on this and the opposite an 
interesting boiler plant recently installed in a Midland 
metallurgical works by Bonecourt Surfate Combustion, 
Limited, of Parliament Mansions, Westminster, S. W. 

Fig. 1 is a photographic view of one of the boilers, 
while the general arrangement of the plant is illus- 
trated in Figs. 2and 3. It will be seen that this consists 
for the present of two boilers, though provision is made 
for the putting in of a third at some subsequent date. 
The boilers are operated by producer-gas, and 
their main function is to supply steam to a 
battery of producers, the output from which is utilised 
in the furnaces of various types. The producers are 
designed to utilise bituminous coal, and are provided 
with ammonia recovery plant. The steam is supplied 
to these producers at a gauge pressure of about 3 Ib., 
but the boilers are themselves operated at 80 lb. gouge 
pressure, and at a maximum hourly output of 12,5001b. 
each. This is equivalent to an output of about 
15,000 Ib. from and at 212 deg. Fahr. 

Before entering the producers the steam passes 
through steam-turbines, which generate the power 
required for different operations iu the factory. One 
of these turbines is shown in place in Fig. 3, and 
is used to drive one of two fans which produce the 
draught uired by the boilers. The other fan 
is driven electrically. In these turbines the pres- 
sure falls from 80 lb. to 3 lb. (gauge) pressure, so that 
the steam consumption per kilowatt-hour is, of course, 
very high, being in the neighbourhood of 80 lb. to 90 Ib. 
This, however, is a matter of no importance, since the 
power ne is practically a by-product, the 
main object of the boilers being to supply steam to 
the producers. When the turbines are not in work 
the steam is wire-drawn down to the required pressure 
by means of suitable reducing-valves. 

Details of the boilers are represented in Figs. 4 
to 12. Each boiler is 10 ft. in diameter by 12 ft. long 
between tube-plates. The tubes number thirty-eight, 
all of 6 in. internal diameter. Th» total is made up 
of twenty-six ordinary tubes, } in. thick, and twelve 
stay-tubes, § in. thick, and the total internal heating 
surface is 715 sq. ft. per boiler. Since the output is 
15,000 Ib. (reckoned from and at 212 deg. Fahr.), the 
equivalent evaporation is about 21 lb. per sq. ft. of 
heating surface per hour, a fi which by appropriate 
alterations in the fans could be increased by 30 per 
cent. without strain to the boiler, and with but little 
loss in efficiency. 

Each tube serves both as furnace and flue. It is 
filled from end to end with ee ee myryin 
the case of the ter portion of the length of, the 
tube act as vedienien enti baftles, but for the first Toot 
or so near the entrance of the tube serve to promote 
surface combustion of the gas and air drawn through 
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the tubes by the action of the suction fans, shown in 
Fig. 3. A gas-nozzle fitted with an independent 
valve stands opposite the mouth of each tube, but, 
as is best seen in Figs. 6 and 8, a clear space of 24 in. 
separates the end of the nozzle from the entrance 
to the tube. Hence when a suction is established 
inside the tube both air and gas are drawn in, the sepa- 
ration between, and relative dimensions of, the nozzle 
and tube ie oe that the two are drawn in in proper 
proportions. Mixing is effected in the first part of the 
tube and greatly accelerated by a refractory neck, 3 in. 
in diameter, through which both air and gas 


before impinging on the refractory surfaces. The whole | g 


of the combustion is completed within a distance of 
about 2 ft. from the mouth of the tube, one of the 
most remarkable features in the phenomenon of 
surface combustion being its intensity, in virtue of 
which an enormous weight of can be completely 
consumed within a remarkably limited space. 

In view of the high temperature (about 800 deg. 
Cent.) attained by the firebrick in the combustion 
area, the heat transmission to the tubes is very great, 
taking place at a rate equivalent to an evaporation of 
some So ib. per sq. ft. per hour. The temperature is 
lower throughout the remainder of the tube, but the 
fireclay-block packing baffles the flow of the gases very 
effectively, and they leave finally at a temperature 
only some 70 deg. Cent. in excess of the steam tem- 
perature. The rate of steam production is very readily 
and easily adjusted by varying the draught. At start- 
ing up this is 2 in. of water, but at normal full output 
the suction in the smoke-box (not shown in our draw- 
ings) is 16 in. of water. If any further adjustment is 

uired, it can be effected by shutting off one or more 
tu As shown in the figure, the gas- main is 
arranged below the boiler-room floor, and from this 
main two vertical pipes fitted with 12-in. shut-off 
valves lead to each boiler front Branches from these 
vertical pipes support the nozzles, and the outer ends 
of these branches are themselves secured to a vertical 
T-iron standard, as indicated in Fig. 7, the arrange- 
ment being shown in greater detail in Figs, 10 to 1 





PgrsonaL.—The Worthington Pump Company, 
Limited, and Messrs. James Simpson and Co., Limited, 


both of 153, Queen Victoria-street, E.C., announce that 








they are removing to more suitable premises at India 
House, Kingsway, W.C., and that the change of address 
will take place on January 4. Their telephone numbers 
will be 3048, 3049, and 3050 Holborn. 





Contracts.—Messrs. Boving and Co., Limited, hy- 
draulic engineers, Union-court, Old Broad Street, London, 
E.C., state that their recent orders include the following 
machines :—One double-wheel spiral Francis turbine, of 
2300 horse-power, 300 ft. head, for Japan ; one 900-horse- 
power impulse-wheel, 510 ft. head, for the Simla Munici- 
pality, with two exciter turbines of 30 brake horse-power 
each, and pipe-line of 16 ft. diameter ; three spiral double- 
i rancis turbines, 3850 horse-power each, under 
a head of 400 ft., and two of 170 horse-power, for Japan ; 
one impulse turbine, 170 hor: e-power, 260 ft. head, for 
the Mount Lyell Mining and Railway Company. Several 
of these are repeat orders. They have orders 
for twenty-one ving Victoria turbo-pumps. — The 
National Engine Company, Limited, Ashton-under- 
Lyne, has been successful in securing what is be- 
lieved to be the largest contract given to any firm in 
Great Britain for gas-engines, the total value being nearly 
60,000/., and consisting of six 1500-horse- power gas- 
engines and one 1000-horse-power gas-engine, all to be 
direct coupled to alternating-current generators. The 
engines are of the latest tandem vertical type. 





** AIDE-MEMOIRE DE L’INGENIEUR-CONSTRUCTEUR DE 
Béton ArMe&.”—This is the title of a pocket-book in 
French, edited by Mr. Jean Braive, and published by 
Messrs. H. Dunod and E. Pinat, 47 and 49, Quai des 
Grands Augustins, Paris, at the price of 15 france. The 
book contains about 400 pages of illustrated subject- 
matter on reinforced concrete, its composition, uses, 
tests, &c. It opens, as usual with all elasses of ket- 
books, with artinenatie and conversion tables. e com- 
ponent parts of concrete, their preparation, the various 
tests for concrete, the different types of reinforce- 
ments used for bridges, floorings, pillars, &c., are entered 
into in detail. The French Government regulations 
with regard to the uses of reinforced-concrete work 
are given, and the bearing of the regulations is explained. 
It also contains data for the calculation and design of 
reinforced-concrete work, such as floors for factories, 
reservoirs, sewage mains, chimneys, silos, bridges, and 
— foundations. It is completed by glossaries in 

rench, English, German, Italian, and Spanish, which 
will render it useful to a wide ciréle of engineers and 
contractors, 
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BONECOURT SURFACE-COMBUSTION BOILERS. 
BONECOURT SURFACE COMBUSTION, LTD., ENGINEERS, LONDON. 
(For Description, see opposite Page.) 
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CoMPETITION wiTH GERMANY AND AvustTRIA.—The 
Commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, E.C., has just issued a revised 
inquirers’ list similar to those previously published. 
These lists contain the names of articles which inquirers 
(a) desire to purchase and (6) to sell. They are intended 
to serve as a means of putting into communication 
through the Board of Tratie buyers and sellers whose 
sources of supply or whose markets have been interfered 
with by the war. The sixth list may be obtained by 
British firms on application at the above address, and 
will jpmenn d pee as useful as its predecessors. The 
articles cov embrace all kinds of engineering materials 
and products, hardware, &c. 


Repiacine German Goops.—In order to satisfy the 
comnts of the a French inquirers who desire to 





by their British equivalents, the 


place German 
British Chamber of Commerce, Paris, has decided to 


publish in French a trade index of British manufaeturers, 
merchants, and producers, which will be largely dis- 
tributed amongst French firms. After careful considera- 
a, 5 has been found that this is the most practical 
method of responding to the demand for British goods in 
France. The index in question will be confined to firms 
of undoubted British nationality. The Chamber's general 
meeting will be held on Friday, February 12, when the 
election of six directors will take The Board of 
the Chamber have carefully examined the situation of 
British firms the estates of whose enemy debtors in 
France have been sequestrated, and suggest that in many 
— a requéte to the Tribunal Civil may be 
ira) 





Messzs. Joun Lysacut, Limirep, AND THE Wak.— 





Messrs. John Lysaght, Limited, have issued an interest- 
ing pamphlet giving the names of the men from their 


ing 
_ various establishments who are on service in the war, 
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and a Roll of Honour. 
their works at Bristol, Ne 


It states that 1449 men from 
Scunthorpe, and Wol- 
a and 67 from their office staff—over a quarter 


of the total number of —- of the firm—are at 
ey in the Army or Navy serving their country. 
he firm has promised that all the men who left for ser- 
vice — have their jobs kept open a them ; - ao. 
ance of 10s. per week is being given Messrs, Lysaght 
to the wives or dent relatives of the men who are 
away. Provision also made as to the members 
of staff who are oh service. The introduction gives a 
brief survey of th®- political situation; it states how 
— broke out, and forms a patriotic appeal to all 
ritons. 





proposed to hold in San a So 
to in isco in - 
ember, 1915, and the International i i : 
which is to be held from the 20th to 25th of the same 
month, Owing to the impossibility of convening the In- 
ternational Electrotechnical Commission, under whose 
authorisation the ical was to have been 
held, it has been decided by the governing body of the 
American Institute of Electrical Engineers to 
indefinitely the holding of the Electrical Congress. is 
which will be held os originally planned. Marked pro’ 
wi as y ple x pro-. 
is being made in connection with the latter. 
Papers have already been received from several of the 
foreign countries, and everything points to a successful 
issue. Full information concerning the Congress may be 
obtained by inquiry at the following address :—TInter- 





nal Engineeri 1915, Foxcroft Building, 
| San Francisco, Cal. U.S.A. es 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 16. 

THe almost hourly anticipated decision by the Inter- 
state Commerce Commission of a 5 per cent. advance 
in freight rates has created the most favourable out- 
look for railroad orders for a year. Ina case of a 
favourable decision this week, it is figured out that 
orders for the following amounts may be placed :— 
1,000,000 tons of rails, $5,000 to 50,000 cars, several 
hundred locomotives, 100,000 tons of structural mate- 
rial, and a large quantity of track supplies. The 
Pennsylvania has ordered the construction of 1050 
steel freight cars at its Altoona plants, involving 
the purcnase of upwards of 12,000 tons of plates 
to be delivered within four months. The Union 
Tank Line has ordered 1000 tank cars, involving 
8000 to 10,000 tons of steel plates; Northern 
Pacific, 125 passenger coaches; Great Northern, 21 
coaches; Save Oil Company, 150 tank cars. No 
further concession in prices is probable. Scarcely 
any second -quarter-delivery business has been 
placed. Heavy pig-iron buying continues. In the 
recent rush about one million tons have been con- 
tracted for, in which Southern furnaces participated 
but lightly. The present pig-iron output is down to 
18,000,000 tons @ year. he entire industry is on 
tiptoe of expectation of great things. Unfilled ton- 
nage of the Steel Corporation is 3,461,097 tons 
November 1, and 3,224,592 tons December 1. Decem- 
ber bookings will average about 20,000 tons a day. 
The starving process has reached its limits. Much 
European business is coming in, and figures are not 
reliable. Secrecy prevails as to details of much of it. 
An upward tendency in prices is probable, though 
understandings exist between manufacturers and large 
consumers which will be carried out. There is, how- 
ever, much incoming business. 





“Tue Enemy’s Trape AND Baitisa Patents.”—This 
is the title of a pamphlet by Sir G. Croydon Marks, 
M.P., which is issued by the Technical Publishing Com- 
pany, Limited, 55 and 56, Chancery-lane, W.C., at the 
price of 1s. net. It explains clearly the situation as to 
the manufacture in this country of articles covered by a 
patent held by an alien enemy. 


Trape Oprortunitigs IN lraty.—The British Cham- 
ber of Commerce for Italy states that British manufac- 
turers and shippers should not fail to avail themselves to 
the very utmost of the em unique opportunity of 
securing « footing in the Italian markets, where, if 
is excepted, a predominant position was held by Ger- 
many. The Chamber is doing its utmost to assist British 
firms in getting into touch with Italian importers and 

mts. Those manufacturers who wish to make a 
special bid for Italian trade should send out their princi- 
pals, or fally-qualified representatives and travellers, 
with samples, &c., to take orders and thoroughly study 
local requirements, so as to be able to supply in future 
exactly what is wanted. Since the end of August, the 
Chamber has received from all parts of Italy numerous 
inquiries from consumers, importers, and agents for all 
sorts of goods, chiefly manufactured, the inci 
articles inquired for being :—Steel, steel goods, naval 
supplies, technical goods, accessories for motor-cars and 
machines, aluminium, tools of all sorts, aniline colours 
and oils, office requirements, kitchen and house utensils, 
foodstuffs, printing ink, biscuits, cheap gold, plaqué gold 
and silver jewellery, linen articles, accessories for cycles, 
corsets, manilla ropes, pharmaceutical and chemical pro- 
ducts, paints, dyeing products, carbonate of soda, boots, 
coffee and colonial goods, coal, fertilizers, hosiery, iron- 
mongery and hardware, cotton and cotton yarns, steel 
copes paper, cocoa, cutlery, skins and leather, wax, 

ting, cardclothing, woollen piece goods, cotton prints, 
&c, upholstery stuffs, d electrical material, dried 
fruits, photographic goods, handkerchiefs, linings, linen 
yarns, greases, Australian corn, rubber articles, gloves, 
cardclothing, jute, waterproofs, timber, wool, electric lamps 
and materials, woollen dress a goods, tinplates, lubrican 
files, liqueurs, motors, agricultural ines, sewing an 
knitting-machines, metal and wood-working machines, 
metals, shipbuilding material, smallwares and haber- 
dashery, soapmaking materials, oils, perfumery, dried fish, 
leather china, lace, copper, oil-seeds, soaps, sul- 
phate of copper, emery products, silk stuffs, locks, scien- 
tific instruments, sanitary goods, sport goods, sulphate of 
copper, carpets, tubes, tea, velvets and velveteens, glass- 
ware, varnish, zinc, &c., &c. Lists of addresses may be 
had from the Secretary-General, vid Ionocenzo Frugoni, 
1, Genoa. From the Milan district the British Chamber's 
otfive in that town have had inquiries for :—Colonial pro- 
duce, tools, cutlery, chemicals, d hides, dyes, 
machinery 2 rage eg iron an — ye sypee 
goods, tinplates, w Pp, Pe (printing), oils an: 
turps, ware, waterproofs, goloshes, cycles and motor- 
cycles, stationery, inks, boots, tubes, wire rope, paint 
brushes, bamboo cane, haberdashery, surgical instru- 
ments, plated goods and jewellery, drapery, ribbons, 
laces and curtains, paints, woollen goods, belting, fertili- 
zers, fancy goods, warps and threads, scientific instru- 
ments, um 
&e., &e, The addresses may be had from the 
etary, vid Andegari, 18, Milan. As it is wished to 
give in every possible case the names of Members of the 

Uhamber, these facilitate this result a3 nee in as soon 

as possible an exact detailed list of whatever they are in 
& position to supply or ship. 


rincipal | were 


feathers and flowers, cloth and cotton | bef 


SWEDISH IRON AND THE WAR. 


At the meeting of the Union of Swedish Ironmasters at 
Gothenburg, on November 28, the report stated that the 
war had caused a considerable reduction in the sale of 
Swedish iron and steel to the large countries whither the 
bulk of the export was wont to go, and some markets had 
been entirely closed. Also, in the countries which were 
not implicated in the war, the conflict had exercised a 
crippling influence, with the result that the Swedish 
export also had diminished to those countries. Some com- 
pensation had been afforded by the new markets which the 
extraordinary state of affairs had opened, but in spite of 
the statistics things were very depressing. August was 
the worst month; the ate exports were then 
13,600 tons, against 47,800 tons in the same month, 1913. 
Some improvement set in during the months of September 
and October, the figures for the two being respectively 
32,400 tons and 33,200 tons, against, respectively, 45,400 
tons and 55,500 tons for the corresponding months of 
1913. Also the export of iron ore had gone down very 
materially, the decrease up till the end of October being 
1,472,000 tons, against the same period in 1913. 

The greatly reduced export of iron and steel has natu- 
rally tended to reduce the production materially. At the 
end of October about one-third of the blast-furnaces were 
out of work, and the position in this connection has 
not altered since the end of August. Of Lancashire 
hearths there were 125 going during August and Sept- 
ember, but only 110 at the end of Ovtober, and about 
60 per cent. of these hearths are now idle. Of the 
Bessemer converters, of which there are 24 in Sweden, 
only 9 were working at the end of October, and out of a 
total ot 75 Martin furnaces only 49 were working. The 
production of pig-iron has diminished 56,600 tons during 
the first nine months of 1914, as compared with the same 
sae mes of 1913. The production of blooms and ingots has 

uring the same time decreased 81,600 tons, as compared 
with the first nine months of 1913. 

The main cause of this reduced production, as already 
mentioned, is the great war and the consequent reduced 
sale, but shortage of water has also made its influence 
felt. Now thao all available reserve steam-power has 
been resorted to, and a number of works are ~— new 
installations of this nature completed, it may be said that 
the available water-power does not even suffice for the 
greatly-reduced demand for Swedish iron and steel on 
account of the war. On this account the quotations for 
Swedish iron products have lately been, and are still, 
very firm, and have even partly risen, so that the iron 
works in some degree are compensated for the increased 
cost of production arising from the high ’ for coal, 
increased export freights, war insurance, &c. 

The prospects as regards a sufficiency of water for 
water-power for the present winter are particularly 
gloomy for nearly all iron works, and it is much to be 
regretted that the long-pending national regulation of the 
water-courses has not been taken in hand. 

The production during the first ten months of 1914 
was as under, the corresponding figures for 1913 being 
added for comparison :— 


1913. 1914. 

tons tons 
Pig-iron and direct castings 617,700 561,100 
Blooms on iste “e 128,700 97,700 
Bessemeringote .. as 94,200 81,500 
Martin and scrap castings. . 381,000 343,100 


The exports during the same period of some commodities 


1913. 1914. 

tons tons 
Pig-iron oe ‘ 165,000 131,000 
Ingots .. - ‘a os ee 11,800 10,400 
Blooms i ae = a 11,400 3,600 
Rough bars .. we - 18,900 14,300 
Billets .. = bi o oa 9,100 4,600 
Solid tube material. . és ea 16,400 11,200 
Hammered bar iron ame - 14,400 11,100 
Best rolled bar iron. . Jai he 86,800 61,700 
Cold-rolled or drawn bariron .. 5,200 8,700 
Rolled wire .. “a a 32,400 22,700 


The aggregate exports from January 1 to October 31 
were 313,200 tons for 1914 and 417,600 tons for 1913, the 
deficit for 1914 consequently being 104,400 tons, or 
exactly 25 per cent. 

The figures for the iron-ore exports still more forcibly 
illustrate the effect of the war; the exports for the four 
months, July to October, 1913 and 1914, were :— 


1913. 1914. 

tons tons 
July .. * ~ és ba 876,000 864,000 
August Y 211,000 
September 775,000 253,000 
October 698,000 336,000 





Ear.y Cast [ron.—At the monthly magting, of the 
Ipswich Engineering Society, held at the Museum 
Rooms, on Thursday evening, Dec. 17, an interesting 
lecture was delivered by Mr. Robert Buchanan, of 
Birmingham, on ‘‘The Origin and Development of the 
Foundry Cupola.” Mr. Buchanan said that he owned 
what he believed was the oldest piece of iron in the 
world, a portion of a gully grate from the floor of some 
ruins at Ephesus, which still showed the iron crystals. 
The first record of cast iron being used was in 1543, when 
in Sussex a man named Hogg made cannon. Personally 
he believed that the system must have been discovered 
ore, because in 1595 it was stated that cannon of 
6000 Ib. vy were made, and he did not think such 
progress could possibly have been made in 50 years. The 
firat record of a cooking-pot being made of cast iron was 
160 years after cannon were first cast, so that it seemed 
that in those days armaments led the metallurgical world 








as they did in agreat degreee at the present day. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Wednesday morning 
the pig-iron market was quietly steady, and only one 
Cleveland warrant changed hands at 54s. one month, 
with sellers over at that figure, and at 533. 91. cash. 
Buyers’ closing prices were 53s. 64d. cash and 533. 94d. 
one month. In the afternoon the market was quite idle, 
but sellers made no change in their quotations for Cleve- 
land warrants. On Thursday morning there was in 
nothing doing in Cleveland warrants, and prices remained 
steady. Sellers’ prices at the close were called 53s. 94d. 
cash and 54s. 04d. one month, but buyers had drawn 
nearer, and named 533. 84d. cash and 533. 114d. one 
month. The marked remained closed in the after- 
noon and also on Christmas Day. When business was 
resumed on Monday morning there seemed little desire 
for dealing, and although sellers’ prices had a harder 
tendency, buyers were a shade easier. The session 
closed with sellers of Cleveland warrants quoting 533. 11d. 
cash and 64s. 2d. one month. In the afternoon there 
were again no transictions, and Cleveland warrants 
were nominally a shade easier at 53s 104d. cash and 
54s. 14d. one month sellers. On Tuesday morning idle- 
ness again prevailed, but Cleveland warrants continued 
steady, with sellers’ quotations unchanged. The same 
conditions prevailed in the afternoon, and still no trans- 
actions in Cleveland warrants were recorded. At the 
close of the session sellers quoted 53s. 104d. cash and 
54s. 14d. one month. When the market opened to-day 
(Wednesday) the tone was firm, but no dealings took place. 
Cleveland warrants were quoted 53s. 11d. cash, 54s. 2d. 
one month,.and 54s. 8d. three months sellers. The market 
hardened in the afternoon, when 3500 tons of Cleveland 
warrants were done at 54s. 4d. and 54s. 5d. one month, 
and closing sellers named 54s. 24d. cash and 54s. 54d. one 
month, while buyers were at 1d. less in each cise. 


Sulphate of Ammonia.— During the past we: k there has 
been quite a steady demand for sulphate of ammonia, 
and dealings have taken place at 12/. per tor, aad so the 
—_ has ended as it began, with sulphate hixh in value. 

ut the tale for the intervening months is somewhat 
different, because the price fell away to about 10/. 7s. 6d. 
in the month of June, owing to German competition. 
That low figure was of short duration, and with a good 
demand springing up the quotation rallied to 11/. 2s. 6d. 
per ton in July, and just when the outlook had become 
good the war broke out, and shortly afterwards 10/. 7s. 6d. 
per ton was again touched. With conditions rightin 
themselves, however, markets began to pick up, an 
about the beginning of December sellers were quoting 
11. The business during that month was quite active, 
and prices advanced 17s. 6d. to 20s. per ton, and thus the 
—_— as the year closes is 12/. per ton for prompt 

elivery, and round to 12/. 5s. per ton for February to 
March delivery. 


Malleable-Iron Trade.—After the long spell of quiet- 
ness which occurred in the malleable-iron trade of the 
West of Scotland through excessive foreign competition, 
it is very gratifying to note that a turn for the better has 
taken place, and that activity now prevails. Order-books 
have been filling up, and makers close the year in a very 
satisfactory position. They have a certain steady run 
ensured for some months ahead, and with prices on the 
rise, the outlook is encouraging. 


Scotch Steel Trade.—The past week has teen one of 
— activity in the Scotch steel trade, and specifications 
have come to hand in large numbers, which is a clear 
indication of the improvement in business. Government 
orders are responsible for a fair percentage of the im- 
proved state, but not forall, as the quiet confidence in the 
ultimate success of our Forces on land and sea, which 
prevails generally, is really the keynote to the present 
activity. The stocks of steel material have been seriously 
reduced both at home and abroad, and buyers now 
display the ter anxiety to secure requiremente. 
The end of this memorable year thus finds the steel 
makers with heavy order-books and a very pressing de- 
mand for deliveries. For ship-plates there is an excel- 
lent outlet owing to the large shipbuilding contracts 
recently given ous, and as no German material is now 
available, the prospects for the local steel works are very 
bright. Thin plates have also been in great request of 
late, and early delivery is a out of the question, 
as so many orders have been booked. That fact brings 
us back to the old trouble which generally confronts con- 
sumers during a time of activity in the steel trade— 
namely, the question of reasonable delivery, and that 
difficulty has frequently allowed the foreigner to secure, 
and hold, a fair portion of our legitimate trade. Now 
that we have learned our lesson it is to be hoped 
that both buyers and sellers will use every endeavour 
to mest one another amicably, and thus secure for 
our own workpeople a period of steady employment. 
The first three quarters of the past year were 80 
difficult for the producers that a good run now would 
be very acceptable. In the black and galvanised-sheet 
trade the improvement continues, and the vay eee are 
encouraging. There is also a good demand for structural 
material, as consumers are booking freely. The export 
trade is waking up, and buyers are recognising that to 
secure their requirements they must enter the market 
now, with the result that inquiries are more in evidence 
this week. France is naturally a fairly good market at 
present, and large lots are steadily going forward. With 
reference to prices, it is difficult to name hard-and-fast 
quotations, owing to the state of things, but prices all 
round are much firmer, and are very likely to g° higher. 
Ship-plates for the home market are called 7/. 5s. per ton, 
less 5 per cent., and for export 7/. per ton, less 24 per 





cent.; boiler-plates are 7/. 10s. per ton, less 5 per cent., 
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export market, and angles areT7l: per ton less ® percent, | NOTES FROM OLEVELAND AND THE | tiirsity large steam coal has mado 20s, 6d, to Zin; best 
for home delivery, and 6/. 15s. per ton, less 24 per cent., NORTHERN COUNTIES. secondary qualities, 19s. 3d. to 19s. 9d.; other second 
for export. These quotations show an advance varying MIDDLESBROUGH, Wednesday. | descriptions, 18s. 3d. to 186. 6d ; best bunker smalls, 12s. 
from 2s. 6d. to 30s. ton when compared with the close The Cleveland Iron Trade.—As is usual at this season | to 12s. 6d.; and cargo smalls, 9s. 6d. to 10s. 3d. per ton. 
of last year, but the present high values are due to the id coal has been quoted at 19s. to 20s.; 


dearness of raw material, &c., and with hematite selling 
at 77s. 6d. per ton the steel-maker has little chance of 
making a fortune. 


Scotch Pig-Iron Trade.—The demand for Scotch pig- 
iron continues very , and producers have recently 
fixed up quite a number of important contracts, both on 
home and on export account. In the latter connection 
the increase is marked, and the clearing of the high seas 
of the German commerce-destroyers has given a fillip to 
foreign buying. Hematite is still in great request, and 
bookings are exceedingly good; the price is called 77s. 
per ton, delivered. The following are the market quota- 
tions for makers’ (No. 1) iron :—Clyde, 693. 6d.; Calder, 
Garvsherrie, and Langloan, 70s.; Summerlee, 70s. 61. 
(all shipped at Glasgow); Eglington, 64s., and Glen- 
garnock, 71s. (both at Ardrossan); Shotts, 70s.; and 
Carron, 73s. (both at Leith). 


The Holidays.—The very active conditions which now 
prevail throughout the steel and iron trades, and the 
great pressure for certain classes of material, are neces- 
sitating shorter —- * for holidays this year than 
is usual. Certain establishments, which generally close 
down for a week or ten days at this time, will only cease 
operations for two days, but any further reference to 
them would be indiscreet. Monday morning will see 
full steam up in many works. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Very little business has 
been booked this week in any section of the South York- 
shire coal trade. Merchants have been too busy clearing 
off substantial arrears of orders placed before Christmas 
and held back by railway congestion to pay much atten- 
tion to new inquiries, while almost the whole of the 
output of steam hards has been absorbed bya general effort 
to bring contract deliveries up to date. A few inquiries 
are reported for contract renewals, but so far nothing has 
been agreed upon which will serve as a general cash basis. 
Railway companies, having regard to the slump in ship- 
ping, are striving to obtain reductions on last year’s 
prices; but collieries have, so far, declined to commit 
themselves. Owing to the increased cost of timber and 
other necessities, working expenses are considerably 
higher than at this time last year. Moreover, a large 
number of pit-workers have joined the Forces, and, even 
when full-time working is in operation, the output is 
anything from 15 to 20 per cent. below the normal. The 
slack market has undergone a marked change during the 
past month, and consumers have difficulty in securing 
supplies except at advanced rates, This is attributable, 
first, to the materially-decreased ~~ and, secondly, 
to the revival of trade with the Lancashire cotton 
industry. Cokes are quiet, but prices show a firmer ten- 
dency. Quotations :—Best branch sss 16s. 6d. 
to 17s. 6d.; Barnsley best Silkstone, 13s. 6d. to 14s. 6d.; 
Derbyshire best brights, 13s. 6d. to 14s. 6d.; Derbyshire 
house, 11s. to 12s. 6d.; best large nuts, 11s. to 12s.; small 
nuts, 93. to 10s.; Yorkshire hards, 10s. to 11s.; Derby- 
shire hards, 9s. 6d. to 10s. 6d.; best slacks, 7s. to 8s.; 
seconds, 5s. to 6s.; and smalls, 2s. to 3s. 


Iron and Steel.—The market for raw materials has 
undergone practically no chan Owing to the holidays 
buying has not been on the e of the preceding two or 
three weeks, but a healthy tone still obtains, and prices 
are mostly held at the level reached a week before 
Christmas. The continuance of the heavy demand for 
special and ordinary hematites for armament-making 
purposes has alone been sufficient to withstand the 
inaction which usually basets the market at this time of 
the year. The basis on which the latest business has 
been arranged is as follows :—West Coast hematites, 
8ls.; East Coast hematites, 72s. 6d. to 75s.; Lin- 
colnshire No. 3 foundry, 593.; Lincolnshire f 
57s. 6d. ; Derbyshire No. 3 foundry, 56s. 6d.; Derby- 
shire forge, An early advance on the basis 
quotation of 8/. 5s. for South Yorkshire ‘‘ Crown” bars is 
forecasted, in consideration of the higher cost of common 
iron and the wages advances which are coming into 
operation under district wages 8 agreements. In 
the gun, armour, and shel! departments, as well as in all 
other sections of local industry engaged on urgent orders 
for the Government, work was resumed on Monday, after 
twodays’ holiday, instead of the usual Christmas respite 
of from a week to ten days, and is ae See day 
and night at high pressure. Additional furnaces are 
in course of completion, which will facilitate a consider- 
ably bigger output of basic steel. Forges, foun- 
dries, and mills have resumed work, with a better pro- 
spect than they have had for several months past. 

he position at the crucible furnaces is also re 
to be more satisfactory. Railway material depart- 
ments are not deriving the benefit that they ex 
from the decline of Continental competition, but there is 
a steady run on tramway material, and orders from ship- 
building centres for steel work and heavy castings and 
forgings are numerous. The lighter trades show weak 
patches, but for the most part are well employed. The 
demand for high-speed twist-drills is one of the it on 
record. The inquiry for machine-tools, spades, shovels, 
and other field implements is almost as large. certain 
amount of work is ing from the city because makers 
are unable to guarantee delivery. Some good inquiries 
are reported for —e steel, a satisfactory feature being 
expansion in the decided overseas business. 





of the year, holidays are interfering considerabl — The best 
sagen as 


business, but the general situation must be 

very satisfactory. Values of pig-iron are moving steadily 

r,t The minimum quotation for No. 3 g.m.b. 

nae see is 54s. 3d., and there are sellers who ask 
. to le 


vy ton above that oo. No. 1 Cleve- 
d.; No. 4 foundry, 9d.; No. 4 forge, 


53s. 3d.; and mottled and white iron, each 52s 9d. | has 


Values of East Coast hematite pig are rather difficult to 
fix. The uotation may be given at round 
about 72s. 6d. for ion 1, 2, and3; but whilst some 
second hands are selling small odd lots at a little below 
that figure, there are makers who quote up to 75s., 
and with cost of action high, and increasing, further 
—— is ic! 4 p Mme oes a8 
c more anythi just now. tter suppli 
have come to a | Tatel , and the total im or 
December approach 100, tons. Deliveries, however, 
are still much below what consumers consider they 
should be. Stocks are low, and a suggestion has 
mooted that the Government be requested to facilitate 
the conveyance of foreign ore. Quotations can hardly 
be given. ers ask rates that absolutely prohibit 
business, naming as much as a basis of 28s. 6d. ex-shi 
Tees for Rubio of 50 per cent. + Possibly, how- 
ever, a firm offer to buy at about a is of 25s. would 
receive favourable consideration. Ore - steamers are 
hardly obtainable, and offers to pay — of 10s, 6d. 
Bilbao-Middlesbrough is to have failed to tempt 
shipowners. Coke is very and in good demand for 
local use. For prompt delivery of average blast-furnace 
kinds at Tees-side works rather more than 18s. has to be 
paid, but for delivery over periods next year contracts 
can be made at a little below that figure. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 107,394 tons. 
Since the by ye of the month the stock has been 
increased by 1900 tons. a of pig-iron from the 
Tees are on only a very small scale. To-date this month 
they average 720 tons per working day, the total des- 
patches being returned at 17,923 tons, 17,373 tons of 
which have gone from Middlesbrough, and 550 tons from 
Skinningrove. To the same date last month the loadings 
were given at 52,981 tons, or a dail — 2037 tons, 
and for the correspondin of , & year ag, 
the clearances reached 84,070 tons, or an average of 2 
tons per working day. 

Manufactured Iron and Steel.—Very satisfactory ac- 
counts are given of all branches of the manufactured iron 
and steel trades. Works are busily employed, and pro- 
ducers are pressed for delivery. Several orders have 
been booked for rails, including one of 6000 tons by 
Messrs. Bolckow, Vaughan and Oo. for the North- 
Eastern Railway Company. Prices are firm. Prin- 
cipal market quotations stand:—Common iron bars, 
8l.; best bars, 8/. 7s. 6d.; best best bars, 8/. 5s. ; 
packing-iron, 6/. 5s.; iron ship-plates, 7/. 5s.; iron ship- 
angles, 8/.; iron — gy 17s. 6d.; iron girder- 

tes, 7l. 5s.; steel bars (basic), 7/. 10s.; steel bars 
Siemens), 7/. 15s.; steel ship-plates, 7/. 10s.; steel ship- 
angles, 7/. 5s.; steel boiler-plates, 8/. 5s.; steel strip, 
71. 5s.; steel hoops, 8/.; steel joists, 77. 2s. 6d.; cast-iron 
columns, 7/. 7s. 6d.; cast-iron railway chairs, 41. 5s.; 
light iron rails, 7/. 153.; heavy steel rails, 61. 7s. 6d.; 
steel railway sleepers, 7/.—railway material net at works, 
and all other descriptions less 24 per cent. discount ; gal- 
vanised corrugated sheets, 24-gauge, in bundles, 14/. f.0.b. 
—less 4 per cent. 

Dock Ezxtensions.—Messrs. Sir James Laing and Sons, 
of Sunderland, have received permission from the Wear 
Commission to carry out new work at the Cornhill 
Graving Dock, on the north side of the River Wear. 
The new works include the reconstruction and enlarge- 
ment of the existing Cornhill Dock, so as to give a length 


of about 450 ft., a width of 60 ft., and a depth on the sill | 7 


of 5 ft. at low water of ordinary spring tides. 


Steel- Workers’ Wages.—The secretaries of the Northern 
Iron Trade Board of Conciliation and Arbitration having 
received from Messrs. Price, Waterhouse and Co. the 
result of the ascertainment of the average net selling 
price of steel plates at Consett during September, 
October, and November, 1914, have informed the Consett 
Iron Company, Limited, that, in ® with the 
sliding-scale arrangement, the wages to be paid to steel- 
mill men in the by need beginning January will be the 
same as prevailed during the preceding three months— 
viz., 124 per cent. above the standard. 


Miners’ Wages.—According to the Northumberland 
coal-trade ascertainment, the average selling price of 
coal during the past three months was 3.21d. below the 
figure for the previous quarter. Wages are thus reduced 
> ee making them 47 per cent. above the basis 
of 1879. Under the sliding-scale arrangements, wage 
rise and fall by 1 per cent. for each 1d. change in 
selling price. In the previous quarter wages were un- 
altered, but in the second quarter they wers reduced 
by 24 per cent. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business has, of course, been much affected | British 


by the holidays ; at the same time colliery-owners have 
taken up a strong attitude for January deliveries. Tonnage 
arrivals have been heavy, and when work was resumed 
after the holidays there was a good deal of loading pres- 
sure. COoal-owners are loo! forward to an increasing 





e 
households have made 17s. 


to 18s.; No. 2 Rhondda 
has ht 13s. 6d. to 15s. 6d.; and No. 2 
8s. 6d. to 9s. 3d. per ton. Patent fuel has been q 


at 17s. to 18s. per ton. Special foundry coke has realised 
27s. to 3ls.; good foundry coke, 20s. to 26s.; and furnace 
coke, 17s. 6d. to 19s. 6d. per ton. As ty ey 
made 20s. to 2ls. per ton, upon a of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Newport.—The steam-coal trade has shown continued 
strength, although business has been a good deal inter- 
rupted by the holidays. The best Newport Black Vein 

has made 17s. 9d. to 18s. 3d. ton; Western 
Valleys have brought 17s. to 17s. 6d.; and Eastern 
Valleys, 16s. 3d. to 16s. 9d. per ton. 


The Swansea Valley.—Business has been fairly active 
during the last few days. Most of the anthracite and 
bituminous pits have been fully employed, and the 
fuel works have been run: as usual. The Fores 
Worcester, Beaufort, and Duffryn works have had — 
outputs, but there has been continued slackness at the 


P| sheet-mills. The tin house sets have been doi 


well, 
and the steel trade is reported to be in a fair condition, 
although there have been some cases of short time. 


The Tin-Plate Trade.—It appears that ge licences 
have been ted for the exportation of tin-plates to 
Holland; three licences have also been granted to 
Sweden, and one to Denmark. The announcement of 
the poaties of these licences has been received with 
much satisfaction, as the restriction of trade with Holland 
has been a serious matter. 


Messrs. Burnyeat, Brown and Co.--Progress has been 
made with a pro for the amalgamation with the 
United National Colliery, Limited, of Messrs. Burn- 
yeat, Brown and Oo., Limited, which has for some 
years past been under the same management. According 
to the scheme recommended by the directors for accept- 
ance by the shareholders of both companies, the Burn- 

eat-Brown undertaking will be wound up, and the 
United National Company, taking over the assets of 
providing for all the 
that company, will issue shares in a 


Mesers. Burnyeat and Co., and 
obligations o 
reconstructed cx 








Waste Compustion Gases ror Firg-Extincrion : 
Erratum.—In our abstract of Dr. G. Harker’s paper, 
read before the British Association at Sydney, reference 
was made to J. Harger’s suggestion of reducing the 
oxygen percentage in the air of coal-mines. The two 
names and two papers must not be confounded with one 
another ; but, unfortunately, J. Harger’s name was mis- 
= ‘*Harker” in the third paragraph, third column, 

page 691 ante. 





Tue T.-S.SS. “Cropap pe Buenos AIRES” AND 
*“*Crupap pg Monts Vipgo.”—These vessels, illustrated 
and described in last week’s issue (page 745), are fitted 


:| with two filters for the treatment of the whole of the 


fresh water on board, as supplied by the Buhring’s Patent 
Water Purifying Company, 61, Wilson-street, London. 
These filters are of the automatic ing type, and the 
filtering medium is sterilised by steam. are fitted 
with a waste water-tight gauge. An apparatus of 1100 
gallons capacity per hour weighs 22 owt. 





British Bank ror Itaty.—The Bulletin for De- 
cember, issued by the British Chamber of Commerce for 
Italy, states the ——s :—“*It is suggested that a 

incentive to British manufacturers to import to 
Italy would be given if a first-class British bank were to 
start a ch office in The imports of coal alone 
from Great Britain to Italy amount to some 94 million 
tons per annum, so that the handling of the relative 
apy —~ ld Myf ye is for ~ business. we, to 
this a usiness in foreign exc it being pre- 
sumed that the leading British and Koustenn banks 
would name the British bank here as their correspondents 
for their letter-of-credit business. Thirdly, a quantity 
of goods arrive here for payment of which credits have to 
be opened in London (jute from Calcutta, nitrate from 
Chile, &c.); this business should also be acquired. And 
here a word of warning and advice may be i to 
British merchants. The banks ee, epaney those 
of German origin, have followed the German plan 
of working for nothing, in order to attract business. A 
British bank works on the system of charging a uniformly 
fair commission, it does not take advantage of its client 
when he is on the wrong side, but it expects gS | 
a reasonable commission at all times. Many Britis 
merchants have been attracted by the terms offered by 
the Italo-German banks here, and for the sake of saving 
one-tenth per cent. commission they give them their busi- 
ness. Ifa British bank is pitted against such conditions, 
and British merchants consider ang Neves owing 
of a fraction of their profit, we fear that a British ban 
will not meet with success. We think, however, that a 
itish merchant should pay a reasonable commission in 
return for the greater security he must feel in entrusting 
his documents to a eng ae > pay « in the first 
place, get more reliable information as prospective 
Stent and may rest assured that once the are 
shipped, his interests will be well looked after.” 
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30-IN. HEAVY LATHE FOR PROJECTILE WORK. 
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Tue illustrations on this show a very heavy 
and powerful 30-in. lathe driven by a 35-horse-power 
motor. Several of these machines have recently been 
built by the Niles-Bement-Pond Company, New York, 
for turning armour-piercing projectiles of all sizes, 
including l4in. diameter. They are designed through- 
out for high duty on the tough and hard-steel forg- 
ings used in this class of work. Al of the gearing is 
steel. The motor-pinion and the gear which it drives 
have herring-bone teeth, ensuring smooth, quiet opera- 
tion. All of the bearings and gearing of the headstock 
are entirely enclosed, and are provided with a con- 
tinuous supply of oil. 

The headstock is completely enclosed, and is espe- 
cially long, affording most rigid support for the tnt, 

earing, and motor. The length of bearing of the 
eadstock on the bed is 5 ft. ll in. The front spindle 
bearing is 184 in. long and 6} in. in diameter. The 
bearings for all rotating shafts are lined with bronze 
bushings. 

All bearings and gears are oiled continuously from 





a tank in the head, which is kept filled by a pump 


Fig. 2. 


from a tank in the bed. The end thrust on the 
spindle is taken on hardened-steel and bronze washers. 
he design is such that the tendency of the upward 
thrust of the tool to lift the spindle in its bearings 
is eliminated. 
The face - plate is driven by a direct - connected 
motor through powerful gearing. The motor is of 
three to one speed variation, which, with the gear 
changes in the headstock, gives forty face - plate 
8 8 varying from 11 to 152 revolutions per minute. 
y means of a handle on the carriage the face-plate 
may be started, stopped, reversed, or any of the 
different motor s s obtained without requiring the 
operator to leave his working position at the carriage. 
e carriage has a bearing on the bed for its entire 
length, front and back. It is gibbed underneath the 
track, both inside and outside. Nine reversible feeds 
are provided, ranging from 7, in. to } in. per revolu- 
tion of the spindle. Three feeds may be obtained, 
without removing any gears, by means of a sliding key. 





Both hand and power cross-feed are furnished. 
The tool-carriage is fitted with a compound swivel. | 


ing tool-rest. The tool-slide is provided with four 
large clamping-bolts and straps. All parts above the 
carriage are of steel. The tail-stock is of extremely 
rigid construction, the section being considerably 
increased toward the end carrying the centre. It is, 
however, readily traversed by means of a crank- 
wrench and gearing engaging the steel feed - rack. 
The tail-stock has four 14-in. clamping-bolts and steel 
clamps. A tail-brace engages a rack in the bed, 
which prevents any possibility of the tail-stock slip- 
ping under heavy loads. 





CANADIAN AGRICULTURE. — Western Canada had 
11,000,000 acres under cultivation for wheat in 1913, and 
last year’s total has been carried to 13,000,000 acres. 
Mr. T. S. Acheson, general agricultural agent for the 
Canadian Pacific Railway at Winnipeg, considers that the 
farmer in that part of Canada has now every cause for 
optimism. Never before has there been so much autumn 
moisture as in 1914. Snow lies in various depths up to 
facts and next year’s crop prospects are ered 

t. 
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THE COMPOSITION OF NAVAL 
FLEETS. 

Tue cabled summaries of the report of the 
Secretary of the United States Navy, which 
appeared in the daily Press some days ago, indi- 
cated that Mr. Josephus Daniels had raised the 
important question ot the relative advantages. of 
the battleship and the submarine. We felt that 
until the complete report was before us it would 
be imprudent to comment upon the sumewhat 
remarkable attitude taken up by him in favour of 
the submarine. We have now received a copy 
of the report, and our hesitancy is justified, as it 
can scarcely be said that Mr. Daniels favours so 
strongly the submarine as the cabled summaries 
seemed to suggest. Nor has he, as was thought 
probable, attempted to deduce lessons from the 
naval operations of the past few months in the 
direction of determining the composition of naval 
fleets. What is of greater value at the moment is 
the carefully-reasoned report of the General Board 
to the Secretary, a Board presided over by Admiral 
Dewey, who, it will be remembered, commanded 
one of the American Fleets during the American- 
Spanish War, and is now, as always, a close 
student of all strategic and technical problems. 
This report of the General Board is dated Nov- 
ember 17, and the Secretary’s report December 1, 
so that in each case there was availablea knowledge 
of at least three months’ naval operations during the 
present war. We are not disposed to encourage 
even an attempt at deduction from naval events 
except upon very broad lines, But when there is 
available a report by naval officers such as those 
composing the General Board of the United States 


type of ships which ought to constitute a fleet. 

n laying down the guiding principles in the 
systematic building up of the United States Navy 
the General Board of Admirals deals inferentially 
with the very important question of submarines 


there seems no dubiety as to their opinion. 
‘*Command of the sea can only be gained and held 


and they see no reason to modify it. Other ty 


going, sea-keeping ships of its day—or, of ite 
battleships.” The naval operations of the past 


over Admiral Cradock’s ships by reason of their 


speed and its attendant tactical advantages ; and, 
further, that Admiral Sturdee annihilated Spee’s 
fleet because of corresponding superiority. The 
States Navy admits that 





BOLCKOW, VAUGHAN’S STEEL WORKS. 


But what are to be the structural details of the 
battleship of the future? All interested wish for 
an enunciation of the ideas of the naval constructors 
regarding the means to be adopted for making 
ships less vulnerable ¥ the attack of the torpedo 
and submarine mine. The time evidently, however, 
has not come for the discussion or disclosure of 
such ideas. It is recognised that ships, even 
of the most modern design, are at the mercy of 
a well-equipped and accurately-aimed torpedo, 
while the submarine mine has done very con- 
siderable damage. This, however, raises the 
question primarily of constructional detail, and 
however much naval architects are providing against 
future destruction, none will expect them to dis- 
close, for the present at all events, the results of 
their work. 
The question arises whether the submarine-boat, 
even with the effective torpedo, is all that it was 
expected to be. The United States General Naval 
Board, while recommending the construction of 
an increased number of fleet submarines and coast 
submarines, refrains from entering into any questien 
of the ible superiority of this type of craft. 
They admit that the value of the submarine in war 
‘* for distant work with the fleet ” can hardly be esti- 
mated, and they recommend that three fleet sub- 
marines with a wide radius of action and a high 
og should be constructed. They consider that 
the difficulty assoc’ated with the provision of a 
reliable internal-combustion engine of the requi- 
site power to give the necessary speed has been 
overcome. The Secretary, however, proposes only 
to build one of these sea-going vessels, notwith- 
standing that he takes upon himself to give what 
must be regarded as a layman’s view strongly 
supporting the advantages of the submarine. He 
states that recent developments in naval warfare 
have strengthened faith in the efficacy of the sub- 
marine ; and ‘‘there are many (very many more 
than a few weeks ago) who believe that the time 
has come when the advice of Sir Percy Scott should 
be taken. Months ago that able English officer de- 
clared that the submarine was the most effective ship 
of the Navy of the future, and advised a cessation 
of the rapid construction of Dreadnoughts, and 
the utilisation of the money thus saved in building 
large numbers of submarines. The lay mind has 
accepted this view of the policy, but the trained 
naval officers making up the General Board are 
convinced that while submarines have a large part 
to play in naval warfare, they do not replace the 
larger craft.” Later the Secretaiy refers to the 
fact that at the date of his writing there had been 
no encounter between powerful ships, whereas the 
smaller craft had ‘‘ astonished the world by its 
ability to sink cruisers and other craft, giving its 
severest and most fatal blows before its presence is 
discovered.”’ This is true ; but when all the suc- 
cesses of the submarine-boat are carefully analysed 
it will be realised that they were attended by re- 
markably favourable circumstances. The British 
Fleet, of course, has suffered most, because it has 
been most at sea, and when one remembers the 
extreme view that Sir Percy Scott took, to the 
effect that with submarines ‘‘in being ” it would 
be hazardous for any fleet of battleships to leave 
port, the failure of events to substantiate the 
lant Admiral’s proposition is significant. It 
always been understood that our Grand Fleet 
is in the open, because otherwise its ‘‘ silent pres- 
sure” could not be operative, and the failure of 
any of the German ships, submarine or surface, to 
challenge the Fleet, and establish Sir Percy 
Scott’s theory, must have its effect in moulding 
the opinion of naval officers regarding the relative 
place of the submarine and the battleship in the 
composition of navies. The only element which 
stands in the way of definite deduction—and it is 
an important one—has reference to the personal 
equation, always, and now more than ever, 4 
dominant consideration. The Secretary of the 
United States Navy therefore, while naively 
remarking that ‘‘it may be that naval engage- 
ments later on will teach lessons, and will change 
expert opinion,”—a point established by the 
battles off the Chilian coast and the Falkland 
Islands—somewhat grudgingly confesses that ‘‘as 
long as the bulk of the ablest naval officers believe 
that the increase of the Navy should embrace in 
fair proportion the Dreadnought, the destroyer, 
and the submarine, the Secretary would not feel 
warranted in recommending a widely different 
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Dreadnoughts, three sea-going submarines, and 
sixteen coast submarines, the head of the Navy 
is satisfied by recommending two Dreadnoughts, 
one sea going submarine, and seven or more of the 
coast-defence type. This latter type, the General 
Board think, should be a small vessel to act in 
home waters only. Any addition to size they con- 
sider detrimental, because any increased draught 
debars them from operating in shallow waters, 
while high speed is not needed, and is gained at 
the expense of other desirable qualities. The sea- 
going = on the other hand, ought to be of suffi- 
cient size, radius of action, habitability, and surface 
speed, to accompany and act with the fleet tactically 
at all times. The Board do not think that there 
is need in naval warfare for an intermediate type. 
The General Board, indeed, place the destroyer 
as next in importance to the battleship. After 
very mature consideration of all the elements 
involved in a study of the results obtained from 
fleet manceuvres, the Board came to the conclusion 
that a well-balanced fighting fleet for all purposes 
of offence and defence should have a relative pro- 
portion of four destroyers to one battleship. eir 
recommendation, therefore, was for the construction 
of sixteen destroyers, but Mr. Daniels recommends 
only six. As regards scouts, again, reference is 
made to the fact that no cruisers or scouts have 
been provided for the United States Navy since 
1904. It is only within the last two or three years 
that the need for very high-speed light-armoured 
cruisers has been recognised by the British Admi- 
ralty ; and the exceptionally serviceable character of 
these vessels during the last six or eight weeks has 
been fully demonstrated. Tne General Board of the 
United States Navy points to the fact that their 
fleet is peculiarly Jacking in successful scouting 
cruisers, so necessary in obtaining information in 
a naval campaign, and of such great value in clear- 
ing the sea of torpedo and mining craft, in opening 
and protecting routes of trade for our own com- 
merce, and enclosing and prohibiting such routes 
to the commerce of the enemy. This branch 
of the fleet, they think, has been too long 
neglected, and they recommend the construc- 
tion of four such scout-cruisers ; but their recom- 
mendation has not been accepted by the Secre- 
tary. Similarly, the American Navy is deficient 
in gun-boats, those on the list being obsolescent. 
The result is that in recent years it has been 
necessary to detail battleships, large cruisers, and 
destroyers to do gun-boat Selp— neni on the 
Mexican coast. is is held as a harmful influence 
on the efficiency and training of the fleet for war, 
and it is recommended that a beginning should be 
made by the building of four such vessels to replace 
the worn-out gun-boats on the list. But here, 
again, the recommendation is only partially ac- 
cepted, and only one gun-boat has been put on the 
official list for the approval of Congress. We are 
surprised to find no reference by the General Board 
to the utility of monitors—a type which played a 
great part in the American Civil War. The brilliant 
success off the coast of Flanders in co-operation 
with the Allies field forces of the three monitors 
built by Vickers from the design of their naval 
constructor, Mr. T. G. Owens, has renewed the 
belief in the efficiency of this type of ship. 
Regarding aircraft, the General and the 
Secretary fully recognise the potentialities of the 
‘*new Arm,” and attention is directed to the 
**dangerous situation of the country,” owing to 
the lack of aircraft and airmen in both the naval 
and military services. Early in the past year a 
board of experienced officers was appointed by the 
Secretary to consider and make recommendations 
for the development of aeronautics in the Navy. 
This board recommended the establishment of a 
station at Pensacola, in Florida, and orders were 
given for foreign-built aeroplanes, in addition to 
others made in the States, in order that experience 
should be collated for the development of a type 
suitable for the navy. The war, however, ren- 
dered impossible the obtainment of aeroplanes from 
abroad, and those of American manufacture were 
alone supplied. But instead of fifty aeroplanes, a 
fleet dirigible, and two small dirigibles being avail- 
able, there are now twelve aeroplanes, only two of 
which are of the same type, and all are of too little 
speed and carrying capacity. The General Board 
show the importance they attach to the ‘‘new Arm” 
in the composition of the fleet by remarking that 
the state of affairs in the United States is “ nothing 
less than deplorable.” They take the view that, as 
now developed, aircraft aro the eyes of both armies 





and navies, and it is difficult to place any limit to 


“e 


their offensive possibilities. ithout them the 
navy has not the means of detecting the presence 
of submarines or mine-fields, or of attempting 
direct attack on the enemy from the air, while her 
own movements would be an open book to him.” 
Certainly the events of Christmas Day and on 
Wednesday at Dunkerque prove the absolute accu- 
racy of this statement. 

lt will thus be seen that the report by Admiral 
Dewey’s Board, while apparently a colourless 
document as far as current events is concerned, is 
an interesting commentary on the progress of naval 
operations at the present moment. The Board 
present a well-balanced policy along which progress 
may be made in the establishment of a navy which 
they consider, in the case of the United States, 
should include, by 1919, forty-eight battleships, 
as enunciated eleven years ago, whereas at the 
present time the probabilities are that this battle- 
ship fleet will have only thirty-seven ships. It is 
thus evidently necessary to accelerate the battle- 
ship programme, and to also build other types of 
ships to act in co-operation with the battleships, 
while the suggestion of the moment for next year’s 

rogramme is based upon four battleships. 

hese, the Board consider, involve the building 
also of sixteen destroyers, three fleet and sixteen 
coast submarines, four scouts, four gun-boats, two 
oil-fuel ships, one destroyer tender, one submarine 
tender, one navy transport, one hospital ship, and 
one supply ship, with a vote of one million for air 
service. But the official programme to be placed 
before Congress calls for the building of only 
two Dreadnoughts, six destroyers, one sea-going 
and seven or more coast-defence submarines, one 
gun-boat, and one oil-fuel ship. 








ICE OBSERVATIONS IN THE NORTH 
ATLANTIC. 

Wits the loss of the Titanic in April, 1912, the 
attention of the public was directed to the constant 
and imminent danger that navigation had to 
encounter from the unsuspected presence of ice- 
fields and bergs in the North Atlantic, and various 
schemes were suggested to ensure greater safety to 
ships traversing particular routes. The most prac- 
tical of these resulted in sending out a vessel to 
observe the motion and amount of ice, as well as 
the direction in which it was moving under the 
influence of wind and ocean currents. An arrange- 
ment was made between the Board of Trade and 
shipowners to equip and maintain an ice-patrol 
vessel, that should make regular observations on 
the behaviour of the ice, and report by wireless 
telegraphy to the nearest station, whence the 
information could be forwarded to all interested. 
The vessel sent was the Scotia, and the scientific 
staff consisted of Mr. D. J. Matthews (hydro- 
grapher) and Mr. L. R. Crawshay (biologist), both 
of the Marine Biological Association in Plymouth, 
and Mr. G. I. Taylor (meteorologist), huster 
Readér in Meteorology in Cambridge. These ex- 
perts have now issued a full report, and it is 

ssible to see the nature of the results that have 

en collected. It has, however, been known for 
some time that the International Conference on the 
Safety of Life at Sea, which met in November, 
1913, considered the inquiry so promising that an 
international service for ice observation, ice patrol, 
and the destruction of derelicts was established to 
carry on the scientific work initiated by the small 
band of scientists who, from March to August, 
kept an attentive watch over an area extending 
some 10 deg. in longitude and latitude to the east 
of Newfoundland and Labrador. This useful 
co-operative investigation, hardly inaugurated at 
the opening of the war, must have been adversely 
affected both by the interruption of friendly inter- 
course and the naval and military operations. 
Possibly, through the kind offices of the United 
States, some means will be found for continuing so 
desirable a research. 

The object of the expedition was primarily to 
observe the ice conditions off the coasts of New- 
foundland and Labrador, but other scientific in- 
vestigations were carried on concurrently when 
they did not interfere with the main purpose. 
These subsidiary researches have proved to be 


of the highest interest, and, besides general prob- 
lems of oceanography, they embrace systematic 
determinations of the salinity and temperature of 
the ocean at various depths, the measurement of 
the velocity and direction of currents, and the 





collection of water samples. Another associated 
inquiry was the exploration of the upper air by 
means of kite ascents, in connection with ordinary 
surface meteorological observations, and inasmuch 
as plankton investigations are of service in the 
study of ice movement in so far as they throw 
light on the currents that affect ice distribution 
deep-sea dredging was practised when feasible, 
with careful collection of the microplankton. The 
instrumental equipment, carefully chosen, was 
adequate for the purpose intended, though the 
space was sometimes limited; and we may note 
here with some satisfaction that the German scien- 
tists at Lindenberg contributed some instruments 
and took a lively interest in the work. The Copen- 
hagen Laboratory seems to have been most lavish 
in its support. 

The triangular form of Greenland contributes to 
the formation of three noticeable currents which 
influence the number and movements of icebergs. 
The one flowing along the eastern coast is an over- 
flow from the North Polar Basin, and is not 
responsible for many bergs, for the larger number 
ground and break up in the shallows while still in 
the northern latitudes. The West Greenland 
current passing round Cape Farewell runs north- 
ward as far as Smith’s Sound, and carries numerous 
bergs into the inlet of Melville Bay, whence they 
drift in all directions, apparently haphazard, but 
are probably controlled by the two main currents 
that pass down Davis Straits, and, joining, form 
the Labrador current. These currents are the 
main carriers of the fieid ice often encountered, which 
is set free in summer in Baffins Bay, and combines 
with the ice formed along the coast of Labrador. 
Its extent, as well as the number of bergs, will be 
decided by the prevailing winds, which again will 
depend upon the barometric gradient. hen the 
conditions are favourable for easterly winds, much 
ice and many bergs may be expected to travel 
southwards, because the bergs are driven away 
from their birthplace on the West Coast of Green- 
land, and, meeting the Labrador current, follow 
its course. With either a strong northerly or 
southerly component in the wind direction, a year 
poor in — may be anticipated. Some hopes of 
a successful forecast are indicated by these obser- 
vations and deductions. On the other hand, Mr. 
Matthews, whose report we are following, distrusts 
the determination of the temperature of the surface 
sea-water as a guide to the presence of ice in the 
vicinity. Although icebergs were occasionally 
encountered in water of approximately 50 deg. 
Fahr., the majority were naturally found in colder 
water. His conclusion is :—‘*That a sudden drop 
of temperature shows as a rule that the ship has 
entered the polar current in which ice may be 
expected, but not that there is any ice in the 
neighbourhood ; while a rise of temperature shows 
that the chances of ice being sighted are less on the 
whole, but not that the ship is in safety, if she is 
within the limits to which ice has been known to 
spread in the past.” Mr. Matthews reports that 
he has known and recorded sudden changes in the 
temperature of the surface water when it was 
certain that there was no ice within 500 miles. 

The possibility of ice detection by means of 
thermometrical indications is so important that 
we may refer at once to the more detailed account 
given by Mr. Taylor, the meteorologist attached 
to the Expedition. Doubtless the hope of perfect- 
ing some practical scheme, founded on change of 
ocean temperature, for removing one of the latent 
dangers besetting navigation weighed with the 
authorities in supporting this experiment. Unfor- 
tunately, there seems little chance of its realisa- 
tion ; the changes are too slight and their inter- 
pretation too doubtful. As now practised, navi- 
gators place no reliance on temperature measure- 
ments, though as a matter of ship’s routine and 
to impress the ngers, the quartermaster may 
occasionally go through the ceremony of plunging 
an ordinary thermometer into a sample of surface 
water, and report the result to the officer of the 
watch. But within the last few years, Professor 
Barnes, of the McGill University, has suggested 
that the indications of a delicate thermometer 
might be used to detect the approach of 4 
vessel to an iceberg. In experimental trips 
made in the Strait of Belle Isle, he had oppor- 
tunity for observing more than two hundred ice- 
bergs, and in every case his apparatus showed a 
rise of temperature as the vessel drew near ice. 
This result ought not to have been —- rma 
facie, but plausible explanations have been offered, 
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which, however, do not meet with a ready or 
general acceptance. The currents set up 5 a 
melting iceberg of fresh water in a salt sea offer 
peculiar difficulties. Petterson, from laboratory 
experiments, has detected three distinct currents. 
Professor Barnes will only admit two: a cold 
current sinking downwards, carrying with it all the 
melted ice water, and a horizontal surface current 
of sea water flowing in towards the ice mass, and 
bringing about the berg’s undoing. Mr. Taylor does 
not accept the explanation offered by Professor 
Barnes, but puts forward the suggestion that an 
iceberg standing up above the sea would produce a 
motion of the air. of the nature of an eidy, by 
reason of the obstruction it offered to the wind. 
The stirring up of the air to a height above that of 
the iceberg would make it warmer than the 
surrounding air, at the same time communicating 
some of its heat to the water. 
Evidently the theory is not satisfactory and, 
unfortunately, it is equally difficult to harmonise 
the facts. Professor Barnes contends that the rise 
of temperature is a distinctly characteristic effect, 
upon which the navigator can confidently rely as a 
guide to the proximity of ice. Occasionally a fall 
might be perceived when the vessel was abeam of the 
ice, but such fall would be due to the influence of a 
colder current from the north, in which the iceberg 
is carried. Mr. Taylor is equally emphatic in deny- 
ing the exhibition of any systematic effect on the 
temperature, or the possibility of tracing the 
observed change to ice proximity or ice behaviour. 
The Scotia was equipped with thermometers of 
sufficient sensitiveness to show a change of ,}, deg. 
in the temperature of the sea, and yet on examining 
the records no features distinctive of icabergs could 
be observed on the temperature curves. Where 
any movement was perceived, it was impossible to 
ascribe the irregularities to any other cause than 
the ordinary fluctuations of sea temperature, char- 
acteristic of the region. Mr. Taylor's summing up 
is disappointing, inasmuch as it destroys a hope that 
one would willingly have cherished, but he speaks 
in the most decisive tone. ‘‘ An inspection of the 
records leads to the conclusion that the temperature 
of the sea near its surface does not furnish a certain 
method of detecting the presence of an iceberg in 
the regions over which the Scotia made her voyages. 
In most cases an iceberg produced no measurable 
effect on the temperature of the sea ; in a few cases 
a slight warming was observed, and in one the sea 
was cooler near the berg. .. . It is true that a rise 
in temperature was more often associated with the 


approach of an iceberg than a fall, and to that extent 


these observations tend to confirm the opinion of 


Professor Barnes . . . but it is doubtful whether the 
effect could be utilised to detect the presence of 
bergs on the Newfoundland bank, because in that 
region the temperature of the sea ge mo a 

than a 


small and sudden rise much more often 
vessel passes an iceberg.” 
Ice is not the only danger in these waters. 


Fogs, causing delay and loss to navigation, are 
notorious, and the opportunity for investigating 
the atmospheric conditions that promote or dis- 
perse fog has not been neglected. An interesting, 
if not an altogether convincing, inquiry has been 
made, based on the discussion of facts acquired 
by kite ascents, during which were registered the 
temperature and humidity of the air at considerable 
These ascents were too 
few in number to give very trustworthy data, and, 
moreover, were all made in summer-time, when it 
might be expected that the air temperatures would 
be higher than those of the sea—an important con- | b 
dition apparently in determining the frequency of 
fog formation. How far the conclusions would 
hold in the winter-time, when the air might be 
expected to be colder than the sea, is doubtful. 
Tn any case, the facts collected, which have been 
discussed with great acuteness, furnish a useful 
hypothesis that will serve for a more critical ex- 
amination. The tendency is to ascribe the preval- 
ence and density of fog to the action of the sea in 
cooling the air at saturation through a greater or 
less range of temperature. Such conditions must} CATALYSIS IN THE GAS INDUSTRY. 
: nen in the ocean that have not 
acyuired the evil reputation attaching to the banks | explanation of certain reactions, and is answered 
of Newfoundland. Some local conditions of 
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heights above sea-level. 


obtain at many p 


rently are peculiarly effective, possibly tracea 


to the union of air currents, from different districts | the suggestion is justified. At the same time some 
possessing varying degrees of humidity and tem-| catalytic processes are as well understood as the 
perature. Mr. Taylor attacks the problem of fog | chemist understands any reactions. The term ‘‘cata- 


As the arrangements for despatching captive 
balloons were not very convenient, owing to the 
smallness of the craft and the amount of top hamper 
carried, only fourteen kite ascents were made. 
During four of these ascents, the temperature 
diminished with the height above the surface, and 
on these occasions no fog was discernible. Of the 
remaining ten, when the temperature gradient was 
reversed—that is, higher temperatures were re- 
corded at greater elevation—nine were associated 
with fog, the density of the fog generally increasing 
with the steepness of the temperature gradient. 
Naturally, fogs were observed at other times than 
those of balloon ascents. The inferences drawn 
from the less complete information is neither clear 
nor conclusive. In 141 cases of observed fog, 
80.2 per cent. occurred when the air temperature 
was greater than the sea temperature. In 665 
observations of clear weather, 59.6 per cent. were 
recorded under similar relative conditions of tem- 
perature. The conclusion that Mr. Taylor draws 
from these coincidences is ‘‘ the fact that air tem- 
perature is greater than sea temperature in 80.2 
per cent. of the observations taken during a fog, 
as compared with 59.6 per cent. of the observations 
taken in clear weather, seems to indicate that 
there is a connection between fog and excess of air 
temperature over sea temperature, but there seems 
to be no connection between a negative value for 
(air oe temperature) and absence of 
fog.” The safer conclusion seems to be that, as a 
rule, the air temperature was higher than that of 
the sea, irrespective of the prevalence of fog. The 
real value of the discussion lies in the novel sug- 
gestion of the mechanism by which layers of air of 
different humidities and temperatures become 
mixed by an ‘‘eddying conductivity,” and can 
contribute to the production of fog. The deter- 
mination of the prevailing conditions that on par- 
ticular occasions led apparently to the formation 
and dispersion of fog is very instructive and in- 
teresting. 
Two other researches have been assiduously 
prosecuted to which only a brief reference is neces- 
sary, for though it is reassuring to find that the 
resources of science have been enlisted in the cause 
of commercial intercourse, the results are likely to 
have little immediate influence on practical naviga- 
tion. One of these researches, bearing on plankton 
investigation, is capable of supplying valuable in- 
dications on the behaviour of currents, a main 
feature in determining ice distribution. Some of 
the species examined, especially of the Neritid:e, 
affect the cold low-salinity water brought by the 
Labrador current ; others, oceanic in their charac- 
ter, abound in the salter and warmer water of the 
North Atlantic. When both these types are 
found fairly mixed in a limited zone, the edge of 
the polar current may be assumed. Where the 
plankton distribution is much confused the ice 
movement becomes erratic, a fact of importance in 
some branches of science; but our mariners can 
hardly be expected to draw inferences from obser- 
vations of the microplankton. Similarly, a very 
careful determination of the degree of salinity in 
the water of the various latitudes visited, and the 
inferences dr: wn from the observations, are of 
great interest in problems connected with geo- 
physics. It is especially important to note the 
accuracy with which the dilution by shore water 
can be detected, and the influence on the various 
currents traced. On more than one instance, the 
inferences drawn from the variations of salinity 
independently confirmed the conclusions derived 
y Mr. Crawshay from his observations of plankton 
organisms. 
Considering the short time at the disposal of the 
scientists engaged, the results are eminently satis- 
factory ; but the feature of greatest significance is 
the resolution to continue the work of exploration 
on international lines, and to gather new facts that 
will contribute to the safety of the mercantile 
marine of all nations. 





Wuew the engineer appeals to the chemist for an 


that they arise from ‘‘ catalysis,” he is apt to hint 
that the reply masks a plea of ignorance. Frequently 


quite recognised the peculiar character of the reac- 
tions long before that. That catalysis plays a great 
part in the gas industry might not at once be 
granted ; but a little reflection will show that 
catalysis must come in, and Dr. R. Lessing cer- 
tainly made outa good case for ‘‘Catalysis in the Gas 
Industry’ when recently delivering the William 
Young Memorial Lecture before the North British 
Association of Gas Managers at Glasgow. 
The definition of catalysis, for which Dr. Lessing 
expressed preference, was that given by Ostwald : 
** A catalytic agent is a ae which affects the 
velocity of a chemical reaction without itself 
appearing in the final products.” The definition, 
Dr. Lessing pointed out, implied that the reaction 
is possible even in the absence of the catalyst, and 
that the catalyst does not appear in the final pro- 
duct, though it may, and does. probably, form 
unstable intermediate products which are decom- 
— and re-formed. This view is indeed the 
is of one of the hypotheses offered for explain- 
ing the phenomena. The other hypothesis suggests 
absorption or occlusion of the reacting substances 
on the surface and in the pores of the catalyst, the 
acceleration of the reaction then being due to 
the higher concentration of the reagents, which 
may be solid, liquid, or gaseous. As regards coal 
and gas, Dr. Lessing remarked, there is scarcely a 
step in the course of the treatment which coal 
undergoes, from the mine to the burner or chimney 
flue, on which catalytic influences have not some 
bearing. In 1882 Abel suggested that ‘‘ coal-dust 
exerts a contact or catalytic action upon yas 
mixtures similar to that possessed by platinum.” 
There is a kernel of truth in that suggestion, 
though it does not cover the whole range of the 
phenomena of coal-dust explosions. The occlusion 
of methane, oxygen, and other gases by the large 
surfaces of the carbon particles would facilitate 
not only explosive combustion, but also spon- 
taneous combustion. The older view attributed 
spontaneous combustion and gob-fires chiefly to 
the presence of pyrites ; modern chemistry inclines 
to the belief that the constitution of the organic 
matter is often itself sufficient to render spontane- 
ous combustion possible, and that the minerals act 
more as catalysts than as the primary cause. Dr. 
Lessing mentioned in this connection some recent 
work by K. A. Hofmann, Schlumpelt, and Ritter ; 
they found that even retort carbon and lamp-black 
can be oxidised at temperatures below the boiling- 
point of water by dilute solutions of potassium 
chlorate when catalytically activated by osmium 
trioxide or by solutions of bleaching-powder. 
If coal is subject to catalytic influences at ordi- 
nary temperatures, at which it appears chemically 
inert, it stands to reason that these influences 
will exert themselves strongly at the high tem- 
peratures of carbonisation, ne e@ com- 
plexity of the organic coal substance, which always 
includes mineral matter. All the primary pro- 
ducts from coal suffer decomposition on coming 
in contact with the hot retort-walls or hot coke. 
If the walls themselves have such an effect, the 
physical structure and the chemical composition 
of the retort-walls may be expected to have an 
influence ; it would be of interest, therefore, to 
try glazed and unglazed retorts, and retorts made 
of silica, highly aluminous fire-clay, and iron. 
These influences will not be great, probably ; for 
the retort will generally be covered by deposited 
carbon ; yet experiments would be instructive. In 
addition to the ordinary thermal decomposition, 
there are taking place, in the retort, oxidation, 
dehydration, decomposition of heavy hydrocarbons, 
formation of benzene and other ring compounds, 
reduction or hydrogenation—all processes which, 
Dr. Lessing suggested, from the analogy of cognate 
reactions, the mineral constituents may well affect 
catalytically. These processes do not take place in 
any fixed sequence, of course; most of them are 
reversible and overlapping, and it is therefore 
very difficult to ‘‘disentangle the threads” and 
to trace the influence of any particular catalyst. 
But that the influences exist is sufficiently shown 
by Cooper’s coal-liming process, which has so 
successfully been revived by R. O. Paterson, of 
Cheltenham. The addition of a minute quan- 
tity of lime to the coal does away with sto 
ascension-pi and with ‘‘scurfing ” troubles, 
that is to say, the trouble experienced in remov- 
ing the deposited carbon from the retort-walls. 
Hempel ascribed the peculiar hardness of coke to 
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have proposed to neutralise the acidity of a highly 
siliceous ash by lime. Too little is, unfortu- 
nately, still known about the conditions in which 
mineral matter occurs in coal to speak definitely 
on such problems; the different constituents 
would interact in the retort, but the analysis of 
the ash does not tell much about the compounds 
originally present. How it comes about that the 
coal-liming process increases the yield in ammonia, 
and diminishes the formation of organic sulphur 
compounds, was explained in 1902 by the researches 
of q. T. Beilby and G. G. Henderson. They 
proved that metals like iron, copper, silicon, &., 
take up nitrogen from ammonia at high tempera- 
tures, forming nitrides, which are decomposed again 
by steam with liberation of ammonia, and coals of 
different ash contents differ indeed in their am- 
monia yield. 

Again, Dr. Lessing continued, catalysis is im- 
portant in water-gas production. Whilst coke 
to which 10 per cent. of lime is added gives a gas 
containing 88 per cent of hydrogen and 12 per cent. 
of methane, the addition of 50 per cent. of lime will 
yield a gas with 77 per cent. of hydrogen and 23 per 
cent. of methane. P. Sabatier, one of the most con- 
spicuous workers on catalysis of our time, found, in 
conjunction with Senderens, that both carbon 
monoxide and earbon dioxide could be hydrogenated 
into methane by the aid of hydrogen and of finely- 
divided nickel at a temperature lying between 
200 deg. and 250 deg. Cent. Much hydrogen is, 
however, required for this formation of methane— 
more hydrogen than water-gas contains. The future 
of this reaction thus depends upon the cheap gene- 
ration of hydrogen, itself mostly a catalytic process. 
That the purification from sulphur of pe pete by 
iron oxide is essentially catalytic hardly needs 
emphasis ; the iron first binds the sulphuretted 
re send and the sulphide is by the air again 
oxidised, so that the iron oxide is restored, and 
sulphur is deposited. If this sulphur, which blocks 
up the es between the oxide particles, could 
be extracted by some solvent, which should not be 
volatile, the process would be perfect. The removal 
of the organic sulphur and of the carbon bisulphide 
from the crude gas is, or was, a still more difficult 
problem. The latter difficulty has quiterecently been 
overcome by the catalysis, on a grand scale, of Charles 
Carpenter, in conjunction with Evans and Franks, by 
means of hydrogen in the presence of nickel at 430 
deg. Cent. Oscar Guillet hopes to achieve the same 
purification in a still simpler way by the aid of 
steam with iron oxide at the relatively low tem- 
perature of 130 deg. Cent. ; this process has not 
yet emerged from the laboratory stage, however. 

We will not follow Dr. Lessing in his references 
to catalysis in relation to by-product works and to 
methodical ‘‘ cracking ;” it would lead us too far 
into chemistry. What we have said will suffice to 
show how important a part catalysis plays in the 
coal-gas industry. Much has been gained by 
systematic research, and a t deal remains to 
be investigated; the field is manifestly one for 
systematic scientific study. 





LEAD-POISONING IN SMELTING AND 
REFINING WORKS. 

Tue last twenty years have seen great changes 
in the lead-smelting industry. Most mines now 
content themselves with concentrating the ores and 
shipping them, often far away, to large smelting 
works, which are better equipped than the old, 
small works near the mines, and in which better 
care can be taken of the men. From this and 
other reasons, it is generally believed that lead- 

isoning is becoming less frequent and less 

ngerous. That opinion is only partly confirmed 
by statistics. In Great Britain the record of lead- 
poisoning has generally been considered better than 
on the Continent. In 1912, 56 cases of plumbism 
occurred among 2404 men engayed in British metal- 
smelting works, and the zinc industry was con- 
sidered responsible for an undue proportion of 
these cases ; thus the real plumbism figure would 
be below 2 per cent. The average figure for years 
previous to 1908 had been 34 4; but in 1908 and 1909 
the number of cases rose to 70 and 66. These figures 
concern smelting works only, however. Men in 
white lead, lit) accumulator works, &c.,are much 
more endangered still, and the general mortality 
figures certainly show no steady improvement. The 
total. numbers of lead-poisoning cases (with the 
numbers of fatal cases added in brackets) wera 
much higher: 1058 (38) in 1900, 592 (23) in 1905, 





646 (32) in 1908, 587(44) in 1912. That the documen- 
tary evidence does not always support the assump- 
tion of a gradual improvement may be ascribed to 
various reasons. In the first instance, the struggle 
against the most insidious fiend of all factory work, 
the dust, particularly dangerous in lead works, is too 
frequently shirked, whilst much is made of minor 
hygienic measures, good enough in themselves, but 
ae all of secondary importance. We will only 
mention one other reason at this stage. The mode 
of medical registration is not rigidly fixed in any 
country, and varies very much with different coun- 
tries. What would be entered as gastric catarrh, 
colic or rheumatism by some inspectors, is decidedly 
regarded as plumbism by others; some medical 
men are very conscientious, and others not, and it 
is on this account, among others, that general 
comparisons of statistics from different countries 
should not be based upon mere figures which 
cannot fully be inquired into. 

The cause of our reverting to the subject to-day 
is the publication of a very acceptable compilation 
on lead-poisoning by the United States Depart- 
ment of Labour in Bulletin No. 141 of that de- 

artment ; the author is Alice Hamilton, M.A., 

-D. We may also draw attention to a very 
promising remedy against lead-poisoning, simple 
enough for admitting of application in the works. 
The United States produce far more lead than any 
other country, and the conditions of labour and 
hygienic arrangements vary very strongly in the 
different States. In the United States the roasting 
of lead oxides to red lead and litharge is not 
classed as a se te industry, as in Europe ; but 
little of it is done. Dr. Hamilton’s inquiry con- 
cerns twenty of the biggest lead-smelting plants 
and refineries of the United States, which have an 
average daily pay-roll of 7500 men. On the whole 
the conditions were found fairly satisfactory in these 
works. But there were 1769 cases of lead-poisoning 
among these 7400 men—not counting the 100 men of 
a new factory ; there was no plant in which every 
available precaution had been used, and neglect 
was certainly conspicuous in two plants. Yet Dr. 
Hamilton concludes that dangerous processes are 
on the whole more responsible for lead-poisoning 
than careless management. 

The danger lurks in many different operations. 
The stored and dried ore is very dusty, even before 
it is ground. The roasting furnaces give off dust 
and fumes of sulphur, arsenic, and metals ; the fumes 
contain valuable products which are condensed in 
flues, dust-chambers, and bag-houses. The bags have 
to be shaken at intervals ; to collect the fine dust 
shaking may be necessary at least once every day 
The annual flue-cleaning is rushed through as a nasty 
job, and even suitable mechanical devices, reversed 
air current, vacua, and the lavish use of water do 
not deprive work in the bag-houses and flues of its 
dangers. On the tapping-floor the worst danger 
threatens from the fumes of the superheated 
metal, matte, and slag; the lead metal fumes are 
invisible, and hence disregarded, and hoods on lead 

ts are ‘‘in the way ;” that applies also to matte 

ettles, which fume in dense clouds. Though 
these matte fumes are far less rich in lead, of 
course, than the fused metal fumes, matte-tapping 
is rightly dreaded. The desilvering kettles are 
much safer, because in those kettles the tempera- 
ture should not rise above the melting-point of 
zinc, 450 deg. Cent. On the other om work at 
the cupels and retorts is quite as bad as at the 
open-hearth furnace and the blast-furnace. 

Many of these risks are aggravated by the rapid 
extreme changes of temperature to which the men 
are exposed, and by the physical exertion required 
for their work. There is still too much over- 
exertion, often quite unnecessary; the carrying 
about of ladles of molten metal and of heavy loads 
might be avoided in most cases. As regards 
medical care, the doctor is, in the United States, 
as a rule, appointed by the firm, though paid, in 
greater part, out of the contributions of the men 
to the sick and hospital funds. Only in two of the 
twenty plants studied by Dr. Hamilton had the men 
@ voice in the selection of their medical attendants. 
The State of Illinois puts the whole expenditure 
for the medical inspection on the firms, without 
any deductions from the wages, and enacts at least 
one monthly inspection of every man and compul- 
sory reports of all cases of plumbism, but only by 
the respective medical man of the works, not by 
the physicians. The two years’ working of the 
Tilinois Act, which was framed on British lines, 


, and upon which Dr. Hamilton reports, was unsatis- 





tory, however. In more than one plant the medical 
man (appointed by the firm) reported a few, two or 
five ca-e3, e.g., of plumbism, whilst in the one 
instance forty-six men had been treated in the 
hospitals, and sixty-eight more cases by private 


physicians. 
Too much depends upon the individual selected ; 
if every doctor were obliged to report every case of 
lumbism coming under his notice, the factory 
inspector’s statistics would be more reliable, and 
Dr. Hamilton is not wrong in emphasising that 
physicians are less competent to advise on such 
matters than practical experts. A physician is too 
apt to insist upon extreme cleanliness — quite 
desirable, of course—without troubling to inquire 
whether it is ible to practise it. Much more 
harm is certainly done by the inhalation of dust and 
fumes than by neglect of proper washing and bath- 
ing. To prevent poisoning by dust and fumes the 
man has to rely upon the management rather than 
upon his own care; and it is easier for the managers 
to complain about the carelessness of the men 
than to improve matters. As regards assisting and 
advising the manager, the medical factory inspector 
ranks with the practical expert. Dr. Hamilton 
makes frequent quotations from the report on 
‘* Lead-Smelting,” which Mr. Edgar L. Collis, M.B., 
H.M. Medical Inspector of Factories, presented 
to the Home Office in 1910, and from Richard 
Miiller’s ‘‘Bekaimpfung der Bleigefahr in Blei- 
hiitten,” 1908, as well as from other publications, 
and gives extracts of the regulations in force in 
Great Britain, France, Germany, and some of the 
United States. Miiller was a lead-works engineer 
of twenty years’ experience when he published 
that book, which was awarded a piize by the 
International Association for Labour Legislation. 
He points out, for instance, that it is not much 
use to insist upon keeping the luncheon-boxes in 
special rooms, when the drinking water is taken 
from open pails. He would prefer the inspection 
to be entrusted to the superintendents and foremen, 
to be supplemented by thorough medical examina- 
tions of every man twice every year. There is, of 
course, the difficulty of shifting the men from one 
department to another. A certain amount of 
seasonal shifting may be quite desirable; but 
frequent changes impair the efficiency of the work, 
expose others to danger in addition to the men new 
to their work, and frustrate a proper medical 
control, especially if particularly dangerous work, 
repairs, ¢.g., is given to outsiders, who are dis- 
charged as soon as possible again and hardly 
ap on the registers at all. 
at the engineer could, and should, try to 
help in many ways is clear from a study of 
Dr. Hamilton’s report. She describes many fur- 
naces and other devices which are manifestly 
faulty. In some cases the law cannot step in 
perhaps, because the drawbacks of an improve- 
ment are not discovered until it is tried in 
ractical work. Other processes or apparatus, 
owever, cannot but create the most objectionable 
nuisance, and one wonders why they are tolerated. 
There are certain converter-roasters, for instance, 
cast-iron pots provided with a fslse perforated 
bottom, through which a blast is introduced ; part 
of the charge is put in red hot, ora coke fire is 
started at the bottom. During the roasting the 
up-draught hood carries away most of the fumes. 
But the discharging of the roasted, glowing mass 
is most unsatisfactory: the pot is tilted, and the 
charge falls on the ground, where it is broken up 
by manual labour, dense clouds of fumes and dust 
spreading all over the works, almost stifling the 
crane-man, who cannot get away when the wind is 
blowing in his direction. 

Dr. Hamilton does not touch upon the cure of 
lead-poisoning. But we should like to refer to a 
sdaghs comely which has done excellent service in 
several works. In 1913, Sir Thomas Oliver, M.D., 
published in the Lancet an account of a kata- 
phoretic treatment of plumbism which he had 
worked out in conjunction with Mr. M. Clague, 
also of Newcastle-on-Tyne, after Sy ow ery | on 
rabbits. Kataphoretic treatment originated long 
ago, of course. Dr. Oliver poisoned a rabbit by 
daily doses of solution of lead nitrate dropped 
for months into its mouth, until the rabbit became 

ralysed ; he had then cured it by an electro- 
ytic treatment for some days, and, when strong 
again, poisoned it once more until it died, after 
three years of experimenting. A double - bath 
electrolysis was then tried on workmen with good 
results. The observations showed that some lead 
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was present as removable dust lying on the skin, 
and that other lead had been deposited in the skin 
and system. Most of the patients showed the blue 
gum line, nearly all of them suffered from partial 
paralysis; all were much strengthened by the 
treatment. We do not know of any British works 
in which the treatment is systematically used, but 
there may be some. But we have seen it in regular 
use in the Port Pirie smelting-works of the Broken 
Hill Proprietary, South Australia. 

The manager of these works, Mr. W. Robertson, 
hearing of the experiments mentioned, last year 
fitted up three baths, as illustrated in the annexed 
diagram. The patient sits down in front of two 

ELECTRIC MEDICAL BATH FOR THE 
TREATMENT OF LEAD POISONING 
VOLT METER 


INDICATOR TO REGISTER 
60 MILLI AMPERES 


RESISTANCE 


44 VOLT CELLS ~ 
JG VOLT CURRENT 
































ENAMELLED STONEWQAE Yop 7* Za . BATTERY 
BATH 20°« 15" ree Lint ‘\. 
ti al SHELF 
oS — a . 
4E 2 . 46 
f T T ha | i 
H vm nh 7 71" PiNe, 
. ALUM) t ,, 
* 16 "a 12 Seg CAA. bin LO "FY 
Sy ey 
' 24 
— LZ > OPLUE an 
AAA ZZ YW 
*- 
2 | 
x 
yd 

















(4213) 
shelves supporting two basins of enamelled stone- 
ware, which are filled with solution of common 
salt. Aluminium plates lie as electrodes in the 
bath; the feet are put on the anode, in the lower 
bath, and the hens on the cathode, the upper 
plate. As soon as the current is slowly turned on 
through a resistance the bath becomes discoloured, 
aud black spots appear on the skin. Currents of 
16 volts, at from 25 to 40 milliamperes, are applied 
for half an hour every day or every other day ; 
the patient does not feel anything. The treat- 
ment is continued for a fortnight or longer, but, 
as a rule, good results are observed after 
a few baths. The very first case dealt with 
was that of a man who, after twenty-five years’ 
work in the smelters, had become unfit for work, 
and had been under medical treatment for 3h 
months without getting rid of his ‘‘ wrist-drop 
and general debility ; a few baths distinctly bene- 
fired the man. 

The baths had only been in use for a few weeks 
when we saw them, but the belief in their efficacy 
was certainly spreading and growing. On the other 
hand, the experimental evidence that lead had 
really d from the bodies—not merely from the 
dirty skins—into the bath was not strong, and we 
should mention that in the Lancet of October 3 two 
London medical men, Mr. Kenneth Goadby and 
Mr. W. F. Oxley, directly contradict Sir Thomas 
Oliver’s statements. They had worked inde- 
pendently of one another, experimenting, the 
one with rabbits and a dog, and the other chiefly 
with men. Neither of them found that the treat- 
ment benefited the victims or — and neither 
of them observed any trace of lead deposit in the 
bath—except in the case of the dead dog, when the 
liver was electrolysed after having been destroyed 
by the aid of nitric acid and potassium chlorate. 
It would thus appear that the lead accumulating in 
the tissues enters into organic compounds which are 
incapable of being ionised. This conclusion is 
hardly surprising, and Mr. Oxley is also right 
probably in saying that the lead ions move at too 
slow a rate to be removed by half an hour's treat- 
ment, and that the number of lead ions in the 
tissues would be far too small to take any notable 
part in carrying the current. Whether those 
objections would preclude the possibility of an 
electrolytic lead cure, further experiments will 
have to show. 





NOTES. 

ELecrriricaTion OF THE Swiss State Raiiways. 

We read in the Milan journal L’Industria that 
the electrification of 3017 km. (1880 miles) of Swiss 
State Railways has been decided on, and a com- 
mencement will be made with the electrification of 
the Gothard line, the most important line of the 
Swiss railway system. A portion of the required 
hydraulie power is already available ; the —— 
means for this were taken in the cantons thro 
which the Gothard line runs. Electrification will 


a length of 109 km. (68 miles), which includes the 
Gothard Tunnel; Exrstfeld is on the River Reuss, 

to the south of Altdorf. The large power- 
stations for this section are in course of construc- 
tion, one at Amsteg, on the north slope of 
the Gothard, and the other in the vicinity of 
Piotta. In the Amsteg power-station, which will 
utilise the power moor) ag in the Reuss and its 
tributaries, the head being 275m. (902 ft. ), the machi- 
nerv will be able to develop 32,000 horse-power. The 
power-station at Piotta will turn to account a head 
of 800 m. (2624 ft.), and will have a total capacity 
of from 50,000 to 52,000 horse-power. It is cal- 
culated thet the average power required in 1918 
will be 6550 horse-power, and the maximum power 
19,000 horse-power. One power-station will there- 
fore suffice to ensure the service on the line, should 
the other be immobilised for any reason. The 
Piotta power-station will be operated by water from 
the Riton Lake; and in the summer, when the 
Reuss, on the north slope, is high, it will be pos 

sible to store all the water destined for the 
Piotta station for use in the winter months, when 
the Reuss is low. On certain occasions, as in very 
cold winters, it will not be possible to generate 
more than 6000 horse-power at Amsteg, and more 
than 8000 at Piotta; but means will be taken to 
obtain a constant output of about 26,000 horse- 
—_ which will suffice for the whole Gothard 
ine. The railways will be able to utilise other 
sources of hydraulic energy on the Reuss and in the 
Tessin Canton. The electrical energy will be trans- 
mitted as single-phase current at a pressure of 
60,000 volts from the power-stations to three, and 
eventually to six, sub-stations, which will reduce 
the pressure to 15,000 or 7000 volts. During the 
transition period, when traction will be partly 
by steam and partly electrical, this latter tigure 
will be the pressure adopted. The locomotives 
for the through trains on the Gothard service 
now haul eight four-axle carriages, and the elec- 
tric locomotives will be required to haul ten 
such carriages. It is intended to provide two 
types of locomotives—one type for the inter- 
national through trains, designed for a speed of about 
90 km. (56 miles) per hour, and a lighter type, the 
design of which is under consideration. The Swiss 
State Railways are to own the power-stations ; 
in no case will the supply of current be entrusted 
to private companies. This has been found the 
more satisfactory and more economical solution. 
It is probable that Swiss firms only will be called 
upon to supply the necessary machinery. The 
total cost of electrifying the Erstfeld-Bellin- 
zona section is estimated at 38,500,000 francs 
(1,540,000/.), but a large part of the stationary 
plant will also serve other sections. The advan- 
tages of electrifying the railways will be two-fold : 
it will render Switzerland independent of outside 
supplies of coal for the railways, and will do away 
with the smoke nuisance in the tunnels ; this latter 
advantage, we may add, will be thoroughly appre- 
ciated by the travellers who are compelled to 
travel over the section Erstfeld-Bellinzona in the 
dog days. 


HEattTH AND Sarety 1n Trn-Piate Factories. 


The report on the precautions necessary for 
health and safety in tin-plate factories, by Mr. 
James H. Rogers, H.M. Superintending In- 
spector of Factories, Seuth- Western Division, 
has now been issued. It states that a conference 
was arranged with employers and operatives, and 
that there was a substantial acceptance of the pro- 
~— putforward. The subjects dealt with covered 
encing and safeguards and their maintenance ; 
first-aid dressings ; mechanical ventilation ; wet 
floors ; dust and fumes ; and systematic inspection. 
In the matter of fencing and safeguards, the con- 
ference agreed with nearly all the proposals; in 
two minor points, it was considered that feucing 
was not required in all cases—such, for example, 
as those of shafts running at slow speeds. In- 
spectors had pointed out that the provisions of 
ie. Acts as regards the maintenance of fencing 
were not well observed in some tin-plate factories. 
Attention was drawn to the necessity of super- 
vision by employers and their agents, ard to the 
possibility of taking direct legal proceedings against 
workmen who carelessly left guards off. The 
Medical Inspector explained to the conference the 
way in which blood-poisoning could arise through 
minor injuries becoming infected owing to impro 
methods of treatment. He — advocated the 





commence with the section Erstfeld-Bellinzona, 


the abolition of oil or grease as an application for 
burns and scalds. He drew up a memorandum 
on the subject, which was distributed, and had 
since, at the desire of the workmen’s repre- 
sentatives, been supplemented by a section on 
eye injuries and suggestions for the contents of 
a first-aid box. In the matter of mechanical 
ventilation it was pointed out that in most 
rolliug mills in the trade fresh air was blown 
in by fans and delivered at the hot working places 
near the rolls and furnaces. The workmen urged 
the necessity for this provision at all mills, whilst 
the employers suggested that some mills were so 
lofty and so favourably situated that mechanical 
ventilation was unnecessary. After discussion, it 
was agreed that plenum ventilation or some equally 
efficient alternative device should be provided in 
all cases. It was further pointed out thatan exhaust 
system might possibly be satisfactory, and in one 
large works good results were said to be obtained 
by water sprays. On the subject of wet floors, in 
the pine departments and the tin houses, it was 
decided that efficient draining should be provided. 
The question of dust and fumes was discussed, the 
employers maintaining that the Registrar-General’s 
statistics quoted included twice as many persons as 
were employed in the tin-plate factories ; they sug- 
ested that the ill-effects shown were to be attvi- 
uted to the conditions in other allied trades pre- 
sumably covered by the statistics, such as the 
tinning and enamelling of hollow-ware, &. The 
subject remains open until further statistics are 
available ; but it was pointed out by the employers, 
and fully admitted by the workmen, that many im- 
provements in tin-house ventilation had been made 
during recent years. No agreement was reached 
in regard to systematic inspection. Both the em- 
ployers and workmen feared there would be difii- 
culty in getting a workman to act as an inspector ; 
the employers added that it would be impracticable 
to give the foremen any additional duties in the 
shape of systematic inspection and record, but 
they promised to carry out all the agreements 
to the best of their ability. The workers’ repre- 
sentatives, on the other hand, promised the fullest 
co-operation. 


Navy EnNaGiIneers. 


It is most gratifying to learn that the Admiralty 
have decided that from to-day engineer-officers of 
the old system of entry will be classified as part of 
the military branch. One cannot fail to recognise 
that Lord Fisher has been a dominant factor in 
bringing about this much-desired change, and on 
achieving this end, against much prejudice in the 
Service, he is to be congratulated. All interested 
in the Navy have advocated this concession most 
strongly. The technical institutions of the country 
have done all they could to induce the Board to 
agree to this step, because it was recognised that 
as the new Lieutenant (E) who had been trained 
in the common-entry system, entered the Service 
having equal military rank with the officers of the 
other departments, there might be difficulty with 
the superior engineer officers who had entered under 
the old system, and were without military rank. 
Doubt has been entertained as to whether enough 
time has been given for training in engineering 
under the new entry system except for those who 
are to take up special duties ; but everything has 
been done by existing engineers to make the train- 
ing on board ship thoroughly succersful. No one in 
the Navy has shown greater loyalty than those 
of the Engineer Department, and when the new 
lieutenant-engineers entered upon their training 
on board ship, everything was done to ensure the 
success of the scheme from the engineerin 
standpoint. There has been no friction, an 
consequently some promise of success, notwith- 
standing the limited engineering experience of 
the new officers. The decision of the Admiralty to 
grant military rank to the engineer officers of the 
old system of entry has therefore been doubly 
earned, and comes at a particularly appropriate 
time, first as a recognition of the value of their 
contribution to the success of all naval operations ; 
and, secondly, of their desire fur the maintenance 
of the best traditions of the engineering service 
under the new lieutenants. It comes, moreover, at 
an appropriate time, because recent naval actions 
have shown beyond any possibility of doubt 
that speed is the dominant factor in success, 
As one of the highest in authority in the 
Navy, and ablest to judge, has said: ‘‘The un- 
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merited this tardy recognition of their all-important 
work in the present splendid fighting condition of 
our whole fleet, and this has been combined with 
an unswerving loyalty to a changed system, which 
they one and all recognise to for the public 
benefit and for the good of the Navy. Machinery 
has no nerves, the all -oil boilers do not get 
tired, and the unfailing propellers get us, at to 
speed, on the spot to a minute, though 7000 miles 
away.” Engineer officers will now wear uniforms 
exactly similar to those of the officers of correspond- 
ing rank in the existing military branch. The dis- 
tinctive colour between the lace on the sleeves will 
be retained. They will retain their present titles. 
There will, however, be no change in their 
status as regards the command of His Majesty’s 
ships, and in all details relating to the duties of the 
Fleet and to the discipline and interior economy 
of His Majesty’s ships, they will be subject to the 
authority of any officer who may be in cha: ge of the 
executive duties of the ship, or acting as officer of 
the watch, or specially detailed for the charge of 
any other special service or duty, of whatever 
seniority such officer may be. Otherwise the 
authority of such engineer officer in the work of 
his department will continue to be ranked as at 
present. This latter clause probably meets the 
case, especially when, as is so often the case, the 
officer in charge of the executive duties of the ship 
acts tactfully. Certain alterations are proposed 
in the pay of the engineer lieutenant-commanders, 
who, after four years from the date of promotion, 
are to have an increase from 18s. to 203. a day ; 
after six years it will be increased to 22s., and 
after eight years to 24s. per day. 





ARGENTINE RAILWAY MANAGEMENT.—The ratio of the 
working expenses to the traffic ~~ upon the Central 
Argentine Railway for the year ending June, 1914, was 
58.54 - cent., as compired with 57.31 per cent. in 
1912-13. The 58.54 per cent., representing the working 
charges of last year, include the following items :—Main- 
tenance, way, works, and stations, 8.11 per cent.; loco- 
motives, 3.69 per cent.; coaching stock, 1.37 .per cent. ; 
goods and animal stock, 3.04 per cent. Running ex- 
aes: Sees, 17.45 per cent.; other vehicles, 

.66 per cent.; traffic char .70 per cent.; and miscel- 
laneous, 4.15 per cent. 
1913-14 was 2,511,406J. 


e balance of net revenue for 





Tue Unrrep States GOVERNMENT AND ARMOUR- 
Piate Manuracrurr.—We read in the Jron Trade 
Review, Cleveland, Ohio, that in bis annual report, Mr. 
Daniels, Secretary of the Navy, renews the agitation in 
favour of the Government building its own armour-plate 
plant. ‘‘ Twice the Government has authorised the con- 
struction of a factory,” he asserts, ‘‘but twice were the 
armour-plate works saved a monopoly of this business 
through a mysterious Providence!” As a matter of 
fact, reports our contemporary, there was no mystery 
about it, for if the Secretary will take the trouble to 
investigate, he will find that the various projects to 
build armour-plate plant were abandoned in accordance 
with the dictates of sound common-sense. The argu- 
ments against the project were unanswerable. Repeated 
investigations demonstrated that it would be folly for 
the Government to undertake a project of this 
kind. For example, in 1897 an armour tactory Board 
was crea’ vy and extended investiga- 
tion was made. The late John Fritz was paid 15,000 
dols. for services as an expert, and a very elaborate 
report epee sed detailed drawings of the proposed 
plant was published. The unanimous conclusions of the 
members of the Board were as follow :—1. An armour- 
= works comprises essentially a collection of special 
urnaces, heavy machine-tools, and appliances that are 
nob needed in any other class of work, and a class of 
labour, especially skilled, in the business. 2. A Govern- 
ment armour-plate works not connected with an establish- 
ment pam in other branches of the steel industry 
would depend for its success and economic administration 
upon a constant demand for anoutput nearly pee 
its full capavity. 3. If the Government should establi 
an armour-plate works, its efficient and economic main- 
ten. nce or working would necessarily de upon a con- 
stant yearly appropriation for ships to be provided with 
armour; the armour uced at any time must be 
sp cially designed for and fitted to these ships. Any 
failure to appropriate for such ships in any one year would 
require the ces-ation of work and the Lote off indefi- 
nitely of the skilled experts and labourers that had been 
trained to that industry. A resumption of work at a 
later period would require the training, at a considerable 
expense, of a new set of men. In the meantime the 
ome the art would perhaps have been such that 
ifficult and radical changes would be required, which, 
under continuous working, might have been ually and 
easily made. According to the Review, the Secretary 
expresses regret that the Commission recently appointed 
by Congress cannot, on account of the war in Europe, 
make an examination into i 5 of armour-plate 
abroad. Our contem ids :—‘‘It would indeed be 
an inspiring spectacle for world to see representatives 
of the only great nation at peace travelling about in 
Europe trying to find out how armour-plate is made.” 





YEAR-BOOKS AND ANNDALS. 

The Post Office London Directory.—In spite of the 
difficulties caused by the war, the 116th annual publi- 
cation of the Post Office London Directory, with 
County Suburbs, for 1915 is only two days later than 
last year. It is impossible to exaggerate the value 
of this volume to the commercial and manufacturing 


P| interests of the country, but users need always to 


keep in mind that the word ‘‘ London” is somewhat 
indeterminate. For instance, we have the City of 
London, the County of London, Greater London, 
Postal London, Police London, and Water London, 
and, possibly, we may have Electric London. It by 
no means follows that because a man’s letters 
may be correctly addressed ‘‘ London,” that his name 
will be found in this directory, either in the main 
portion or in that devoted to County Suburbs. The 
area comprised within the Post Office London Direc- 
tory approaches an irregular rectangle, extending from 
the western bounderies of Kensington and Chelsea, 
and parts of Hammersmith and Fulham in the west, 
to Hackney, Bow, Blackwall, and Cubitt Town in the 
east, and on the north from parts of Kilburn, West 
Hampstead, Haverstock Hill, Holloway, Highbury, 
and Dalston to Kennington, Walworth, Deptford, and 
New Cross. For places beyond these limits reference 
must be made to the County Suburbs Directory, which 
extends to the extremity of the County of London. 
The boundary of the area, however, is very irregular, 
and hence it sometimes occurs that places relatively 
nearer to, say, the West-End are outside the county, 
while other places which are radially more remo.e 
are inside the county. This is a point that needs to 
be kept in mind in consulting the aeaeey- In this 
issue certain sections have been re-arranged, and new 
trade headings have been introduced. Amongst these 
are:—Airship manufacturers, asbestos - machinery 
makers, celluloid machinery makers, cinematograph 
poster printers, crown cork machinery, gelatiners, 
mustard-leaf makers, rifle-range builders, and wax 
(sugar-cane) manufacturers. The publishers are Kelly’s 
Directories, Limited, 182-4, High Holborn, W.C., and 
they issue the Directory at the following prices :— 


Complete edition, 32s.; small edition, 18s.; Commer- | Red 


cial only, 12s.; Trades, 12s.; Streets, 12s.; Court, 5s.; 
Banking, 3s. 





Whitaker’s Almanack.—This well-known publica- 
tion, which appeared first in 1868, is affected, like all 
others, by the war. The articles on ‘‘ The World’s 
Peace” and ‘“ Proceedings of the Hague Tribunal” 
have given place to an account of the immediate 
origins of the war, and the section on the Army is 
extended. There are also articles on the operations of 
the opposing forces, and on allied subjects. The Federal 
Reserve Act, U.S.A., is summarised, and details of the 
World’s Grain Crops have been tabulated. The Income 
Tax and the War Budget (introduced on November 17) 
are explained. In addition there is the vast amount 
of useful and interesting information for which one 
always turns to Whitaker when in doubt. The work 
is sold at 12, Warwick Lane, Paternoster Row, and 
by all booksellers, at the price of 2s. 6d. 





The Colliery Manager's Pocket-Book, 1915. — This 
ket-book is edited by Mr. Hubert Greenwell, 
-S.S., Assoc. M.I. Mech. E., and is issued by the 
‘Colliery Guardian” Company, Limited, 30 and 31, 
Furnival-street, Holborn, E.C. The present edition 
is the forty-sixth annual issue. It gives the whole of 
the Acts and Regulations relating to mines, reference 
to which is facilitated by a good index. It contains 
about 450 pages of subject matter dealing with the 
characteristics of coal, the measurement of seams, the 
strength of materials, the capacity of mining machi- 
nery, ventilation, surveying, ambulance and rescue 
work, electricity, valuation, explosives; also with 
mining machinery, &c. It gives the names of the 
mining authorities in the various districts, and has 
also a diary and memorandum sheets. Notwithstand- 
ing the amount of information covered, the work is a 
** pocketable” one, which, we feel sure, will be 
appreciated by a wide circle. 





The Year-Book of the Scientific and Learned Societies 
of Great Britain and Ireland. London: Messrs. 
Charles Griffin and Co., Limited, Exeter-street, 
Strand. [Price 7s. 6d. net.]—This year-book now 
attains its thirty-first annual issue. It is compiled 
from official sources, and is divided into fifteen 
sections, dealing with a variety of subjects, amon 
which those more especially in our line deal wi 
science, astronomy, mathematics, physics, chemistry, 
mechanical science, naval and military science, &c. 
In each case, where possible, a list of the officers of 
the society dealt with is given, as well as particulars 
of meetings, membership, &c., and information regard- 
ing the proceedings of the session 1913-14. This year- 


book is looked upon as the standard work of its kind, 
and will, no doubt, prove as useful as in previous 
years, 





Hazel’s Annual, 1915. Edited by Dr. T. A. 
IncrAM. London: Messrs. Hazell, Watson and Viney, 
Limited, 52, Long Acre, W.C. [Price 3s. 6d. net. }— 
We have frequently had the pleasure of noticing in 
these columns the useful annual published by Messrs. 
Hazell, Watson and Viney, and it is hardly necessary 
for us to do more than mention the fact that the new 
edition brings the annual issues up to thirty. This 
fact alone shows that the work has become well estab- 
lished. This issue contains records and information 
on a mg My subjects which will be of permanent 
interest. e year 1914 was a memorable one in many 
ways at home and, of course, abroed, and the various 
outstanding events are all given a fair share of atten- 
tion in this review. The work has by degrees grown 
to nearly 600 pages of matter, in addition to which 
there is an excellent index of cluse upon 20,000 entries, 
which greatly facilitates reference. 


Pocket. Books, Diaries, &c.—From the Peninsular 
and Oriental Steam Navigation Company, 122, Lead- 
enhall-street, E.C., we have received their usual diary 
and almanack, which gives particulars of their 
sailings, &c., arranged for 1915. This little book con- 
tains maps of the routes, &c., and has a frontispiece 
of the new s.s. Kaisar-i-Hind, of 11,400 tons.—Messrs. 
George Fletcher and Co., Limited, Masson and Atlas 
Works, Derby, send us a vest-pocket diary, in which 
are given illustrations of examples of sugar machinery 
—o them. The book also contains useful tables, 
squared paper leaves, and diary space for each day. 

Almanacks and Calendars.—We have again received 
numerous almanacks and calendars, many of which are 
of considerable artistic merit. One deserving special 
mention comes from Messrs. Abdulla and Co., Limited, 
168, New Bond-street, London, W., and contains a 
number of reproductions of drawings relating to 
recent events, by well-known artists. We under- 
stand that copies of these pictures on plate-marked 
mounts, free of advertising matter and suitable for 
framing, are for sale at the low figure of 2s. 6d. for 
the set of sixteen pictures, the proceeds of the 
first issue of 20,000 copies to go to the British 
d Cross Society. Other almanacks come to 
hand from the Sun Life Office ; Messrs. George Cradock 
and Co., Limited, Wakefield; the Welin Davit and 
Engineering Company, Limited, Hopetoun House, 
Lloyd’s-avenue, E.C.; Messrs. Merryweather and 
Sons, Limited, London ; the United States Metallic 
Packing Company, Soho Works, Bradford, Yorks ; 
Messrs. Dickson and Mann, Limited, 7, East India- 
avenue, E.C.; Messrs. Henry Simon, Limited, Man- 
chester ; Messrs. Alfred Herbert, Limited, Coventry ; 
Messrs. John Rogerson and Co., Limited, Wolsingham 
8.0., Co. Durham ; Messrs. Pirelli and Co., 144, Queen 
Victoria-street, E.C.; Messrs. Richard Garrett and 
Sons, Limited, Leiston ; Messrs. Urquhart, Lindsay 
and Co., Limited, Dundee ; the General Electric Com- 
pany, Ltd., 67, Queen Victoria-street, E.C.; and Messrs. 
William Clowes and Sons, the well-known printers. 





CanapDIAn Pu.p.—For the first time in the history of 
the Canadian pulp industry more than half the pulp- 
wood (51? per cent.) produced in Canada in 1913 was 
manufactured into pulp in Canadian mills. In 1913 each 
Canadian province, except Nova Scotia, used an increased 
proportion of its pulp-wood for home manufacture. The 
greatly increased production of pulp in British Columbia, 
together with the fact that this province uses practically 
all its pulp at home, is meaty responsible for the in- 
creased proportion for the whole of Canada. penny 
fifty active firms, reporting in 1913 to the Forestry Branc 
of the Canadian Department of the Interior, consumed 
1,109,034 cords of pulp-wood in their mills, representing 
a value of 7,243,368 dols. Theexports of unmanufactured 
pulp-wood from Canada to the United States in 1913 
representcd 1,035,030 cords, valued at 7,070,571 dols. 
These two totals, when added together, brought the 
total supply of pulp-wood in Canada in 1913 to 2,144,064 
cords, valued at 14,313,939 dols. 





AGRICULTURAL Macuingery.—The war has sharply 
affected our exports of agricultural machinery, which 
were made largely to Germany and Hungary. The 
depression, which also prevailed in Argentina, has 
affected shipments to that quarter. The general result 
was that the value of the exports in November declined 
to 15,286/., as compared with 94,557/. in November, 1913, 
and 64,6191. in November, 1912. In the eleven months 
ending November 30, last year, the exports were valued 
at 1,144,544/., as compared with 1,300,367/. in the first 
eleven montbs of 1913, and 1,227,674/. in the first eleven 
months of 1912. European countries figured in these 
totals for 763,553/., 823,436/., and 629,170/. respectively. 
South America tcok agricultural machinery in the first 
eleven months of last year to the value of 37,222/., as 
compared with 151,370/. and 259,185/. The colonial 
demand was represented by the following values :— 


Colonial Group. or i . 
British South Africa.. 14,897 38,477 30,558 
British India .. -- 91,557 68,944 44,570 
Australia oe -- 2,278 36,281 57,904 
New Zealand .. ee 9,414 12,352 21,759 

There seems little prospect of more favourable figures 
being forthcoming during the war. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 





«z71) OCTOBER. 


_ Notr.—The above diagram shows the fluctuations 
in the prices of tin, copper, antimony, spelter, lead 
and quicksilver since the London Metal Exchange re- 
opened for business on November 16 last. The prices 
of steel ship-plates, rails, tin plates, and hematite, 
Scotch and Cleveland irons are plotted for October, 
November and December, as the Middlesbrough, 
Swansea and Glasgow markets have been open for 
the whole of the quarter. 

In the cases of tin and copper, the figures plotted 
are the official closing quotations of the London Metal 
Exchange for cash transactions in ‘fine foreign” and 
‘“standard” metal respectively. The prices plotted 
for antimony and lead are for English metal in both 
cases, while those for spelter are for American metal— 


“AT AS AN INSULATING MaTERIAL.—The construction 
of the Berlin elevated railway, which in places had to 
pess through blocks of houses, necessitated the use of 
sound insulating material, and several experiments proved 
th st compressed peat-litter possessed exceptionally good 
qualities for this purpose. It was applied in plates 
1 in. thick, weighing 1.3 lb. to 2.5 lb. per square foot, 
according to the degree of compression (the more firmly 
compressed, the more efficient it is). As such peat plates 
can withstand a pressure of from 280 Ib. to 1400 ib. per 


NOVEMBER. 


NOVEMBER. 





DECEMBER. 


























DECEMBER. 


| the only kind at present available. Steel ship-plates 


and heavy steel rails are plotted to Middlesbrough 
quotations; the usual discounts are allowed in the 
case of ship-plates, but rails are net free on board at 
Middlesbrough. The figures plotted for hematite, 
Scotch and Cleveland irons are Glasgow settlement 
rices, and these prices are per ton, as also are those 
or all other metals previously mentioned. The price 
of quicksilver is, however, per bottle, the contents of 
which weigh about 80 lb., and the price of tin plates 
is per box of I.C. cokes free on board at Welsh ports. 
Each vertical line in the diagram represents a market 
day, and the horizontal lines represent 1/. each in all 
cases except those of hematite, Scotch and Cleveland 
irons and tin plates, where they represent ls. each. 


sq. in., according to the method by which they have 
been made, they are also suitable as sub-layers for 
asphalt in gateways, for linoleum, and even for machi- 
nery foundations, and can be used to replace expensive 
cork plates (peat plates cost barely 2s. per square 
yard). These plates have also proved most efficient 
insulation material for heat and cold. The plates are 
protected against damp and insects by means of molten 
— which is used for attaching them to each 
other. 


THE MENNO ee GREASE- 


WE illustrate below a grease-cup, the feed of which, 
instead of being effected by & spring, as is usual, is 
worked by compressed air. At first sight this may not 
seem to be of much advantage, but on further investi- 
gation we think it will be that a good deal 
may be said in its favour. ith the spring-worked 
feed it is desirable to have an assortment of springs of 
varying strengths to provide a pressure suitable to the 
quality of the grease and the bearing. As an alterna- 
tive the cup may have a strong spring, the feed 
then being regulated by an arrangement fitted in the 
body or neck of the cup to restrict the outlet; this, 
however, sometimes leads to clogging of the latter. 

In the case of the compressed-air cup, no assortment 
of eprings ie necessary, and no throttling of grease can 
occur. e feed depends entirely on the amount the 
top of the lubricator is screwed down, and the full 
bore of the outlet is always used. Another advantage 
of the compressed-air cup is that if the bearing should 
heat up, the air behind the grease is warmed and 
expands, this giving an increased supply of grease 

















to the journal without any special attention. The 
lubricator, as will be seen in the illustration, consists 
of three main parts: a cup C, top A, and a locking- 
ring B. These parts, except the locking-ring, are 
pressed out of mild steel or brass, and consequently 
are practically unbreakable. The top A contains a 
suspended disc D, the object of which is to keep 
the upper surface of the grease flat and to prevent the 
air from forcing a parsage through the grease. In 
working, the cup is filled with grease, Sen which 
large air-cavities must be removed. The suspended 
disc is pulled out and the top A is screwed into the 
cup, in most cases from } in. to § in.; this compreeses 
the air, as all parts are hermetically sealed the 
grease; the locking-ring is then tightened by hand. 

In putting the cup together care must be taken that 
no grease gets behind the disc in the top part. The 
small funnel at the bottom of the cup is made of thin 
sheet steel, so that, should the bearing get hot, the 
heat is transmitted quickly to the grease, which melts 
and runs down. 

The cu described are made by Lubricators, 
Limited, Leeds-place, Tollington Park, London, N., 
and from our own experience we can say that they 
give most economical results. 





Roussta’s Propvuction or Coat In 1913.—Official statis- 
tics recently made available, and referring to the year 
1913, show that the increase in Russia’s production of 
coal has been continued, it amounting to some 15 per 
cent. for 1913. The appended table gives particulars for 
the last six years :— 


8. 
ewe ano wo eae 
| +» we ~~ ww~'1,887,680,000 
1910 .. AOC 
“ae . we -1,789,140,000 
a ONE ..  1,904,480,000 
a ..  2,197,900,000 


The increase comes in the main from the Donetz basin, 
and next from the Dombrowa district, the output for the 
various districts for 1913 being :— 


Poods. 
Donetz basin .. 1,544,790,000 
Dombrowa - ie 426,310,000 
Ural... se as ta 73,460,000 
Moscow district ~ ae ee 18,340,000 
Caucasus - ‘ ow = 4,280,000 
East Siberia . o6 os os 69,720,000 
West Siberia .. ° ae 66,300,000 
Turkestan... 400,000 


i ca Le 8 
From this it will appear that 70 per cent. of Russia’s 
entire coal production comes from the Donetz basin, 
19 per cent. from Dombrowa, and about 3 per cent. from 
the Ural. Out of the above total 1,837,000,000 

anthracite, and 67,000,000 





= 1 ton.) 
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THE USE OF LIQUID FERRO-MANGANESE 
IN THE STEEL PROCESSES.* 


By Axe. Saux.iy, Brussels. 


Tux value of manganese as a deoxidising and solidifying 
agent in the manufacture of steel was discovered in the 
early years of the last century. The problem of the most 
economical and perfect method of adding the percentage 
of manganese required to the charge of steel has ever 
since confronted the steel-makers. 

In the early days of the Bessemer process, when steel 

was first produced in large quantities, spiegel iron, con- 
taining from 6 to 20 per cent. of manganese, was univers- 
ally employed. It was melted in cupolas and run liquid 
into the converter. The red clouds of smoke continually 
issuing from the tops of the spiegel cupolas gave unmis- 
takable evidence of the extravagance of this method. 
When, later, ferro-manganese, the richer alloy of man- 
ganese and iron (which is hereafter for the sake of brevity 
referred to as ‘‘ ferro”) containing from 60 to 80 per cent. 
manganese was produced, and thereby the quantity of 
alloy required for each charge correspondingly brought 
down, the cupola was found impracticable, and various 
coke, coal, gas, and oil-fired furnaces were employed 
without satisfactory results. In works producing high- 
grade steel, for which cost of manufacture is a secondary 
consideration, ferro is often melted in crucibles and added 
liquid. This method, however, is too expensive for 
general adoption, and the standard procedure of dealing 
with ferro additions has been to break up the cakes of 
ferro into lumps of less than fist size, to place the weighed- 
up quantity of alloy required for the charge on the apron 
inside the melting-furnace doors, and then at the proper 
moment to push the more or less heated lumps into the 
bath. In some cases part only of the ferro is placed in the 
bath, part in the ladle; in yet others the whole quantity 
is thrown into the ladle. In many works a small fur- 
nace is employed for the preheating of ferro to dark 
red. 
Practice has taught, however, that this method results 
in a loss of manganese of from 35 to 18 per cent. (for prac- 
tical calculations say, 20 per cent.) of the metal added, 
and that for ordinary qualities of steel it is necessary to 
calculate additions of about 0.8 per cent. of 80 per cent. 
ferro. If the 20 per cent. of manganese lost could be 
recovered, this would, for a steel plant producing 300,000 
tons of steel yearly, and now employing 0.008 x 300,000= 
2400 tons of ferro, represent a saving of 300,000 x 0.008 
x 0.20=480 tons of ferro, which, at 11/. per ton, is equi- 
valent to 5280/. saved yearly. Whether it pays to make 
an effort to recover part of this amount depends, of course, 
on the cost of melting 2400-—480=—1920 tons of ferro. 
Until the advent of the electric furnace no suitable appli- 
ance for dealing with this problem had been available. 
Now, however, electric ferro-furnaces are installed in a 
number of steel plants. 

In an interesting paper by Mr. Indenkempen, steel- 
works manager, Ay fore the German Metallurgical 
Engineering Society ‘‘Sud-West,” on May 14, 1914, it 
was stated that arc furnaces—Héroult, Girod, Nathusius, 
and Keller—as well as induction furnaces—Roechling- 
Rodenhauser—have been used for melting ferro. The 
conclusion at which Mr. Indenkempen arrived, and the 
facts presented in the paper, are interesting, especially 
on account of the discussion by men experienced and 
interested in the various types of furnaces. The author 
confirms that the electric energy represents the principal 
factor of costof the melting process. He gives as an 
average on which to base calculations, a power consump- 
tion of 900 units per ton of ferro melted and kept hot. 
To this several opponents objected as being too high a 
figure, and 800 units were generally given as correct for 
average practice. It should be noted that only one of the 
debaters interested gave a power consumption of less than 
700 units. If we therefore accept 800 units per ton of ferro 
melted as the average energy expended up to date for 
the purpose named, and compare this with the ascer- 
tained theoretical power consumption of 350 units for 
melting and heating to 1500 deg. Cent. 1 ton of ferro, we 
arrive at an averse? furnace efficiency of 350 : 800, or 
43.75 per cent. is low figure does not indicate the 
usual efficiency of the furnaces above enumerated, nor 
does it discredit the established figures of efficiency. The 
reasons for the high power consumption in melting ferro 
may be traced to the following causes :— 

1. Intermittence of deliveries. A quantity of molten 
metal must always be kept on hand ready to tap. This 
means a continued consumption of heat without equiva- 
lent output. 

2. Radiation. Both arc and induction furnaces present 
large and unprotected surfaces of brickwork exposed to 
atmospheric cooling. In part this is necessary to prevent 
the flat silica roofs from melting down. 

3. Immersion of the lumps of metal in the bath, where 
they sink to the bottom of the furnace. In the arc- 
furnaces Ow remain surrounded by the coolest stratum 
of the liquid metal, which does not circulate, and is 
heated only by the superimposed iayers of hotter metal. 
The solid lumps of ferro also rest on the yet cooler fur- 
nace bottom. This causes retarded melting, unnecessary 
superheating of the surface of the bath, and loss of energy 
and efficiency. 

4. In the arc furnaces the proximity of the electrodes 
to the bath tends to set up a chemical reaction, and 
results in a certain loss of metal. This is offset in the 
induction furnaces by the uneconomical transmission of 
energy and the difficulty of charging cold metal, which 
must be allowed for. 

All the above and other minor and individual defects 
result in a loss of power, and explain the uneconomical 
working of the various furnaces on ferro, but they also 





* Paper contributed to the Iron and Steel Institute. 





show that the problem of melting ferro advantageously | inner working lining of magnesite brick, fettled with a 
has not hitherto been solved. sintering composition of dolomite. Thus lined, the little 

To analyse the above figures, quoted from an article in | furnace forms an egg-shaped melting-vessel, withstand- 
Stahl und Eisen, or to meet or renew any discussion of | ing a working temperature of above 2000 deg. Cent. 
them, would be outside the scope of this paper. They are | Centrally in the roof, and —- throug! bles 
referred to merely because they form the reason for the | or sides, enter water-cooled bronze electrode holders, 
experiments described below, and the conclusions drawn through which slide, with a very neat fit, three Acheson 
from same. | graphite electrodes turned to exact size. The diameter 

In 1913 there was placed on the market a new type of | of these electrodes varies from 1} in. for the smallest up 
electric arc-furnace, the invention of Mr. Ivar Renner- to 4 in. for the largest furnace above mentioned. Any 
felt. For our purpose we need only consider the smaller available 3-phase current, preferably of 50 to 60 cycles, 





Fie, 1. Firrgenth RenNERFELT FuRNACcE ; CaPActry, 23 Tons (250) Ke.). 
Noset’s Works, St. Pererssure, June, 1914. 


Fig.2. RENNERFELT FERRO FURNACE,WITH MELTING BRIDGE. 
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siz2s of this furnace as having a practical value for the | is converted in stationary transformers, by Scott’s coup- 
fusion of ferro, that i. the sizes between 6 cwts. (300 kg.), | ling, into two-phase current at 70 volts pressure for the 
now installed (one of several) at the Hallstahammar smallest up to 90 volts for the largest furnace. One 
Works, Sweden, and one of 24 tons instalied at the works | phase of current is coupled to each side electrode. The 
of Ludwig Nobel A.-G., St. Petersburg (Fig. 1), and (one central vertical electrode is connected with the common 
of vena at the Ljusne Worksin Sweden. The Renner- | point between the two phases of the transformer. en 
felt furnace is built as a steel cylinder, with length and | the current is turned on, a phenomenon takes place. The 
diameter practically equal. This cylindrical shell is | arcs, instead of passing directly between the points of the 
supported on rollers or trunnions, and is furnished with | electrodes, are deflected downward, noe an inverted 
one close-fitting charging and tapping door. The inside | arrow-head or “‘fleur-de-lys,” with a height of Gin. to 
of the shell is covered with a layer of asbestos board, | 12in. When the bath has been formed in the —, 
about 1} in. thick. Next to this is placed a lining of | the points of the electrodes are adjusted at su 3 
suitable first-quality fire-brick. Against this rests the height above the surface of the bath that the point 
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the ‘‘arrow-head ” impinges on the surface of the metal, 
throwing out reddish waves of heat radiating towards 
the edges of the bath. When the furnace is to be pre- 
heated, the current is simply turned on, there being no 
necessity for solid fuel or metal in the furnace. e 
furnace can be charged and tapped with the current on 
the electrodes. The consumption of electrodes for melting 
ferro is from 2 Ib. to 3 Ib. ton of metal. The electrodes 
are fed forward by small d-wheel and mechanism 
as they are consumed. They are spliced by screw joints. 
The whole furnace is remarkable for its simplicity and 
compactness, and for the small and well-protected surface, 
in comparison with its cubic capacity which it exposes to 
radiation. : ; 

The experiments in which I have been interested were 
made at the instance of the Elektriska Ugnar Company, 
Stockholm, owners of the Rennerfelt patents, with the 
consent and co-operation of the managers of the two 
works where the tests were Soe Ares Mr. Amilon, 
managing director of the Hallstahammar Works, and Mr. 
von Eckermann, — manager to the Ljusne-Woxna 
Iron Company. The tests were personally supervised by 
Mr. Ivar Rennerfelt, the inventor of the furnace. 

Test No. 1, made at Halistahammar Bolt and Nut 
Factory, Sweden, June 11 and 12, 1914. 


Capacity of furnace 1 ton to 1} tons. 
Standard kilowatts 200. 


Number of electrodes Three Acheson graphite electrodes. 
Diameter of electrodes 3 in. 
Current supplied .. 2-phase, 50 cycles. — 

Varying : 66, 80, 95, and 110 volte. 


Voltage of current .. 

Ourrent received . 3-phase, from generator 200 K.V.A., 
400 volts, 290 amperes, driven by 
water-turbine. 

Stationary, arranged with Scott's 
coupling. Voltage variable by 
primary adjustment. Transformers 
each of 125 K.V.A., 110 volts, 
efficiency being reduced according 
to voltage. 


The furnace is usually employed for making steel cast- 
ings and dead soft-steel ingots for special purposes. The 
er is usually regulated at 110 volts at the start and 
95 volts at the end of the charge. The number of men 
employed when making steel is one melter and two boys 
per shift (five cha: per twenty-four hours ; two shifts). 
After pouring the last charge of steel (from pig-iron and 
cold scrap, intended for making steel castings), the fur- 
nace was well cleaned out and fettled. Temperatures 
were taken by means of a Wanner optical pyrometer. 
Readings were made every fifteen minutes. The con- 
sumption of electrodes was ascertained by measuring the 
length of electrodes consumed from beginning to end of 
tests. 


Tasie I.—Record of Test Run—Melting and Storing of 
Ferro. 


Transformers 


Time. Operation. Remarks. 


> m. 

8. ls Charging begun ..| Temperature of furnace, 1588 deg. C. 
1000 kg. of ferro, in cold lumps, 
were charged. 

8.23 Charging completed 4 

£.24 8 kg. lime charged .. For forming layer of slag covering 


metal. 
8.30 Ourrent turned on .. 115 volts per phase. 








Sen joa€iae? 
“tes See 3S5 
Time. | » 3 o2/8 se aa Remarks. 
ec 2ieFs sos 
Zane Dem Zee 
p.m. 
8.30 | 170,084 — — Slight reddish smoke. 
8 45 118 34 136 Melting proceeding quietly. 
9.0 159 41 164 (Smoke had disappeared entirely. 
9.15 200 41 164 
9.30 244 45 180 
9.45 287 042 168 
10.0 321 34 136 
10.18 379 ~=s«BS8 193 
10.30 402. 23 115 
10.45 444 42 168 
11.0 485, 41 164 
11.15 525| 40 160 |Welting completed. Time for melt- 
ing 1 ton of ferro, 2 hours 45 
Total 441 minutes. Expenditure of units 
per ton of ferro, 441 units. Aver- 
age amount of current used, 160 
kilowatts. If more power had 
been available, the time of melt- 
ing would have been reduced 
accordingly. 
Time. | Operation. Remarks. 
a.m, | 
11.15 Current shut off 
11.16 250 kg. cold ferro 


dropped into bath 
11.18 |\Charging completed 
11.19 |Current turned on .. Voltage, 95 per phase. 














TaBLE I.—(continued), 


Time. Operation. 








a.m. 

12.22 Power cut off.. ee 
12.22 480 kg. ferro-cast .. Run into sand-beds. 

12.30 | Temperature of furnace, 1478 deg. C. 
12.32 Power turned on .. Voltage, 95 per phase. 














SH~ ec hlsck 
feu" Seiass| 
Time. Eg Susy Fey Remarks. 
$3°S cssios S| 
\Siamam | Seals See) 
} 
12.20 | 170,703 | — = 
12.26 | 723 20 — 270 kg. cold ferro charged. 
1.0 791 «68 170 
1.15 | 836 «45 180 Charge almost all melted. 
1.30; 884) 48 | 192 
1.40 | 913 «29 174 Whole charge melted. It is probable 
—_ | that the Iting was completed 
Total 210 ear.ier. 
Time. Operation. Remarks. 





Energy required, 619 + 210 = 829 
units, or 545 unite per ton. 
--|Temperature of furnace, 1494 deg. C. 
From 2.0 to 4.0a.m. current at 
90 volts was kept of the furnace. 


a.m. 
1.45 |Current reduced 











The following ings were made :— 
Se ldca ; 
me 358368 
Time. 2s og 3 3 tl Temperature. 
~ = 
ge ma 5 oe 3 3 
| deg. 

2.0 | 170,044) — ~ — 

2.15 72 = 

29| — _ —.| = 

2.30 978, 16 | 64 | 1470 

2.45 995 | 17 68 | 1450 

0 1,011 16 64 1450 

8.15! 1,025) 14 56 | 1430 

3.30 1,088; 13 52 | 1446 

8.45| 1,052) 14 66 | 1417 

4.0 1,069 17 68 1417 

| Total..| 125 

Time Operation. Remarks. 

a.m. 

4.0 _— Power shut off. Test of very liquid 
metal was taken for chemical 
analysis. 

4.20 Temperature of charge, 1404 deg. C. 


No current on. 

Metal could not be properly weighed 
on account of lack of ingot moulds 

Temperature of furnace, 1360 deg. C. 

Furnace bottom found intact. 


4.21 Metal cast in sand 


4.26 Furnace examined . 


Oxidation.—During the first few minutes after charg- 
ing, small reddish clouds of smoke escaped through the 
joint at top of door. Afterwards there was no sign of 
manganese smoke, 

Consumption of Electrodes.—During the melting down 
of 1 ton of ferro, as dessribed above, the fulluwing con- 
sumption of electrodes was ascertained :— 


Centimetres. 
Top electrode ied ba os 16.5 
Right-hand side electrode .. 32.5 
Left-hand - , 12.5 


The excessive use of the right-hand side electrode was 
caused by the falling off of a defective piece of electrode 
near a joint. If a correction be made for this accident, 
the consumption of electrodes would be 


5.16 hours x 0.43 kg. 
1.5 ton 

or 1.44 kg. per metric ton = say 3 1b. per ton, which, at 

6d. per pound = 1s. 6d. per ton. 


Chemical Analysis.— Analyses of ferro were made at the 
joes J laboratory of the Royal Technical University, 
boc 


olm, with the following result :— 


Before After 

















ss Melting. Melting. | 108 | Gain. 
_————— a 
No. of test ..| 93,541 93,542 | -- } _ 
Weight ..|220 grammes 65 grammes) _ | — 
Carbon 6.07 p.c. 5.69 p.c. 0.42 p.c. | -- 
Manganese ..| 78.90 ,, 79.50 ,, _ 0.60 p.c. 
Iron .. ocl Se op 12.30 , | _ 0.60 


Cost of Mclting.— Assuming the cost of electric current 
to be 2.5 centimes (}d.) per unit, which is a safe figure for 
most steel works, the cost of melting of ferro in the Ren- 
nerfelt electric furnace, poured off hot into the receiver 
after melting, would be, per ton :— 


Loss of ferro, assumed, 1 per cent. at 111. 
3 lb. of electrodes at 6d... a oid 
Repairs, from experience 

Royalty, average... 

Current, 441 units at 3d. 

Depreciation, 15 per cent. .. 

Labour, one man per shift 


j CORO eOomt me Rom 
| eon @warne 


& 
—) 


Cost of melting 1 ton ferro 
For a steel plant producing 300,000 tons of steel per 





—_- . é | na ra 
33... $S8/3852 
Time, e228 2*Sisey Remarks. 
$e23 5 s3 233 
ZA Seis = 
mm. 
11.19 |170,525 | — — | 
11.45 2 77 178 | 
12.0 
a j 646 44 | 176 Charge nearly melted. 
right 
a.m 
12.15 689 43 172 
12.20 703 | 14 | 168 (Charge completely melted. Energy 
cy required, 441+178=619 unite, or 
Total ..| 178 495 units per ton of ferro. 





£ 
Gross cost of ferro saved at 11. per ton 5260 
Less cost of melting 1920 tons ferro 


Net saving per year the 2860 


This saving is a minor consideration as com with 
the great advantage =— by the uniform distribution 
of the manganese in the steel, resulting in higher quality 
of product. 

Results.—By the above tests the following points have 


been established :— 

1. That the melting of 1 ton of ferro, charged into an 
empty and prehea Rennerfelt furnace, requires less 
than 450 (441) units. The corresponding efficiency of the 
furnace is 78 to 79 per cent. 

2. That the melting of 1 ton of ferro, if dropped into 
an existing liquid bath in the furnace, will require less 
than 750 (average 741) units, the corresponding effi- 
ciency of the furnace being 47 per cent. 

3. That the keeping hot of 1 ton of liquid ferro in the 
electric furnace during one hour at constant tempera- 
ture requires less than 80 (77) units, or about 30,5 per 
—_. of the regular power consumed by the furnace when 
melting. 

To corroborate the results of tests No. 1, similar tests 
were made at the Ljusne works of the Ljusne-Woxna 
Iron Company, Sweden. The furnace employed was a 
Rennerfelt tilting furnace, with a my waged of 10 cw. to 
11 owt. charge, and arra: for 125 kw. of current. It 
is equipped with three Acheson electrodes, 2 in. in dia- 
meter, and is insulated in the same manner as the furnace 
at Hallstahammar. The lining was new, the bottom 
being built up of magnesite, the roof of ‘‘ Dynamidon” 
brick. This furnace been running for about fifteen 
months, making a splendid record on special steels and 
steel castings. 


Tass II.—Test No. 2—June 15, 1914. 











Operation. 
Time.) state Units | Kilowatts Remarks, 
of Unite Between | Between 
Meter. Readings. Readings. 
p-m. | 
6.40 | Charging — } — Furnace at yellow heat. 
begun 
7.0 | 25370 _ ~ 385 kg. ferro charged. 
7.15 390 20 100 
7.30 418 28 100 
7.45 | 443 25 100 
8.0 466 23 100 
8.15 491 25 100 108 kg. ferro added. 
8.30 518 27 110 
8.45 540 22 100 13 kg. ferro tapped ; fur- 
9.0 565 26 110 nace bottom too high. 
9.15 590 25 110 Melting completed. 
Total units .. 220 493 kg. total charge. 


Ferro melted ee = - , “fH 
(Time, 2 hours 35 minutes.) 

Units per ton of ferro . oe . 

Efficiency of furnace 


493 kg. 


‘ 446 
78.2 per cent. 


Ferro recovered—drawn from furnace. - 13 kg. 
” ” ” ee 465 ,, 
Lost in ladle .. ea o6 by ; D ss 
Total 483 ,, 


The loss in melting was 2.03 per cent. 
centage of loss is due to— 

1. The fact that no slag was made to cover the surface. 

2. To the entirely new lining, any porosity or cracks 
in which would be filled with ferro. 

3. To the small size of the furnace, which causes a 
small loss in weight to figure as a high percentage. 

Electrodes consumed: 360 grammes actual weight. 

Electrode consumption : 360 x = = 0.73 kg., or 

1.63 lb. per ton of ferro melted. 

The test was discontinued on account of trouble in 
power-station. For test No. 3 the same furnace was used 
as for test No.2. The immediately preceding heat pro- 
duced regular steel for castings. © furnace was care- 
fully cleaned and fettled. 


TaBLE III.—Test No. 3—Ljusne Works, July 1, 1914. 


This high per- 





State of | 
Units | Kilowatt> 
Tim = between | between Remarks. 
Meter. | Readings. Readings 

0.0 _ -- — \450 kg. ferro charged 

| | current turned on. 

1.55 184 184 | 110 = Melting completed. 
Units—total. . on 184 
Ferro melted ee es - be om 450 kg. 

(Time, 1 hour 55 minutes.) 
Units per ton es - os @ ee 409 
Efficiency of furnace oe ‘ se 85.5 per cent. 


Nork.—This abnormal efficiency must be partly ascribed to 
high initial heat of the furnace, due to it just having melted a 
charge of steel. 


_ During 2 hours 50 minutes the charge was kept molten 
in the furnace, greatly superheated. At the end of 
& total time in furnace of 4 hours 45 minutes, durin 
which 100 kg. of ferro were tapped, and 100 kg. of cold 
ferro were added, the heat was poured, showing the 
following results :— 


Metal recovered, 543.8 kg. 





year :— 


Loss, 6.2 kg., 11.4 kg. per ton, or 1.14 per cent. 
No slag has been made to protect this bath. 
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Consumption of electrodes by weighing, 800 grammes. | it is intended to convey the idea of one or two small ferro- | 200,000 tons per year 12 ewt. f 600 kg. 
Consumption of electrodes per hour, 180 grammes. | melting furnaces delivering as quickly as melted 300,000, - 3 s (ieee 
Consumption of electrodes per ton melted and kept | and slightly superheated, into one bottle-shaped, tightly- 400,000 ” ¥ a % 4. (ise, ) 
liquid during 2 hours 50 minutes, 7.7 grammes, or | closed, heavily-lined, and well-insulated tilting receiver, 500,000 =, m ... One 36 ,, (1860 ,, ) 
1.7 Ib. placed on a small truck running on a track on the casting- or two 18 ,, (900 ,, ) 
Ah Fig.4 
° a ‘4 i 
Fig.3, RENNERFELT FERRO FURNACES ~y bi 
WITH RECEIVER. 
Mono Rail 
Larry 
7+ ‘ 
J we ioc Plaig Litt 
- a, Sie 3 
g Steel |Furnace TI 4 _— r 
ee iat Un vd 
ect : .. | 
iE a SH nea ve || [QE 
— — 4 erro Gh ; 
i. Za : 2 | oF 
Fk a ENE 
tata: | WAIN 
| ES = Ba mas! 
7 = L . = = 
L = 
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Analyses.—The ferro was analysed at the Ljusne Works 
laboratory, as follows :— 


Manganese. 
Per cent. 
Ferro before charging ... om 80. 
Ferro after melting —_... . ai 79.0 


The loss in ferro is explained by the absence of any 
protecting slag on top of the batb. 

Loss of Manganese.—In test No.1 this could not be 
ascertained, because there were no moulds available in 
in ——_ ye pas the — a —-). that no 
oxidation of manganese took place, the bat ing - 
tected by a limey s In test No. 2 the newly teed 
furnace showed a loss of ferro of 2.03 per cent. for melting 
only. In this case the bath was unprotected, and if the 
—— and cracks in the furnace-lining absorbed only 

kg. of metal, this loss would have been brought down 
to 1 per cent. In test No. 3 the loss of metal in melting 
and keeping molten iv a superheated state during 2 hours 
50 minutes after complete melting results in a total loss 
of metal of 1.14 percent. In regular practice and with 
furnaces running continually on ferro, the bath being 
protected by a small quantity of basic slag, it is therefore 
justifiable to assume a loss in melting of only 1 per cent. 
of the metal charged. 

Conclusions.—1. The high efficiency of the Rennerfelt 
furnace as e melter depends on the excellent insulation of 
the furnace, the tightness of the door, the a ce of all 
air-inlets, the effective arrangement of the small elec- 
i and on the heat-arcs produced by them. 

2. The comparatively low efficiency of the same furnace 
for melting additional charges dropped into the liquid 
bath depends any on the indirect heating of the 
solid lumps of ferro and the stopping of circulation in the 
bath around the cold metal. 

3. The Ljusne tests Nos. 2 and 3, in a small furnace, 
corroborate the excellent melting results obtained in 
Hallstahammar test No, 1. The size of furnace has not 
influenced the economy. The tact that more ample power 
was available during tests No. 2 and 3 accounts for the 
greater efficiency of the furnace. ; 

4. The absence of oxidation of the metal, even if kept 
during long periods in the Rennerfelt furnace, and greatly 
superheated, has been proved, especially if the bath be 
protected by a thin sheet of basic slag. 

5. In order to get the best results, the furnace must be 

only as a melter of ferro, exposed directly to the 
heat rays. The metal, as soon as melted, should be re- 
moved from the farnace into a ladle or into a receiver. 
Better results in remelting will undoubtedly be secured 
if the ferro be added in small quantities, broken into 


small lumps well scattered in the bath. But the best | /#4 


economy will be reached by either of the two methods, 
A or B, described below. 
_ 4, Direct Method (Fig. 2).—This involves building 
inside the furnace, in front of the charging and tapping 
door, a small bridge or platform of magnesite brick. ‘The 
top level of this platform should be slightly below the 
level of the liquid bath when the furnace is cone. 
The cold ferro should be placed on this bridge, in close 
proximity to the heat arcs, the lumps of ferro being ex- 
posed to them. To the users of Rennerfelt furnace 
this offers a simple and inexpensive expedient, which is 
bound to maintain the economy indicated by the first 
— ‘ Tt is — hae in which the ferro is 

u requently, y, in small quantities. 

. Indirect Method {Figs 3 and 4) bane on arran 
nent applicable in many works. By ‘indirect method ” 
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floor level below the ferro-furnaces, and so placed that the 
metal can be poured directly from the melting-furnaces 
into the throat of the receiver. When not receiving 
charges the receiver is placed between the two furnaces 
in front of a weighing-scale supporting the ferro:distri- 
buting ladle. When the receiver is in an upright posi- 
tion, the neck is closed by a heavy plug of firebrick, 
operated by the weighman from his position near the 
scal 


e. 

For preheating the receiver, and eventually to supply 
additional heat A emergencies, a si oil-burner should 
be fitted in the side of the neck. During continuous 
operation this will, however, never be required, as the 
superheat of the ferro drawn from the Rennerfelt furnace 
is sufficient to maintain liquid during several hours the 
metal stored in the receiver. 

Under the steel-works’ casting crane-girder, and alon 
the front of the supporting columns, should be suspend 
a mono-rail on which will travel a hoist-larry carr; the 
small ferro ladle. This ladle should be designed to be of 
sufficient capacity to take the largest charge of ferro 
required for any heat produced. _ it has been filled 
from the receiver, the ladle is lifted by the hoist, and 
moved along the mono-rail until it arrives directly above 
the tapping-trough of the furnace from which the heat is 
pag ty mn When the ladle is raised to a certain height 
above the furnace tapping-trough, a tipping-hook sus- 
pended from the trolley automatically attaches itself to 
the bottom of the ladle. If now the ladle is lowered by 
the hoist-operator, it will gradually be emptied into the 
tapping-trough, the ferro mixing with the steel as it flows 
from the furnace. If desired, the ferro can also, by the 
same arrangement, be poured directly into the casting- 


le. 
This method is recommended for large steel works 
making heavy heats. For such works it is also better to 
work two small ferro furnaces having together the safe 
pacity ired, and so operated that heats are tapped 
from them alternately, rather than to rely on one larger 
furnace. Whether one or two furnaces are employed, a 
spare furnace-shell should be kept as a reserve, lined and 
ready for use. 
6. The ferro-melting furnace should be chosen as small 
as practicable to ensure a regular supply of liquid ferro 
furnace are 





when required. The following sizes of 
recommended for plants running regular! 

revision in case of special requirements :— 
For Steel Works Pro- Furnace 
ducing up to— 


Capacity. 





6 owt. ( 300 kg.) 


75,000 tons per year 





7. The similarity of the figures obtained with two fur- 
naces of different size, run by different men and under 
different conditions, gives assurance of the practical 
trustworthiness of the results obtained. 

8. These experiments indicate an economical method 
of melting ferro for the steel processes. 





Raitway C.assiFicaTION OF Goops.—Tbe Machine- 
Tool and En —~ | Association, Limited, of Queen 
Anne’s a othill-street, Westminster, S.W., 
have issued an alphabetically-arranged list showing the 
railway classification of pom 8 principally dealt with by 
their members. The list isa summary of the General 
Railway Classification of Goods, and it contains some 
useful information relating to the carriage of machinery, 


&c., by rail. 


InstITUTE oF INDUSTRY AND COMMERCE.—A meeting 
of the Imperial Advisory Council of this Institute was 
held on Tuesday, December 22, at the offices of the Insti- 
tute, Aldwych Site, Strand, for the purpose of consider- 
ing the best means of approaching the various Dominion 
Governments with a view to abolishing the payment of 
license taxes payable by British commercial travellers in 
the Dominions and Colonies, and also for the purpose of 
considering the best means of bringing about the stan- 
dardisation of company law througbout Great Britain, 
the Dominions, and Colonies in order to facilitate com- 
merce within the Empire. After carefully considering 
the pro; , the Council decided that a memorandum 
should drawn KONE hh ——s 
with the leading i le organisations, and tha’ 
this memorandum be submitted to the Agents-General 
of the Dominions and Colonies for submission to their 
respective Governments. It is gratifying to learn that 
both suggestions were sympathetically considered, and 
that everything ible will be done to straighten out 
any inequality tbat 1 may be prevalent in company law 
and with regard to license taxes payable by British com- 
mercial travellers travelling in the Dominions. Should 
the Committee be successful in accomplishing the objec- 
tives aimed at, it will have performed a very er- 
able service for the industry and commerce of the country. 
The policy of the Institute of Industry and Commerce is 
to develop a set of satisfactory working conditions within 
the Empire in which industry can operate, and if this 
is accomplished satisfactorily a considerable increase in 
business should follow. The Institute continues to receive 
very distinguished support from among the leaders of 
industry commerce. 
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MERCHANT SHIPBUILDING AND 
ENGINEERING IN 1914. 


For patriotic reasons we have been officially re- 
quested, when compiling our annual returns of new 
ships, ‘‘not to take into account the tonnage and 
pa ee of vessels of His Majesty’s Navy, either 
individually or in the aggregate.” Having complied 
with this reqnest, it is n to modify our com- 
parisons with past years, but fortunately we have 
always given, in Table I., the total merchant tonnage, 
so that it becomes easy now to appreciate the position 
as compared with former years. e total number of 
merchant ships launched in 1914 is 1129, making 
up @ gross tonnage of 1,737,700 tons. This is 
305,000 tons less than in 1913, which marked a record 
in the shipbuilding industry in this country. The 
decrease, as compared with 1912, is 173,835 tons, and 
as compared with 1911, 120,924 tons. But in the three 
lean years, 1908-10, the total was considerably less, 
averaging little more than a million, while this year’s 
total is exactly on a par with 1907. There can be no 
doubt, however, that the warship tonnage is in excess of 
the previous year, when it totalled 269,200 tons, while 
in 1912 it was 196,695 tons. Never before have the 
works engaged on munitions of war been so fully 
occupied as in the period since August last. Never 
before have British workmen displayed such loyalty 
and earnestness in their strenuous work during long 
days and long nights in prt their King and country 
with the best of skill and the cheeriest of temperament. 
So that it can be said that the past year has been one 
of unprecedented activity in all departments of marine 
construction. The same applies to the production of 
machinery. The total horse-power of machinery con- 
structed for merchant ships is 1,473,300. This figure, 
of course, does not include the machinery of warships, 
which in the previous year made up 1,188,600 horse- 
power. The warship machinery output for last year 
is enormously greater, so that the record total of 1913, 
of 2,679,000 indicated horse-power, is certainly ex- 
ceeded. 

We have indicated that the output of merchant 
tonnage is 305,000 tons less than in the previous year. 
This was anticipated, because the year opened with 
declinin a and the prospect of greatly re- 
duced demands upon shipbuilders. Freights con- 
tinued on the down grade; then came the war with 
staggering suddenness. There was at once a paralysis 
of oversea trade. This was checked by the Govern- 
ment’s scheme for covering war insurance riske. As 
the Navy soon established the command of the sea, 
the general condition quickly improved, and oversea 
trade was resumed on all routes with comparative 
freedom from anxiety, except for short periods in 
certain parts, due to the raiding of the enemy’s com- 
merce-destroyers. This, however, has now ended. 
Freights have gone up to a great extent ; in some 
cases from 50 per cent. to 100 per cent. But it 
is only fair to state that the gain is partly 
absorbed by delays in ports, by increased wages to the 
men to cover war risks, and by the greater time 
taken on the voyage owing to detours to obviate 
contact with the enemy’s ships. But withal, the ship- 
owners are reaping @ harvest. This improve- 
ment in shipping freights is due in part to the 
absorption for military service of so many merchant 
ships. There has been withdrawn from the British 
mercantile fleet about 100 vessels, of 600,000 tons, for 
the transport of — apart from vessels for other 
special services. There is a decided quickenin 
of the demand from overseas for the raw materia 
for war and other supplies. A million tonsof German 
ships have been captured or destroyed, and, in addi- 
tion, there is an enormous number of German ships 
held up in their own or neutral porte to prevent them 
being captured by the British Fleet. As a conse- 
quence there has been an increased demand during 
the past two months for new shipping, and it 
may be said that many of the shipbuilders have 
to-day on their order-books orders sufficient to ensure 
full and continuous work during the next twelve 
or fifteen months. Labour is scarce, not only be- 
cause of the t number of men who have gone 
from the marine works to the Colours, but because of 
the absorption of others for the production of arma- 
ments. Steel plates have advanced greatly in price, 
the rise during the past two months being from 

6/. to 71. 108. per ton. Forgings have advanced 100 
per cent., due to the works being engaged so largely on 
war munitions. As a consequence, those shipowners 
who have been caught without sufficient tonnage have 
been required to pay a much higher price for their 
new vessels, the increase in price since the summer 
being from 40 to 50 per cent. During the lean years 
1908-10 the prices were little more than half those now 
demanded, and the rates to day are almost equal to 
the highest paid for general cargo-ships. 

It can scarcely be said that during the past year either 
shipowners or rhipbuilders have prospered greatly 
80 far as dividend-earning has been concerned. “‘ Fair- 
play’s” admirable list of company results shows that 
in the case of fifteen representative shipbuilding com- 





1912. 1911. 1910. 1909. 1908. 





























— 1914. | 1913, 
tons | tons | tons tons tons tons tons. 
Power-driven tonnage* a nia -- 1,709,900 | 2,205,400 1,924,320 1,985,184 1,244,930 1,131,549 980,600 
Sailing tonnage .. ie se s 27,800 | 31,600 | 129,680 47,874 43,660 25,627 54,200 
Totals * sy 4 .-| 1,787,700 | 2,237,000 | 2,054,000 2,038,058 1,288,590 1,157,176 | 1,084,800 
His Majesty's Dockyards ée = ool = 74,960 54,230 55,600 52,852 46,320 | 42,426 
Grand totals | 1,737,700 2,311,960 | 2,108,230 2,088,658 1,341,442 1,208,496 | 1,077,226 
j | | 
Foreign-owned tonnage .. wee} 854,500 | 507,000 | 471,600 ,000 245,686 | 317,000 376,600 
Per cent. of total Sat inpat “cig! gtoa Cn 22 | 224 20.0 13 06| | (58 35 
Total merchant tonnage on we .| 1,737,700 | 2,042,760 1,911,535 1,858,624 1,200,255 1,078,436 992,250 
Per cent. of power-driven merchant tonnage | 
to total merchant tonnage... a os 99.85 99.35 93.2 97.5 96.5 98 95 
Horse-power of engines om _ -. 1,478,800 | 2,679000 | 2,271,775 2,241,500 1,671,600 1,484,810 1,157,140 








Per cent. of all Naval tonnage to merchant 


tonnage .. ° _ 13.2 


* Includes warships in private yards for all years excepting 1914. ft 





panies, with 264 million sterling ordinary capital, the 
return was 7.91 per cent. for the year which ended dur- 
ing the past twelve months, as against 6.98 per cent. in 
the previous year. But if debentures are taken into 
consideration, the return on the whole capital involved 
is not 5 per cent. ; and, moreover, many of the firms 
gain largely from special productions entirely disso- 
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ciated from shipbuilding and marine engineering. 
There are other cases in which practically no profit 
has been made, and the year has not been without its 
failures of shipbuilding concerns. As regards the earn- 
ings of cargo ships, eighty-seven companies, ownin 

over 2 million tons gross of —— , with o book 
value of 15} million sterling, equal to $, 10s. per ton, 
earned during the year 19 per cent. on the basis of a 
depreciation allowance of 5 per cent., whereas in the 
previous year the return on the same basis was 30 per 
cent. The companies, however, are pursuing the 
commendable course of allowing more for deprecia- 
tion, and for the past year an average deduction 
of 9.69 per cent. was made, which reduced the 
actual average dividend paid to 10.38 cent. 
Against this, however, there must be p! the low 
rates during the lean years; the average rate for ten 
or eleven years has been 5.37 per cent., which is not 
adequate for such a hazardous investment. The return 
in the case of twenty-five passenger lines with 5.1 mil- 
lion tons of shipping at an average book price of 
11/. 15s. per ton gross, ie 8.26 per cent. on a capital of 
30} million sterling, as compared with 10.37 per cent. 
in the previous year and 7.79 per cent. two years ago. 
These companies, however, employ in their business as 
working capital large reserves built up in previous 
years, and if these be included in the capital on which 
dividends should be earned, the rate of return is not 
more than 5 per cent. It will therefore be seen that, 








however rosy the situation seems at the moment, 
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Figures for 1914 do not include warship tonnage or engine power. 


capital is not by any means getting an undue share 
of the working results. 


THe Vessets LAUNCHED. 


Of shipbuilding firms (see Table V., page 29) and of 
marine engineering firms 81 have sent us returns, and 
to all of them we express our thanks. The list, how- 
ever, is incomplete, because several firms have devoted 
themselves entirely to warship building this year. This 
is particularly the case with Messrs. Vickers, of Barrow, 
Messrs. John Brown and Co., Limited, of Clydebank, 
Messrs. Beardmore and Co., Limited, of Dalmuir, 
the Fairfield Shipbuilding Company, of Govan, 
Messrs. Yarrow, of Glasgow, Mesers. Thornycroft, 
Southampton, and Messrs. White, of Cowes.. Others 
have eliminated from their return the warship work, 
so that the comparison with the output of such firms 
in the preceding year is inconclusive. This is the 
case with Messrs. Cammell Laird and Co., Limited, 
Sir W. G. Armstrong, Whitworth and Co., Limited, 
Scotts’ Shipbuilding and Engineering Company, 
Limited, Messrs. —_ of Dumbarton, and Messrs. 
Swan, Hunter and igham Richardson, Limited, 
of Newcastle-on-Tyne; and in the engine list the 
Wallsend Slipway and Engineering Company, Limited, 
of Wallsend, and Messrs. Hawthorn, Leslie and Co., 
Limited, Newcastle-on-Tyne. 

The merchant-ship work completed during 1914 is 
thoroughly representative of any year’s output. Of 
sailing tonnage only 27,800 tons fall to be included, 
made up of barges, fishing-craft, and small vevsels 
generally. The steam tonnage is therefore 99.85 per 
cent. of the total, which is about the average for 
several years, as shown in Table I. Of the power- 
— vessels, there is none which can set 

own as of very high speed, although many veesels of 
18 to 20 knots have been turned out, the fastest 
vessels being those constructed for service around 
the British coast and in the Channel. A list of 
notably large vessels is given in Table IV., from which 
it will be seen, that the largest is the White Star liner 
Britannic, of 50,000 tons and 60,000 indicated horse- 
power, which is comparable with the Olympic and Aqui- 
tania of other years. Harland and Wolff's list, indeed, 
not only constitutes a record for the world for one 
firm, but is notable for the number of ships of great 
size included. In addition to the Britannic, there is 
the Statendam, of 33,000 tons and 20,300 horse-power, 
built for the Holland-America line ; the Belgenland, 
of 27,000 tons and 18,400 indicated horse-power, for 
the Red Star Line. In all there were twelve vessels 
exceeding 10,000 tons, one of them a large oil-tank 
steamer. Another feature of the year’s work, as far 
as ships are concerned, is the increasing rate at 
which the Isherwood principle of — framin 
is being applied. his year a ge number o' 
vessels were so fitted in Great Britain, the total for 
the world being 45, of 274,990 tons, bringing the total 
number —— up to 315, of 1,480,983 tons. The 
proportion of merchant work done for foreign owners 
is well up to the average. There were 354,500 tons, 
equal to 20.45 per cent. of merchant vessels. In the 
two previous years the proportion was about 22 per 
cent, and in 1911 about 20 per cent. 


FEATURES IN MACHINERY MANUFACTURE. 


As regards the propelling power in merchant 
ships built in 1914, a notable feature is the in- 
creasing favour of geared turbines. It will be seen 
from Table IV. that two large ships are fitted with 
this system, the Anchor liner Transylvania and the 
Tuscania. It is interesting in this connection to note 
that there is being built a third ship, to be named 
the Aurania, for the same line, and in this case the 
Wallsend Company are an of the 
geared-turbine type, but to utilise superheated in- 
stead of saturated steam. As there is little difference 
between the size and the engine power of the shi 
there will be opportunity for careful teste of 
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TABLE II.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM IN THE YEARS 1908 TO 1914. 
; ik ki pore aes oe : Per Cent. OF PoWER-PROPELUED TO Per Cent. OF COLONIAL AND ForEIGN-OWNED TO 
ToraL Propuction. ToraL Tons. | Torat Tons. 
District. | —_—— = ; 
1914.* | 1913, 1912. | 1911. | 1910. | 1909. | 1908. } 1914. | 1913. | 1912. 1911. 1910. 1914. | 1913. | 1912. 1911. | 1910. | 1909. 1908, 
— - = - - - | | | | ——— - os | 
Scotland. | No.| tons | tons tons | tons tons tons tons || ae va 
Clyde (including outports) .. ..| 261 | 465,000 | 765,000 | 642,000 | 632,000 | 393,000 | 404,000 | 352,800 | 99.06 98.7 9.3 | 98 97.6 22.0 | 22.5 ) 25.2 21.5 24.6 | 24.2 | 34 
Other Scotch ports... a .., 109 42,500 | 51,000 | 41,000| 41,000} 27,800 | 22,000} 45,000 || 99.05 100 96.44 | 83.6 | 96.87 || 15.0 | #28 33 39.0 | 15.4 | 22.4 42 
| | | | 
ud, 1| | } ee 
Tyne ~ — st o ..| 98} 330,000 | 430,000 | 380,000 | 418,000 | 230,000 | 203,000 | 213,000 || 99.82 99.99) 89.6 | 976 | 95.92 6.82 | 23.3 | 20 28.7 | 149 | 29.7) 445 
Wear “ s ae Se ..| 71} 265,000 | 309,000 | 314,000 | 287,000 | 173,600 | 132,600 | 85,000 || 99.79 100 100 | = 99.99 109 | 37.8 | 26.2 328 | 265 | 195 | 332) 304 
Tees e “ re 4 ..| 70] 134,700 | 167,000 | 149,000 | 143,000 | 111,000 | 64,000 | 59,000 || 98.91 |100 99.35 9 | 9.9 | 980 | 9 | a3 14.5 7.22/27 | 187 
Hartlepool _ ba = ..| 29} 130,000 | 170,000 | 130,000 | 136,000 | 77,000 | 68,000| 37,000 | 100 100 100 | 100 100 123 21.7 | 19.2 19.9 25.9 17.8 38 
Humber (Hull and Grimsby) - ..| 117| 64,360 68,700 | 52,700 | 45,000/ 28,800/| 24,900) 20,500 || 96.26 | 96.58 92.4 90 | 82.7 11.9 36 | 14.8 5.6 7.6 9 13.7 
Ale ; Work.| 
“ingle: " ae OE 285 | 66,400| 55,700| 52,000| 20,500} 61,000| 15,000 || 100 100 | 55 9835/100 | 0 | 43.5. | 90 4.7 | 765 | 54 | 33.3 
Mersey < os ae 163| 44,949 | 43,500| 83,200/ 32,000/ 21,600 | 24,500) 23,000 || 76.4 | 82.8 58.5 91.45 84.8 25.3 42 17.4 24.8 24.5 (51.25 5.8 
Blyth and Whitby - - --| 2] 6,158 14,880 | 12,200 9,258 4,890 6,276 6,725 || 100 100 100 100 | 86.3 | 0 20.5 0 0 4.9 | 0 56.5 
h engli Welsh | - 
= poets en eee Pee 191| 20,603 | 32,520| 29,500! 51,000| 33,300| 25,900| 18,200 || 65 68.5 | 67.7 so | 565 || 282 |31.5 |2002] 180 | 262 | 437 | 80.7 
* . -* * * ’ ” ’ ’ ’ ’ 
Ireland. | ed 
Belfast, Londonderry, Dublin, &c. | 21| 234,145 | 129,000 | 164,700 186,800 | 167,100 | 121,000 | 158,600 || 100 ial 99.43 sons| 99.93 | 18.0 | 8 0 1.61 | 99/17.9!| 384 
! | } ; | 

















Tasix III.—Horse-Power of Engines Constructed. 


| 








_ | 1014.* | 1918 | 1012 | 1911. 1910. 
Clyde .-| 606,000 1,117,000 | 878,000 | 787,000 | 621,000 
Other Scotch | | 

rts ..| 64,000, 41,000/ 85,000, 47,700 | 30,700 
North - East 

District ..| 596,000' 920,000 840,000 | 779,000 | 518,000 
Humber ..| 59,700 61,000! 64,450 | 55,700] 44,000 
Barrow — | 121,000| 136,750} 121,000} 90,000 
Mersey ..| 38,700} 93,000, 106,425 | 127,000] 72,500 
Thames and | 

other Eng- } | 

lish ports..| 82,000) 213,000/ 117,700 | 174,000 | 157,700 
Ireland ..|_ 18+,900) 113,000} 93,450 | 150,100 | 137,700 

——_—. | a | | ef 
Total ..| 1,478,300) 2,679,000 | 2,271,775 | 2,241,500 | 1,671,600 








. Machinery of warships is not included. 
TaBLe 1V.—Notable Vessels Launched. 


Name. Tons 1LH.P. Builder of Vessel. 





White Star liner 
Britannic .. » 


, 50,000  60,000+ Harland and Wolff 
Holland - American 


Statendam .. 88,000 20,300t Ditto 
Red Star liner Bel- 
genland ‘ 27,000 18, 400t Ditto 


Royal Mail Steam 
Navigation Oom.- 
pany'’s Steamshi, 


Almanzora : 15,600 12,160+ Ditto 
Pacific Steam Navi- 
gation linerOrbita 15,500 11,840t Ditto 
Aberdeen liner Euri- 
pides - -- 14,987 8, 2701 Ditto 
Anchor liner Tran- 
sylvania .. 14,315 12,000" Scotts’ Shipbuilding and 


Engineering Co. 
14,300 12,000* Alex. Stephen and Co, 


Anchor liner Tus- 


cania ou ¥ 
Canadian Pacific 


liners- 
Metagama +-| 13,009 10,500 Barclay, Curle and Co, 
Limited. 
Missanabie * 12,469 10,500 Ditto Ditto. 
P. and O. liner Kaisar 
t Hind i 11,430 14,000 Caird and Co., Limited. 


Eagle Oil Transport 
Company's San 
Nazario .. 10,064 4,100 Wm. Doxford and Son. 
* Geared turbines. J 


+ Combination —four-cylinder piston engines and low-pressure 
turbine. 


comparative efficiency of the two systems, not only 
in respect of economy, which is already established 
ia favour of superheated steam, but of efficiency in 
service and durability. There are at nt over 20 
vessels being fitted with geared turbines, includ- 
ing poactionliy every type of ship from the cargo- 
carrier, so that it is obvious that this system 
has commended itself ‘to the technical advisers 
of steamship-owning companies, who perhaps are 
best able to decide as to the ral efficiency of 
comparative systems of propelling machinery, since 
they have the res ibility of maintaining regularity 
throughout the king voyages, and have, moreover, 
opportunities for collating data as to the performance 
in general service ; they have to rely more upon such 
results than upon trial-trip and other performances 
under conditions which may conduce to favourable 
results. It is remarkable to note, however, that 
Messrs. Harland and Wolff cortinue to place reliance 
on the combination system of machinery. In six of their 
leviathan ships built in 1914 and included in Table IV. 
they have fitted the combination system, with the 
wing propellers operated by four-cylinder triple-expan- 
sion balanced engines, exhausting into a low- 

turbine on the centre shaft. The fact that Lord Pirrie 
is himself so closely identified with the steamship lines 
for which these vessels were built, and that his staff 
has therefore the fullest facility for seouring data as 
to the sea performances, adds to the significance of 
this preference by the firm. On the other hand, there 
are no other cases of vessels built with the combina- 


* Does not include warshiy s. 
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tion machinery in this country, although scme of the 
Continental firms seem to have a preference for it. In 
their case the arrangement is of four shafts, with two 
reciprocating engines and two low-pressure turbines, 
the steam-piping being so that either recip- 





rocating set can exhaust into either or both exhaust 
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turbines. As regards the internal-combustion engines 
of the Diesel type, the firm which has done the most 
is undoubtedly that associated with Mersrs. Harland 
and Wolff—the Burmeister and Wain (Diesel System) 
Oil-Engine Company, of Glasgow. This firm ha- 
attained a very high degree of success with 
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articular type of engine, and three of the vessels 
Built by Messrs. Harland and Wolff at their Glas- 
gow works have been fitted with engines by them, 
the results having proved special favourable. 
About 20 vessels are in course of construction 
with oil-engines, and, according to Lloyd’s annual 
report, issued some weeks ago, 27 vessels fitted 
with Diesel engines, having a collective power of 
50,000 brake horse-power, are in service. Two or 
three vessels have been fitted with semi-Diesel engines 
for the coasting service, while a number of barges 
have been fitted with oil-engines. The internal-com- 
bustion engine for using mineral oil, but particular] 
the lighter oils, is being extensively used now in small 
craft. Oilfuel is increasing in favour, particularly for 
vessels trading along routes where ey stations 
are provided. That Lloyd’s Register regard this with 
favour is shown by the fact that under certain condi- 
tions they are approving of plans, where suitable pro- 
vision is made, for the use of oil of lower flash-point 
than 150 deg. Fahr. 


Tue Work oF THE DistRICcTs. 

The merchant tonnage and horse-power completed 
in the various districts in 1914 is given respectively 
in Tables II. and III. Difficulty arises of making 
any comparison, since previous years include warship 
work. It may be said that in practically all cases 
there has been a decrease due to lees output of mer- 
chant shipping, but the decrease is not so serious 
as the figures indicate, because on the Clyde and the 
Tyne, at Barrow, and on the Mersey, th2re has been 
very great activity in respect to warship work. The 
Clyde merchant total shows a decrease of 300,000 tons, 
the total being 465,000 tons; but it must be remem- 
bered that there are eight firms engaged on warshi 
work, and their totals are necessarily affected. 
Again, last year there were included seventeen war 
vessels, of nearly 63,000 tons. The decrease in 
the work turned out cannot be more than 200,000 
tons. This is serious enough; but, as already indi- 
cated, a large amount of new merchant tonnage 
has been recently ord -red, so that there is a prospect 
of more continuous employment during this year than 
in 1914. It will be seen from Table II. that in the 
lean years the average output, even including war- 
ships, was only about 383,000 tons, so that the work 
of the past year may be regarded as favourable. As 
regards the output of machinery, this is very seriously 
affected by the absence of warships, and it is only 
506,000 horse-power ; but the Clyde total for warship 
is always more than double that of merchant machi- 
nery, and the past year his been no exception to the 
rule, so that the engineers of the district have been 
quite as busy as in any previous year. As in former 
years, there has been a great variety of work 
undertaken. We have already referred to the 
Burmeister and Wain oil-motor ships, and we note 
that seven geared-turbine steamers were built—the 
two large vessels inc.uded in Table IV., two fast 
steamers for the Canadian Pacific—the Princess 
Margaret and the Princess Irene—built by Messrs. 
Denny; the Brockelbank liner, the Mahanada, of 
7196 tons, was built by Messrs. Connell, of Scotstoun ; 
the Biarritz, of 2479 tons, by Messrs. Denny ; and one 
of 928 tons, for the North Wales traffic, Messrs. 
Inglis. Twin-screw steamers, with reciprocating 
engines, number 28, of 102,000 tons; while ordinary 
single-screw steamers, 83 in number, make up 260,000 
tons. There were also three paddle-steamers, of 2536 
tons, a8 compared with two in the previous year, and 
15 tugs, as compared with 18. The Clyde has always 
been noted for its — and hoppers, and this 
year there are 27 on the list, of 18,470 tons, as com- 
pared with 44, of 30,590 tons, in 1913. There were also 
50 barges and lighters, of 11,413 tons, as com 
with 43 in the previous year. The list further includes 
68 motor-boats as against 71, three pilot-steamers, 
two motor coasters against six, cight pontoons, one 
lighthouse tender, four ferries, three stern-wheel 
steamers, one drifter, 35 sailing yachts and boats, a 
steam-yacht, and two sailing canoes. Of the total, 
28 per cent. was on Colonial or foreign account. 

The firms of the other Scotch ports built 109 vessels, 
of 42,500 tons, excluding very small fishing craft. 
Here no warship work is included, so that the com- 
— with previous years is quite accurate. It will 

seen that the output is tons (equal to 164 per 
cent.) less than in the previous year, but in recent years 
has only been exceeded by the 45,000 tons produced 
in 1908. The horse-power total, on the other hand, is 
higher than in many years, being 54,000 indicated 
horse-power—that is, 13,000 indicated horse-power, 
or 51.7 per cent., more than in 1913. 

The Tyne total is affected very considerably by the 
warship work done by several of the firms, so that the 
reduction of 100,000 tons as com with 1913, and 
of 50,000 tons as compared with 1912, is not sur- 
prising. Of the total, 6.82 per cent. was for forei 
account. The warship work in 1913 was particularly 
heavy, ineluding two foreign battleships, a light- 
armoured cruiser, and five torpedo-boat destroyers ; 
but this year it may be readily assumed that @ con- 








TABLE V.—PRODUCTION IN 1914 OF EACH SHIPBUILDING FIRM IN THE UNITED 








KINGDOM, WITH COMPARATIVE FIGURES FOR PREVIOUS YEARS. 
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| YEARLY € . 
1914.4 1913. Lanonet Torat | avensgn,| Torat,| 6 | § 
Since 1900, 1901-10, | 1911-14. & 
No. Name or Firm. ‘a & 
Ss . to.- 
| 55%) 2% 
| No. | Tons. | No. | Tons, | Year.| Tons, Tons. | Tons. | S** | g5& 
1 |Harland & Wolff, Ltd., Belfast & Glasgow, il 182,759 8 71,202 | 1914 | 182,759 80,875 /449,851 | 69,000 | — 
2 |Swan, Hunterand Wigham Richardson,| 18 82,627 22 | 107,696" | 1906 | 126,921" | 83,566" |441,464*| 11,307") — 
Ltd., Wallsend and Newcastle-on-Tyne| 
3 |Russell and Co., Port G Ww --| B 78,015 16 .876 | 1913 | 83,876 62,065 —~ 21,800 | — 
4 |Workman, Clark and Co., Ltd., Belfast | 9 76,188 11 84,217 | 1909 | 88,052 59,378 (311,195 _ 
5 |Wm. Gray & Co., Ltd., West Hartlepool) 16 82,280" | 18 97,100" | 1913 | 97,100* 54,076 * |347,706" | 22,525* 
6 |Wm. Doxford and Sons, Limited., | 
Sunderland.. a a sit st = 62,928 9 60,086 1907 | 106,058* | 54,594" |289,168*| 17,342 560 
7 |Irvine’s Shipbuilding a-d Dry Docks Co., | 
Limited, West Hartlepool ..  ..| 13 | 65,876" | 15 | 81,160" | 1918 | 81,160" | 48,844" 272,875 | — _ 
8 |Northumberland Shipbuilding Co., Ltd.. | | 
Howdon-on-Tyne .. ve i o> © 52,860" | 12 63,400" | 1911 | 66,408" | 89,537" j244,790 | = — _ 
9 |Palmer’s Shipbuilding and Iron Co.,) | 
Limited, Jarrow-on‘tyne -. .| 9 | 42,800 | 10 | 58,006 | 1912| 58,902 | 23,734 |iose0| — | — 
10 \John and Sons, Limited, . 
South Shields ea a AF oi 8 41,365 8 88,318 | 1914 41,365 23,198 |137,770")  — - 
11 |Sir James Laing and Sons, Limited,) 
Sunderland é - os ies 40,796 5 27,004 1914 40,796 21,612 /109,214 | 21,056 — 
12 |Barclay, Curle & Co., Ltd.,Glasgow . as 41,267 6 45,299 | 1 47,332 $1,261 (169,112 _ _ 
13 |Charles Connell and Co., Ltd., Glasgow) 7 39,914 6 720 | 1912 | 46,313 34,758 |154,797 -_ _ 
14 |Cammell Laird & Oo., Lid., Birkenhead) 50 38,019 63 38,000 | 1912 é 10,265 {175,275 | 10,000 | 7000 
15 |Sir W. G. Armstrong, Whitworth and 
Co., Limited, Newcastle-on-Tyne ..| 7 37,724 9 Q 1913 99,333 48,886 (252,715 _ -_ 
16 |Scotts’ ——, Limited, Greenock 7 $7,671 5 45,015 | 1912 58,313 19,674 |178,597 - _ 
17 |Karle’s Shipbuilding and Engineering 
Company, Limited, Hull a Re a... 86,135 9 36,125 | 1914 36,135 10,053 |118,569 6,700; — 
18 |Ropner & Sons, Ltd., Stockton-on-Tees} 13 | 35,322 | 10 | 60,584" | 1913 | 60,584" | 27,740" |16x,603"| —— | 1470 
19 |Alex. Stephen and Sons, Ltd., Govan, } 
Glasgow... a ‘7 a . 5 34,966 5 47,715 | 1913 | 47,715 25,306 |160,451 _ —_ 
20 |R. and W. Hawthorn, Leslie and | 
Co., Limited, Newcastle-on-Tyne ..| 4 32,110 6 36,217 | 1911 39,594 21,817 |146,381 _ _ 
21 |Richardson, Duck and Co., Stockton- | 
on-Tees o% - ae - - 7 | 30,912 8 33,997 1911 36,244 21,571 184,215) — - 
22 |William Denny & Brothers, Dumbarton| — 78,800 - 40,803 | 1918 40,803 32,943 [143,974 | 11,868 
23 | Bartram and Sons, Sunderland .. an & | 27,082 5 26,895 | 19138 26,895 12,7638 |101,442 | — 
24 |Short Brothers, Sunderland os 4 | 26,489 6 29,286 | 1911 81,425 23,666 /|118,563 a - 
25 |Joreph L. Thompson and Sons, Ltd., } 
Sunderland. . ie od $a --| 6 | 25,010 9 41,4:6 | 1907 48,218 | 24,681 |149,052 | 20,3(8 - 
26 |David and Wm. Henderson and Oo., | 
ORG 4. nc os - asl ~O 24,825 5 | 20,446 | 1902 | 89,849 | 25,436 |110,284 ~- rm 
27 |Sir Raylton Dixon and Co., Ltd., Mid: 
dlesbrough-on-Tees oe - me 6 | 28,444 8 | 30,806 1911 36,782 23,666 (114,499 | 2,068 _ 
28 |Sunderland Shipbuilding Co., Ltd., } } | 
Sunderland - - | 7 27,894" 5 | 19,755 | 1014 27,894" 12,348" | 91,196"! 14,623 _ 
29 |Craig, Taylor and Co., Ltd., Stockton | | 
on-Tees “- ve oa <a. = 20,403 6 | 34,451 | 1901 | 40,244 20,448 |117,464 8,020 
30 |Caird and Co., Ltd., Greenock .. < 2 20,270 4 | 35,980 | 1913 85,8e0 | 14,527 {115,663 - ~- 
31 |Tyne Iron Shipbuilding Co., Ltd., | 
Willington Quay-on-Tyne ai ina 5 19,628 4 17,141 1914 19,678 | 13,004 | 67,765 | 8,913 
82 |Greenock and Grangemouth Dockyard 
Co, Greenock and Grangemouth .. 6 19,103 10 $2,212 1913 82,212 | 18,020 | 86,444 | 1,990 _ 
33 |William Pickersgill and Sons, Ltd., 
Sunderland ée ee es > 4 18,590 5 21,6°3 1905 23,950 12,377 63,238 9,534 — 
34 |William Hamilton and Co., Ltd., Port 
haga eee ieee eae 17,816 7 85,180 | 1907 | 44,805 22,443 118,626 | 6.447) - 
35 |A. McMillan and Son, Ltd., Dumbarton 3 17,222 3 15,580 1912 26,141 | 17,416 78,844 17,222 _ 
36 |J. Blumer and Co., Sunderland .. ° 5 15,344 7 22,025 | 1913 22,025 | 12,859 | 68,043 8,139 a 
37 |Dunlop, Bremner and Co., Port Glasgow 7 14,363 5 10,500 | 1914 14,363 3,124 | 33,044 6,909 | — 
48 |William Dobson and Co., Newcastile-on- 
Tyne.. on on - - 4 14,351 4 12,039 1906 24,811 12,761 59,898 7,648 
39 |Smith’s Dock Co., Ltd., Middlesbrough- 
on-Tees - ee ee os --| 35 13,251 26 12,037 1914 18,241 5,265 47,300 -- 
40 |John Priestman & Co., Ltd , Sunderland 4 16,544* 6 25,703" | 1918 25,703* 12,2383" | 79,108") 4,7u1") — 
41 |Wood, Skinner and Co., Ltd., Newcastle- | 
on-Tyne.. aa oe ee - 6 12,884 6 8,135 1911 15,118 9,049 | 47,08: | 3,932 = 
42 |Robert Thompson and Sons, Ltd., Sun- 
derland ee os ee + 11,714 5 17,134 1912 19,221 11,662 | 62,802 7,300 — 
43 |Osbourne, Graham and Co., Sunderland) 8 11,553 8 12,744 | 1913 12,744 7,120 | 45,706 4,634; — 
44 |Cochrane and Sons, Selby . . ee .-| 89 11,057 39 9,986 | 1914 11,057 3,829 | 38,199 634 — 
45 |Ramage and Ferguson, Limited, Leith. . 3 10, 436 3 2,387 | 1914 10,436 4,019 | 23,189 4,367 _ 
46 |Napier and Miller, Ltd., Old Kilpatrick, 
Glasgow .. + “a be a 8 9,842 5 18,702 | 1907 19,785 14,671 | 57,749 _ _ 
47 |Caledon Shipbuilding and Engineer'ng 
Co , Ltd., Dundee si <- a 9,501 3 13,427 | 1913 13,427 9,234 | 46,824 _ a 
48 |Cook, Welton & Gemmell, Lud., Beverley; 33 9,004 34 8,459 | 1914 9,004 6,626 | 31,907 225 — 
49 |S. P. Austin and Son, Ltd., Sunderland 4 8,635 5 11,667 | 19138 11,667 7,087 — —_ _ 
50 |William Simons and Co., Ltd., Renfrew 12 8,117 15 11,080 | 1913 11,080 7,627 | 82,940 6,717 — 
51 |Fleming and Ferguson, Ltd, Paisley ..| 10 7,950 12 11,500 1918 11,500 5,216 35,450 — 
52 )W. Har and Son, Limited, Middles- 
a ee én oe _ a 6,350 4 6,161 1911 7,117 2,969 | 26,258 2,000 o> 
53 |Blyth Shipbuilding Co., Ltd., Blyth .. 2 6,158 6 14,879 | 1913 14,879 7,452 | 42,630 — _ 
54 |John Crown and Sons, Ltd, Sunderland 4 6,107 4 7,438 | 1913 7,438 3,931 | 20,806 1,926 —_ 
55 |Clyde Shipbuilding and Engineering Co., 
td.,PortGlagow .. .. ..| 4 5,867 5 12,679 | 1909 | 13,305 8,686 | 89,768 sis | — 
56 |Hall, Russell and Co., Ltd., Aberdeen ..| 25 5,311 18 5,892 1902 8,865 4,966 21,624 = _ 
57 | Ailsa Shipbuilding Co., Ltd., Troon and 
eee a he oto. See sae 5,167 | 10 10,155 | 1912 | 14,086 6,118 | 85,919 636 | 636 
58 |Bow, McLachlan and Co., Ltd., Paisley 13 4,792 13 4,864 1906 5,659 2,839 16,004 2,067 780 
59 |A. W. Robertson and Co., Canning Town; 31 4,210 30 4,990 | 19138 4,990 2,646 | 16,197 1,000 | 4210 
60 |John Fullerton and Co., Paisley.. ..| 7 3,014 5 2,768 | 1914 3,614 2,290 | 10,638 a oe 
61 |Lobnitz and Co., Ltd., Kenfrew .. sol 08 3,406 23 8,458 | 1913 8,458 4,577 | 25,529 2,812 
62 |The John Duthie Torry Shipbuilding 
Company, Aberdeen... mi : 16 3,351 14 3,471 | 1007 3,783 1,667 | 12,182 _ _ 
63 |Joseph T. Eltringham and Co., South 
Shields - ae in we a 8,313 s 2,398 | 1914 8,313 1,096 8,712 735| — 
64 |Geo. Brown and Co,,Greenock .. ee 4 8,266 7 4,145 1913 4,145 1,452 19,045 2,487 _ 
65 |Ardrosgan Dry Dock and Shipbuilding 
.. Ltd., Ardrossan... a on 8 3,186 5 1,326 | 1912 8,500 1,165 7,830 428 -- 
66 |Dundee Shipbuilding Company, Limited, 
Dundee... “i a ne ‘ 7 2,649 5 4,600 | 1908 4,776 2,880 | 10,104 _ 790 
67 |Dublin Dockyard Co., Dublin .. 2 2,637 5 3,453 | 1913 8,453 1,248 9,707 — _ 
68 | Alex. Hall and Co., Ltd., Aberdeen 4 2,630 10 2,195 | 1914 2,630 1,406 8,278 _ — 
69 |Sudbrook Shipyard, Sudbrook .. --| 14 2,587 ll 3,280 | 1908 8,424 6,211 9,571 — 1643 
70 |Goole Shipbuilding and Repairing Co., 
Ltd., Goole. . os 4 ee wat © 2,615 7 2,347 | 1911 8,905 6,232 | 21,871 _~ _ 
71 |Scott and Sons, Bowling .. es ee 8 2,216 8 2,519 1904 2,909 1,952 8,614 — 75 
72 \Ferguson Brothers, Ltd., Port Glasgow) — 2,072 4 5. 1911 6,132 255 | 16,184 800; — 
73 |A. and J. Inglis, Limited, G wa 2,035 4 6,604 | 1901 12,204 4,543 | 17,842 _ 77 
74 \Campbeltown Shipbuilding pany, 
Campbeltown aR Ph “ 2 1,926 2 4,819 | 1912 7,574 3,361 | 21,719 1,215| — 
75 \Lytham as and Engineering 
Company, ited, Lytham .. ..| 2 1,883 23 2,472 | 1913 2,472 1,344 8,824 230 | 1082 
76 |Hawthorn and Co., Ltd., Leith .. 7 1,730 3 1,119 | 1912 1,815 627 4,709 ~ 400 
77 \Johp Chambers, Lowestoft ee --| @ 1,761 27 2,155 1913 2,155 1,243 7,563 ~ — 
78 \Isaac J. Abdela and Mitchell, Limited, 
Queensferry we ial iets --| 2 1,644 22 2,700 | 1918 2,700 = 6,184 471 | 1331 
79 |Ritchie, Graham and Milne, Whiteinch, 
Glasgow... =e ae na .-| 18 1,587 10 875 | 1904 3,556 2,113 4,117 1,687 | 1482 
* Jacludes erections, t Doev uot ingludy wrebipa, 
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TABLE V.—PRODUCTION IN 1914 OF EACH SHIPBUILDING FIRM IN THE UNITED 


KINGDOM, WITH COMPARATIVE FIGURES FOR PREVIOUS YEARS—Continued. 








YEARLY | 

















3s . 
" Larerst Toran |... | Toran,| Se 55 
1914 1913. AVERAGE, |; «5 = 
SINCE 1900. ° -14.) a 
No. Name or Fira. | 1901-10, "| 1911-16.) Zé- we 
ey ere 2} wee ae 
asd af 
| No. | Tons No. Tons. Year.| Tons. Tons. Ton. | S™= ZF 
78 |Camper and Nicholsons, Ltd., Gosport| | | 
and Southampton oe ee ‘a 9 1,531 =. 177 1914 1,531 | — 2,897 1,079 101 
79 W. H. Warren, New Holland, Lincs. ..| 8 1,346 7 1,000 1911 1,725 | 684 5,270 | — 1340 
80 W. J. Yarwood & Sons, Ltd., Northwich| 16 | 1,321 16 | 2,405 1913 2,405 611 | 65091; — 187 
81 Chas. Renold«on & Co., South Shields .. 4 1,175 — _ _ —_ _— _ — 620 
82 Murdoch & Murray, Port Glasgow | (8 | 1,149 5 | 8,816 | 1907 6,899 8,261 8,475 634 _ 
83 J. P. Rennoldson & Sons, South Shields 6 1,077 6 | 1,614 1901 2,609 1,489 5,740 — _ 
44 J. Crichton & Oo,, Live 1 a -| @ | 1,077 14 | 141 — 1,913 141 — 122 30 
85 Alley and MacLellan, Ltd., Polmadir, | 
Glasgow - - as _ cal tae 1,075 19 | 2,900 1910 3,500 , 2,562 9,355 1,015 655 
86 Isaac Pimblo:t and Sons, Northwich . 18 1,405 31 529 1914 1,005 398 2,935 986 951 
87 Wm. Chalmers and Co., Ltd., Rutherglen 9 | 1,001 5 | 1,281 1913 | 1,281 _— 2,458 445 433 
88 Philip and Son, Dartmouth ae --| 10 | 925 ll 469 1914 925 617 2,228 895 30 
89 Fellows and Co., Limited, Great 
Yarmouth .. ow - we i 9 794 7 458 1914 794 309 1,311 _ 100 
90 Edwards and Oo., Ltd., Millwall.. --| 18 793 _ —_ 1906 1,875 _ 3,176 | 460 «= 408 
91 |\Crabtree and Co., Limited, Great) | 
Yarmouth .. oa a0 os 6 754 10 925 1912 1,062 1,777 | 3,332 | 360, — 
92 |Livingetone and Cooper, Hessle .. 5 737 — _ — _ | — —- | — -- 
#3 Henry Scarr, Ltd., Hessle, «e ba 9 678 ll 850 1910 1,970 | 1,154 3,318 | — 284 
94 Fred. Braby and Co., Limited, Dept- | 
| ford .. Re a os eo alk an 575 8 324 1907 636 406 | 1,354 1000s 421 
95 G. and J. Forbes, Sandhaven’ =. 12 562 ~ — _ _ _ —_ _— 12 
06 \A. Jeffrey and Co., Alloa,.Leith .. 3 490 2 254 | 1914 490 a 744 _ _ 
97 |\John Cran and Co., Limited, Leith 2 422 7 675 1913 675 358 2,068 — — 
98 |\Cox and Co., Falmouth .. ee és 8 406 6 399 1908 466 195 1,109 | 250 _ 
99 |Hepple and Co., Limited, South Shields 3 | 360 5 550 =: 1910 1,094 543 2,118 _ —_— 
100 P. McGregor and Sons, Kirkintilloch .. 9 354 5 478 =1913 478 248 1,515 254 254 
101 Maryport oe and Repairing 
Co., Limited, Maryport... ..  ... 1 | 285 1 290 | 1905 1,165 370 866 - 
102 Larne ay Co., Larne Harbour 2 2738 — — — —_ _ _— _ _ 
108 Geo. and Thos. Smith, Ltd., Rye ee 3 180 — = — — _ 180 
104 Rowhedge Iron Works Company, Ltd., | 
Rowhedge .. os ee ee ool 175 | 2 269 1913 269 _— “4; -— 
105 Rose Street Foundry and Engineering | 
Company, Limited, Inverness .. a 2 171 — 384 1912 | 252 -- 907 |  — _ 
106 Wm. Fife and Son, Fairlie.. ° 5 130 7 199 1908 | 290 242 788 4 130 
107 MacLaren Brothers, Dumbarton . 18 123 25 120 | 1912 | 357 — 755 6 3 
108 |Aldous, Limited, Brightlingsea .. es 4 115 _ _ = _ —- _ 75 
109 Saltey Brothers, Folly Bridge, Oxford .. 3 108 _ -- _ — — _ 
110 G. Imes, Macduff .. i aa 3 105 -- _— — | _ — — | oo 
lll D. M. Cumming, and Oo., Parkhead, | 
Glasgow... wa ie ee es 4 92 2 120 1909 990 _ 580 92 30 
112 W. White and Sons, Cowes - ae 4 77 = -- — _ -- — _ a 
113 James Miller, Anstruther and St. Monans 8 76 _ - — | -- — 162 _ — 
114 J. and H. Cann, Harwich .. i +“ 1 67 - _ _ — —_ _ _ 67 
115 J. W. Brooke and Co., Ltd., Lowestoft 27 59 | — — —-|} — — -iji- _ 
* Does not include warships. 
siderable amount has been done for the support of the} built at Messrs. Harland and Wolff's yard on the 


Navy. Fewer oil-carriers were produced than in the 
previous year, and there has been less work done in 
such floating structures as caiesone, dock-gates, and 
floating docks themeelves. 

On the Wear there is a sharp decrease, equal to 
44,000 tons, the output having been 71 vessels, of 
265,000 tons, which is less than in any year since 
1910. This is a direct consequence of the reduction in 
the demand for cargo-carriere. Of the proportion of 
work, 37.8 per cent. was for foreigners, which is a 
rather larger proportion than in previous years, 
although the Wear firms ordinarily do a considerable 
amount of work for the Colonies and abroad. 

The Tees total is 32,300 tons less, the measurement 
of the 70 vessels launched being 134,700 tons, ex- 
cluding erections, while as compared with 1912 the 
reduction is 14,300 tons. The output, however, 1s 
fairly up to the average of recent years, and of the 
total, 9 per cent. has been for foreign owners. 

At Hartlepool there has been a decrease of 40,000 
tons as compared with 1913, but the total is exactly 
the same as in 1912, and is only 6000 tons less than in 
1911. Twenty-nine versels were built, all of them of 
large size ; 12.3 per cent. was for foreign owners. 

The engine output of the North-East Coast is con- 
siderably affected by the exclusion of the warship 
work. The total is 596,000 indicated horse-power, 
but, as in the previous year, two battleships ard a 
number of light craft were engined by Tyne firms ; 
and as this year there has been a very large amount 
of work done, not only for ships built in the district, 
but constructed in the dockyards, the total may be 
regarded as satisfactory, notwithstanding the apparent 
decrease of 324,000 horse-power. 

Nothing need be said about the Barrow return, the 
absence of the work of Messrs. Vickers having com- 
pletely prevented any comparison. This holds good in 
some measure as regards the Mersey, but here the 
merchant tonnage is exceptienal ; thus the total is 
1449 tons more than in the previous year, even when 
naval work was included ; but it is nearly 40,000 tons 
less than in 1912. The Hull total is the largest on 
record, due in part to the considerable activity in the 
building of steam trawlers. Indeed, all the firms 
engaged in this work here, on the North-East Coast, 
and at Aberdeen are very fully occupied. 

As to Ireland, the inclusion of several of the large 
liners noted in Table IV. has considerably swelled the 
total, which embraces 21 vessels, of a total tonnage 
of 234,145, the Britannic itself contributing over one- 
fifth of the total. The output is the t in the 
district, and is 115,000 tons more than in the previous 
year, 70,000 more than in 1912. The output of 
machinery includes the engines of one of the vessels 





Clyde ; and the total, 186,900 indicated horse-power, 
is 73,900 indicated horse-power more than in 1913, and 
exactly double the output of 1912. Of the Irish total 
tonnage, 18 per cent. was for foreign owners. 


THe Propvuction oF SHIPBUILDING Firms. 


In Table V. there is given the production of the 
merchant shipbuilding firms for the past year, along 
with comparative figures for the previous years, ex- 
clusively warship-building firms beingabsent. Messrs. 
Harland and Wolff take first place with the largest 
tonnage ever completed by any one firm—182,759 tons. 
while the engine output (Table VL ) aggregates 149,590 
indicated horse-power. This compares with 71,292 tons 
for the previous year, while their previous highest total, 
in 1911, was 118,209 tons. As shown in Table IV., 
their return includes the six largest ships constructed 
during the year, ranging from 14,947 tons to 50,000 
tons ; all of these were fitted with combination ma- 
chinery. The hulls of four of the 11 vessels were con- 
structed at the firm’s yard at Glasgow ; one of these 
was supplied with machinery at Belfast, the three 
others being fitted with Diesel engines of the Bur- 
meister and Wain type, ranging between 2250 and 
3200 brake horse-power, built at Messrs. Burmeister 
and Wain’s works at Glasgow, with which Messrs. 
Harland and Wolff are closely ullied. In the case of 
one of these, the Mississippi, internal-combustion 
engines are used also for supplying electricity for 
the steering-gear, deck machinery, and heating and 
cooking, so that the vessel is the most complete motor- 
equipped ship yet constructed. The prospects for the 
new year are satisfactory, the work in hand including 
two large mail-steamers for the Union-Castle Line, 
with liners for the P. and 0., Pacific, White Star, 
Atlantic Transport, Bibby, Dominion, and American 
lines, and steamers for Messrs. Lamport and Holt, 
and motor vessels for Messrs. Elder, Dempster and Co. 
and the Pacific Steam Navigation Company. 

Messrs. Swan, Hunter and Wigham re 
who topped the list in the previous year, come second 
for 1914, with a total of 18 vessels, of 82,627 tons, 
while the machinery output is 42,440 horse-power. 
This total does not include their warship work, and is 
25,000 tons less than in the previous year, and from 
43,000 to 44,000 tons less than in the two precedirg 
years ; their highest total was that of 1906, 126,291 
tons. 1t is tothe credit of the firm that their average 
since 1901 has been 82,627 tons and 42,440 indicated 
horse-power. Several of the vessels were engined by 
other firms. Of the total, 11,307 tons were con- 
structed for foreign owners. 

Messrs. Russell and Co., Port G w, again head 
the Clyde list; and are third on the list for the king- 


dom of merchant-ship builders. They built a 837-ton 
twin-screw passenger-steamer for Spain, a 7250-ton 
twin-screw insulated cargo-steamer, and two twin- 
| screw Japanese liners, of 6717 tons, the remainder of 
| the 15 vessels being of the single-screw type, with 
| which the firm has been so long identified. The total 
| is only 5800 tons less than their record output, that of 
|1913. Messrs. Workman, Clark and Co., Belfast, com- 
pes nine vessels, of 75,188 tons, all of them ranging 

tween 6111 and 9373 tons, being for British owners. 
This output is about 9000 tons less than in the previous 
year, but 13,700 tons less than the record total of 1909. 
Sir William Gray and Co., West Hartlepool, built 
16 vessels, of 82,280 tons, which, however, includes 
erections. This is about 15,000 tons less than in 
the previous year, which marked a record. Of the 
total, 22.525 tons was for foreign owners. Messrs. 
William Doxford and Sons, Limited, Sunderland, con- 
structed 13 vessels, of 62,928 tons, Board of Trade 
measurement ; but including unmeasured spaces, the 
total is 73,604 tons. The former figure is about 
12,900 tons more than in the previous year, but falls 
short of the firm’s record by over 43,000 tons. The 
Irvine re Company give a total, including 
spaces unmeasured by the Board of Trade, which makes 
their 13 vessels equal 65,875 tons, all for British 
owners. This is 15,285 tons less than the record total, 
that of the previous year. The Northumberland Ship- 
building Company completed nine vessels, of 52,860 
tons, which is 10,540 tr ns less than the previous year, 
and 13,548 tons less than the record total, that of 1911. 

Palmer’s Shipbuilding Company return nine vessels, 
of 42,300 tons, with » total power of 67,110 horse- 
power. This is within 11,000 tons of the total 
ot the previous year, and is only 16,600 tons less than 
the record attained in 1912. Messrs. John Readhead 
and Co. return eight vessels, of 41,365 tons, the 


increase on the total of the previous year being 3047, 
while the machinery output, of 18,400 indicated horse- 
power, shows a decrease of horse-power. This is 


the largest total credited to the fiim. Sir James 
Laing and Sons give the Board of Trade tonnage of 
their seven vessels as 40,796, and the tonnage 
including erections as 44,186 tons. The former is 
the best attained since the firm was reconstructed, 
and is 13,700 tons more than in the previous year. 
Messrs. Barclay, Curle and Co. launched five 
vessels, two of them for the Canadian Pacific 
Company being about 13,000 tons, with engines of 
10,500 indicated horse-power. The other three vessels 
were for the British India Company. The total ton- 
nage, 40,267 tone, is 5000 tons less than in the previous 
year, and 7000 tons less than the record total—that 
of 1907. The engine output—31,500 indicated horse- 
power—is, however, greater than in the previous year 
by 1390 horse-power, but is 9000 indicated horse-power 
less than the record—that of 1907. Messrs. Charles 
Connell and Co.’s vessels were all for Liverpool owners, 
and ranged between 3797 and 7263 tons. The total— 
39,914 tons——is 7200 tons more than in the previous 
year, but is over 5000 tons less than in 1912, the highest 
year of this century. Messrs. Cammell Laird and 
Co.’s total does not include warships. Notwithstand- 
ing this, the merchant tonnage is equal to the total of 
the previous year, but only half that of 1912. Three 
of the vessels were for South American owners, and 
two others were for the P. and O. Company. The 
engine output is, of course, very ccnsieaalae affected 
by the exclusion of warships. 

Sir W. G. Armstrong, Whitworth and Co. are also 
unable to include warships, and thus their total— 
37,724 tons—cannot be regarded as comparable with 
that of previous years. Scotts’ Shipbuilding and 
Engineering Company, Limited, built seven vessels, the 
largest being the geared-turbine-driven Anchor liner 
Transylvania, included in TableIV. Here, again, the 
warship work is not included, so that the figures for 
ships and engines are not comparable with those of 
the previous years. Earle’s Shipbuilding Company 
also built seven vessels, of 36,135 tons, and the machi- 
nery for these and other vessels, built elsewhere, 
makes up 26,390 indicated horse-power. The tonnage 
output is the largest for any year of this century, but 
the engine total is nearly 8000 indicated horse- 

wer less than the record production. Messrs. 

ichardson, Duck and Co. have also seven vessels to 
their credit, and in this case the Board of Trade ton- 
nage is 30,912, while, including erections, the total is 
39,950 tons, figures which show only a slight decrease 
from the high output of the two preceding years. 
In the case of Messrs. Ropner’s return the 13 vessels 
have a Board ot Trade tonnage of 35,322, and, including 
erections, of 40,638 tons, the decrease on this last basis 
is 10,000 tons as compared with the previous year. 
Messrs. Stephens, of Linthouse, include in their five 
steamers the geared-turbine-driven Anchor liner 
Tuscania, as mentioned in Table IV. The other four 
vessels were for the British India Company, and the 
total output, 34,966 tone, is 12,749 tons less than in 
the previous year, which constituted a record. The 
machinery output of the firm, 25,000 horse-power, 18 
13,350 horse-power lees than in the previous year, and 
15,000 horse-power less than in 1911, when the firm 
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TABLE VI.—PRODUCTION OF MARINE MACHINERY BY EACH FIRM IN THE UNITED KINGDOM. 
| Hiewxst Tora, Averaer, ToTaL Hieurst Tora, Averacr, Toran 
1914.t 1913. ° 1914 1913. ’ 
SINCE 1900, 901-10. 1911-14 , SINCE 1900, . “14. 
No. Naue or Frau. 1 Me. an ep Vem, 1901-10. 1911-14. 
H.P. Year. 4H.P. H.P. H.P. H.P. Year. HP. H.P. H.P. 
1 Harland and Wolff, Ltd., Belfast..| 149,590 58,390 1914 149,590 67,583 339,196 38 Ailsa Shipbuilding Co., Ltd., Troon 8,520 5,600 1912 13,150 2,491 37,050 
2 North-Eastern Marine — A | } 389 Dunlop, Bremner and Co., Port 
Company, Limited, Sunderland.. 113,880 89,605 ‘1912 | 129,125 | 95,222 430,715 Glasgow on vs ae Se 8,300 7,400 1914 8,300 8,200 20,750 
3 Denny and Co., Dumbarton ..| 94,950 82,600 1914 94,950 52,560 308,600 40 Clyde Shipbuilding and Engineer- 
4 ‘David Rowan and Co., Glasgow .. 72,000 | 56,470 i914 | 72,000 38,047 239,290 ng Co., Ltd., Port G w  ..| 8,000 | 17,100 1905 18,000 11,185 | 49,150 
5 Palmer’s es and Iron 41 Caledon Shipbuilding and Engi- 
Company, Ltd., Jarrow-on-Tyne 67,110 25,100 1914 67,110 28,402 138.340 neering Co., Ltd., Dundee dn 7,900 6,925 1911 13,970 8,486 $8,195 
6 Blair and Co., Ltd, Stockton .. 59,300 73,700 1912 76,850 42,410 281,000 42 Lobnitz and Oo., Renfrew .. ol [ae 9,582 1912 12,100 5,937 $8,312 
7 Richardsons, Wes' h and Co., | 43 Ramage and Ferguson, Ltd., Leith 7,800 2,650 1914 7,800 5,025 28,200 
Limited, Middlesbrough and 44 Shields Engineering and Dry Docks 
Hartlepool .. é0 oe 53,900 81,500 1901 | 120,150 67,854 266,030 Co., Ltd. orth Shields .. ee 6,490 8,500 1911 12,635 6,045 37,825 
8 ‘Central Marine Engine Warks, | 45 Plenty and Son, Limited, Newbury 6,059 7,880 | 1913 7,880 -- 27,548 
West Hartlepool .. oe ..| 45,470 56,415 1913 | 56,415 28,626 189,755 46 Aitchison, Blair and Co., Clyde- 
9 Workman, Clark and Co., Limited, bank .. > a ee oe 5,760 8,870 1914 5,760 2,433 18,040 
Belfast “6 ne - 45,000 60,200 1909 76,550 44,190 210,400 47 \A. Hall and Co., Ltd., Aberdeen... 5,350 4,310 1914 5,800 2,764 17,560 
10 Swan, Hunter and Wigham 48 G. T. Grey, South Shields .. os 5,080 6,165 1908 10,085 5,455 22,980 
Richardson, Limited, Wallsend | 49 Parsons Motor Co., Southampton 5,000 4,000 1914 5,000 _ 9,000 
and Newcastle-on-Tyne .. : 42,440 28,300 1914 42,440 22,0385 125,088 50 MacColl and Pollock, Ltd., Sun- 
11 George Clark, Limited, Sunder- | derland ol oe ee os 4,680 9,630 1912 11,440 8,408 80,980 
land .. loa mn - -. $1,900 42,150 1906 51,500 37,135 | 167,166 51 John Lewis and Sons, Aberdeen .. 4,600 4,000 1914 4,600 13,659 
12 Wallsend Slipway and Engineering 52 Elliott and Garrood, Beccles and 
Company, Limited ae -.| 41,850 159,550 1913 | 159,550 58,556 397,200 Lowestoft .. as °° oe 4,430 4,070 1914 4,430 3,340 15,110 
13 Cammell Laird and Co., Ltd., Bir- | 53 Ferguson Brothers, Limited, Port 
kenhead ie ~ oe ..| 84,570 90,100 1911 | 122,249 33,342 348,269 Glasgow i“ oe ee ~ 4,160 8,060 1911 10,600 5,906 27,640 
14 Barclay, Curle and Co., Limited, | 54 Campbell and Calderwood, Paisley 3,380 2,850 1903 4,065 3,850 12,8¥0 
Glasgow a he - .. 81,500 30,200 1907 | 40,532 24,142 123,80) 655 J. P. Rennoldson and Sons, South 
15 Scotts’ Shipbuilding and Engineer- | Shields on - ia Ne 3,330 4,687 1902 5,525 4,106 14,408 
ing Co., Ltd., Greenock .. -. 29,900 27,000 =: 1912 51,550 26,725 130,550 6&6 Gouldie, Gillespie and Co., Glas- 
16 William Doxford and Sons, Ltd., UT én. “son v.case of at, ee? eee 3,080 1,496 8,920 
Sunderland .. i os -., 29,200 25,700 1911 43,450 22,918 133,850 67 A. and J. Inglis, Ltd., _ 3,000 11,000 «1911 19,725 6,717 87,625 
17 Earle’s shipbuilding and Engineer- 58 J. Abernethy and Oo., Limited, 
ing Company, Limited, Hull ..| 26,390 27,980 1912 34,260 15,081 118,569 Aberdeen... - ee es 2,620 | 4,555 1913 4,555 1,803 13,720 
18 John Dickinson and Sons, Ltd., 59 Cooper and Greig, Dundee .. ‘nn 2,300 | 8,500 1918 8,500 - 7,600 
Sunderland .. ail ee .-| 25,100 51,360 1906 55,000 29,119 154,280 60 Hawthorn and Co., Limited, Leith 2,220 | 2,060 1906 2,550 1,233 5,770 
19 Alex. Stephen and Sons, Limited, 61 Philip and Son, Dartmouth ; 2,120 878 1914 2,120 — 6,650 
Glasgow bs «e os --| 25,000 38,350 1911 40,000 22,988 135,270 62 Fishers, Limited, Paisley 2,000 | 860 1910 2,140 1,463 5,6lu 
20 Caird and Co., Ltd., Greenock ..| 23,000 27,000 1905 30,000 16,000 | 10¥,000 683 Cox and Co., Falmouth 4 es 1,920 1,000 1906 2,000 1,500 4,446 
21 ‘John G. Kincaid and Co., Limited, 64 Lytham es and Engi- 
Greenock .. ca ‘a --| 22,710 33,100 | 1913 33,100 | 15,025 101,900 neering Co., Ltd., Lytham + 1,900 1,640 1912 8,480 1,735 9,915 
22 Dunsmuir and Jackson, Limited, 65 Jos. T. Eloringham aod Oo., Sout 
Glasgow - a os -.| 21,000 21,000 | 1912 41,650 | 24,768 124,150 Shields “4 ‘a ae es 1,900 —- —_ — — _ 
23 Charles D. Holmes and Co., Ltd., 66 Murdoch and Murray, Ltd., Port | 
Hull .. ve xe ~ --| 19,455 19,186 1914 19,455 10,087 68,721 Glasgow... om a ua 1,700 _ — | 6,800 12,243 ond 
24 John Readhead and Sons, Limited, 67 J. and T. Hosking, Bermondsey .. 1,660 2,140 1911) 2,845 -- 8,315 
South Shields ne ae ... 18,400 | 18,800 1913 18,800 12,015 68,550 68 Orabtree and Co., Limited, Great 
25 Rankin and Blackmore, Greenock 17,250 | 35,870 1913 35,870 18,530 96,720 Yarmouth .. ot an 1,596 4,800 1907; 8120 4,810 16,125 
26 Bow, McLachlan and Co., Limited, 69 W. J. Yarwood and Sons, North- | 
Paisle ae - --| 14,600 12,100 1914 14,600 8,441 47,490 wich .. se pa - — 1,540 1,611 1913 1,611 - 4,673 
27 Smith's Dock Co., Limited, Middles- | 70 Hepple and Co., South Shields’ .. 1,400 1,900 1907 2,745 1,203 6,248 
brough - es oe --| 14,660 13,250 1914 | 14,560 _ 39,810 71 Rowhedge Iron Works Company, 
28 Amos and Smith, Limited, Hull ... 13,830 12,271 1907 | 14,620 9,248 50,562 Limited, Rowhedge ee om 1,124 445 1914 1,124 a 1,669 
29 Bergius Launch and Engine Com- | 72 Rose Street Foundry Company, 
| pany, Limited, Glasgow .. --| 18,500 12,713 1914 | 13,500 — 26,213 Inverness .. a oe oe 1,070 1,100 1912 1,270 — 2,935 
30 |\D. and W. Henderson and Co., | 73 John Cran and Co., Leith .. os 9u0 2,720 1907 3,949 953 5,870 
Limited, Glasgow .. ey .-| 12,580 18,100 1902 35,300 20,483 74,770 74 Alley and Maclellan, Limited, 
31 Ross and Duncan, Govan .. --, 12,676 15,250 1912 15,420 11,410 53,525 Glasgow _ a> os en 775 300 1904 1,680 1,107 2,486 
32 William Simons and Co., Limited, 75 Isaac J. Abdella and Mitchell, 
Renfrew 7 a“ - o-| 18,680 14,340 1908 18,910 11,523 47,155 Limited, Queensferry ee - 680 245 1911 1,590 | _ 8,165 
83 W. V. V. Lidgerwood, Coatbridge 12,335 6,760 | 1907 16,540 9,358 40,500 76 J. W. Brooke and Oo, Lid., 
34 Burmeister and Wain (Diese) Lowestoft .. ee oh iy 606 10,138 1912 11,600 -- | $0,282 
system) .l-Engine Co., Ltd., 77 Vauxhall and West Hydraulic 
Glasgow ea - ve -.| 12,835 _- _ - _— — Engineering Co., Ltd., Luton .. 570 —_ 1208 4,228 2,762 5,180 
35 Fleming and Ferguson, Limited, 78 Menzies and Co., Limited, Leith .. 380 | 175 = 1905 1,250 470 1,290 
Paisley on = _ --| 12,000 13,80 1913 13,800 7,940 50,660 79 |W. White and Sons, Cowes.. es 306 | 117 1913 316 _ S869 
36 McKie and Baxter, Govan .. 11,620 8,790 1914 11,520 6,808 39,860 80 W. Sisson and Co., Limited, | 
7 Hall, Russell and Co., Limited, a, ; 270 | 361 1908 950 420 1,256 
Aberdeen ~ a. .. 10,700 10,010 1914 10,700 7,132 39,645 81 |A. Jeffrey and Oo., Alloa .. 220 | _ _ _— — _ 





attained their highest production. Messrs. Hawthorn, 
Leslie’s return of four vessels, of 32,110 tons Board of 
Trade measurement, or 32,818 tons including erections, 
does not include the warship work. But even so it is 
only 4107 tons less than in the previous year, and 
7484 tons less than in 1911, when the output was the 
highest attained in any year by the firm. Messrs. 
William Denny and Brothers’ return is always inter- 
esting, and this year includes three geared-turbine 
steamers, already referred to, with a screw steamer of 
7470 tons, and vessels for river navigation in India. 
This, however, does not include the warship work. 


PRopUCTION OF MARINE ENGINEERING Firms. 


The production of machinery for merchant ships by 
the various firms in the United Kingdom is given in 
Table VI., with figures for previous years to assist 
comparison; but here again the result is greatly 
affected by the absence of the warship work. Messrs. 
Harland and Wolff top the list, but their total would 
undoubtedly have been exceeded by one or more of 
the firms exclusively engaged in warship work, and 
that, too, by a very large amount. We have referred 
to the work done by the firm in dealing with the 
shipbuilding output, as well as to the engineering 
work of other firms who are also shipbuilders, so that 
here we may confine ourselves exclusively to the 
returns made by engineering firms who do not them- 
seives construct the hulls o —_ 

The North-Eastern Marine Engineering Company 
take first plece in this respect, their total output being 
113,880 indicated horse-power, the collective power 
for 51 vessels, the — sets being of 5500 indi- 
cated horse-power. e total is 24,275 indicated 
horse-power more than in the previous year, but falls 
short of the highest total reached, in 1912, by 15,245 
indicated horse-power. Of the total, 78,655 indicated 
horse-power is credited to the works at Wallsend, and 
40,125 indicated horse-power to the works at Sunder- 


land. Messrs: David Rowan atid Co., Glasgow, engined | Island 


16 steamers constructed on the Clyde and one built at 
Trieste. In the case of the Mahanada, the turbines 
and gearing were built by the Parsons Company, but 
the boilers and the remainder of the machinery by 
Messrs. Rowan. The total, excluding the turbines, is 
72,000 indicated horse-power, 15,530 indicated horse- 
power more than in the preceding year ; indeed, this 
is the largest output in any year since 1900. Messrs. 
Blair and Co., Limited engined 23 vessels, all built on 
the North-East Coast, the collective power being 
59,300 indicated horse-power, which is 14,400 indi- 
cated horse-power less than in the preceding year, 
and 17,550 less than the record output attained 
in 1912. The sets of machinery ranged from 1600 to 
3750 indicated horse-power. Messrs. Richardsons, 
Westgarth and Co., Limited, turned out machinery for 
26 vessels, ranging from 4000 down to 1000 indicated 
horse-power, the total being 53,900 indicated horse- 
power. This is 27,600 indicated horse-power under 
the previous year, and is less than half the maximum 
attained in 1901. The firm, however, built steam- 
turbines for land use, totalling 43,000 indicated horse- 
power ; but this, of course, is not included in the 
marine output. The Central Marine-Engine Works, 
West Hartlepool, completed 17 sets of machinery, 
of an ate indicated horse - power of 45,470, 
as com with 20 sets, of 56,415 indicated 
horse-power, in 1913, all of the engines being of the 
po, eda y oars type. Messrs. George Clark’s return 
embraces twenty engines, of 41,900 horse-power, which 
is only 250 horse-power less than in 1913, although 
about 10,000 horse-power less than in 1906. 

The Wallsend Slipway and Engineering Company, 
Limited, do not include warships in their return, so 
that a comparison cannot be made with the preceding 
years. Their merchant work includes engines for 
nine vessels, totalling 41,850 indicated horse-power, 


and amongst the number is a twin set of Diesel marine 
engines of 1500 horse-power, while the Prince Edward 
has & set of engines forward and two sets aft. 








Messrs. John Dickinson and Sons, Limited, Sunder- 
land, engined 10 vessels, the total being 25,100 indi- 
cated horse-power, which is barely half the output of 
the previous year. Messrs. John G. Kincaid and 
Co., Limited, Greenock, produced 12 sets of engines, 
four of them for re ships, and the others 
for Clyde steamers. The total output is 22,710 indi- 
cated horse-power, over 10,000 indicated horse-power 
less than in 1913, which had an exceptionally high total. 
Messrs, Dunsmuir and Jackson, Timited, lasgow, 
return 21,000 horse-power, the same as in the previous 
ear, but little more than half the maximum produced 
y the firm in one year. Messrs. Chas. D. Holmes and 
Co., Hull, have profited by the great demand for 
trawlers, their total output of 19,455 indicated horse- 
cet being the highest attained by the firm. Messrs. 
nkin and Blackmore, Greenock, engined seven ves- 
sels, the collective power being 17,250 indicated horse- 
power. This, however, is only half the total of 1913, 
| when the firm had the highestaggregate in their history, 
35,870 horee-power. Messrs. Amos and Smith have 
also experienced a brisk year. Their output, which 
includes four sete of compound engines for tugs built 
| abroad and triple-expansion engines for 28 trawlers, 
| makes up 13,830 indicated horse-power—1559 more 
| than in the previous year, but 790 indicated horse- 
| power less than the total of 1907, which was the 
| highest. Messrs. Ross and Duncan, Govan, shi 
| abroad engines of 4625 indicated horse-power, which, 
added to ten sets of machinery for Clyde vessels, 
made up a total of 12,675 indicated horse-power, 
which is 2575 less than the power produced in the pre- 
vious year, when the total was practically a maximum. 
Our returns this year include one from Messrs. Bur- 
meister and Wain, which comprises Diesel engines 
ag ting 12,335 indicated horse-power for the pro- 
pulsion of ships, but the total power of all the Diesel 
engines made, which includes emergency lighting 
sets for various vessels, was 13,885. yo Me okie 
and Baxter, of Glasgow, return 11,520 horse-power: 
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FOREIGN ENGINEERING PROJECTS. 


WE give below a few data on several foreign engi- 
neering projects taken from the Board of Trade Journal. 
Further information on these projects can be obtained 
from the Commercial Intelligence Branch, Board of 
Trade, 73, Basinghall-street, London, E.C. 

in. The Gaceta de Madrid notifies that tenders 
will be opened at noon on January 5, 1915, at the Direc- 
cién General de Obras Piblicas, Ministerio de Fomento, 
Madrid, for the execution of dredging works at the port 
of Alicante at an estimated cost of 283,038 pesetas (about 
10,880/.). A preliminary deposit of 14,152 — (about 
5401.) is required to qualify any tender. The conditions 
of contract contain clauses to the effect that at the first 
competition the material to be used will be confined, 
with certain exceptions, to products of Spanish manu- 
facture, but that in theevent of no decision being arrived 
at, a second competition, in which foreign products may 
be accepted, will then take place. In the latter event 
Spanish products will bave a 10 per cent. margin of 
preference over foreign. 

Brazil : The Diario Official, Rio de Janeiro, publishes 
a Decree approving the projects of the Great Western of 
Brazil Railway Company, Limited, for the construction 
of the Pesqueira-Flores section of the Pernambuco Cen- 
tral Riilway. The Diario also publishes a Decree 
approving the plans presented by the Compagnie Auxi- 
liare de Chemins de Fer au Brésil for the construction 
of an arch bridge and two metal river bridges on the 
Santa Maria-Porto — section of the Rio Grande do 
Sul Railway. The total estimated cost of these bridges is 
189,167 milreis (about 12,0007. ). 

Chile: The Diario Oficial, Seatings, publishes a Decree, 
dated September 30, approving the project of Messrs. 
Gibbs and Co. for the construction of a railway from 
Caleta Blanco Encalada to Cerro del Arbol. The line 
will be of metre gauge, and will have an approximate 
length of 252 km. (about 156 miles). The first section of 
the railway, from Caleta Blanco Encalada to the station 
of Lacalle on the northern section of the Longitudinal 
Railway, must be completed within a period of four years, 
and the whole line within six years from the date of the 
Decree. The project of Messrs. Dauelsberg and Co., for 
a quay, 246 m. (abcubt 267 yards) long and 10 m. (near! 
11 yards) wide at the port of Antofagasta, is also approved. 
Pians must be mted to the Ministerio de Hacienda 
within a period of three months from the date of the 
Decree, and the work must be completed within a further 
twelve months under pain of forfeiting the conce-sion. 
The Diario further publishes a Decree, dated October 6, 
granting a concession to Sefiores Domingo S. Paffetti and 
Tomas Mejique for the utilisation, at the rate of 2700 
litres (about 600 gallons) per second, of the waters of the 
Rio Gamboa, in the Department of Castro, for the supply 
of light and power to the town of Castro. Plans must be 
submitted for the approval of the Government within a 
period of twelve months from the date of the Decree. 








Tue Sourn Wags Coat Annvat, 1915.—This annual 
is edited by Messrs. Joceph Davies and C. P. Hailey, 
and is issued at the price of 7s. 6d. net by the Business 
Statistics Company, Limited, 12, James-street, Cardiff, 
and 20, Victoria-street, London, S.W. he present is 
the twelfth annual issue, and, like the preceding issues, it 
will prove of great service for reference purposes regurd- 
ing Welsh coal output, exports, and prices. It also 
contains information on wages questions, on the available 
reserves of all classes of coal in the different Welsh 
basins, &c. It is completed by a detailed index. 





COAL AND BriqueTres IN THE UnitTED States.—Two 
recent publications of the United States deal with 
** Coals Available for Export Trade” (Bulletin No. 76, 
United States Bureau of Mines, by V. H. Manning) and 
with ‘‘ Fuel Briquetting in 1913” (Paper II. : 2 of the 
United States logical Survey, by E. W. Parker). 
The Bureau of Mines tests all eoal for the Government 
and has developed new methods and rules for the pur- 
chase of coal, thanks to which considerable economies 
have already been realised. The exports of coal from the 
United States amounted in 1913 to 16,083,101 tons, of 
which 11,500,000 tons went to Canada and 450,000 tons 
to South America. The analyses are made on the basis 
‘*as received ” and on the “‘ dry coal” or ‘‘ moisture free” 
basis; the analyses determine volatile matter, fixed 
carbon, sulphur, and ash. The first publication men- 
tioned briefly describes the coals of the six coal-fields 
which export their produce ria Philadelphia, Baltimore, 
Newport News, Norfolk, Charleston, Mobile, and New 
Orleans. The fields are situated in the Allegheny 
Mountains, from Pennsylvania down to Alabama, and 
further west in Illinois and Kentucky; New Orleans 
is the port for this last coal-field. The fuel-briquetting 
industry of the United States is still in a very cay stage 
of development, the briquetted fuel being wanted for 
domestic use merely. The number of plants decreased 
by 2 (leaving 17) in 1913 ; the quantity of briquetted fuel 
decreased by 17 per cent., and yet increased in value by 
5.8 per cent. the 62,244 short tons of briquettes produced 
being valued at 240,643 dols. The materials utilised are 
anthracite culms or fines, semi-anthracite, bituminous 
slack, and carbon residue from works making gas 
from petroleum ; the binders are pitch (from coal- 
tar, water-gas and asphalt), or mixed binders of un- 
published compositions ; the carbon from oil-gas residue 
requires no binder. Two F sacamg which utilised coke 
breeze have remained shut down for the last two years. 
The second of the two pa we mention gives statistics 
brief notes on 


of the production in the different States 


CATALOGUES. 
Electric-Light Fittings. — The Wardle Engineering 
Company, Limited, of 196, Desmaaem, Manchester, have 
issued an illustrated catalogue and price-list of electric- 
light fittings for use with half-watt lamps. Among them 
are included fittings for shop-window and street-lighting, 
as well as bowl and other fittings for interior lighting on 
the semi-indirect principle. 
Tubes.—Messrs. Glover, Edwards and Oo., of 8, 
Laurence Pountney Hill, E.C., who are agents for the 
Page-Hersey Iron, Tube, and Lead Company, Limited, 
of Toronte, Canada, have sent us a list of tubes manu- 
factured by the latter firm. Butt-welded and lap-welded 
tubes are made in gas and steam qualities up to 10 in. in 
diameter, and sizes up to 6 in. in diameter, to British 
standard gauge and thread, are kept in stock in London. 
Prices are stated for these tubes, and particulars are 
ang of steel spigot and socket-pipes and tubular electric- 
ine poles. Some interesting photographs of the Page- 
Hersey ey ty te tube-making plant at Welland, 
Ontario, are also reproduced. 
Elevator and Conveyor Accessories.—From Messrs. 8. 8. 
Stott and Co., of Laneside Foundry, Haslingden, near 
Manchester, we have received a copy of their latest cata- 
logue of accessories for elevators and conveyors. Steel 
rollers and bearings for band-conveyors are first dealt with, 
and particulars are then given of tension-adjusting de- 
vices, travelling throw-off carriages, feed-hoppers, belting, 
and other accessories for conveyors of this type. Boots, 
heads, buckets, and other parts for bucket-type elevators 
are included in the catalogue, ther with plummer- 
blocks, shaft-couplings, friction-clutches, rope and belt 
pulleys, gear-wheels, and many other accessories for 
power transmission. The catalogue is very fully illus- 
— and prices are stated for most of the articles 
listed. 


Grinding- Wheels.—A useful catalogue and 
grinding-wheels has been issued by the Britis 
Wheel Company, Limited, of Tinsley, Sheffield. These 
wheels, which are sold under the trade name ‘‘ Bulldog,” 
are made by the vitrified, silicate, and elastic processes, 
and the abrasive materials employed are corundum, car- 
borundum, and ‘‘Electrundum.” The latter material, 
as its name implies, is a product of the electric furnace. 
[t is made by melting amorphous alumina, which cools 
intoa hard crystalline mass having excellent abrasive 
properties. Wheels made of ‘‘ Electrundum” are claimed 
to be especially suitable for all precision work, and for 
grinding alloy steels, hardened steels, &c. e cata- 
logue gives much information relating to the different 
qualities and grades of wheels manufactured, and states 
prices for plain wheels renging from lin. in diameter by 
+ in. thick to 36 in. in diameter by 5 in. thick. It also 
gives full particulars of cup wheels, cylinder-wheels, and 
special wheels for all types of grinding-machines. 


Crushing and Grinding Machinery.—We bave received 
from Messrs. Ernest Newell and Co., Limited, of Mister- 
ton, Gainsborough, an illustrated catalogue of crushing 
and grinding machinery manufactured by them and sold 
under the trade name “Lion.” Gyratory crushers for 
rock and ore are first dealt with. These are made in 
eight sizes, capable of crushing from 4 to 200 tons of rock 
per hour to pass through a 2}-in. ring. Particulars are 
then given of standard-tube mills for wet and dry-grind- 
ing, 1 mills for dry-grinding, red crushing-rolls, 
Carr-type disin tors, and revolving screens. A set 
of three rotary kilns, recently constructed for the Asso- 
ciated Portland Cement Manufacturers, is also illus- 
trated in the catalogue. These kilns are each 200 ft. 
long by 8 ft. 6 in. and 10 ft. in diameter at the burning 
zones ; their combined capacity is 3500 tons per week. 
On the same page the first rotary kiln erected in this 
country is illustrated. It was 13 ft. 6 in. long and 3 ft. 6in. 
in diameter; the contrast with the modern kilns is certainly 
striking. 

Steam - Fittings, Boiler - Mountings, 4c.—Messrs. 8. 
Dixon and Son, Limited, of Leeds, whose London address 
is 6, Laurence Pountney Fill, Cannon-street, E.C., have 
sent us a very useful catalogue of steam-fittings. boiler- 
mountings, &c. The catalogue, which contains 127 pages 
bound in paper-covered boards, with cloth back, deals 
with valves and cocks in gun-metal and iron, fusible 
plugs, unions, oil-boxes, lubricators, complete sets of 
boiler-mountings, water-gauges, test-cocks, whistles, fire- 
fittings, injectors, pressure - gauges, reducing - valves, 
steam-traps, &c. Special attention is called to Rennie’s 
patent stop-valves, which are suitable for use with high- 
pressure, low-pressure, and superheated steam. The 
valves are designed so that the seating is above the top 
of the valve y, & point which greatly facilitates the 
inspection of the seating when the cover is removed. It 
also enables any re-facing or grinding to be done very 
easily without removing the valve body from the pipe. 
Several other advantages are claimed for these valves, 
— it is an —_ me i may be 
repacked under pressure when the valve is y opened. 
Prices and full particulars of all the fittings are given in 
the catalogue, which is very conveniently arranged. It 
is provided with numerical and alphabetical indices, and 

with a thumb-index, which enables any section to 
be found instantly. 


Lathe-Chuck.—A pamphlet illustrating and describing 
the Coventry chuck has reached us from the makers, 
Mesrs. Alfred Herbert, Limited, of Coventry. This 
chuck is of the scroll type with three jaws, and it is 
clai to possess exceptional strength, so that the makers 
are able to guarantee it agai It is intended 
for heavy work on turret-lathes and automatic turning- 
machines. One of its most im * features is she 
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usual radial slots for the jaws. In the Coventry chuck 
the — Sales te are ae bp rang owe 
are in y three sector- plates 

on to the body. The scroll is formed with a circular 
curve instead of the usual spiral, and thus both the 
inner and outer surfaces of the shoe at the back of 
the jaw-slide can be made to bear on the scroll for 
the whole of their width, instead of merely along a 
line, as is the case with a spiral scroll. By this means 
wear is practically eliminated. The pinions are made of 
chrome-nickel steel, and have a special form of tooth that 
is exceptionally strong ; it is claimed that they cannot be 
broken. The question of lubrication has been specially 
considered in the design of the Coventry chuck. In the 
ordinary scrolJ-chuck dirt and metal chips can enter the 
chuck body through the open jaw-slots, and thus an 
abrasive paste of chips and oil is formed inside the chuck, 
and excessive wear takes place. The working parts of 
the Coventry chuck are, however, totally enclosed, and 
proper means are provided for admitting and retaining 
oil, while dirt and chips are rigidly excluded. The jaws 
are reversible, and can be independently adjusted to 
hold eccentric or irregular work. ey may 
removed entirely, and the chuck used as an ordinary 
face-plate, the work being bolted to the chuck-face by 
means of the tee slots in the jaw-slides. In this way 
special chucking fixtures can also be bolted on to the 
pr oe Several other special features of these chucks 
are ref to in the pamphlet, which also gives dimen- 
sions and states prices for six sizes, ranging from 9 in. 
to 25 in. in diameter. 


Electric-Arc Welding.—The Anglo-Swedish Electric. 
Welding Company, Limited, of Wood Wharf, Greenwich, 
S.E., have sent us a pamphlet relating to the Kjellberg 
arc welding process. This process, which has been in 
operation on a commercial scale for the last ten years, is 
largely used for effecting repairs to marine and other 
boilers; but it is also useful for welding flanges and 
branches on to large steam-pipes, filling blow-holes in steel 
castings, building metal on to worn or defective machine 
parts, and other work of this class. According to the 
Kjellberg process, the electrode consists of a steel rod 
covered with a sheath of non-conducting material, which 
not only protects the fused metal from oxidation, but 
provides a means for making up the loss of certain con- 
stituents in the arc. The metal deposited can thus be 
made to have the same composition and physical pro- 
perties as the original article. Another important effect 
of the sheath is to reduce the temperature of the arc to 
but little above the melting-point of steel, thus practically 
eliminating the risk of burning the metal. The metal may 
be deposited vertically upwards or downwards, or inahori- 
zontal direction, which is obviously an important feature 
in connection with marine-boiler repairs. The pamphlet 
includes particulars of a large number of tests carried out 
by independent authorities to show the strength and 
ductility of the deposited metal, and also illustrates 
numerous examples of repairs carried out by the process. 
Among them are included marine boilers, stern-frames of 
steamers, tanks, crank-shafts, propeller-shafts, pistons, 
water-jackets, castings, and other parts. A particularly 
interesting example illustrated is a worm for the steering- 
gear of a steamer. The thread was badly worn on both 
sides to a depth of about ,'; in. below the original surface 
of the metal. New metal was added to the worn parts, 
and the worm was then turned up to its original size. 
Many similar repairs have, we understand, been carried 
out with satisfactory results. The company have a 
number of floating and portable plants for carrying out 
the process by their own workmen, and are also prepared 
to grant licences for the use of tho process to manufac- 
turers and others. 





ASBESTOS IN 1913.—Canada remains the chief source 
of asbestos, which it produces in increasing quantities ; 
but Russia bas also become of importance in this field. 
The Canadian asbestos comes almost entirely from the 
eastern portions of Quebec, from Thetford, Black Lake, 
and Danville. The total output in 1913 amounted to 
132,564 short tons, against 102,759 tons in 1912. The 
136,951 tons cold in 1913 averaged a price of 27.97 dols. 

r ton, the average price of 1912 being 27.95 dols. 

uring recent years Canada has always supplied more 
than 80 per cent. of the world’s asbestos. Of Canada’s 
exported asbestos, we see from Paper II. : 20 of the 
United States Geological Survey (compiled by J. 8. 
Diller), 103,812 short tons, valued at 2,848,047 dols.—+.c., 
83 per cent. of the whole exports—went to the United 
States, which are unimportant as an asbestos-mining 
country, but rank first in the manufacture of asbestos 

oods. The production of asbestos in the United States 
lecreased from 7604 short tons in 1911 to 4403 tons in 
1912, and to 1100 tons in 1913. All the asbestos of 1913 
came from two mines in Georgia and one mine in 
Arizona, the Chrysotile Asbestos Corporation, of 
Vermont, having been closed in 1913. The chief coun- 
tries importing manufactured asbestos into the United 
States are England (value of imported asbestos, 176,413 
dols. in 1913), Austria-Hungary and Germany, these two 
countries supplying together about as much as England ; 
Belgium comes next in order (value 28,616 dols. in 1913). 
The value of asbestos imported into the United States 
totalled 2,367,666 dols. in 1913; this figure is nearly 
double that of 1909, and comprises 378,961 dols. of manu- 
factured asbestos, which is subject to a duty ranging 
from 25 per cent. up to 40 per cent. The Russian ashestos 
comes chiefly from the Ekaterinburg district of the Ural ; 
the exports amounted to 18,138 short tons in 1912. South 
Africa and Rhodesia also supply asbestos. The parti- 
culars of J. S. Diller’s compilation on asbestos in the 
United States will interest mainly the geologist and 





derign of the chuck body, which is made without the 





prospector ; the manufacture is not dealt with, 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 
no case ; where none is mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, é&c., 
of the Communicators are given in italics. 
— of Specifications may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price 0, 


of 6d. 
The date of the advertisement of the mee of a Commie 
w 


Specification is, in each case, given after abstract, unless 
Fatent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 


the advertisement of the nce of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


21,0293. C. O. Bastian, London. Electric Glow- 
Lamps. (2 Figs.) September 17, 1913.—Thi:s invention relates 
to electric glow-lamps of the kind having a wire in spiral form as 
the radiating bcdy therein, and, according thereto, the wire is 
wound with the convolutions thereof only slightly separated 
from one another—i.e , the convolutions as close to one 
another as possible without being actually in electrical contact 
with one another, so that the wire is somewhat like a tube, and 
only capable of effective radiation from its outer surface. 
Numerous observations and experiments made by the applicant 
tend to show that the lif+ of a metallic filament in a glow-lamp 
depends on the sum of the molecular or atomic disturbances due 
to temp2rature on the one hand and current density on the 
other, and if the disturbance due to current density be reduced, 
then the disturbance due to temperature can be increased with- 
out necessarily increasing the total disturbance in the filament 
so long as the temperature of vaporisation is not attained. As 
compared with metallic-filament lamps as heretofore cons*ructed 
and operated at an effisiency of 1 watt per candle-power, accord- 
ing to this invention, the current density in the wire is reduced 
by suitably increasing the cross-section of the latter and arranging 

itin the form of a closely-wound spiral, whereby such closely- 
wound spiral may be operated at a temperature corresponding to 





a much higher light efficiency—e.g., an efficiency of 0.6 watt | nad 
Hefner candle- power, and even U.5 watt per Hefaer candle- 
power, over a p:olonged period, say, for 1 hours or there- 
abouts. Fig. 1 shows a wire arranged in tubular form, after 
having been removed from the mandrel, on which it has been 
wound, and with pieces of the wire left straight at f/,/. Fig. 2 
shows the invention as applied in a glow-lamp of the urdinary 
form, comprising a glass envelope at h, with leading-in wires at 
k Two “‘spirals” a. a! are here shown connected in series 
between the ends of the leading-in wires at the fused or welded 
or pressed joints c, cl, and these two spirals are fo ree and 
connected together at the fused or welded or pr joint d at 
the end of the wire g projecting from the = rod e. The un- 
wound or straight or straightened end portions of the “spirals” 
at f, f, f,f are specially provided for the purpose of keeping 
down the temperature at the joints a3 much as possible, which is 
very important in high-temperature lamps, as overheated jointe 
are frequently the cause of “‘ blackening” and premature failure. 
The spirals a, a' should be arranved between the joints c,d and 
cl, d respectively, after having been very slightly stretched, or 
after any other suitable means have been applied to only just 
separate the convolutions of the ‘“‘spirals” from one another. 
(Accepted September 30, 1914 ) 


19,919/13. F. Coates and J. Mirrey, Cleadon, and 
A. Reyrolle and Co, Limited, Hebburn-on-Tyne 
Transformers. (6 Figs.) September 3, 1913.—This inven- 
tion relates to electrical transformers, specially, though not 
exclusively, adapted for use in connection with what is known 
as the Merz Price protective system. According to this invention, 
it is desired to use transformers in which a smalier migneto- 
motive force is used than in transformers of what is known as 
the primary-bar type—that is to sty, transformers in which 
there is only one turn of the main current-carrying conductor. 





As itis not possible to wind a transformer with less than one 
Primary turn, various plans have been adopted to o tain an 
equivalent for this, such as the shunting either of the primary 
or of the secondary current, or the insertion of a resistance in a 
separate secondary winding. The use, however, of shunts and 
resistances is unsatisfactory, and for that reason the employment 
0! a transformer with an air-gap in the iron core has been sug- 
gested. Such single air-gap, however, renders the action of the 
transformer liable to interference from external sources, such as 
the magnetic field set up by neighbouring current-carrying con- 


Now the applicants have found that the drawbacks to the use of 
such an air-gap is due (at least in large — to the absence of 
symmetry av 4 by th’s gap. and they have overcome the 
difficulty so presented by employing what may be termed a 
“ distributed air-gap " transformer. In constructing such a dis- 
tributed air-gap transformer, instead of having a single air-gap, 
there is a number of smaller air-gaps so distributed round the 
iron core as to divide the latter into sections, so that the said iron 
core is symmetrically dividedup. By this means the interference 


scences, or dished-out portions d, d, whilst the bottom e of 
the meter is provided with a pair of similar excrescences or dished- 
out portions /, /, in line with the portions d, d. The bottom of 
the meter is also provided with sup; ng feet g, g, of any suit- 
able or well-known form. When the meter is in use with the 


Pigst Fig.2. 
ft alae otro 





with the action of the transformer by the above- 
external eources is reduced. The invent‘on is illustrated in 
Figs. 1 and 2. Fig. 1 shows the transformer-core divided into 
four symmetrical sections 9, the air-gaps 8 being small. Fig. 2 
is a perspective diagrammatic illustration of a distributed —- 
transformer-core constructed under this invention, and in wi! 
there are five sections. 9 are the sections, as before, and 8 are 
narrow air-gaps as described. (Accepted October 14, 1914.) 


21,672/13. Marconi’s Wireless Telegraph Com- 
pany, Limited, and R. N. Vyvyan, Lon Con- 
densers. (6 Fiys.) September 25, 1913. The object of this 
invention is to provide improved connections for electrical con- 
densers, especially such as are used in wireless telegraph trans- 
mitting appa~stus. In large d 3, especially those em- 
ployed in wireless telegraphy, it is of great importance that the 
oscillation constants of ail the individual portions of the con- 
denser-bank shall be as nearly as possible the same, in order that 
surging currents may not be set up between different rows of 
condenser-jars. It is also important that the inductance of the 
pr:mary circuit outside the jigger should be reduced to a mini- 
mum, in order that as large a proportion of the total inductance 
in the circuit as possible be in the Jigger. With these objects, 
the unite of which the whole condenser is composed, and 
which con-ist of a few, say three, condenser-jars @ in series, 
are connected to the main bus-bars b, )! by connections which are 
identical in every respect. The bus-bars are made of thin copper 
strip, affording a large surface area for the of the oscil- 
lating currents, and the main and return cumeclinn to any one 
point in the condenser circuit are kept strictly parallel to one 
another, and as close together as possible, taking into considera- 
tion the voltage and the nature of the insulation utilised. The 
adjacent terminals of the jars in a unit a-e connected together by 
means of stra'ght pieces of copper strip f, the inner terminal 
being connected to the bus-bar b!. This c»pper strip is covered 
by a porcelain insulator c of }{ section, th 





e ends of which are 
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recessed back as at g, to prevent leakage. The long copper 
strip f1 from the outer terminal to the bus-bar b lies in this ia- 
sulator, and is thus brought as close as possible to the connect- 
ing pieces between the condensers without any dan of flashing 
over. The distance between the long copper strip f! and the 
interconnecting J is also kept constant in all the con- 
densers, thus yaya | the surging spoken of above. The 
whole condenser is usually made up of eight nests, each consist- 
ing of a number of units of three condenser jars in suries. Fig. 2 
shows a condenser composed of eight neste of jars connected to 
a jigger d, each nest comprising 16 units, like Fig. 1. It is of the 
utmost importance that the circuits from the points A, where 
all the main bus-bars }, lb! unite to the nests themselves, shall be 
exactiy identical in order that surging currents may not be set 
up between the nests, where, of course, they would be of much 
Sangre magnitude than between separate unite. The main bus- 
ars are rigidly held at a fixed distance apart by means of porce- 
lain insulators i suitably supported, so that the inductance in 
the main bus-bars may constant. Since the rotating disc is 
that part of a wireless telegraph transmitter which is most likel 
to break down, the applicants usually connect a condenser ban 
to tw) discs ¢, el, either of which may be used. The connections 
to the discs are ilentical, and the disc connections are joined 
to exactly similar points on the main bus-bars in order that there 
may be no change of wave-length when one disc is changed for 
the other. A slightly inductive link may be used in conjunction 
with one or the other of the discs in order to correct any slight 
differences in wave-length. (Accepted October 14, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


27,411/13. T. Fox, and James Milne and Son, Ltd., 
Edinburgh. Gas-Meters. (2 Figs.) November 28, 1913.— 
This invention relates to gas-meters, and it has for ite object to 
improve the construction of the walls or casings thereof. In 
dry gas-meters as  apeeny constructed the casings are made 
in standard sizes, are adapted for use with standard dia- 
phragms of correspending sizes. Under the present invention 
the meter casing is so made that diaphragms of different sizes 
may be used therein, so that the casing may be utilised for meters 
of different capacities a& required. Instead of making the sides 
or walls and the bottom of the meter casing flat in the usual 
manner, such parts are formed with segmental excrescences in 
line with each other, so that the interior of the meter casing is 
provided with enlargements or recezses, is capable of 
accommodating pe = of greater diameter should such be 
required. The back and front walls a, b of the meter are of the 





ductors or the conductors leading to and from the transformer. 


usual form, and the sides ¢ are each made with a pais of excre- 
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larg2r capacity diaphragms, the leather sides of the diaph 
extend into the recesses in the meter sides and bottom each time 
such diaphragms are collapsed. In Fig. 1 the dotted circle I re- 
presents the collapsed position of the capacity dia 
phragms, whilst II represents the same position for the larger 
capacity diaphragms. (Accepted September 80, 1911.) 

25,632/138. W. P. Clyde aud Dobbie MolInnes, 
Limited, Glasgow. Internal-Combustion Engine 
Indicators. [8 Figs.) November 19, 1918.—This invention, 
which relates to improvements in and connected with internal- 
combustion indicators, has s reference to the revolving 
metal arm and bracket, and has for its object to construct such 
component of the indicators as to make a more rigid fixing 
than heret , and to prevent the cover becoming loose when 
the piston is detached from the motion. According to this 
invention, a double bracket is formed on the revolving arm having 
an opening for carrying the parallel motion, and open at one end 
or closed at both ends, and a ximately of semi-circular forma- 
tion, On the revolving metal arm A, which carries the parallel 
motion B, is formed a double bracket O, or, as shown in the 











drawings, a s>lid bracket with an opening D, but which bracket 
may be closed at both ends ©!, C2, and of approximately semi- 
circular formation, as shown in Fig. 1, Or open at one of the 
ends. The dual pivotal connection having a large transverse 
effects of strain, produced” priccipally st hprece ron the 
e 8 n produ prioc at ure on 
paralle! motion B, with consequent trition, there vitiating the 
accuracy of the instrument which is experienced fn the present 
form cf a single overhung bracket. Ye Be the construction 
of the bracket CO, the cover which holds the of the bracket in 
position whil-t loose, and easily accessib'e for adjusting purposes, is 
prevented from falling out when the cylinder-cover G and - 
rod E are unscrewed for purpose of changing the spring F. 
(Accepted 30, 1914.) 


29,089/13. T. R. Wollaston, Manchester. Producer- 
Gas Generators. (2 Figs.) December 17, 1913.—This inven- 
tion relates to improvements . ae generators, and 
particularly in the arrangement construction of that part of 
the apparatus which generates the steam or vapour required in 
the process of Fe ee the producer-gas. The invention com- 
prises the combination with a producer. generator, of a rotary 
or oscillatory boiler or water-vaporiser having depending hollow 
members projecting downwardly into or upon the fuel-bed in the 
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producer and adapted to act as stirrers and distributors of fuel 
as well as abstractors of heat from the burning fuel and the top 
of the ucer. a designates the produ ver or generator of auy 
sui known type other than that of a suction-gas plant ; b its 
fire-brick lining ; ¢ an outer casing or jacket; da poke-hole, of 
which there may be any convenient number ; ¢ the fuel-feed chute; 
f the producer-gas outlet ; g the water-lute and ash-pit; h a pipe 
connecting the bottom the annular or other space of 





a ¢ to the bottom of the fuel-badin the generator a up which 
t extends to any height desired ; i the boiler, provided with wheels 
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@ arranged to run upon a circular rail track j when the boiler 
is slowly rotated (or oscillated) by worm-gearing or other suitable 
gearing; k the combined hollow members and stirrers, in this 
case hows as a series of Perkins tubes; /a vertical poke-hole 
extending through the boiler, and of which there may be any con- 
venient number ; m the sand or water -lute, to make a gas-tight 
joint between the rotating boiler ¢ and the stationary generator 
a; na stuffing-box, p! centrally on the boiler i, and in which 
are fitted the water-supply pipe o for feeding the boiler, and the 
steam-outlet pipe p connected at the other end to the steam 
space of the outer casing or jacket c,and also provided witha 
branch for connection to a safety-valve as well as an injection 
nozzle. In this arran ent, steam from the branch p of the 
boiler ¢ passes through the injection nozzle, inducing thereby 
and mixing with the requisite supply of air to the superheatin; 
acket c of the producer previous to its discharge to the tuel-bed 

y these means the necessary air and steam are supplied for the 
production of gas, and by abstracting heat during passage through 
the superhea' jacket undue temperatures ‘n the fuel-bed are 
avoided. The slow rotation or ceciliation of the boiler i causes 
the depending tubes k, or other hollow members, to act as fuel- 
distributors as well as stirrers or agitators, in addition to their 
normal function of abstracting heat from the burning fuel and 
the top of the producer and transmitting the same to the water 
in the boiler i, whereby they serve to moderate the tendency to 
excessive heat in the producer as well as assist to raise steam in 
the boiler. (Accepted September 23, 1914.) 


20,005/13. W. Morgan and E. B. Wood, Bristol. 

ternal-Combustion Engines. [1 Fig.) September 4, 
1913.—This invention relates to the valve-gear of internal-com- 
bustion engines, and has reference to engines where a sliding 
ring-valve is actuated from the engine crank-shaft. The present 
invention consists in the combination of a sliding po ag for 
controlling the inlet and exhaust ports of the cylinder and 
harmonic motion mechanism for actuating the ring-valve, the 
said mechanism consisting of two levers ted ona 
shaft, a double cam between these levers, a roller journalled in 
each lever, a spring-loaded coupling for maintaining each lever 
normally in the same position relatively to the other, but per- 
mitting of a certain amount of relative motion between them 
when the mechanism is strained and a coupling between this 
mechanism and the valve. In the accompanying drawing, a and 
bare the two cams mounted side by side on a common shaft c. 








Working against the cam is a rollerd. This is journalled in a 
cranked arm ¢ in which it is partially housed. From the arm e 
motion is transmitted to the sliding-valve by alink f. Working 
against the cam } and journalied in an arm A, in which it is par- 
tially housed, is a roller g. This arm h and the cranked arm ¢ 
are ted on a pivot j. The two arms e¢ and A are 
maintained in fixed relation, each to each by a bolt & and nut 1. 
Difficulty is found in making parts so accurate’y that these 
results can be obtained readily. To obviate these difficulties a 
very strong spring m is connected between the nut land the arm 
h. This spring is practically quiescent at all times. By the 
means described above, a positive periodic intermittent motion 
is obtained, and can be imparted to the valve from the red f by 
any suitable means, thus sensible and positive arrest of the ring- 
valve ye and explosion is attained. (Accepted 
September 23, 1914 ) 


662/13. Triumph Cycle Company, Limited, and 
ov. Hathaway, Coventry. Internal-Combustion 
Engines, [3 Figs) October 30, 1913.—This invention relates 
to washer devices used for Peas leakage of oil past the 
bearings of rotating shafts, and it has for its object to provide a 
simple self-contained washer-device, ready for application to an 
engine, which will prevent leakage, even in cases where the pres- 
sure on one side of the washer fluctuates, such as is the case in a 
two-stroke internal-combus‘ion engine of the crank-case com- 

ression type. According to this invention, the washer ‘s secured 
»y rivets or the like to a ring. The ring protects the washer, 
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and the ring and washer can be assembled ready for fitting to an 
engine. A washer A is annular and of leather or other slightly 
flexible, yet fairly tough, material. The inner B is dis- 
torted, and the washer is secured to a carrier ©, as by rivets or 
screws. The washer in place in the carrier can then be used 
where uired, In the case shown in Fig. 1, it is provided with 
a dowel-pin E which engages a notch in the crank chamber, and 
the inner edge B of the annular washer contracts on to the crank- 
shaft X. As wear takes — the leather tends to take its 
original flat shape, so that it maintains its grip and leakage is 
prevented. (Sealed December 17, 1914. 





MINING, METALLURGY, & METAL-WORKING. 


1930/14. Mavor and Coulson, Limited, and 8S. M. 
vor, Glasgow. -Cutters. [10 Figs.) January 21, 
1914.—Bars, discs, and the like, hereinaf_er referred to generally 
as cutter members of machines, particularly adapted for use in 
mining coal, to which this invention refers, are provided with 
cutters, each cutter consisting of a cutting-head extending from 
a shank, and the cutter-members are formed with sockets for 
receiving the shanks of the cutters. Shanks and sockets for 
cutter-members for this purpose have in some cases been rect- 
——, or approximately rectangular, having at least two flat 
sides parallel and of material width, or circular in cross-section. 
By adopting the rectangular, or approximately rectangular, form, 
rotation of the cutter about the axis of its shank is prevented ; 
but in the case of shanks of circular cross-cection, this rotation 


Fig.t. 
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has, for instance, been prevented by providing the shank with a 
key to engage with a way in the socket, or by forming the head 
with shoulders to engage with recesses in the member. Accord- 
ing to this invention, a shank and its socket in cross section are 
each of oval, or substantially oval, form; for example, it may be 
elliptical. The shanks and sockets of cutters, according to this 
invention, may be arranged with the major axis of the cross- 
section in any direction ; for instance, in some cases the major 
axis may be in alignment with the direction of motion of the 
cutter, or it may be at right angles thereto. A designates the 
cutting head, and B the shank of the cutter. The shank of the 
cutter, as shown, is tapered, and in cross-section is of eubstanti- 
ally oval form, and the major axis of its cross-section is in al gn- 
ment with the direction of motion of the cutter. (Accepted 
October 14, 1914.) 


MOTOR ROAD VEHICLES. 


11,518/14. The Lacre Motor-Car Company, Limited 
(in Liquidation), and J. 8S. Drewry, Letchworth. 
Motor d Vehicles. (2 Figs.) May 9, 1914.—This inven- 
tion has for object to provide an arrangement of friction-gear 
whereby the power developed by the engine of a motor vehicle 
can be utilised for lifting and lowering loads from the platform of 
the vehicle or other places, for driving or turning machines or 
appliances arranged on the chassis or elsewhere, and for various 
other purposes. According to this invention, t!e arrangement 
comprises a reversible friction drive on the main shaft of the motor 
or ashaft driven therefrom, means whereby the sa'd drive can 
engaged to drive in either direction or disengaged, and a reducing 
gear for transmitting the drive from the friction-gear to the 
winding-gear or ine or appli to be driven. a, a! are a 
pair of f ce-friction wheels attached to a sleeve ) mounted to slide 
on and to rotate with a shaft c, which is preferably the main 
shaft of the motor, but may be ashaft driven from the main shaft, 
and d is an edge-friction wheel arranged between the face-wheels 




















a,ai,and against the edge of which a face of one or other of 
ese wheels can be pressed to drive it in a corresponding direc- 
tion by means of a hand-lever e adapted to slide the > em b 
on the shaft c. The fulcrum of this lever is connected by a link f 
with a gear-box g, having arranged within it any suitable reducing- 
gear, the gear shown consisting of a worm A on the same shaft i 
as'the edge-friction wheel d and a worm-wheel j on a shaft k, 
which also carries a winding-drum. The friction-gear can be 
operated as described whether or not the vehicle is being pro 
pelled, whilst the arrangement described possesses the further 
advantages that the hand-lever ¢ being connected with the gear- 
box gin which the shaft i is journalled, the strain due to the 
pressing together of the wheel d and the wheel a or a! is taken u 
the link f and the gear-box, and the shaft c is free from end- 
rust or strain which might interfere with its action asa driving- 
shaft ; whilst, moreover, being a friction gear, it will slip under 
undue strain, and thus prevent the transmission of excessive 
= tea) a deadlock arise from any cause. (Accepted Octo- 
r 14, 1914. 


3139/14. O. D. Nortb, London. Motor Road 
Vehicles. (6 Figs.) February 6, 1914.—This invention relates 
to cantilever springs such as are used on motor road-vehicles, and 
it has for its object to provide simple means whereby the spring 
effect is adjustable to suit different loads or different conditions. 
The cantilever spring to wh‘ch this invention is particularly 
applied is attached at one end to the axle and at the other end 
to the vehicle frame, whilst at some intermediate point it is 
pivoted to the frame. By the present invention the central 
pivot or fulerum is adjustable longitudinally with regard to the 
spring, so that the ‘‘rate” or stiffness of the spring can be 
varied, either automatically or otherwise. In spring suspension 
of this kind the spring A is sometimes attached directly to the 
frame B at the point A°, but it is more usually attached to a 
shackle pivoted to the frame. In either case the rear end of the 


spring is attached to the axle A‘, and the load on the frame bears | withi 


downwards on the — at or near its centre. Usually the 
spring is pivoted to a Let on the frame at this point, and the 
point of this pivot is a fixture on the vehicle. It is, however, not 
actually necessary that the spring be pivoted to the frame, as the 
load is always in the same direction. It suffices in many cases 
that the frame reste upon the spring at a certain point, which 
may be termed the fulcrum of the spring. In the construction 
shown, there is carried by the frame a bracket consisting of a pair 
of open-sided triangular plates C, which lie one on each side of 
the spring A. of these is formed with rack-teeth C? en- 


gaging pinions D on a short shaft or pin E. The piniors are of 
the knuckle type. The short shaft E also carries a roller F, 
which bears upon the top of the spring A or upon a clip F which 


surrounds the spring, and is adapted to move against suitable 
bearing surfaces F2 formed of fibre or like material carried by the 
plates C. These plates C are connected together beneath the 
spring by a bolt passing through the aperture C%, and a stop 
C+ is arranged on the p'ates. Normally the frame rests upcen 
the springs through the medium of the rollers F at each side of 
the vehicle ; but it will be clear that if the frame were lifted con- 
siderably, as ht happen on a very rough road, the spring 
might pass out of the space between the plates O. The stop C4 is 
ee to prevent this. If the shaft E is adjusted along the 
rack C2, the position of the fulcrum-pin E with re; to the ends 
of the g is altered, and therefore the “rate,” or stiffness, of 
the spring is varied. It is merely necessary there fore to rotate the 
shaft Eto effect adjustment. This, by the engagement of the pinions 
D with the racks O2, causes the shaft to move bodily along the 
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rack, the roller revolving on the top of the spring. By employing 
pinions of the knuckle-tooth type the shaft vibrates as it moves in 
relation to the rack, the distance between the plane of the rack 
and the axis of the shaft varying as each to>th is passed. Under 
load the pinion autcmatically tends to rest in the pos‘tion shown 
in dotted lines at D in Fig. 1, in which two teeth are in engage- 
ment with the rack. For the pinion to move, the frame must 
rise slightly. In this way the tendency for the pinion to revolve 
of its own accord is obviated. The shaft has fixed to it a nut or 
other suitable surface G, which enables it to be rotated, and, if 
desired, a grease-cup may be employed to lubricate the tearing 
parts. In this construction it will be clear that it is merely 
necessary to fix a spanner on to the nut G and to rotate this, 
thereby moving the fulcrum-pin along the spring. (Sealed De- 
cember 17, 1914.) 


TEXTILE MACHINERY. 


1831/14. Wilson Brothers’ Bobbin Company, Li- 
ited, and T. S. Wilson, Liverpool. Shuttle-Pegs 
or Tongues. (3 Figs.) January 23, 1914.—This invention 
relates to improvements in the pegs or tongues of shuttles used 
in looms for weaving. A shuttle-tongue or peg, according to this 
invention, comprises a solid tongue or peg, welded, brazed, or 
otherwise secured in a hole in the metal block or head, having a 
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saw-gate cut longitudinally from the free end to within a conve- 
nient distance from the block, where it terminates in a curved or 
pom pe line, so as to leave a strengthening web of metal at the 
end of the cut. a designates the block or head of metal ; b the 
solid tongue or peg ; c the saw-gate cut longitudinally in the sold 
tongue or peg from the free end down to the curvilinear line ¢. 
(Accepted October 14, 1914.) 


26,751/13. The Bradford Dyers’ Association, Ltd, 
and J. Thornber, Bradford. Calendering Rollers. 
(6 Figs.) November 21, 1913.—In machines used in the treat- 
ment of fabrics, as, for example, in those for carrying out dry- 
ing, calendering, and like operations wherein the fabric has to be 
kept in a state of tension, ithas been found essential that the 
fabrics should be kept in a stretched condition, with the weft 
threads as nearly as possible at right angles to the warp threads, 
and that throughout the whole lengths of the paths which they 
follow when under treatment. To attain this object it is neces- 
—7 to thoroughly secure the ends of the fabrics to the beam or 
roller, and that by means which shall grip the fabric evenly 
throughout its entire width. It is also necessary that such 
gripping device should, on the end of the fabric being reached by 
the unwinding of same from its beam or roller, readily release its 
gripping effect and permit the fabric to freely leave its position 
on the Coam. At the eame time the gripping devices must be of 
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such a character as to readily enable the attachment of the end 
of the fabric to the beam, as well as its ready detachment. 
According to this invention, a rod is pivoted relatively to the axis 
of the coe, so that the rod may move wu its pivots to lie 
n or to move outof a groove made longitudinally in the said 
roller. The roller or beam } is provided with a groove or furrow 
ce extending lengthwise of an arallel with the axis of the 
beam, in order t a red d may lie lengthwise in the groove to 
rip the fabric in manner well known. The rod d is pivoted at 
| its outer ends d}, d2 in such position eccentrically on the beam 4 
as to enable it to be moved into or out of the groove c. Thus, by 
| having it in this latter ition, and placing the fabric between 
it and the roller } when the winding is commenced, the end of the 
fabric is securely held against the roller by the rod turning over 
| into the groove and gripping the end of the fabric, the tension on 
the fabric in this manner tending to keep its attachment to the 
roller so that it is held firm'y in position. (Accepted October 7 
1914.) 
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EXTENSION OF MESSRS. BOLCKOW, VAUGHAN’S STEEL WORKS; 
TELPHER RAILWAY AT BLAST-FURNACES. 


(For Description, see Page 3.) 
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Fic. 3. Generat View or Tetener Cars ; Taarcer-Car 1n Posttion to Receive Ironstone FROM CALCINING-KILNs. 


(To Face Page 2.) 
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EXTENSION OF MESSRS. BOLCKOW, VAUGHAN’S STEEL WORKS. 


(For Description, see Page 3.) 
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THE ASSESSMENT OF DAMAGE TO 
MARITIME WORKS. 


By Ernest Latuam, Assoc. M. Inst. C.E., 
A.M.I. Mech. E. 


Civ engineers have frequently to deal with the 
reparation of marine structures damaged by storm 
or collision, or which are in disrepair from want of 
proper maintenance. When insurance questions 
are involved, their services are required more 





The purpose of the present article is to give such 


references and data in general form as may be from 
time to time of assistance in the future. 


The consideration of the subject necessitates a 


— classification of works, and the following 


been adopted :— : 
1. Piers, wharves, jetties, and bridges, con- 


structed in :— 


(a) Steel or iron. 
(b) Reinforced concrete. 
(c) Timber. 
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especially in connection with claims, the equitable 
settlement of which is the immediate concern of 
both owners and insurers. In cases where settle- 
ments are effected on a cash basis, the surveyor’s 
task carries with it considerable a as 
the form and extent of the claims put forward by 
his cliente are largely dependent on his advice. 
Should his estimates be referred to arbitration, or 
become the subject of an action in the High Courts, 
they are more than ever subject to criticism in 
detail. The preparation, therefore, of such esti- 
mates requires great care, and calls either for 
previous experience in assessment work of this 
character or, at least, access to data not always 
ready to hand, 





2. Harbour works, docks, &. 
3. Sea and river walls :— 


(a) Constructed in masonry or concrete. 
(+) Earthen embankments. 





The first of these three divisions covers by far 


the largest field, including, as it does, in addition to 
many important structures owned by Corporations 
or other public bodies, the numerous privately- 
owned wharves and jetties which abound in the 
confined navigable waters of the principal English 
rivers. Such works are, of course, peculiarly 
liable to damage from passing shipping, or to 





accidents arising from errors of judgment in the 
| berthing of vessels alongside. 


Street anp Iron Structures. 


Experience goes to show that the extent of 
damage to steel or iron structures is usually less, and 
the assessment easier, than in the case of similar 
works construcced in reinforced concrete. Where 
steel piles are concerned there is generally little 
danger of actual fracture of the pile due to col- 
lision, failure usually taking place at riveted or 
bolted joints between the pile-heads and super- 






















structure. When a steel pile in the immediate 
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vicinity of the damaged portion of a steel structure 
is observed to remain true to ition and line 
above low-water level, it is practically certain that 
no fracture has occurred below ; this cannot be said 
to be equally true of reinforced concrete. 

A steel or iron structure lends itself readily to 
the erection of a contractor's temporary staging, 
and the ir work is usually rapid. On the 
other hand, very careful attention must be paid to 
the general condition of the work. Unfortunately, 
it is only too common to find steel or wrought-iron 
piers sadly neglected, and therefore corroded to an 
appreciable extent, ‘‘ condition” being, of course, 
a most important consideration where questions of 
valuation are concerned. 

It must always be borne in mind when dealing 
with collision cases that although a structure may 
be old and in bad repair, the owner is entitled to 
its reinstatement after damage in such a manner 
that it is left in as good condition as before the 
accident. It will be obvious that in the case of old 
steelwork, any ctenee, 6 patching piecemeal 
cannot be said to fulfil this requirement, and, as a 
result, the owner is usually successful in securi 
repair work which gives an appreciable increase o 
strength to the structure, the structure, as a whole, 
being left in better condition than before the 
collision took place. In many respects reparation 
in steelwork is an easier operation even than in 
timber, though necessarily not quite so rapid. 

Under the ——s of ‘* Steel and Iron Struc- 
tures” may be cited the following instances :— 

(i.) 8.8. Wandle in collision with Wandsworth 
Bridge, June, 1912. 

(ii.) Reparation of piling, Clacton Pier, 1914. 

(iii.) Sailing ship General Foy in collision with 
coaling-tip, Port Talbot, November, 1910. 

(iv.) 8.8. White Heather in collision with swing 
bridge at Poole, Mareh, 1908. 

(v.) Barge Bassildon in collision with Southend 
Pier, December, 1913. 

The above are dealt with seriatim below :— 

(i.) Wandsworth Bridge was completed in 1873, 
to the designs of the late Mr. J. H. Tolme. The 
bri consists of wrought-iron lattice girders in 
continuous form, carried on piers, each consisting 
of two wrought-iron cylinders, 7 ft. 6 in. in dia- 
meter, filled with mass concrete, and at 30-ft. trans- 
verse centres. There are five spans to the bridge, 
the central spans being 134 ft. each. The cylinders 
in each pier are attached er at the top by » 
small transverse lattice girder, riveted direct to 
the shells of the cylinders, which at their heads 
are only ,'; in. thick. The s.s. Wandle struck one 
of the mid-stream columns with her bow, 
and displaced it 5 ft. 6in. to the south 1 ft. 6 in. 
to the west. The cylinder was found to be frac- 
tured 46 ft. below the lower boom of the main 





lattice girder, leaving a length of 18 ft. standing: 
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vertical in the clay below the river bed—i.e., to 
foundation level. mination of the main girders 
showed no adequate provision to have been made 
against their lateral displacement by ible col- 
lision from river craft. The piers of the bridge 
were and still are unprovided with dolphins, or 
any form of protection against collision, and it is 
remarkable that no accident had previously 
occurred during the forty years of the bridge's 
existence. 

Repairs were effected by the London County 
Council, and the laborious method was employed 
of sinking a cast-iron caisson, 16 ft. in diameter, 
through the Thames ballast into the clay to a level 
of — 33 Ordnance datum, and ing same up 
above Trinity high-water to a level of 16 Ordnance 
datum. The wrecked column was ultimately 
plumbed inside the caisson and the fracture re- 
paired. To protect the reconstruction works from 
collision, a temporary diamond-shaped ‘‘ island ” 
was constructed in the river, comprising twenty- 
eight timber piles provided with floating booms. 

e photograph (Fig. 1) shows the bridge under 
reconstruction. 

Calculation showed the total weight of the column 
damaged to be 175 tons, and the weight of the dis- 
siseell rtion to be 122 tons. The column was 
struck ft. below the under side of the main 
girder, and considerations as to the strength of the 
column led ta the definite conclusion that had the 
collision been caused by a barge of only 100 tons 
displacement, drifting on a 24-knot tide, a similar 
result would have occurred. Fig. 2 illustrates in 
diagrammatic form the stability of the column, 
from which the force of the blow necessary to over- 
come its stability is apparent. 

The ultimate cost of reparation was 42471. 

This is one of the few and, consequently, inter- 
esting cases in which the force of impact could be 
ascertained within reasonable limits of accuracy. 
An important deduction from this collision is the 
great disparity existing between the cost of 
repairing such a column as against the initial cost 
of construction. The main girders had to be carried 
during reconstruction on two temporary stagin 
erected on either side of the dai - Ben a fn 
the manner indicated in Fig. 3. It is an open 
question whether the method of repair ad 
was the cheapest that could be undertaken, and, at 
the time, on this point a considerable difference 
of opinion existed between the experts called in 
to represent the ies concerned. 

(ii.) The work at Clacton Pier is interesting as 
an illustration of certain advantages which cast-iron 
and steel reparation possess over timber. Fig. 4 
illustrates a normal cross-section of the pier-head. 
The original structure comprised the 12-in. by 
12-in. raking piles of Memel fir shown in the 
centre of the bay. The pier-head was subsequently 
widened to the extent shown on the cross-section, 
and a pavilion constructed thereon, of which the 
outline is indicated in the figure. Certain steel 
piles were driven to carry the stanchion loads of 
this pavilion, but no provision was made at the 
time to carry the floor load in the event of decay 
in the piles beneath. The raking piles referred to 
were driven in 1878, and at an inspection made in 
February, 1914, they were found to be seriously 
decayed at low-water level. 

In advising the Coast Development Corporation, 
owners of the pier and of the well-known Belle 
steamers, it was necessary to recommend resort to 
screw piling with superimposed cast-iron columns 
to carry a steel girder longitudinally down the 
centre line of the pier-head. Any idea of employing 
reinforced-concrete piles had to be abandoned, 
because of the difficulty of driving and manipulating 
in the confined space below the deck. For the same 
reason the employment of timber piles was impos- 
sible, as the pavilion was in constant use, and the 
deck could not, therefore, be lifted to secure the 
necessary headroom for driving. With cast-iron 
screw piles, however, it was | to be prac- 
ticable to employ a screwing length of 16 ft., and 
to include a screw with a blade of 3 ft. 6 in. 
diameter ; above the screwing length each column 
was carried upwards in two short 8-ft. le 
sections, and bolted together. The t 
section of this work was completed in July last, 
and the cost worked out to about 1071. per pile, 
including girder-work and saddles to carry the 
pitch-pine deck-bearers. 

As screw piling is frequently resorted to in 
reparation work, it may be of assistance to indicate 
the best form of blade to employ. Figs. 5 and 6 





represent a common form of blade with two con- 
volutions. This form possesses the advantage of 
screwing absolutely true in most foundations, but 
if used in a clay bed or gravel where boulders are 
likely to occur, there is no escape upwards for the 
latter, and it then becomes im ible to screw 
the pile to its specified depth, while the penetra- 
tion reached may be insufficient to support the work- 
ing load. Figs. 7 and 8 illustrate the type of blade 
employed at Clacton. This blade has only one 
convolution, and, as shown in plan, the cutti 

edge is cleared well away and the heel ‘‘ back 

off.” This gives great facility in screwing, and is 
the form to be recommended for most c of 
reparation work. It , however, one dis- 
advantage, and that is that the screwing has to 
be carefully watched, as there is a slight tendency 
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Fig. 4. 





PAVILION 


e to asteel strut caused by a colliding vessel. 
The Dock Company ultimately scoupted “L30. in 
settlement, and on this basis the reconstruction 
cost may be ed as working out at 21. Os. 8d. 
per foot run. e damage extended to the angle- 
iron bracings attached to the leg, and therefore 
the above figure is useful as one including the 
making good of such attachments and the erection 
of the necessary temporary staging for effecting 
repairs. 

(iv.) The swing bridge at Poole Harbour was 
run into by the s.s. White Heather on March 6, 
1908, and suffered extensive damage. The bridge 
was constructed in 1885, of iron, with protective 
piling and dolphins in timber. The reparation 
work in this case included principally the screw- 
ing of eight new piles, constructed in mild steel and 
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Fies. 4 to 8, THe StrrnetHentnefor Criacron Pier. 


for the single-bladed screw to ‘‘creep.” A further 
important advantage by screw piling 
is the small deck area occupied by the driving 
plant, and the fact that by the judicious use of 
snatch - blocks between the capstan and winch, 
several piles can be screwed without moving the 
plant. e work at Clacton was carried out using 
a deck space of only 25 ft. by 25 ft., and the 
normal traffic of the pier was not interfered with 
in any way. 

(iii.) Cases of vessels colliding in dock with 

aling - tips are of common occurrence. The 
sailing ship General Foy, after leaving dry dock, 
in coming —— at Port Talbot on November 
22, 1910, fouled the — diagonal leg of the tip, 
which in this case was 64 ft. long at a point 24 
above water-level, buckling the leg to the extent 
of about 8in. The leg was constructed of mild- 
steel plates and angles in four sections, each 16 ft. 
long, the face-plates being 9 in. wide and the side 
plates 12 in. wide hem per y Reconstruction 
necessitated the rem of the entire leg and the 


replacement of the damaged section 
This accident may be taken as a typi 


a new one. 
example of 


cast iron, the withdrawal and re-driving of three 
greenheart 14-in. by 14-in. by 40-ft. piles in one of 
the dolphins, and five pitch-pine 12-in. by 13-in. by 
40-ft. fender piles in the bridge foundations ; also 
the replacement of certain mild-steel joists and 
gusset-plates of the bridge girders. The reparation 
work outlined above was executed ata cost of 1050/., 
after a sum of approximately 5701. had been spent 
on emergency work, temporary repairs, surveys and 
inspections. The accident is of special interest, for 
the following two reasons :— 

In the first place it raises a point of considerable 
importance in assessment. e design of the main 


piles g the entablature of the swinging span 
was old-fashioned, consisting of suild-abeel ‘plates 
gin. thick, forming a riveted column 12 in. in dia- 
meter, fitted with cast-iron fla to enable each 
8-ft. section to be bolted to the next, the whole 
column being filled inside with 6 to 1 mass concrete. 
In reconstruction the same design was followed for 
the sake of uniformity and in accordance with the 
requirements of the bridge-owners. Such columns 
are nowadays relatively costly and present diffi- 
culties in connecting with the screwing section for 
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drivi purposes. In any such bridge to-day 
doubtless cast-iron screwing lengths and columns 
would have been employed throughout, and their 
replacement would have been an easier and less 
costly undertaking. It may be taken as a general 
rule, therefore, that the earlier the origi date 
of construction in steelwork or iron, the higher 
will be the cost for replacement of each unit. 

In the second place, one curious result of a colli- 
sion was the fracture of a 3-in. diameter spigot 
and socket cast-iron gas-main conveying the gas 
supply from Poole across the channel to Ham- 
worthy. The gas-main was carried across on the 
bed of the channel, protected by encasement in 
hollow timbers attached to the structure of the 


| 





amount of damage to tie-rods, stanchions, raili 

&c. There was no actual re-screwing of pi 
necessary in this case, the lower sections with 
flanges being left intact with the exception of one 
case, in which a new flange was provided and the 
shaken pile bedded in concrete. 


REINFORCED-CoNCRETE STRUCTURES. 


There is little doubt that engineers experience 
some difficulty when called on to assess damage to 
reinforced-concrete structures. The repair-work 
in these cases is slow and tedious, and the extent 
of the work necessitated is frequently difficult to 
ascertain until the demolition of all stressed mem- 
bers is complete. The following cases of damage to 
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bridge. Efforts to effect emergency repairs to this 
main failed, and a flexible 3-in. hose was carried 
across, which had to be lowered to the bed of the 
channel to allow the of each vessel. As 
subsequently it was found impracticable to lay the 
new permanent main on the old site, a new main 
was provided clear of the bridge, necessitating, in 
order to establish it, considerable diving and the 
construction of two additional temporary dolphins 
in mid-channel, from which the main could be 
lowered to its new position. The ultimate cost of 
this operation, in addition to the contract price for 
a reconstruction quoted above, amounted to 


(v.) On December 4, 1913, the sailing- 


Bassildon, 43 tons, ran into Southend Pier, frac- | 


turing four lengths of cast-iron screw-piles, each 
11 ft. long and 8} in. in diameter and ? in. thick. 
accident was accompanied by a corresponding 





reinforced-concrete jetties are amongst those which 
have come directly inside the author’s experience. 
It is to be regretted, however, that the information 
in regard to reinforced-concrete structures which it 
is possible to give is limited, owing to the difficulty 
in extracting details from w gers as to the 
actual costs of reparation, which costs, if properly 
appreciated, would doubtless lead to an increase in 
insurance rates with the underwriters. The cases 
quoted below are of interest :— 

(i.) 8.8. Goorkha (Union-Castle Line) in collision 
with Dagenham Dock, April, 1907. 

(ii.) 8.8. Florence and barge Fred, 1057, in col- 
— with jetty, Halfway Reach, River Thames, 

e , 1911. 

(iii.) Claims in connection with jetty at Graves- 
end, 1911. 

(i.) In the first case, the s.s. Goorkha is reported 
to have been deliberately put ashore in order to 


avoid collision with another craft. The dock in 
question included a reinforced-concrete jetty, form- 
ing a valuable riverside property, with considerable 
berthage in deep water. It was equipped at the 
time with four electric hoists and two rail access 
tracks down the approach. The vessel struck the 
wharf stem on, causing the severance of one bay, 
and the severe stressing of two adjacent bays. One 
of the access tracks was rend useless, and the 
working of the jetty thereby largely interfered with. 
The damage on first inspection did not appear 
great, but a further survey of the reinforced-con- 
crete struts and bracings in the two adjacent bays 
referred to disclosed the existence of several mani- 
festly new ‘‘hair-line” cracks. It is clear that 
when the existence of such a crack running obliquely 
across and round the strut is discovered, no value 
can any longer be attached to the compressive 
resistance of the member. There was, therefore, 
in this case no recourse left but to recommend the 
removal of the entire strut, since the alternative 
of a reinforced-concrete sleeve over the fracture— 
admittedly an unsightly and makeshift arrange- 
ment—did not ap to the owners of the jetty. 
The estimated cest of reconstruction was in this 
case approximately 1600). It is strongly to be 
infe in this instance that had the jetty been 
constructed of steel or timber, with the joints of 
all members readily accessible, the estimated cost 
of reparation would have been considerably less. 
In a similar instance of a collision between a 
steamer and a reinforced-concrete jetty, which 
occurred in 1912, a diver’s inspection showed the 
development of considerable cracks in the concrete 
columns below low water, and at a considerable 
distance from the actual point of impact. In the 
case of e to jetties of this class, a diver’s 
inspection is always desirable ; frequently, no indi- 
cation of straining or fracture is apparent above 
low water, whereas serious damage to the same 
member may exist below. 

(ii.) In the second case quoted above, a small 
steamer proceeding down-stream fouled a barge 
lying — os a light reinforced-concrete jetty 
construc in open piling. As is common in 
structures of this type, the piles were driven to a 
point about 10 ft. below deck-level, and their rein- 
forcement connected direct with that of the 
columns, walings, and bracings of the superstruc- 
ture. The freeboard of the barge at the time of 
the accident, did not reach the level of the lower 
walings, and the force of impact fractured the pile 
at its head; the pile was carried away bodily, 
leaving the superstructure standing intact. The 
deck was thus rendered unsafe to carry its normal 
load across the enlarged span. This accident is 
another typical case of the difficulties of repair in 
reinforced concrete, as reparation had finally to be 
effected by driving another pile alongside the site 
of the old one, it being, of course, impracticable to 
remove any members of the superstructure, which 
would have been an easy operation had the jetty 
been constructed in timber or steel. 

(iii.) The third case, cited as an example of 
damage to reinforced-concrete structures, is not one 
of damage caused by a colliding vessel, but is an 
instance of repairs to werk below low water, which 
work was found, as a result of a diver’s inspection, 
to be faulty. The jetty in question is at Gravesend, 
and of considerable extent, being carried partly on 
5-ft. diameter reinforced-concrete columns, and 
partly on 4-ft. diameter reinforced-concrete columns. 
The work was commenced in 1909, and the faulty 
condition of the columns was not discovered until 
the works had reached an advanced stage. The 
author was asked to advise in 1911 in reference to 
the claims of the contractors for extra work 
involved in the rare of faulty columns, This 
reparation was effected by means of reinforced- 
concrete sleeves, constructed in situ round the 
faulty columns inside annular mild-steel casings. 
The cost of this extra work was considerable, 
representing over 8 per cent. on the total cost of 
construction. Under the terms of the original 
specification it does not appear possible that satis- 
factory columns could have been secured; the 
specification in this respect was substantially the 
same as that for a jetty previously constructed in 
the Thames estuary. In substance, the specifica- 
tion required the contractor first to drive two 
reinforced-concrete piles, and, secondly, to sink 
round them a temporary cylindrical mild-steel 
casing, to be properly bedded from the outside by 
divers. The reinforcement of the cylinder had 





then to be placed in position, and mass concrete 
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deposited through chutes in the top and rammed. 
In many cases, on removal of the steel mould, 
these columns were found to be honeycombed, 
with the reinforcement exposed. In the parallel 
case referred to, by wisely amending the specifica- 
tion of the Licensing Company in respect of the 
procedure required of the contractor, the engi- 
neer found it possible to obtain sound columns. 
To effect this, however, he found it necessary, first, 
to sink the steel casing; secondly, to send the 
diver down inside the cylinder to make a tight 
joint with the river bed from the inside, then to 
drive the piles in their eo positions inside the 
cylinder, and finally to deposit the mass concrete, 
and ram in the usual manner. This operation was 
materially different to that required in the original 
specification. As jetties of this type are now being 
adopted by wharfingers, this is an important point 
to bear in mind when dealing with the reconstruc- 
tion of reinforced-concrete columns. 


Timper SrRvcTUREs. 


Dealing next with timber structures, their most 
noticeable feature is the t rapidity with which 
repair work can be enntal exh, either in the case of 
normal maintenance, or as repairs to damage caused 
by collision or storm. The great disadvantage in the 
pr apa of timber is, of course, the question 
of decay. With, however, the proper specification 
of creosoting, Burnettising, or the use of other 
acknowledged and well-tried preservatives, the 
ordinary life of timber structures in this country 
can be extended to about 25 years, and if their main- 
tenance is properly undertaken and the structure 
not neglected, its life may be indefinitely prolonged. 
It is a type of construction admirably adapted to 
wharves and jetties in confined navigable waters. 
The following collision cases are of interest :— 

(i.) 8.8. vian in collision with jetty, Long 
Reach, River Thames, 1908. 

ii.) re to jetty, Purfleet, 1911. 

iii.) 8.8. Narva in collision with tidal dock, 
Surrey Commercial Docks, 1907. 

(iv.) 8.8. Ryhope in collision with jetty, Tilbury, 
1914. 

(i.) The first example illustrates the flexibilit 
of timber structures when subjected to the shoc 
of a colliding vessel. The s.s. Harrovian was pro- 
ceeding down-river, and when off the jetty swang 
in s due to the failure of her steering-gear. 
The vessel ran ashore, stem on, to the river k 
up-stream of the jetty head, and her stern s 
round on the ebb tide, colliding with the diamon 
end of the T-head. This jetty was a heavily-tim- 
bered structure, and three bays at the western 
end of the jetty head were severely stressed, the 
centre line of the j at its extremity being set 
= to the extent of - = vp ae tm A cash 
settlement in respect, of the damaged portion of 
the jetty was effected for the sum of 11001. Had 
the jetty in question been constructed in reinforced 
concrete, there is little doubt that the damage 
caused would have been much greater in extent, 
the piles would undoubtedly have been fractured 
and the cost of repair, therefore, much higher ; 
furthermore, in all probability the jetty would 
have been thrown into disuse for a lengthy period, 
whereas in this particular case there was not even 
any interruption to traffic. 

ii.) In the second case the damage was of a 
more serious nature. The jetty in question is con- 
structed at right angles to the river bank, being 
exes with a T-head in about 20 ft. of water at 
ow tide. As the photograph (Fig. 9), taken shortly 
after the accident, shows, the colliding steamer 

right through the jetty approach. The main 
piles of the jetty were constructed in Jarrah, and 
the remaining timbering in pitch pine. As shown in 
Figs. 10 and 11, twelve main piles were broken, cer- 
tain moorings and buoys were cut adrift, and five 
bays of 15-ft. span each were demolished, four similar 
bays being severely stressed. In spite of thé serious 
nature of this damage, the complete reparation of 
the jetty was effected within a comparatively 
short period ; the reparation contract was let on 
October 31, 1911, and the work was sufficiently 
complete in March, 1912, to allow the business of 
the wharfi to be resumed, thus occupying a 
period of only four months—a good example of the 
rapidity with which repair work to timber jetties 
can be effected. 

(iii.) In the third case, the s.s. Narva was lying 
in a small tidal dock, and being aground at low 
water, became ‘‘ mud-sucked” on a rising tide. On 
freeing herself from the river-bed she snapped her 





cables, and surged inst the timber wharf-face. 
The extent of the damage was, however, slight, 
being estimated at only 501. ; had the wharf-face 
been constructed in masonry, concrete, or rein- 
forced concrete, the damage would certainly have 
been ter both to wharf and ship. 

‘iv.) The last case is one of the few in which 
reparation, although to a timber structure, was a 
difficult question. The accident occurred while 
the vessel was manceuvring to her berth. The 
= bow fouled one of the main piles of the jetty- 
ace. Under normal circumstances, the fractured 
pile could either have been withdrawn or scarfed 
with ease; in this case, however, the jetty was 
very stiffly braced and heavily timbered, and had 
been considerably strengthened since its original 
construction. The main piles were of extreme 
length, owing to the bad nature of the ground 
encountered during driving. These main piles 
— in a —_— scarfed at twe levels, — 
pile occasi ly possessing an aggregate len 
of 140 ft. The withdrawal of the pile was aie. 








procedure, as it lessens the likelihood of extra 
claims being put forward by the contractor during 
construction, or of any subsequent misunderstand- 
ing on his part as to the true nature of the work— 
sometimes a cause of friction between engineer and 
contractor in — contracts. These schedules 
further enable the surveyor to price the work in 
~ oe — ~— * arrive at a close oe as to 

e total cost of effecting repairs. ere possible 
in addition to the working drawing, there should 
also be incorporated in the contract documents, 
outline diagrams attached to an agreed schedule of 
nomenclature, in which every member of the struc- 
ture receives a designating letter or number ; such 
classification can then be adopted in the schedules 
of quantities. There are times, however, when a 
rough estimate as to cost has to be given on the 
spot. This generally applies to cases where the 
structure is left in a dangerous condition through 
collision, and works have to be undertaken imme- 
diately, quite apart from any questions of liability. 
Such an assessment has generally to be made and 


TABLE I.—Unit Prices or Reparation ConTRActs. 
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ticable, or, indeed, its removal to the first scarfing, 
since the head of the pile itself formed a mooring- 
bollard in constant use, without which vessels could 
not berth alongside the jetty. At an inspection 
made on behalf of the insurance company, it was 
ultimately decided to carry two 14-in. by 7-in. 
timbers alongside the damaged pile from deck to 
low-water level, and to bolt the same thereto at 
intervals of 4 ft., which course was finally adopted. 
From a purely engineering point of view, however, 
such a repair is not entirely satisfactory, although 
there is little doubt that in this case the recon- 
structed pile was as strong, if not stronger, than the 
original. In the case of a steel column, the damaged 
sections could have been removed intact, and the 
difficulty in respect of the mooring-bollard would 
probably not have occurred ; indeed, the expedient 
of using the pile-head for this purpose is not common, 
either with steel or reinforced-concrete structures, 
nor, in view a = = this — would 
it a to be a desirable design in timber. 
at cited a few examples falling within the 
first division of the classification adopted, it may be 
of use to summarise generally those points which 
experience has shown to be of importance to the 
engineer or surveyor in dealing with estimates for 
reparation. It is generally dangerous to prophesy 
in haste the actual expense likely to be incurred in 
effecting repairs to damaged piers, wharves, jetties, 
or bridges. If the damage is of any extent, a 
detailed survey should be made at once, above water, 
and a diver's inspection below. Two schedules of 
uantities should be prepared, the one dealing with 
e removal of old or damaged work, and the other 
with new work in the form of a contract 


schedule. Experience has shown this to bea sound 





agreed between the technical advisers before any 
contract can be let, which latter is then usually 
on a cost and profit basis, and the engineer’s esti- 
mates, therefore, are of paramount importance, 
being unsupported by any contractor’s tenders. 

In dealing with cases of this character at short 
notice, the accompanying table (Table I.) may be of 
interest, though it would be unwise to suggest that 
it necessarily affords any great assistance in dealing 
with the assessment of specific damages to any exist- 
ing structure ; it should rather be regarded as giving 
in very general terms some indications of the unit 
prices likely to be involved in reparation contracts 
of the character under discussion. Such information, 
however, as is given in the table has been abstracted 
from actual contract prices or from schedules pre- 
pared by the surveyors concerned. If the unit prices 
given are to be taken as the basis of a rough esti- 
mate, percen’ varying from 10 to 40 per cent. 
must be added to any total so reached, in order to 
arrive at anything like even a rough approximation 
of the cost of reparation. Within the limits of such 
a table it is not possible to give dimensions or 
description of the members priced in detail, but it 
so happens that in jetties, piers, and wharves in the 
tidal waters of Great Britain there is to some degree 
a certain similarity in design which alone makes any 
attempt at unit tabulation possible. 


(To be continued.) 





Gotp.—Last year showed some falling off in the pro- 
duction of South African gold. In 1911 the output was 
8,237,723 fine ounces ; in 1912, 9,124,299 fine ounces; in 
1913, 8,794,824 fine ounces ; and last year, 8,393,001 fine 
ounces. In this latter total the output for ber ig 
estimated at 710,500 fine ounces, 
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AN INSTRUMENT FOR MEASURING 
FLAME VELOCITIES IN GAS AND 
DUST EXPLOSIONS 


By J. D. Morean, A.M. Inst. C.E., A.M.LE.E. 


THERE are three well-known methods of measur- 
ing the velocities of flames in gas explosions. One 
consists in producing the explosions in a glass tube, 
and photographing the flame on a moving film. 
Another consists in the use of a fine platinum wire 
which, when heated by the flame, modifies the 
condition of an electric circuit containing a suitable 
recording instrument. Both appear to be capable 
of giving accurate results, but they involve much 
refinement and elaboration of apparatus. Another 
method consists in placing a fusible metal strip in 
the path of the flame, and arranging the strip to 





form part of an electric circuit which is broken 


Fig.1. 
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Fig.3. 


of the flame, and the gap 6 alongside a revolving 
drum, on which is secured a smoked-paper strip. 
By means of the spark at b a mark is produced on 
the strip simultaneously with the passing of a spark 
at a. 

A simple arrangement for recording the instant 
at which a flame reaches the open end of a tube, at 
the oppesite closed end of which an explosion is 
initiated, is shown at Fig. 2. The experimental 
tube is denoted by c. In the author’s apparatus 
this is of steel, 1 in. in diameter and 10 ft. long. 
At one end it is closed and fitted with a sparking- 
plug d. A gas and air inlet is arranged ate. The 
metal drum f carrying the smoked-paper strip is 
driven by a clock. In series with the sparking-plug 
a spark-gap g is provided, so that when an igniting 


A copy of a record is shown at Fig. 3. Obviously 
such a record is only useful to indicate the total 
time occupied by the flame in travelling along the 
tube. To obtain some idea as to how the velocity 
varies and to measure the velocity attained, it is 
necessary to insert a number of other spark-gaps 
at intervals along the tube and connect them 











spark jumps at the poles of the plug d, another 








4 





“ | VL 





Fig.2. 
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c-dots due to Gap at Middle of Tube. 
d Tuning-fork Curve (240/Sec.). 
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when the strip is destroyed, the interruption caus- 
ing movement of a recording instrument. This 
method has been extensively used. Its applic- 
ability is, however, limited, and even when it can 
be adopted it is objectionable on account of its 
unreliability. For explésions in which the flame 
attains high velocities the method is useless, as the 
strips are not burnt out by the flame, but blown 
out by the pressure. 

_In the course of some work in the Marks and 
Clerk Laboratory, Birmingham, the author found 
it necessary to attack afresh the problem of flame 
velocity measurements. An effort was made to 
eliminate all appreciable lag due to inductance or 
imertia, to avoid mechanism of any kind in the 
circuits controlled by the flames, and only to employ 
apparatus of the simplest character. e solution 
finally reached depends upon the electrical con- 
ductivity of flame. 

Fig. 1 illustrates the principle adopted. aand b 
are spark-gaps in the high-tension circuit of an 
ordinary induction coil, b being a small gap, and a 
a relatively large one. Normally, no sparking 
occurs at either, but when a flame is inserted at a 
& spark jumps in both. 

Tn the actual apparatus the gap a is in the path 


jumps at q and produces a line of dots on the strip. 
igh-tension current is supplied by an ordinary 
induction coil h, which is actuated by a battery i 
and switch j in the low-tension circuit. The drum 
and one high-tension terminal of the coil are 
nono “s own. At the ey of the tube A 
arran e k-gap a, which is in series wi 
the drum-gap ant h tension current is supplied 
from an induction-coil k, which is provided with its 
own land switch m. As in the other coil, 
one of the high-tension terminals is earthed. The 
width of the gap a is such that when the switch is 
closed no ot occurs at either gap. It is desirable 
Sa a as large, and the gap b as small, 
as possible. hen the flame reaches a, a spark 
immediately passes at both zaps, giving another 
dot or line of dots on the strip. The interval 
between the first dots in the two lines taken in 
conjunction with a wave-line produced on the drum 
by a tuning-fork of known frequency gives the 
time which elapses from the commencement of the 
explosion to the arrival of the flame at a. An 
assumption is made that the explosion commences 
at the first spark given by the plug. The correct- 
ness of the assumption has been proved by a control 
experiment. 
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corresponding gaps at the drum, each circuit being 
provided with its own induction coil. To test the 
practicability of this, a spark-gap was inserted at 
the centre of the tube. Using mixtures of eoal-gas 
and air obtained by inserting an ordinary Bunsen 
burner at ¢ in the tube, a large number of records 
were taken. A typical diagram is shown at Fig. 4, 
and the calculated velocities obtained from the 
same are: average velocity in first 5 ft. of tube, 
120 ft. per second, and in the second 5 ft. of 
tube, 300 ft. per second (fork frequency 240 per 
second). These numbers are only approximate. 
The drum was designed to be driven at a speed 
suitable for the slower flame velocities obtained in 
dust explosions. For gas explosions the speed was 
too low, and co: uently the intervals between 
the first dots in ob record are not Arvve. 
to permit of accurate measurements. e 

of flame velocities in gas explosions are simply 
given here to show the capabilities of the instru- 
ment, 

An interesting diagram is shown in Fig.5. This 
shows the result obtained by leaving an aperture 
at the closed end of the tube y open, and 
thereby largely reducing the flame velocity. It 
will be seen that the velocity in the second of 
the tube is much slower than in the first half, the 
figures being 57 ft. and 11 ft. per second approxi- 
mately. 

A convenient form of electrode for use in some 
work at the open end of the tube is shown in 
Fig. 6. It consists of an outer bell or cone a and 
an inner adjustable ball b, both of which are 
mounted on insulating supporte. One wire of the 
high-tension circuit is attached to a, and the other 
tob. Preferably the wire connected to the coil is 
the one which is connected to b. 

An attempt was made to operate all the high- 
tension circuits from a single coil ; but great diffi- 
culties were experienced in so adjusting the ga 
that a discharge in one circuit did not affect the 
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i the question closely, i hen one’ i for desi lon t. When 
others. It was found better to make the circuits pow they oo ates — Fp ney fw one’s experience | for no longer curren & proper sys' 


independent, and provide a coil and battery for 
each. 
A source of error is liable to arise in the instru- 


ment from the fact that a spark does not necessarily | 


take the shortest course when jumping a gap. This 
is reduced by shortening the gaps at the m as 
much as ible, and rotating the drum quickly. 
It could doubtless be further reduced by using a 
drum of insulating material and arranging a fixed 
thin metal strip close to the inside of the drum 
opposite the external sparking points. Another 
source of error is the comparative slowness of the 
tremblers on the induction coils, resulting in a 
rather large space between the dots corresponding 
to sparks across the gaps at the middle and end of 
the tube. This could be avoided by the use of 
any ordinary apparatus, which would give a high- 
frequency discharge across the gaps. 





SOME POINTS IN JIG-MAKING.* 
By Max. R. Lawrences, M.I.Mech.E.,M.1.A.E., Member. 


Tux author has several times been asked the a tly 
simple question, ‘“‘ What isa jig?” Chambers’s dictionary 
says that it is a quick, lively tune, or a quick dance suited 
to the tune. Engineers attach a different meaning to the 
word, but in so far as the meaning of the word is “‘ quick 
and lively.” it applies equally to engineering, music, and 
dancing. We all, as engineers, look upon a jig as a device 
to aid, speed-up, and cheapen the making of parts which 
have to be alike. It stops short of the machine-tool or 
bench upon which it is used, and also any special or ordi- 
nary tools which actually do the cutsing or holding of the 
cutters. Sometimes w the function of jigs is mostly 
the holding of the work they are termed “fixtures,” and 
sometimes when quantities are very large they develop 
into special machine-tools. 

The vast majority of special jigs, fixtures, tools, and 

auges are ie to lessen the cost of production. A 
Sovice may be said to do this and pay directly if its cost, 
plus the cost of machining the quantity of parts, is less 
than without it; and indirectly, when the accuracy it 
transmits to the pieces saves cost in the nen. or 
increases the production of a particular machine-tool, 
although the cost of the device and the cost of producing 
the individual parts added together is more than without 
it. 

When a quantity of similar pieces have to be made, the 
question of what jigs should be made always comes up, 
and a correct decision of what to make, and how to make 
it, is often difficult. When the quantities are very small 
or very large, the decision is y easy, but when the 
quantity is between the two, it is often extremely diffi- 
cult. Stripped bare of all engineering interest skill, 
the problem is found to be almost entirely financial. The 
questions always uppermost in the mind when consider- 
ing doubtful cases are: ‘‘ Will it pay?” ‘Is the trouble 
and expense justified?” or “‘Is it better to leave well 
alone'and go on in the good old way?” 

It is therefore essential, in the author’s opinion, to 
have a costing system which records the cost of the indi- 
vidual pieces, and also individual jigs, tools, and gauges, 
&c., not so much to ascertain how the money is b at 
the time, which is im t, butso that it may be known, 
when required, whether the estimated saving of a jig had 
actually accrued. This is of great educative value, and 
aids such decisions in the future. The author considers 
this so important that he hopes you will forgive him if he 
just roughly indicates how it may be readily done. 

All works’ accounts in their origi form carry the 
necessary data. Each workman books his time separately, 
wnather bop engaged on mares. Dep, pete to sail, or 
repairs, or whether he is paid day-work or by the piece. 
Each stores’ requisition for material Ps aleo gives 
such separate particulars. Why should these ever be 
mixed upin the office? Some fifteen years ago, when the 
author was engaged to lay out and manage a works in 
the Midlands, he devised and installed a system whereby 
individual costs of the parts made were obtained. ‘The 
method adopted for costing jigs can quite easily be used 
in any works without any interference with the cost 
system in use, whatever it may be. It is as follows :— 
All jigs, tools, and gauges should be numbered. These 
numbers, with the prefix **T” for tools, ‘‘G” for ji 
and gauges, can be used as the order-numbers to which 
their cost is booked. By grouping numbers for different 
designs, a total jig-cost can readily be accurately pro- 
duced, The order-number for any repairs or adjustments 
to them is o to “RT” or “RG” asa prefix to 
the number. is is very convenient, because repairs 
always have to be put in hand initanter by the foreman, 
and this makes it easy for him to book the cost correctly. 

Close experience over a number of years of this method 
of dealing with this important side of jigs, tools, and 
gauges has given the author confidence. It minimises 
the evil of having open order-numbers running for long 
periods in the works, which sometimes form such a con- 
venient dumping-ground for waste labour. It has many 
other advantages, not the least of which is the power to 
deal egy, ee the suggestions of foremen and 
operators. y usually take the form of a request for 
some jig or tool which will lessen the cost of production. 
Often time does not permit the management to go into 
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In these’ cases it is often extremely difficult to avoid 
giving offence, and, moreover, one’s judgment may be 
at fault. The author has found, when the applicant has 
to supply the answers to questions: ‘How much 
each will your jig save?” ‘‘How many are there to be 
made?’ ‘‘What will the jig cost?’ that the matter can 
be settled out of hand toeverybody’s satisfaction. When 
the policy of the management as to the amount of saving 
to be capitalised becomes known, only useful ons 





are put forward. The author considers that taken as a 


bem 
is installed for dealing with this, no delays arise, and the 
author would be pleased to give further particulars to 
any one interested. 

In jig design the most important point is the correct 
location of ‘* spotting-point ” of the piece. Often far too 
little attention is paid to this, and the larger the quantity 
to be handled the more important it becomes. 

There are two golden rules which should be rigidly 
observed :— 

‘ 1. In order that a jig or tool may be successfully 
located, the accuracy of any machining operations must 
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general rule, a jig should not cost more than 75 per cent. 
of the saving it Lanes about. Thus, if a jig is contem- 
ted to save a penny each for 100 parts, ib should not 
made unless its cost is less than 75 pence 
The number and operation for which jigs, tools, and 
gauges are used should be recorded on the drawing of 
the piece. This may be done either by records on the 
tracing, Fig. 1, or by pe list on to the works’ print. 
This will involve a small delay in issuing orders for jigs, 
but the great convenience to the works makes it well 
worth while. These records of jig numbers on the draw- 
ings save a great deal of time, trouble, and money in 
the works, especially when replacements have to be made 








Fig. 2. 


never be increased beyond the requirements of the func- 
tion of the part. 

2. Which is really the same, in other words, that no 
extra face or part be machined for location pu' only. 

Accuracy costs money, and live foremen operators 
only trouble about it to the degree necessary. Hence, 
when a piece is not strictly to drawing, and the inaccu- 
racy is unimportant to the proper function of the part, it 
should pass on to the next ———. If, however, the 
inaccuracy becomes material it affects the location 
in a subsequent jig, it calls for special treatment, and 
unnecessary waste is made, or the jig put out of action 
for all or a percentage of pieces. The same principle 
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SOME POINTS IN JIG-MAKING. 
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applies to the location of thin castings with cores. They 
must be located from the correet p! so that if the 
cores have been misplaced, the error is detected before an 
undue amount of work is put upon the castings. 

Corollaries to these rules are :— 

1. The ter should never be located from the less. 
If this is done, slight errors multiply, and conversely are 
minimised. 

2. When two o tions have to be true to one another, 
the second should always be located from the first. I 
the first is generated from another face, it is wrong to 
locate the second from this face where great accuracy is 
required. Pieces are sometimes not properly in 
jige ; dirt or burrs may get between the locating faces. 
‘This may not be serious if the next operation copies the 
inaccuracy so introduced, but may cause waste when this 
rule is departed from. 

_ The machining of two pieces, a motor-car cylinder and 
its crank-case, will be described to illustrate these im- 
portant points. The crown and barrel of the cylinder 
are madeas thinas possible, so that the heat may i 
escape through them to the water in the jacket. It is 
important that their thickness should be approximately 
even, because differences cause distortion due to the 
difference of temperature between the thick and thin 
sides. The jacket cores which determine this thickness 
are built up, and may be misplaced, so that if the casting 
is located from the outside of the jacket, it may “‘clean 


up ” all over and yet not leave an even thickness of metal | ad 


around the barre It is defects of this nature that 
areca f accound for the mysterious differences in form 

tween engines of the same design so often noticed and 
commented upon. 

Fig. 2 is the section of an engine showing the cylinders 
monnted upon the crank case. I» will be observed that 
the location between the two which secures alignment is 
the flat face on the cylinder-foot meeting the flat face on 
the crank-chamber in the one direction, and the bolt-holes 
are used to locate them in the other. The water-jacket 
around the cylinder is too restricted in are. to allow 
of a fixture being introduced of sufficient size to locate 
the casting truly by the outside of the barre), and 
take the force of a cutter while any face is machined. The 
casting is therefore set up on a surface-plate, and marked 
out. Bent scribers of a suitable shape are used, and 
when the casting has been set up true to the outside of 
the barrels, lines are scribed upon it. The first operation 
is to set the casting up, and mill the foot true to the 
scribed lines. 

The second operation, Fig. 3, shows it standing on this 
face and being machined on the side for the carburettor 
and the top of the water-jacket, the castings for these two 
operations being mounted on plates carrying convenient 
faces for the scribing-blocks to work from while setting. 

The cylinders are then bored on a special machine, 
illustrated in Fig. 4, the casting being strapped tightly on 
to the machined foot, and located for height on the car- 
burettor face, and set true sideways again to scribed 
lines. The barrels are then rough bored, the castings 
taken off and allowed to cool and season for at least 
24 hours, after which they are mounted again on the 
other side of the machine, and a cut taken to within 
one-hundredth of an inch of the finished dimension. The 


rest of the machining of the <a the valve-guides. | qd 


ports, and the holding-down bolt-holes, are located from 
the foot and the bores, to which they have to be true, and 
the final operation is illustrated in Fig. 5, where the 
whole casting is set up on the foot, and located from the 
holding bolt-holes, while the barrels are ground abso- 
lutely true and to size. 

In scheming for these jigs and deciding upon the 
sequence of operations, a much simpler set could have 
been constructed had a datum face been machined for 
location purposes, and at one time this practice was fol- 
lowed. fy, however, produced very bad work and barrels 
of very uneven thickness, because, when the metal had 

n removed from the bore and the foot, where it was 
left very thick for casting reasons, and the scale broken 
on the other machined faces, it was found that some 
castings changed in shape very much. The autbor has 
measured barrels which were =e true as soon as 
they had cooled after removal from the boring-machine, 
the bores of which distorted as much as two-hundredths of 
an inch out of parallel during the next twenty-four hours. 

The set of jigs and the sequence of machining opera- 
tions described properly safeguard the essential functions 
of the part. They automatically ensure a good even thick- 
ness of metal around the and that the whole of 
the machining of the casting is true to the final locating 
face when it is put to work. The marking-out operation 
has survived, although many attempts have been made 
to do away with it on a production which handled about 
10,000 castings per annum. The percen of abs>lute 
rejects from ge jacket-cores was probably not two 
casti r 1000, but as the amount of metal removed 
from the inside of the barrel and the foot was great, no 
doubt many castings were saved and finished to the desired 
avouracy that would have been defective had other locat- 
ing or ‘‘spotting points” been adopted, _ 

is piece and its liability to distortion form most 
excellent instances of why departure from the rules laid 
down — to disaster. Pay ine me ogy 
jeces may de some unexpected irregularity. en 
vn hia wane pa treated as axioms, it will be found 
that jigs locating from the correct place do not really cost 
more to make those which work from some artifi- 
cially-constructed “spotting point.” If be do cost more 
than is justified by the saving they would bring about, 
oe should be ruled out and not made, and the problem 
dealt with in another way. ° ‘ 

The crank-case, which is also a complicated casting 
made with many cores, is likewise seb up and marked 
out: The first operation, Fig. 6, is milling the seat for 


the cylinders ; the second o tion (Fig. 7) is straddle- 
milling for the plummer-b!ocks of the crank t bearings 
and oil-base face, and is located from the first. This is 
one of the few cases where an apparent departure can be 
made from Rule 2. It will be observed that two straddle- 
mills are used to machine the outside edge of the case, 
and provide a face truly to, and at a definite 
distance from, the centre of the crank-shaft. It is legiti- 
mate, because any possible inaccuracy is quite un- 
1m t. 
he casting is then mounted (Fig. 8) upon an angle- 

plate on a boring-machine in such a peoltien thav the 
axis of the crank-shaft and the cam-shaft are truly hori- 
zontal. There is no special feature about this jig except 
that it will be noticed the location is taken from 
cylinder face and the previously-referred-to straddled 
edge. The cutter-bars are guided by hardened and 
ground bushes attached to the jig and driven through 
universally jointed shafts from the a 

The next operation (Fig. 9, page 44) illustrates the jig 


ily | for drilling the cylinder holding-down bolts and the valve 


ide-holes. The casting is located in its jig by plag-gauges 

tting the bore of the crank-shaft and the cam-shaft, and 
the taper wedges underneath are adjusted after these 
plugs are home, to take the pressure of the drills. The 
Jig illustrated has had to be duplicated in order to deal 
with the quantity in the time, and therefore does not 
carry the cylinder bolting-down holes. This has no dis- 
vantage, as this method of location ensures equal 
accuracy to both jigs. If any machined faces do not 
‘clean up,” or any other irregularities are observed after 
the castings come from the jigs, it is a clear indication 
that something is wrong, and either the casting is of 
incorrect shape or has been improperly treated. Ib will 
then either be thrown out or receive special treatment. 
While the machining of these pieces is in mind, the 
author wishes to call attention to the reason why the 
castings are dealt with singly, and not mounted on larger 
machines taking a number at one setting. It is a simple 
matter to set up one casting true to the scribed lines in 
this way within the accuracy required ; but when more 
than one has to be mounted, a t deal more care must 
be taken, because each casting has to be true to the other 
as well as to the machine. 


It is far more economical to set them up singly on small 
machines suitably grouped, when two, three, or four can 
be tended by one operator. The capital outlay in plant, 
the floor space, the idle time when the cutters are not 
cutting, and, as a consequence, the operators’ wages and 
the establishment charges, are all less. The only cases 
where grouping really pays is when the parts can be 
located from a previously machined face like that illus- 
trated in Fig. 10, page 44. This shows a gang of four- 
cylinder motor-car crank-shafts on a planing-machine. 
The time taken in setting is only that necessary to clean 
the locating faces and secure the parts. 

By far the greater number of jigs that are used are 
made for correctly locating drilled holes. Figs. 11 and 12 
illustrate a good method for making drill-jigs where the 
holes are in circular relation. The illustration depicts a 
jig carrying four holes, and the method adopted is as 
follows :—The jig-casting is turned and mounted truly on 
a dividing-head on a universal milling-machine. One 
iameter, preferably an outside diameter, is turned accu- 
rately to a given dimension. On the cutter-spindle of 
the machine is mounted a self-centring chuck, in which 
a true mandrel of known diameter is mounted and set to 
runtrue. The table of the machine is then adjusted verti- 
cally until the cutter and dividing-head spindles are at 
the same height, a Vernier gauge being used to measure 
from the table to the mandrel for the purpose. The table 
is then adjusted sideways until the centres of the two 
spindles are the proper distance apart. A Vernier depth- 
gauge is used to measure from turned diameter of the jig 
to the true mandrel. A drill a few hundredths smaller 
than the finished holes is then chucked and the holes 
drilled, the dividing-head spacing them as desired. 

An eccentric boring-bar holder, carrying a single-point 
cutter, illustrated in Figs. 13 and 14, is then chucked, and 
the first hole bored out to the desired size. The amount 
of eccentricity, and therefore the size of the hole bored, 
are readily adjusted by the use of a chuck-key. A plug- 
gauge is inserted, and the work divided to bring up the 
next hole. The true mandrel is again mounted in the 
chuck, and the micrometer used, as illustrated in Fig. 11, 
to adjust the jig to the exact position, thus eliminating 
any backlash or any imperfections which may exist in the 
dividing-head. The boring-bar is again inserted and the 
hole bored true. The same principle is employed for 
making « series of holes in line, the lead screw of the 
table being quite accurate enough on a universal 
machine for approximate location for drilling purposes. 
The plug-gauge, true mandrel, micrometer, and little 
boring-bar are again used for final location. 

Another very useful device for dealing with the rapid 
production of drilling-jigs, where the holes are not in 
circular relation to one another, is illustrated in Figs. 15 
and 16, 45. The device consists in a cast-iron plate, 
about 18 in. square, planed all over, and has a number of 
holes drilled and tapped in it, as illustrated. Two sides 
are gt up dead true and square to one another, to which 
are bolted two wrought-steel strips carefully machined. 
A slotted bar is provided, with a truly-ground hole and a 
series of slip-bushes. The jig is planed square on the two 
sides and on both faces, and the positions of the holes are 
roughly set out on it. The jig is then clamped up to one 
corner, the bush set over the position of a hole which 
is drilled and reamed through it. The jig is then moved 
to bring the next hole into position under the bush by 
placing two circular gauges upon the one side, and the 
third one upon the other. This hole is then put into the 
jig, and the position again alteréd for another, and 





so forth. 





These methods have great advantages. It will be found 
that standard bushes can be almost universally adopted. 
a can be manufactured on a capstan or automatic 
machine from mild steel, and carbonised, hardened, and 

d, and put into stores. With this little single-point 
Caeeuee it is quite an easy matter to bore the a 
accurately to size and in the correct position. Suitable 
a adopted by the author are given in the following 

‘able :— 











Cast Steel up to 1 In. | Mild Steel Case-Hardened 1 In. 
Diameter Outside. and Upwards. 
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* Where possible. 

Norr.—All drilling and locating liners from 0 to 1 in. outside 
diameter to be marked ‘‘ Cast steel, H» and Gp» ; not like this : 
“C. 8. H> and Gp ;” over 1 in. to be marked “‘ OC. H. 8. Go, 


With these means at one’s disposal, the cost of pro- 
ducing drill-jigs, and, in consequence, the number of 
pieces for which it is worth while to make them, is very 
considerably reduced. They make easy the setting of 
piece-prices for such work, because the time required to 
produce the holes in any jig can be estimated very accu- 
rately. Foremen and operators soon gain confidence to 
set and accept prices. 

Another device which will be found extremely useful 
in every tool-room is what has been christened, for want 
of a better name, a “‘sine-bar.” A sine-bar is a flat strip 
of steel, planed true all over, upon which are fixed two 
hardened and ground plugs, 1 in. in diameter, 10 in. apart? 
Two sine-bars mounted on an angle-plate are illustrated 
in Figs. 17 and 18, page 45. Mounted in this way, they 
are used for gauging ey either circular or flat. 
Two holes are bored in the angle-plate exactly 10 in. 
apart, and the plugs illustrated made to fit them. To 
set to any desired angle it is only necessary to insert the 
correct gauges, and the two bars are brought up to 
touch them, and clam in position by the knurled nuts 
illustrated. Stan sizes will be used for developing 
the Morse taper or any other tapers in current use, and 
A ge taper can be readily developed when re- 
quired. It is only n to look up the natural sign 
of the angle, multiply it by 10, as the centres are 10 in. 
apart, and the re so arrived at is the difference in 
distance apart in inches between the two plugs fixed to the 
sine-bars. Ifa permanent record is required, a correct 
circular plug can be made to suit. ; 

It is wonderful how sensitive this gauge is to use; the 
slightest want of rectitude, especially in a round taper 
gauge, is perceived at once. ; ; 

Another very $ use to which the sine-bar can be 
put is illusteated in Figs. 19 and 20. In Fig. 19 it is 
shown testing the truth of an angle-plate. Upon the 
sine-bar are fixed two hardened and ground plugs 1 in. 
in diameter and 10 in. a When mounted in this way, 
the difference in height between these two plugs and the 
surface-table is found from the sine-table. Take a con- 
crete instance of a 30 deg. angle. The sine of 30 deg. is 
0.500. Therefore the differenee in height between the 
plugs on the sine-bar is 5 in. The sine of 30 deg. 1 minute 
18 0.502, so that it will be easily seen that the device is 
— sensitive. Fig. 21 on = —~ 74 in == 

leveloping an angle gauge. It isclam up to a hollow 
Sa Satiend Sop ah oe ae ot 
f ang’ ui in gauge. 6 strip of s 
with passe sles is then clamped, as shown, with the 
end roughly trimmed to the angle. The whole is then 
mounted on a surface-grinder and the strip ground true 
to the angle on both sides. } 

Fig. 22 illustrates how a wire gauge may be used to 
measure the exact diameter of a hole which is re 
larger than the length of the gauge. One end of the 
gauge is held stationary, and the other is moved from side 
to side in the hole and the lateral movement observed. 
The oversize of the hole—i.e., the amount it is larger in 
diameter than the length of the gauge—is calculated by 


the use of the following formala :— 
sideways play of the ~? 
gauge in eixteenths of 
The oversizeof theholein Ls sminch = 
thousandths of aninch ~ diameter of the hole in 
half inches 


Fig. 22 shows a wire gauge 7 in. long, which hasa play 
of % in. Therefore :— 
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therefore diameter of the hole is 7.0035in. MIDDLESBROUGH Wednesday. 5.W.0.8F 

This formula is accurate to the third decimal place| pe Ciereland Iron Trade.—The pig-iron market is ft. tt. ft. 
when the amount of ‘ play” does not exceed one-tenth | j, g healthy state Outside speculative operations in | No. 11* 575 73 26 
of thediameter. Itassumes that 32 squared = 1000. warrants are once more interfering to some extent with| » 12" 400 57 j 20 

In conclusion, the author wishes to ex his thanks | jecitimate business; but a genuine undertone of con-| ” !4 550 67 | 26 
to Messrs. Wolseley Motors, Limited, for kindly allowi fide ; ge : » 1b 450 61 26 


him to photograph these jigs and devices illustrated, an 
for lending him the exhibits on the table. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 

ig-iron market opened with a firm tone, and a fair 
Cosiness of 3500 tons of Cleveland warrants was done at 
54s. - and 54s. 4d. cash, and at 54s. 7$d.. 54s. 9d., and 
54s. 7d. one month. Closing sellers named 54s. 54d. cash, 
54s. 8d. one month, and 55s. 14d. three months. There was 
no afternoon session. and the market remained closed on 
New Year’s Day. When business was resumed on Monday 
morning Oleveland warrants were very strong, and 3500 
tons were dealt in at 553. 1d. eleven days, 55s. one 
month, and from 55s. 74d. to 55s. 19d. three months. 
At the close sellers quoted 55s. cash, 55s. 3d. one month, 
and 55s. 10d. three months. In the afternoon the tone 
continued strong, and Cleveland warrants amounting 
to 2500 tons changed hands at 55s. cash, 55s. 34d. 
one month, and 55s. 9d. and 55s. 10d. three months. 
The closing quotations were up to 55s. 14d. cash, 55s. 44d. 
one month, and 55s. 11d. three months sellers. On Tues- 
day morning the market was again active, and some 
5000 tons of Cleveland warrants were put through at 
55s. and 55s. O4d. cash, 55s. 44d. one month, and at 
55s. 11d., 55s. 9d., and 55s. 10d. three months, with sellers 
over at 55s. 04d. cash, 55s. 4d. one month, and 55s. 10d. 
three months. The afternoon session was quieter, and 
prices eased off slightly. The turnover consisted of 1500 
tons of Cleveland warrants at 54s. 10d. cash, 55s. 14d. one 
month, and 55s. 9d. three months, with sellers over for 
the last position, and at 54s. 11d. cash, and 55s. 24d. one 
month. When the market opened to-day (Wednesday) 
the tone was again easier, and 1000 tons of Cleveland 
warrants were dealt in at 55s. one month, and closi 
sellers quoted 54s. 9d. cash, 55s. one month, and 55s. 6d. 
three months. In the afternoon the market became 
somewhat firmer, but dealings were limited to 1000 tons 
of Cleveland warrants at 55s. 9d. three months, and at 
the close sellers named 54°. 10}d. cash, 55s. 14d. one 
month, and 55s. 9d. three months. 


Sulphate of Ammonia.—The year has opened with 
sulphate of ammonia maintaining its strong position, and 
the current price is from 12. 5s. to 12/. 7s. 6d. per ton, 
Glasgow or Leith, for prompt delivery. The demand is 
fairly good, and inquiries for forward parccls are also 
very satisfactory. 

Scotch Steel Trade.—With the holiday spirit still pre- 
vailing in Glasgow and the West of Syotland, there is 
little to report in connection with the steel trade, as work 
will not be general until next Monday, although some 
establishments are now running part of the plant. The 
number of specifications on hand is very satisfactory, 
and full work will be the order of the day for some time 
to come. Government orders, of which re are a& 
great many, will have first call, but apart from these 
there is a wave of industrial activity, which means a 
heavy tonnage of material of all classes. and therefore 
the outlook at the moment is fairly bright. The export 
trade is also very promising, but the high freights are 
keeping business back. 

Malleable-Iron Trade.—The malleable-iron trade in the 
West of Scotland is not yet in full swing, but within the 
next few days the various works will be running ful] time. 
Bookings have recently been very good, and the prospects 
have improved considerably. 


Scotch Pig-Iron Trade,—Although business has barely 
commenced after the holidays, the tendency already is 
for higher values, and Scotch pig-iron is very firm. There 
is a healthy demand for the ordinary qualities, and hema- 
tite is also in good request by steel-makers. Inquiries 
for shipping lots are very satisfactory, and reports show 
that several fair cargoes have booked for early 
despatch. The total amount shipped last week from 
Scotch ports was 2298 tons, against 4136 tons for 
the same week last year, making a decrease of 1838 tons. 
For the full year the shipments of Scotch pig-iron 
totalled 182,991 tons, against 248,119 tons for 1913, which 
shows a decrease of 65,128 tons. The following are the 
market quotations for makers’ (No. 1) iron:—Clyde, 
70s. 6d.; Calder, Gertsherrie, and Summerlee, 71s.; and 
Langloan, 72s. 6d. (all shipped at Glasgow) ; Eglington, 
60s., and Glengarnock, 71s. 6d. (both at Ardrossan) ; 
Shotts, 74s.; and Carron, 738. (both at Leith). 


Scotch Shipbuilding.—The prospects for this year are 
exceedingly bright owing to the heavy increases in 
anathte, end to the euqeeaanaats of So Goveeness 
anc the large tonnage recently placed by shipowners has 
ensured much activity in the yards for some months to 
come. Of course, a shortage of labour is inevitable, due 
to the very ready response of our young manhood to the 
call of King and country, but this difficulty will be 
overcome by the willingness of those remaining to work 
all the harder. 





._ AMERICAN IuMIGRATION.—The war has bad an exceed- 
ing y restrictive effect - eo immigration into the United 
States. The arrivals of immigrant aliens for October 
amounted to 30,416. This was the smallest total for 
October for many years, and it showed a —- of 
nearly 80 per cent, as compared with October, 19 


ence prevails, and a good, steady business is passing. 
Shortage of labour, due to so man 
joined the Colours, is ae 
and this is particularly felt so 
is concerned. No. 3 g.m.b. Cleveland pig is 55s., at 
which figure both makers and merchants have sold and 
are still prepared to sell. Some second hands might 
accept a trifle below the recognised market quotation. 
No. 1 is 57s.; No. 4 foundry, 54s. 6d.; No. 4 forge, 54s.; 
and mottled and white iron, each 53s. 6d. Values of 
East Coast hematite pig show further upward movement. 
It is not easy definitely to fix rates, but producers take a 
very firm stand, and are not particularly pressing sales. 
There are buyers who —— that they can purchase 
Nos. 1, 2, and 3 at 77s. 6d., and possibly some second 
hands would still -~ that price, but makers will not 
ow below 80s. ere is complaint of inadequate 

eliveries of foreign ore. Several consumers have low 
stocks, and unless supplies come to hand better in the 
near future some hematite blast-furnaces will have to be 
blown out. Nominally market rates are based on 26s. 
ex-ship Tees for Rubio of 50 per cent. quality, but with 
steamers practically unobtainable, nobody will sell and 
guarantee delivery at that rate. Freights are very high. 
As much as 12s. has been paid Bilbao to Tyne or Tees. 
Imports of foreign ore to the Tees to date this month 
were to-night officially returned at 7600 tons. ke con- 
tinues steady and firm and in fairly good request for 
local use. Durham beehive av blast-furnsce kinds 
are ~ the neighbourhood of 18s. delivered at Tees-side 
works. 


workmen havi 
supplies Of raw materi 
ar as Cleveland ironstone 


Stocks of Pig-Iron.—Stocks of Cleveland pig-iron in the 
public warrant stores now stand at 110,222 tons. During 
the month of December stocks were increased by 3220 
tons. There are warrants in circulation for 99,500 tons of 
No. 3 Cleveland pig-iron. 


Iron and Steel Shipments.—Shipments of pig-iron from 
the Tees during the month of December were on only a 
very moderate scale. is was mainly due to the war 
and to the closing of the North Sea on three or four 
occasions. Most of the iron required for home use is now 
being sent by rail. Scotland, as a rule, receives hetween 
20,000 to 25,000 tons per month by sea, but during last 
month she received practically all her supplies by rail- 
way. There is no iron being cleared from the Tees to 

mouth, owing to the Firth of Forth being closed 
to shipping. Loadings of pig-iron during December 
averaged 826 tons per working day, the total despatches 
being officially returned at 21,480 tons, 20.930 tons of 
which went from Middlesbrough, and 550 tons from 
Skinningrove. In November the clearances reached 66,013 
tone, or a daily average of 2593 tone, and for the month 
of December a year ago the loadings were given at 
107,698 tons, or an average of 4142 tons per working day. 
All the iron cleared at Skinningrove went to Scotland. Of 
the pig-iron loaded at Middlesbrough, 15,456 tons went 
qheendl and 5474 tons coastwise. Sweden was the largest 
buyer, with 5786 tons: whilst Italy received 2900 tons ; 
Norway, 2603 tons; Denmark, 2359 tons; Scotland, 1735 
tons; and Wales, 1435 tons. Tees loadings of manu- 
factured iron during the month just ended reached 5731 
tons, 606 tons of which went foreign and 5115 tons coast- 
wise. and those of steel amounted to 20,498 tons, of which 
15,033 tons went abroad, and 5465 tons to home customers. 
The Argentine received 500 tons of manufactured iron, 
whilst India was the largest buyer of steel, receiving 
2922 tons. Other principal customers were :— Victoria, 
2700 tons ; South Australia, 2616 tons; Natal, 2433 tons; 
and France, 1451 tons. 


Manufactured Iron and Steel.—Excellent accounts con- 
tinue to be given of the manufactured iron and steel 
industries. Works are going at full pressure, and many 
producers are pressed for delivery. Substantial orders 
are still in the market. In the rail trade large orders are 
expected to be given out shortly on home account. Some 
of the railways are asking manufacturers to contract for 
some years ahead. Quotations are very strong, and 
advances have been made. Steel ship-plates and iron 
and steel angles have each been advanced 10s. Principal 
market quotations stand :—Common iron bars, 8. ; best 
bars. 8l. 7s. 6d. ; best best bars, 8/. 15s. ; packing-iron, 
6l. 5s.: iron ship-plates, 7/. 15s.; iron ship-angles, 8/.; 
iron ship-rivets, 8/. 17s. 6d.; iron girder-plates, 7/. 5s.; 
steel bars (hasic), 7/. 10s.; steel bars (Siemens), 7/. 15s.; 
steel ship-plates, 8/.; steel ship-angles, 7/. 15s.; steel 
boiler-plates, 8/. 15s : steel strip, 7/. 5s.; steel hoops, 8/.; 
steel joists, 7/. 2s. 6d.; cast-iron columns, 7/. 7s. 6d.; 
cast-iron railway chairs, 4/. 5s.; light iron rails, 7/. 15s.; 
heavy steel rails, 6/. 7s. 6d.; steel railway sleepers, 7/. 
—railway material net at works, and all other descriptions 
less 24 per cent. discount; galvanised corrugated sheets, 
24-gauge, in bundles, 141. f.o.b.—less 4 per cent. 


New Dry Docks.—Messrs. Smith’s Dock Company, 
Limited, of South Bank, Middlesbrough. are constructing 
two more modern dry docks on the River ‘Tees, and 
they hope to open these in the early spring. The larger 
one will be capable of holding vessels up to 12,000 tons 

The firm have already two dry docks in use in 
addition to their extensive shipyard ; but these are ina/le- 
quate to cope with the volume of work offered. The follow- 
ing is the list of Messrs. Smith’s dry docks on the Tees, 
the asterisk deneting the two st present under con- 
striction !— 








The firm have also laid out a site adjoining No. 11 dock, 
when necessity arises, for still further accommodation. 
At the present time all branches of the firm are very busy. 
In the repairing department a good deal of work for the 
Admiralty is being carried out. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has remained without 
material change. Tonnage has not arrived very freely, 
in —— of stormy weather. Exporters have, 
however, a sufficient number of steamers ready for 
their immediate requirements, and quotations for prompt 
loading have been maintained as regards large steam 
coal. Smalls, which have been affected by a heavy 
French demand, have become scarce, and prices have 
shown strength. There are some apprehensions of a 
shortage of tonnage, and shipowners are endeavouring to 
enforce enhanced rates. Prices of house coal, patent fuel, 
and coke have shown no alteration. The best Admiralty 
large has made 20s. 6d. to 2ls. per ton; best secondary 
qualities have brought 19s. 3d. to 19s. 9d. ; and other 
secondary descriptions have realised 18s. 3d. to 18s. 9d ; 
best bunker smalls, 13s. to 13s. 6d.; and ca 1s, 
10s. 6d. to 11s. per ton. The best house coal made 
19s. to 20s.; good households have realised 17s. to 18s. ; 
No. 2 Rhondda large has been quoted at 14s. to 15s. 6d.; 
and No. 2 smalls have brought 9s. to 9s. 6d. per ton. 
Patent fuel has been quoted at 18s. to 19s. per ton. Special 
foundry coke has realised 27s. to 31s.; good foundry coke, 
20s. to 26s.; and furnace coke, 17s. 6d. to 19s. 6d. per ton. 
As regards iron ore, Rubie has made 20s. to 21s. per ton, 
upon @ basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Copper Cargo for Swansea.—The steamer York Castie 
has arrived at Swansea with a cargo of 2000 tons of copper 
slabs from Beira, East Africa. The value of the cargo is 
estimated at upwards of 100,000/., and it is the first con- 
signment which has arrived at Swansea from the Beira 
district. 


A Tin-Plate Pool.—A pooling arrangement entered into 
by Welsh manufacturers of tin-plates came into operation 
on Monday. Only about 5 per cent. of the mills are 
outside the arrangement. A standard output is set up 
for each firm or company, and for any excessive potee: 
tion mg openenne has to pay intoa pool, out of which 
those bf their contemporaries who are not making up to 
the standard are to be com 
regulate the output by the demand. 


The Welsh Coal-Ficld.—The area of the Welsh coal- 
field is computed at 1000 square miles—viz., Monmouth- 
shire, 194 square miles; Glamorganshire, 518 square 
miles; Brecknockshire, 74 square miles; Carmarthen- 
shire, 228 square miles; and Pembrokeshire, 76 square 
miles. Some 154 square miles lie beneath the sea, or are 
covered by newer formations. 


Newport.—Large steam coal has shown little change. 
Smalls have been scarce, and house coal, patent fuel, 
and coke bave presented no new features. Best New- 
port Black Vein large has made 18s, to 18s. 3d.; Western 
Valleys have been quoted at 17s. 6d. to 17s. 9d.; and 
Eastern Valleys at 16s. 6d. to 17s. per ton. 


The Swansea Valley.—The tin-plate trade has shown 
some dulness, and shifts of six hours have been worked 
throughout the Morriston frorr. with the exception of 
Tyrcanol and Morriston. @ tin-houre sets have been 
working in accordance with the number of active tin- 

late mills, so that they have been only partly occupied. 
The steel works have been going full time. 


The object is to 





Contracts.—The Monometer Manufacturing Com- 
y, Limited, Whitehouse-street, Aston, Birmingham, 
ve received an order from Messrs. Callender’s Cable 
and Construction Company, Limited, Belvedere, for their 
whole plant to be equipped with the Monometer cable 
and compo-pipe furnaces, complete with the self-acti 
adjustable heat regulator, patent lifting mechanism, an 
low-pressure gas-burners. 





ALMANACKS, CALENDARS, &c.— We have received 
further calendars from Messrs. John I. Thornycroft and 
Co.. Limited, Caxton House. 8.W. ; the Hunslet Engine 
Company, Limited, Leeds ; Messrs. J. Evershed and Oo., 
8-19, King-street, Snow-hill, F.C. ; Messrs. Robert Boyle 
and Son, don ; Messrs. Brecknell, Munro and Rogers, 
Limited, Thrisseli-street, Bristol; Messrs. John Smith 
and Co., Grove Works, Carshalton, Surrey ; the Glacier 
Anti-Friction Metal Sompane, Limited, Waldo-road, 
Willesden Junction, London, N.W.; the Booth Steam- 
ship Compang, Limited, Adelphi-terrace, Strand, W.C. ; 
Messrs. Stewarts and Lloyds, Limited, Winchester 
House, Old Broad-street, EO. ; Messrs. Cammell Laird 
and Oo., Limited, of Sheffield and Birkenhead, and the 
Westinghouse Brake Comeenr, Limited, of 82, York- 
road, King’s Cross, N.—From Messrs. Thermit, Limited, 
of 27, Martin’s-lane, Cannon-street, E.C., we have re- 
ceived a pocket-book and calendar, which contains much 
useful information in reference to the Thermit 


Process, 
and, in addition, various tables of atomic weights, &c. 
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Fie. 11. Serrine Our Dritt-Jie. 


Fic. 12. Borinc Dramt-Jic. 
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Fic. 13. Eccentric Bortnc-Bar Hotprer. 


Fie. 14. Parts or Eccentratc Borinc-Bar Howper. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Railway companies have 
held out for lower contract rates for locomotive fuel, and 
have succeeded in forcing a reduction averaging 6d. on 
last year’s figures. Producers will doubtless be glad to 
settle matters for another twelve months, as the outlook in 
the shipping section is not very promising. Moreover, the 
loss will be more than counterbalanced by the increased 
value of house fuel. The delivery problem is still unsettled 


and difficult, particularly so far as house coal is concerned. | 
Merchants were hoping that a good — empties would | 


be released during the holiday period, 


this being the case, railway companies are still refusing 
to accept deliveries until the congestion on their respec- 
tive systems is cleared, which, in view of special military 
requirements, may mean an indefinite embargo on busi- 
ness with London and the South. Complaints of shortage 
of supplies are becoming general. Many merchants are 
still dealing with orders for prompt delivery placed on 
December 9. Consequently house-coal prices are still on 
the up grade, further advances of from 3d. to 6d. being 
recorded this week. Decreased production has materially 
strengthened the market for slacks. This in turn has had 
a stiffening effect on coke values, there being a shortage 
of coking material. Quotations :—Best branch hand- 


15s. 6d.; Derbyshire best brights, 14s. to 15s.; Derbyshire 
house, lls. 6d. to 12s. 64. ; best large nuts, 11s. 6d. to 
12s. 6d. ; small nuts, 93. 6d. to 10s. 6d.; Yorkshire hards, 
103. to 11s.; Derbyshire hards, 93. to 103. 6d.; bestslacks, 
7s. to 8s.; seconds, 5s. 6d. ; and smalls, 2s. 6d. to 3s. 64. 


Tron and Steel.—The new year opens in circumstances 
which are regarded as favourable by the leading men in 
the big engineering concerns of South Yorkshire. <Anti- 
cipating a rush of orders, customers at home and abroad 
have for some weeks past been placing orders freely. A 


| big demand for machinery, railway and constructional 
| material of a heavy type, is anticipated, and prices are 
ut so far from picked, 17s, to 18s, ; Barnsley best Silkstone, 14s. 6d, to sure to advance. The serious loss of labour sustained 
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SOME POINTS IN JIG-MAKING. 
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Fic. 16. 


Figs. 15 anp 16. Face-Piate ror Setrine Our Dritt-Jics. 








Fig. 17. 


Fics. 17 anp 18. ‘*Sing” Bars Mountep 








Fig. 18. 
ON ANGLE-PLATE FoR TrsTING TaPeR GAUGES. 


























Fie. 19. 
Testinc ANGLE-PLatTE. 


**Srvet” Bar Set up For 


owing to early enlistment has already had..a hampering 
effect on output, and a large amount of overtime is being 
worked. All this means a big consumption of raw material, 
‘nd manufacturers are speculating as to how delivery can 
be expedited so as to ensure the regular supply of adequate 
quantities. Movement in raw material this week has 
been chiefly in hematites, owing, no doubt, to the early 
resumption of armament-making, and prices are firmly 
held. Substantial premiums are asked of contract buyers. 
Uincolnshire and Derbyshire forge and foundry sorts 
have been rather quieter, but the undertone is healthy 
and prices show no decline. All sections of the steel 
industry have now got into full working order, and the 


output 13 on an exceptionally large scale. Some depart- | 


ments are so full of orders, on War Office account, that 
they are unable to meet ordinary commercial require- 
ments, and are placing business out with smaller con- 
cerns which have not the equipment to make military 
necessities, Business in railway material is still on the 
quiet side, but much better things are expected later in 
the year when provision is made for the great wear and 
ear which the home and Continental systems are under- 


Fic. 20. Setrrine ‘‘ Sine” Bar to Destrep 
ANGLE, 


going. On the other hand, there is a very heavy call 
for shipbuilders’ steel, and no diminution is expected. 
One of the brightest features is the influx of orders for 
all kinds of military automobiles. Special-steel makers 
report improved order-books. Increased quantities are 
being made for shipment, some of the best orders having 
been received from New York, Sydney, Calcutta, and 
Johannesburg. In the lighter branches work is plenti- 
ful. The latest orders enumerate saws and files for 
India, axes, hammers, and shovels for New South Wales, 
and mining machinery and implements for South Africa. 
There is a heavy run on steel billets. 








**CAB-SIGNALLING ON RAILWAYS.” 
To THe Epitor or ENGINEERING. 

Srr,—In your report of the discussion at the meeting 
of the Institution of Mechanical Engineers on this 
subject, you have in a footnote (page 748, vol. xcviii.), a 
reference to the question of the best shape for the contact 
path of the ram 





I think the chape there suggested and illustrated an 














Fic. 21. ‘*Sine” Bar Ser up ror 


Devetoprnec GAvuGE. 











Gaveine Diameter or Hoxie sy a Wire Gauge. 


| improvement on the straight line, only so long as the 
| whole of the curve can be utilised. Initial contact should 
| take place at the tangent point where the curve joins the 
| line of motion which the contact surface of the engine 
detail has been following just previous to striking. If 
striking takes place higher up the curve, it depends on 
the length of the curve as to whether the slope at the 
point of contact will not be such as to caure a greater 
shock than occurs with the straight-line path. Doubtless, 
one of the reasons for not adopting the ‘‘ wave-line” is 
the impossibility of ensuring perfect alignment of the 
rubbing surface of the detail, with the entry to the ramp, 
due to the pitching of the engine and a number of other 
factors. Theshoe must never come below the lowest point 
of the ramp-path, and in practice it will be generally above. 

It is, as you say, worth noting that the point did 
not come up. A case closely analogous to the one 
in question is that of the tripper on a steam-hammer. 
Here we have the hammer-head moving, like the engine, 
in a‘ straight path, and coming into contact with a 
tripper, to which a sudden movement has to be imparted. 
Almost universally it will be found that no attempt is 
made to give the tripper the right shape for reducing 
shock. © same point arises, of course, in the design 
of cams for quick valve movements, and in the most 
familiar instance of all—viz., the shape for railway or 
tramway curves to secure easy transition from one direc- 
tion of motion to another. I have recently used the wave- 
line on steam-hammers in working out an expansion-valve 
gear, and the smooth and satisfactory working obtained 
could not be got except by the use of the correct curve. 
Here, of course, it is possible to ensure fairly accurate 

mtial contact. 

e@ curve for constant acceleration of the body de- 
flected is a parabola when the actuating body has constant 
velocity. is can be seen from the familiar case of the 
| trajectory of a projectile. Neglecting air resistance, the 
| horizontal component of the velocity is constant, and 
| the constant downward acceleration due to gravity causes 

the body to describe a parabola. In like manner, the 
—_ etail which is being carried = constant 
| velocity must be made to move in a parabolic path, in 
order that the accelerating force acting on it, to move it 
| vertically, shall be constant. 

Yours truly, 

| Manchester, Dec. 30,1914. Ww. H. Snow, Wh, Ex, 
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THE YACHT ‘‘ MELITA.” 


Tue application of the internal-combustion engine 
for marine work has developed from two totally dif- 
ferent starting-points. On the one hand there has 
been the large marine engine of the Diesel type, which 
often follows the lines of a steam-engine in its details ; 
on the other, the type developed from the motor-car 
engine. The latter was found to require considerable 
detail modification in order to work satisfactorily under 
the continuous full-power runs required at sea; but 
these have been made, and engines of this type are being 
constructed which are quite satisfactory. The power 
has rapidly increased from the 50 horse-power of the 
motor-car engine to several hundred horse-power in 
the racing-boats. These engines, however, burn petrol, 
which is far too expensive a fuel for ordinary use on 
such a scale, and also run at very much higher speeds 
than are desirable for continuous work, and accord- 
ingly another type has developed, running at moderate 
speeds and burning ordinary petroleum. This is 
again increasing in size and power, and it remains to 
be seen in the future to what extent it will come into 
use for larger powers still. 

An interesting vessel fitted with such engines is the 
Melita, designed and built to the order of the Grand 
Duke Cyril of Russia by Messrs, J. I. Thornycroft, 
Limited, Southampton. This vessel is designed to have 
the general appearance of a torpedo-boat, and has a 
turtle back forward, with a wheel-house abaft of it, 
and a small bridge over. The funnel is arranged to 
be a ventilator to the engine-room, and also to serve 
for the So of the motors. The latter have 
a total of 300 brake horse-power, and drive twin- 
screws. 

The general appearance is seen in the photograph 
reproduced in Fig. 1, page 48, and Figs. 2, 3, and 4 
show the elevation, deck plan, and cabin plan of the 
boat, and it will be seen from these what a very small 
space the machinery takes up as compared with the 
ordinary steam type. In spite of the small size of 
the engine-room, however, it is not at all cramped, 
and there is ample room to walk right round the main 
engines. 

The owner’s accommodation is arranged aft, and 
consists of two state-rooms for the Grand Duke and 
Duchess, aft of which comes a companion-way, with a 
bath-room on the starboard side, and a maid’s cabin 
and pantry on the port side, aft of which again comes 
the saloon, There is also a secretary’s cabin on deck, 
and it will be seen that the officers’ accommodation is 
exceptionally roomy. 

The engines consist of two six-cylinder motors 
driving twin-screws, the cylinders being 8} in. in 
diameter by 12 in. stroke. Each engine develops 
150 brake horse-power at 550 revolutions per minute 
when using ordinary paraffin as fuel. 

The general arrangement is much that of a motor- 
car engine, modified as necessary, the cylinders being 
cast in pairs, inlet-valves placed above the exhausts, 
and all working parts being enclosed in an oil-tight 
crank-chamber, as will be seen in Figs. 5, 6, and 7, 
on our ey kn Hk oe The crank-shaft, Figs. 8 and 9, 
is of the four- ing type, having crank-pins 4 in. in 
diameter by 5 in. long, and main bearings 4 in. in dia- 
meter by 8 in. long. 

A somewhat unusual arrangement is made for taking 
the thrust of the propeller. This is arranged in the 
crank-case, so that it is lubricated by the same system 
as the rest of the engine, and consists of a single 
broad collar on the shaft running against two suitable 
bearings, the go-ahead thrust being somewhat the 
broader of the two, Fig. 10. 

Cast iron is used for the orank-case, which is of 
substantial construction. It will be seen from Figs. 
11, 12, and 13 that the bearings are entirely carried on 
the bottom half and that it hes large doors, through 
which the bearings can be adjusted and the pistons 
and connecting-rods be removed if necessary. Figs. 14, 
15, and 16 show the cylinders. These have the inlet 
valves placed above the exhausts and driven by means 
of rocking levers. This arrangement has distinct ad- 
vantages over the plan of having all the valves direct 
driven in an engine of this size, as there are no 
separate valve-caps to close the valve openin, 
Where such valve-caps have to be used they either 
have to be water-cooled, which entails complication, 
or a large unjacketed area is exposed to the cylinder. 

The piston is of cast iron of ordinary motor-car type, 
and is shown with the connecting-rod in Figs. 17 and 
18. Four rather narrow ri are used in the piston, 
which is as light as it can reasonably be made consis- 
tent with margin for reliability. An }4{-section con- 
age is used with an ordinary marine-type big 
end. 

Lubrication is by means of an oil-pump which draws 
oil from a sump at the bottom of the crank-case 
and delivers it to visible drip-feeds, from which it 
flows to the various ~wr yy returning to the sump 
o—— a large filter. All parts are made to the 
Board of Trade and Lloyd’s requirements. 

The special features of the engine are the means of 
control. In the smaller sizes of marine motors it is 





usual to start the engine by hand, and to keep it 
running continuously, reversing being effected by a 
reversing-gear. With such a large engine, however, 
starting by hand is impracticable, and the reversing- 
gear would be very heavy. Accordingly the engine is 
started by compressed air, which is also used for 
reversing. In order to allow of this the cam-shaft is 
provided with two sets of cams, having a sloping part 
connecting them, and can be moved endways by the 
reversing lever, thus bringing either set of cams into 
operation. The gear-wheel driving the shaft is made 
wide enough to allow for this movement. 

A conically -seated rotary valve (Figs. 19 to 22) 
placed at the top of a vertical shaft at the frunt of the 
engine distributes air at a pressure of 175 lb. — 
pipes to the different cylinders. The air enters the 
cylinders through a non-return valve, Fig. 23, which 
prevents any blow-back when the engine is working 
normally. The air is admitted to the cylinders on 
the firing stroke, aud as it is a six-cylinder engine, 
one of them is always io this position. The distri- 
butor is driven by spiral gear, and the alteration of 
setting for ahead and astern starting is effected by 
sliding the gear along the shaft by connections from 
the reversing lever. 

Ignition is by an ordinary high-tension magneto, 
which is arranged to run in the same direction when 
running ahead and astern. This is effected by driving 
it by means of two bevel- , each provided with a 
free-wheel clutch. The order of firing in the cylinders 
is necessarily different when going ahead and astern, 
and in order to provide for this a high-tension switch 
is interposed in the leads to the cylinders and con- 
nected to the reversing lever. 

The air-reservoir is kept fully charged by a small 
air-compressor mounted at the front end of each 
engine, an auxiliary compressor being driven by an 
auxiliary engine in case the air-reservoir should require 
charging when the main engines are not running. 

An exhaust-heated vaporiser is used for the fuel, and 
this can either be heated by a lamp for starting, or 
the engine started on petrol and run for a short time 
till it is hot enough to vaporise the paraffin. Control 
of the engine speed is by a powerful governor, having 
an external adjustable spring. The governor acts by 
varying the lift of the inlet-valves. 

he circulating pumps for the oil and water are of 
the rotary-gear type, and in order to ensure that the 
flow shall be in one direction, whether the engine runs 
ahead or astern, two automatic valves are provided to 
each side of the pump, as in Fig. 24. Thus, which- 
ever way the pump runs, the flow is always in one 
direction. 

It is found to be desirable to be able to run the 
main engines without the propellers for warming up, 
&c.; hence a clutch is provided between the engine 
and the propeller shaft. This clutch is not used in 
ordinary manceuvring, but only for the purpose named. 
It is, however, found that the reversing of the engines 
is much improved if the propeller shaft is stopped 
revolving directly the throttle of the engine is shut. 
Hence a foot-brake is provided to the engine shaft 
immediately behind the crank-case. All the control 
levers are conveniently grouped at the after end of 
the engine. 

The yacht is lit by electricity, and has electric 
radiators ; also a small search-light and electric cap- 
stan and steering gear. To provide for this a dynamo, 
direct coupled to a small engine, is installed at the 
forward end of the engine-room. The auxiliary ai?- 
compressor is driven by the same engine, and can be 
thrown in or out of gear as desired. 

Our representative was present on the trial of this 
boat, when a speed of 13.65 knots was obtained on a 
four hours’ trial. The engines ran very satisfactorily 
and with little noise or vibration, while there was 
a complete absence of smell. In manceuvring also the 
starting and reversing were quite satisfactory, the 
engine starting when the compressed air was turned 
on, and fired after one or two revolutions. 

The small amount of attention such engines require 
as compared with a steam-engine is, of course, very 
obvious, and this means that speed can be maintained 
more easily in practical work, as all difficulties in 
connection with firing and coal-trimming are avoided. 
The radius of action is also several times as great as 
would be obtainable with steam, as to attempt a large 
radius of action in such a small boat would mean 
impracticable weights and bunker space. As compared 
with other types of oil-engines, the above general 
type has the advantage of working at very moderate 
maximum pressures, and of having no hot parts of the 
vaporiser exposed to the explosion pressure. It will 
therefore be interesting to see to what extent it 
develops in the future. 





Messrs. Botoxow, VAUGHAN AND Co.’s Works.— 
In connection with our article on Messrs. Bolckow, 
Vaughan’s Works, published last week, it may be stated 
that the telpher railway at the above works was ge 
and cons' by Messrs. Herbert Morris, Limi at 
their Empress Works, Loughborough. 





COPPER AND SULPHUR ORE INDUSTRY 
IN NORWAY. 


THERE are in Northern Norway a number of copper 
and sulphur ore deposits, the working of which is 
being gradually extended, and on the occasion of the 
Christiania Jubilee Exhibition of 1914 some more or 
less exhaustive reports on several of these undertak- 
ings were ouapensd at the instance of the Exhibition 
authorities, and other parties concerned. Reference 
was also made to some of the large iron-mining con- 
cerns started of late years in northern and northern- 
most Norway. The disappointing results of many, 
probably most, of these underiakings, in some 
of which immense sums were lost—Knglish, German, 
Austrian capital mostly—are attributed to reckless 
starting of huge installations befure enough was known 
of the existing conditions. Too much reliance was 
placed upon hasty and cursory reports, and the 
natural result was a reaction aud temporary stagna- 
tion. These happenings, however, do not detract 
from the value of these vast resources, and when 
wiser councils are allowed to prevail, a sound and 
remunerative activity is likely toensue. As a proof 
of the mineral wealth of this part of Norway, it may 
be mentioned that during the period 1905-1912 the 
official in question for the Nordland district (Amt) 
received no less than 32,914 claims from prospectors. 
We have on a previous occasion dealt with Norwegian 
iron-ore deposits ; particulars of copper and sulphur- 
ore deposits may be of some interest in view of the 
shortage of copper in some countries. 

The Bjérkaasen deposits, Ballangen, Ofoten, have 
for two or three years been worked by a compan 
formed for the purpose, and the undertaking bids fair 
to become a stable and satisfactory one. A produc- 
tion of about 100,000 tons of export ore per snnum is 
reckoned upon, the ore hitherto worked containing 
34 per cent. sulphur and 1 per cent. copper. There 
are & t many similar deposits in the vicinity, 
which will no doubt be worked by-and-by, as the 
company goes on. 

The Hopen copper-ore deposits, Salten, are not 
being worked at present, but there is reason to believe 
that work will be resumed, and there are favourable 
cunditions for continuous exploitation. A considerable 
quantity of copper ore has been broken there within 
the last ten years. 

The Rosmo mine has, during the period 1905-12, had 
a production of 195,970 tons of ore containing 49 per 
cent. of sulphur, and a similar production can 
probably be maintained for the future. 

The Rédfjeldet mine, Mo, has worked a limited 
amount of ore, containing 50 per cent. of sulphur, 
during the last few years trom one mine, and there is 
reason to believe that there are further similar deposits 
in the district with good chances of remunerative 
working. Altogether these districts, Ofoten and Ranen, 
are pronounced by the official already referred to as 
giving good promise of future profitable working, 
when thorough and rational investigation has been 
brought to bear upon them. 

The Orkla Mining Company owns mines princi- 
pally at Meldalen, further south than those already 
referred to; the most important is the Likken 
mine, situated 16 miles from the bottom of the Orkedal 
Fjord ; also, the Dragset mine, the Hiidal mine, 
the Aamot mine, &c. The first-mentioned mine has 
been known for more than 250 years, and was originally 
worked as a copper mine. Some of the company’s 
other mines have also been worked for 200 years, 
but working had been discontinued in all save two 
when the company took over the whole undertaking, 
some ten years The sulphur ore in places is 
so rich in copper that ore containing 5 to 8 per 
cent. copper can be deposited. The Likken deposits 
comprise a number of ore lenses, about 400 metres long, 
with a horizontal width of about 25 metres. By 
diamond borings a depth of 330 metres has been 
proved. The deepest drift is down to 260 metres. The 
winding-engines have a capacity of 1500 tons per 24 
hours. About 500 horse-power are used for boring, 
pumping, working, &c. The — per man per shift of 
nine hours amounts to 9.1 tons of rough ore ; per ton of 
rough ore, 4 lb. dynamite is needed, which includes the 
quantity used for preparatory work. During the last 
twelve months or so some 3000 metres of diamond bore- 
holes have been worked. The separating plant, crush- 
ing machinery, and transport arrangements are quite 
modern, the buildings being of reinforced concrete. The 
works contain six sections, of which four are devoted to 
separating and crushing, and two to further handling. 
The capacity of the ————s works is about 300,000 
tons of export material per year. The railway wagons 
are loaded direct from a bin, with a storage capacity 
of 13,000 tons, and the transport to Thams Harbour, 
where there are other bins, is by electric traction. 
From thence a rope railway, with a capacity of 100 tons 

r hour, transports the ore to the vessels at the pier. 
The export during 1913 amounted to about 130,000 
tons of ore. 

The ancient Riéros Copper Works and Mines control 
several mines, of which the Storvarts mine is the 
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largest ; it has been worked uninterruptedly since the 
year 17u8. Itis situated 54 miles north-east of Riéros, 
at an elevation of 2920 ft above the level of the sea. 
From it have been taken 590,000 tons of ore, 
yielding 35,000 tons of copper. Next comes Kongens 
(the King’s) mine, 94 miles north-west from the town, 
and 2720 ft. above the level of the sea. From it have 
been worked 505,000 tons of ore, yielding 18,250 tons 
of copper and about 420,000 tons of export ore, cal- 
culated to contain some 10,000 tons of copper. The 
mine has now been worked upwards of 14 miles into 
the mountain. The Christian Sextus mine is located 
close to the former, but has not worked so steadily as 
the former two mines. Lower deposits, however, 
were discovered in 1905, which promise somewhat 
better, and during the last five years some 5000 tons 
of ore have been worked, yielding 200 tons of copper. 
There are also other mines, the ore of which in some 
places is too poor to work except when the price for 
copper rules high, as it does now in Germany. 

The Réros Copper Works started operations in the 
year 1644 with some very modest deposits, but in 
the following year much larger deposits were dis- 
covered, and October 19, 1646, those interested in the 
concern obtain their first ‘‘ privileges.” Most of the 
proprietors were foreigners, but in the year 1685 a 
change was made in this respect ; otherwise the old 
partner arrangement remained unaltered till 1910, 
when the concern was formed into a limited company. 
The different wag in the history of Riros oven 
led to the building of the long-distance hydro-electric 
power-station in Norway, at the Kuraas Fall ; this 
was in 1896, and the power derived is 600 horse- 
power. Riros copper works formerly had several 
hearths, in the different forests, in which the company, 
according to their privileges, had the right to 
cut w for the preparation of charcoal. 1887 
the Manhés method was introduced, and this has, 
on the whole, since been adhered to. The ore is now 
smelted down into water-cooled iron furnaces, where 
the copper percentage is increased from 4} per cent. 
to 36 per cent., and it is then tapped red-hot into 
converters, where the sulphur and iron is burnt out 
by blowing in air, the sulphur escaping as gas, and 
the iron forming a slag, rin copper, the copper 
remaining fairly pure. This copper is afterwards 
refined. 

The Réros Copper Works from the start in 1644 until 
the end of 1913 have produced copper of an aggregate 
value of 7,000,000. Tne production in 1912 amounted 
to 600 tons of copper and 12,000 tons of ore. 

The Sulitelma Mines, Northern Norway, under- 
taking is a Swedish concern, with a capital of close 
upon 400,000/., which works copper and sulphur ore. 
The breaking of the ore is done by boring-machines, 
and within the mines the broken ore is trans- 
ported by means of electric locomotives, the aggregate 
length of the tracks being 2? miles. The transport 
of the ore from the mines to the works is effected by 
aerial railways, of which there are eight, with an aggre- 
gate length of 7 miles ; their capacity is about 30 tons 
perhour. The handling of the ore is by the ordinary wet 
process in connection with the Elmore system. The 
production consists partly of fine export ore, contain- 
ing 44 to 45 per cent. sulphur and 2.7 to 2.8 per cent. 
copper, and partly of Elmore concentrate, containing 
about 6 per cent. copper. The pure ore—the ore which 
is so pure that it on not require any handling—is 
crushed dry and then mixed with the washed fine ore. 
The capacity of the washery and the Elmore washery 
is respectively 1000 tons and 650 tons per hour. The 
separated ore and the Elmore concentrate are smelted 
down on the spot. The former is treated according to 
the so-called Knudsen pyrite smelting process in con- 
verters with subsequent Bessemer treatment. The 
Elmore concentrate is treated in a mechanical rotary 
wedge furnace, after which the concentrate is smelted 
down in a large flame-furnace of the Anaconda 
type and then subjected to a Bessemer process 
together with the other ore. The final product is a 

ssemer copper containing 99.3 per cent. copper, 
which is exported to the refining works in 
of lewt. The production amounts to about 145,000 
tons export ore, &c., about 15,000 tons Elmore con- 
centrate, and about 1500 tons Bessemer copper per 
annum. Extensions have beer pro which will 
materially increase the production from the year 1916. 
Power for the plant is obtained from the company’s 
power-station on the Balmi River, which has a 
capacity of some 3600 horse-power. The transport of 
finished products takes place by means of sloops and 
tugs across three lakes, and on a narrow-gauge rail- 
way, 84 miles long, between two of these lakes. This 
railway, however, is being altered to ordinary gauge, 
and extended a further 74 miles right up to the works, 
whereby the one lake crossing will be avoided. 

_The important ore deposits at Groug, in Eastern 
Norway, 4 to the on frontier, were, in 

he year » acquired by s com with partl 
Norw and partly French ca) ital. 1 reneatnier 
~— ascertained that 


shape of a cup or fold, | 
gules of some 19 deg., onl 


of careful investigations it has 
the deposits have the 
drawn out, placed at a 





—, with the greatest width at the bottom. 
he ore, on an average, contains 2.2 per cent. of 
copper, and 43 per cent. of sulphur. Ore both richer 
and poorer in copper is also to be met with. It is 
proposed to export some 60,000 tons annually from 
Gjersoik. The Ioma deposits are located some 13 miles 
east of Gjersoik, and about 24 miles from the Swedish 
frontier. The deposits cover an area of about 22,000 
_— yards, and for each cubic yard broken 2} tons 
of export ore are reckoned upon. The greatest depth 
is about 165 ft., and from these figures the Ioma 
sulphur-ore deposits are the largest in Norway. On 
the whole the ore is poor in copper, but contains some 
44 per cent. of sulphur, only small portions being 
suitable for smelting-down purposes. 

It is proposed to exploit these deposits in the follow- 
ing manner :—From the shore of the Hudning Waters 
a drift of about 1.4 miles length will be worked in 
under the Ioma Ceposits, and from the mouth of this 
drift to the Gjersoik, 14 miles, a rope railway will 
be built, and continued as far as the Bindalsfjord, 
& distance of 35 miles. In view of the acceleration of 
the construction of the Nordland Railway to the rail- 
way at Fosmoen, the mining company, by way of pre- 

ratory work, has first constructed a road, 16 miles 
ong, from Namdale to Gjersoik, where a provisional 
power-station has been erected, with saw and planing- 
mills, &c., and a number of houses. The natural con- 
ditions of this almost entirely uninhabited country have 

many serious obstacles in the way of getting this 
concern started, but they have now been overcome. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 23, 1914, 

Tue final decision of the Interstate Commerce 
Commission to advance freight rates on roads east of 
Chicago and St. Louis and north of the Potomac, 
except on coal, coke, and ore, has pe the long- 
awaited stimulus to greater iron and steel activity. 
The release of a large number of railway orders will 
now take place. October exports of iron and steel 
amounted to 16,000,000 dols.; November exports, 
20,000,000 dols. Last week 1000 tons of iron were 
exported for England. An order from the same source 
for 6500 motor-trucks is expected at Chicago—value 
per truck, 1500 dols. Much European business is 
pending, and ante-bellum rate of exports will soon be 
Snabelt Inquiries for 80,000 tons of structural steel 
are pending this week in the Pittsburg district. 
Pending inquiries for plates include 12,000 tons for 
Atlantic coast shipyards. Since December 1 60,000 
tons of basic have been sold at Pittsburg. A Connels- 
ville coke concern has sold 120,000 tons of coke, 
to be delivered at the rate of 20,000 tons a month 
for the first six months. Two other »oke contracts 
call for 10,000 tons a month, at 1.76 dols. at the 
ovens. 

Pig-iron activity has fallen off. The anticipated 
early placing of large railroad orders will give it 
another start on options given. The great 
volume of business in steel will be placed at current 
low rates, after which an advance of 1 dol. to 2 dols. 
@ ton will be announced to catch the multitude of 
smaller buyers. The winter-wheat area has been 
increased 114 per cent. over last year, and 20 per cent. 
above any previous planting. Three thousand com- 
mercial ft industrial organisations will send dele- 
gates toa National Foreign Trade Convention, to be 
held in St. Louis, January 20 to 22. The tone of the 
steel market is stronger than a week ago. Similar 
improvement is noted in many other directions. Con- 
ditions are ripe for a general expansion, and the 
tendency will not be discouraged by any attempt to 
advance prices to an undue degree. 

December 30, 1914. 

The past week has been more satisfactory to the 
steel interests. Railroads, agricultural interests, and 
automobile concerns have placed large orders for bars 
and shapes for delivery over the first half of the in- 
coming year. Ten ocean and lake boats have been 


bars | contracted for, calling for some 25,000 tons of plates, 


rt of which comes to Eastern mills and part to 

ittsburg. Last week the Steel-Corporation averaged 
20,000 tons a day in orders, against 1‘),000 tons per day 
during all of November. Tin-plates in some cases were 
shaded as low as 3 dols. per box. It is estimated that 
the December bookings 
500,000 tons to its waiting tonnage. More business is 
being arranged for than can be traced up. A policy of 
greater or less secrecy prevails. Mr. Schwab, president 
of the Bethlehem Steel Company, on his arrival home 
last week, permitted himself to be quoted as saying that 
orders aggregating 300,000,000 dols. had been, were 
being, or soon would be 
military supplies in the United States. Certain it is 
that a very large quantity of material is being con- 
tracted for. Incidentally it may not be very far out 
of place to observe that the West and South are being 
drained of horses. The estimate of rail inquiries now 
pending is placed at 600,000 tons. Perhaps double 
those figures would be closer to the facts. This much 


it seems safe to say, that the mills will average 50 per 


of the Steel Corporation add | be 


rere for military and semi- | tha 


cent. of capacity next month, which is quite an im- 
near from 35 per cent. Prices are certainly 

ardening. A t many large consumers will hold 
back just a little too long ; the manufacturers see it, 
but the buyers do not. The railroads are figuring on 
large locomotive and car orders, to be placed very 
soon. Pig-iron has in become quiet, but large 
sales are very close at hand. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


We give below a few data on several colonial and 
fore mm | projects taken from the Board of 
e Journal, Further information concerning these 
projects can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, 
London, E.C. 


Australia : H.M. Trade Commissioner reports that 
tenders are invited by the Melbourne, Brunswick, and 
Coburg Tramways Trust for the supply and delivery of 
(1) rails and fish-plates ; (2) dog spikes ; and (3) special 
work, consisting of standard turn-outs, standard cross- 
overs, curve-rails, special drain-boxes, portable cross- 
overs, &c. Tenders on the se aoe will be received 
by the Chairman of the Melbourne, Brunswick, and 
Coburg Tramway Trust, Victoria, 
January 13 in the case of (1) and (2), 
February 24 in the case of (3). 


hy my = ? —~ Trade omuniameney: ~ New 
ni as forwarded a copy of a report by the new 
general manager of the New Zealand State Railways on 
the organisation and equipment of the system, which is 
of interest to British manufacturers of railway plant and 
equipment, in view of the made for increases in 
material, machinery, station accommodation, &c. The 
erection of new engine building sheds is contemplated at 
Newmarket, whilst the standardisation of engine types 
and the abolition of the small type of engine hitherto 
extensively used on New Zealand Railways is now en- 
gaging attention. Amongst other contemplated changes 
and extensions the .-r-: may be briefly indicated :— 
Rail motor service for suburban traffic in the larger 
cities ; substitution of electric lighting for gas on main 
oe ~ trains; reorganisation of the present system of 
car cleaning; extension and re-modelling of existing 
building and repair-shops; and the erection of new 
stations. The various improvements entail a total esti- 
mated expenditure of 3,250,000/., spread over a period of 
five years, and comprise :— 


up to noon on 
and up to noon on 


£ 
New stations and station yards 1,54 0,000 
Duplications of track ... in 485, 
Grade easements del hi ie 250,000 
New engine dép6t and approach lines 
at Auckland ... ae be ua 140,000 
Additions to workshops 60,000 
New lines... a tekntedi ~_— 
Signalling and interlocking , 
Level-crossing alarms ... 20,000 
Bridge strengthening ... 50,000 
Ten Garrett locomotives 50,000 
3,250,000 
Tolland : H.M. Minister at The Hague re under 
date December 1, that the Netherlands Minister of 


Waterways, Railways, &c., has granted to the Geldersche 
Stroomtramweg-Maatschappij a concession for a railway 
from Dieren to the Prussian frontier in the direction of 
Isselburg. Traffic on this railway is not to have a speed 
exceeding 20 km. (about 12 miles) per hour. 


France: The following commercial inquiry has been 
received from the British Chamber of Commerce, 9, Rue 
des Pyramides, Paris, to which address all relative com- 
munications should be sent:—Inquiry is made for the 
names gh ope oo 4 +" 
pressors centrifugal pumps. erence No. (to 
quoted) G. W. 1093. 


Spain: The Gaceta de Madrid contains a notice grant- 
ing to the Sociedad Andénima Hidro-Eléctrica Ibérica a 
concession to utilise the waters of the Rio Mijares, in the 
district of Fauzara, at the rate of 10,000 litres per second, 
for the production of electric power. Work must be com- 
rarhne! » within a year from the date of the concession and 
completed within four years. 


Spain (Canary Islands): The Gaceta de Madrid pub- 
lishes a notice to the effecs that tenders will be received 
at the Direccfon General de Obras Piblicas, Madrid, up 
to noon on February 25, for the construction and work- 
ing, for a period of sixty years, of an electric tramway 
in San Cristébal de la na, in the Canary Islands. 
The minimum rolling-stock required to work the line will 

two p g hes, one brake van, and two 
wagons. An option on the concession is held by the 
Sociedad Tranvias Eléctricos de Tenerife. Although the 
foregoing contract will probably be awarded to a Spanish 
firm, [epee eps pon = out of the work may in- 


volve the purchase of ma‘ outside Spain. 


Morocco: H.M. Consul-General at Tangier reports 
* tenders are invited by the Special Committee of 
Public Works for the paving of the Place d’Espagne at 
Tetuan. Tenders, accompanied by certificates of com- 
potency, will be received by M. le Président du Comité 
pécial des Travaux Publics, Dar En-Niaba, Tangier, 
up to 11 a.m. on February 6. The estimated value 
of the contract is placed at 47,000 francs (1880/.), and a 
deposit of 100 francs (4/.) is required to qualify any 








tender. The contractor must elect domicile in the neigh- 
bourhood of the works. 
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THE OIL-ENGINE-PROPELLED YACHT “MELITA.” 
OONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, SHIPBUILDERS AND ENGINEERS, SOUTHAMPTON. 
(For Description, see Page 46.) 
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Kxecrric WAVES AND Wire.ess Tetecrapuy.—A | that at least twosections of the new company should con- | Low, Marston and Co., Limited, a book containi sil- 
course of lectures will be delivered in the hall of the | sist of hi “pore men, and applications are accord- | houettes of British warships, so that any ship could be 
Royal Scottish Society of Arts, 117, treet, Edin-| ingly invited from members of the Institution between | recognised as belonging to a particular class. There 
bangs. by Mr. J. Erskine-Murray, D.Sc.. F.R.S.E., | the ages of 19 and 35. It is understood that the rates of |has now been issued a corresponding book for German 
M. Inst. E.E., on ‘‘ Electric Waves and the Principles of y and the duties are the same as those of the Royal| ships. In this case there are included charts of the 
Wireless pee and Telephony,” on Mondays, | Engineers. Applications should be addressed to Captain | various German naval harbours, diagrams of the 
January 11 an and February 8 and 22, commencing | Harrison, Adjutant, Divisional Engineers, R.N.D., 2,|German flags, and the insignia of rank for executive 
each evening at 8 o'clock. ae 2s. 6d., may she Downs, Dover-road, Walmer. It will be remembered | officers’ uniforms, with silhouettes of every type of 








be obtained from the Secretary, Heriot-Watt Co! the Engineer units of the division consist of|ship in the German Navy, having opposite them 
Chambers-street, or the Treasurer, Mr. CO. J. Shiels members of the Institutions of Civil, Electri and a list of the ships of each type and a statement 
C.A., 141, George-street. Mechanical Engineers. Nearly 100 of those who joined | of their armament. Like that for the British Navy, 
these units since they were formed last September have | this book on the German Fleet is by Mr. Fred T. Jane, 

Divisional Enoingers—Rorau Nava. Division.— | received commissions in the Army. and as silhouettes have nes been a prominent feature 
The Institution of Electrical Engineers is informed that — of his book entitled ‘‘ Jane’s Fighting Ships,” which has 


it has been decided to form another Field Company of} Recoenrrion or German Naval Suips.—There was | achieved high recognition for accuracy, this little publica- 
Engineers for the Royal Naval Division. It is deaxed recently issued, at the price of 1s., by Messrs. Sampson tion is sure to be welcomed by all interested in warships, 
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REPORT OF THE COMMITTEE 
SHIPS’ BULKHEADS. 


Tue first report of the Board of Trade Committee 
on Bulkheads and Water- Tight Compartments, 
resided over by Sir Archibald Denny, Bart., will 
universally regarded as one of the most useful 
contributions in recent years to the science of naval 
architecture. Not only is the subject one of pre- 
dominant importance to the safety of life in ships, 
but it is one in which it must be confessed there 
was required both close investigation and some 
co-ordination, perhaps rectification, of ideas. The 
complacency with which all assumed that the 
individual efforts of scientific shipbuilders had at 
last produced an unsinkable ship has been com- 
pletely shattered. Great ocean liners and the 
most modern of battleshi accepted in each 
case as the best that could be conceived and 
constructed in respect of division into separate 
water - tight compartments, have succumbed to 
the admission of the sea through the skin of the 
ship. Notable instances of the ineffectiveness of 
bulkheads, all anterior to the appointment of Sir 
Archibald Denny’s Committee, prove the need of 
the investigations conducted, and intensify the 
hope now that at least there may be set out a 
sound scientific basis for improved practice in this 
most important element in the design of the modern 
ship. All indications point to the fact that success 
has been most eagerly searched for. The terms of 
reference were broad. The chairmanship of the 
Commission could not have been filled by one of 
greater experience, alike in research, practice, and 
tactful management. The members of the Com- 
mittee were representative of all classes of marine 
construction, and were each imbued with the proper 
spirit of judicial inquiry, and brought to bear on 
eir work wide knowledge of prevailing practice 
and of the problems to be solved. Much experi- 
mental work also was undertaken. Finally, the 
fact that the rcport is unanimous must carry weight 
with the G.ve.ument in enforcing the recommen- 
dations—wi.. the shipowners in agreeing to the 
adoption of the proposals, and with the public, 
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PROPELLING ENGINES FOR THE YACHT “ MELITA.” 


who, after all, are most immediately concerned 





)| Life at Sea, which met a year 


in the ultimate issue. Already this view is su 
‘aay v by the fact that a preliminary report, ) 
or the International Conference for the Safety of 
ago, was of great 
utility in the preparation of their rec dati 
with regard to the spacing of transverse bulkheads 
and other matters relating to subdivision. 

The terms of reference, as already stated, were 
broad. The object set before the Committee was 
to determine what would constitute efficient sub- 
division in the case of each class of ship, and 
whether, independently, it was desirable to make 
any recommendations with reference to the sub- 
division of vessels already built, or of new vessels. 
When the subdivision of ships first came under 
Government notice, it was practically as a side 
issue. A Select Committee, appointed by the 
House of Commons in 1887, on ts and Life- 
Saving Appliances, had their attention drawn to 
the matter, and in their report they stated 
that ‘“‘the proper spacing of bulkheads, so as 
to enable a ship to keep afloat for some length of 
time after an accident has occurred, is most impor- 
tant for saving life at sea, and « thing upon which 
the full efficiency of life-saving appliances largely 
depends.” In 1888 a Committee, appoin to 
advise the Board of Trade, recommended that, 
under the new rules then enforced, concessions 
should be granted in the case of ships which 
were efticiently divided into water-tight com- 
partments, so that with any two of the com- 
partments in free communication with the sea 
the ship would remain afloat in moderate 
weather. These ships were to be permitted to dis- 
pense with half the lifeboat and raft accommodation 
otherwise necessary. The late Sir Edward Har- 
land’s Committee, appointed in 1890, reported on 
the spacing and construction of water-tight bulk- 
heads, and their recommendations have formed the 
basis of practically all subsequent developments of 
the subject. Concessions in respect of life-savin 
appliances were only allowed upon compliance wit 
the recommendations made; and, although the 
number of applications for concessions was small, 
the report ‘‘ exercised,” as is stated in the report 
of Sir Archibald Denny’s Committee, ‘‘ a beneficial 
influence on subdivision generally, not only in 
calling the attention of the owners to the desira- 
bility of methodical subdivision, but also in fur- 
nishing a means whereby, within the limits of 
accuracy of the methods devised by the Committee, 
any pro scheme of transverse subdivision 
could be readily tested and the necessary adjust- 
ments made.”” In the summer of 1911 the Mer- 
chant Shipping Advisory Committee of the Board 
of Trade strongly recommended that the Board 
should review the standard of water-tight subdivi- 
sion as laid down by Harland’s Committee in con- 
nection with life-saving-appliances rules, but it 
was very wisely decided that the revision should 
be made without reference to concessions. It is 
therefore interesting to note the interpretation 
the present Committee placed on the official terms 
of reference to them. They decided that their 
investigation must include the following amongst 
other subjects :—(a) The number and disposition 
of transverse water-tight bulkheads to be recom- 
mended for each class of vessel under consideration, 
and the fitting of double bottoms, water-tight decks, 
double skins, and longitudinal bulkheads ; (b) the 
scantlings and arrangements necessary for securing 
the le strength of water-tight partitions ; 
(c) whether openings may be permitted in water- 
tight bulkheads below the level of the bulkhead 
deck, and, if so, what means of closing the openings 
should be provided ; (d) whether openings may be 
permitted in the sides of ships below the level of 
the bulkhead deck, and, if so, what means of closing 
the openings should be provided; and (e) the 
provision of pumping plant to deal either with 
flooded compartments or with adjacent compart- 
ments into which water ma, — by leakage. 

We have here a clearly de ned scientific inves- 
tigation of great practical utility. Those who 
essayed it were worthy of the task. It will be 
seen that engineering as well as shipbuilding ques- 
tions were involved, and there were three engi- 
neers on the Committee. Mr. James Bain is a 
man whose life has been entirely spent in the 
supervision of machinery at sea and as a shore 
superintendent. Mr. Andrew Laing is the head 
of an establishment where the best of warship and 
all types of merchant engineering are carried on, 
Mr. Summers Hunter is chief of a works where 








there has been considerable specialising in machj- 
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nery for cargo vessels. As to the naval architects, 
Mr. H. R. Champness was an assistant Director 
of Naval Construction at the Admiralty, and the 
Committee were thus kept in close touch with a 
department in which subdivision and the strength 
of bulkheads has had continuous and concentrated 
attention. Dr. G. B. Hunter has had a life-long 
experience in all classes of shipbuilding, and his 
firm have done a ~—- amount of high-class pas- 
senger work. Mr. W. J. Luke, trained originally 
at the Admiralty, and now connected with Messrs. 
John Brown and Co., apart altogether from his 
personal ability, doubtless proved a useful member. 
Professor Welch alsu received his training at the 
Admiralty, and, with subsequent mercantile and 
warship experience at Birkenhead, had special 
qualifications. Many of the calculations were made 
by a special staff at Armstrong College, and there is 
no divulging of inside knowledge in the assumption 
that it was done under his supervision. Dr. 
Thearle, as chief ship-surveyor of Lloyd’s, was 
almost inevitably a member of the Committee, but 
most regrettably he died before the work was done. 
As mentioned in the report, however, he rendered 
** conspicuous service in all directions, notably in 
connection with the question of the strength of 
bulkheads” Mr. Charles Buchanan most ably 
took up his duties on the Committee. Mr. J. 
Foster King, the principal ship-surveyor of the 
British Corporation, was likewise clearly indicated 
as a member, since he was the principal of the 
younger society, whose influence during the last 
few years has practically revolutionised ship — 
and construction. To the chairman, Sir Archibald 
Denny, we have already made reference. It is in- 
teresting to note that Lord Buxton, who origi- 
nally appointed this Committee, selected, probably 
without any knowledge or intention, ten members, 
all of whom were on the Council of the Institution 
of Naval Architects, so that the Committee will 
carry the confidence of all shipbuilders, since all 
are members of that Institution. It is further 
notable that five of the ten members were educated 
at the Royal Naval College, Greenwich. Dr. 
Thearle received his professional education in the 
Royal School of Naval Architecture, at South 
Kensington. The Secretary of the Committee, 
Mr. Walter Carter, in his ability and devotion to 
the interests of the Committee, was of invaluable 
assistance. 

The Committee have been at work on their 
investigation for nearly two and a half years, and 
their first report, now issued, deals with foreign- 
going steamers carrying more than twelve passen- 
gers. We are promised other reports on other 
types of ships, notably home-trade passenger 
steamers, cargo steamers, &c. In addition to 
many diagrams, the report extends altogether to 
54 foolscap pages, and, while comprehensive, deals 
with every point in detail; but it is not pos- 
sible here to review all the points raised. The 
first interesting subject, perhaps, is the basal 
principle upon which the Committee founded their 
conclusions. Sir Edward Harland’s Committee 
based their experimental methods on flooding an 
actual model variously loaded, and from the result- 
ing data deduced curves and tables. This was the 
first practical method of speedily analysing the 
subdivision of vessels from simple data without 
the use of elaborate flooding calculations. But the 
late Sir Edward Harland and his coadjutors 
realised that the method was of limited applica- 
tion, and could not be applied under all condi- 
tions to all vessels. Detailed calculations were 
therefore necessary in cases where conditions not 
taken account of in the Committee’s curves and 
tables were material factors. Sir Archibald Denny’s 
Committee started with quite an independent idea 
as to the form in which subdivision rules should 
be drawn up, and, at the request of the Board of 
Trade, they prepared a preliminary report for the 
assistance of the British delegates to the Inter- 
national Conference for the 3afety of Life at 
Sea. But they were careful on that occasion to 

int out that further investigation was necessary 

fore the Committee could finally recommend 
what standard should be adopted in all British 
ships. In addition to this, there was proposed 
at the Conference a German and a French 
system. By the German system, which has been 
in use for the last seventeen years, increased 
safety was attained as the vessel increased in 
length by (a) increasing the number of compart- 


ments assumed to be flooded without sinking the 
vessel, and (b) increasing the assumed permeability 





of the spaces [i.e., the proportion of the immersed 
volume of the spaces that will admit water] in one 
or two-com ent vessels as the length of the 
vessel increased in each of these two classes. The 
floodable length was taken on the assumption that 
the vessel, when bilged, was submerged practically 
to the bulichead-deck line. The essential feature of 
the French system was the factorial treatment of 
floodable length. The preliminary report of the 
British Committee had this in common with the 
German system, that the increased safety was 
attained by increasing the number of compartments 
assumed to be floodable, but within the one and 
two-compartment standards it increased the vases 
by fixing margin-lines, so arranged that as the len 

of the vessel increased, the surplus buoyancy, after 
flooding, was also increased. Fixed permeabilities 
for definite types of compartments were used, and 
the margins were visible instead of being obscured 
by variable permeability, as in the German system, 
or by the factor of subdivision, as in the French 
system. 

At the International Conference there had to be, 
of course, a compromise, and the factorial form was 
adopted ; the idea of fixed permeabilities in accord- 
ance with the British system was combined with 
the German practice of using a fixed margin line, 
and with the factorial system of the French ; 
whilst the adoption of factors of subdivision, de- 
creasing in value with increase in the length of 
the ship, expressed the idea, common to all three 
systems, of obtaining gradually increased safety 
with increasing length of ship. Sir Archibald 
Denny’s Committee have finally determined to fall 
in generally with the proposals of the Convention, 
although it would have n possible to interpret 
the Convention system in terms of the visible 
margin-line system originally proposed. At the 
same time the report now issued proves that Sir 
Archibald Denny’s Committee was most helpful to 
the Conference, and it is only natural, therefore, 
that they should agree with most of the proposals 
of the Conference. Sir Archibald was himself 
one of the British delegates at the International 
Conference, but not as a member of the Bulkhead 
Committee. The Committee has been quite inde- 
pendent of the International Conference and only 
supplied information for use at the Conference at 
the request of the President of the Board of Trade. 
But itis a matter for satisfaction that there have 
been so many lines of agreement between the 
two important independent bodies, although at 
several points there is divergence which a careful 
study of the report clearly reveals. The report now 
made is complete in itself, and it is easy to follow 
the points of international agreement. The Com- 
mittee have certainly done well to accept the 
wording of the Convention wherever possible, as it 
prevents confusion in the correct understanding of 
the points of agreement. As already explained, 
the International Conference adopted much of the 
original wording of the special report prepared by 
the Committee, and altogether the arrangement is 
as creditable to both as it is satisfactory to 
the shipping community. 

Sir Archibald Denny’s Committee is right in 
claiming that the formulation and enforcement of 
rules governing subdivision is a contribution of the 
utmost importance to the subject of safety of life at 
sea, although ‘‘as regards the result of such rules 
in any particular case it is not possible to say more 
than that if the damage does not exceed a specified 
amount, and if the assumptions made in the rules 
are not materially departed from, the vessel may be 
reasonably expected to remain afloat.” The flood- 
ing curve of a ship, floating at a given water-line 
and with given permeability, is, it is explained, one 
showing for any point in the vessel’s length the 
maximum length of compartment having its centre 


of length at the point in question which can be | be 


laid open to the sea without at any point immers- 
ing a margin-line drawn 3 in. below the up 

surface of the bulkhead deck at the side. The 
length of the compartment defined above is the 
floodable length at that point, and is expressed as 
a percentage of the vessel’s length. The size and 
shape of a flooding curve depend principally on 
the freeboard ratio (i.e., the ratio between the 
freeboard to the margin-line amidships or to the 
lowest point of the margin-line, where this lowest 


point is not amidships, and the draught amidships 
to the top of the keel) and on the p rmeability of 
the flooded space. They de to a smaller 


extent on the character of the lines of the vessel 
and on the sheer of the margin-lines fore and aft. 








In the report there is given a clearly defined method 
for the construction of such flooding curves and 
tables. Full calculations were made for several 
actual vessels of widely different types, and from a 
consideration of these cases and the general laws 
governing flooding calculations, the method of pre- 
paring such curves from simple data was devised. 
The method was tested by applying it to a large 
number of actual vessels, and comparing the results 
with those given by full flooding calculations for 
the same vessels. An example may here be given 
to illustrate the basal principle for these flooding 
curves. 

The Committee propose to adopt for machinery 
spaces a permeability of 80 per cent.—that is, it is 
assumed that these spaces will, on the average, 
admit water after damage to the extent of 80 per 
cent. of their total immersed volume. For spaces 
forward and aft of the machinery space separate 
calculations are made for permeability on certain 
assumptions adopted by the International Con- 
ference, so that normally the flooding-curve of a 
vessel consists of portions of three complete flood- 
ing-curves for differing permeabilities, as illus- 








wees = 
trated by the diagram given above. The Com- 
mittee publish cross-curves and other data, by 


means of which, in all but exceptional cases, flooding- 
curves for any permeability can be obtained for a 
vessel of given block coefficient and longitudinal 
distribution of displacement, and given freeboard 
and sheer ratios. en the multiplication of the 
ordinate of this flooding-curve at any point in the 
length of the ship by the factor of subdivision recom- 
mended for the particular length and type of shi 
will give the maximum permissible length whic 
the compartment, having the middle of its length 
at this point, can have. 

As the floodable length at any point gives the 
maximum length of compartment which can 
flooded without practically immersing the bulkhead 
deck at any point, it will be seen that the amount 
by which the factor of subdivision is less than unity 
is a measure of the extent to which the bulkhead 
deck will be above the sea-level after any one com- 
partment is damaged, and is therefore also a mea- 
sure of the degree of safety attained. Thus, for 
example, aship with a factor below 0.5 will float, 
under the assumed conditions, with any two adja- 
cent compartments opened up to the sea, and in such 
vessels the Committee have specially dealt with the 
combined lengths of two adjacent compartments, 
one of which is inside, and the other outside, the 
machinery spaces, at which points there are ordi- 
narily differences of permeability. 

It will thus be seen that the Committee has pro- 
duced a system which dispenses with the compli- 
cated and lengthy calculation involved in getting 
out flooding-curves by the ordinary methods. The 
diagrams supplied for 60 per cent. and 100 per 
cent. permeability enable anyone to arrive at the 
floodable length of any vessel of any length, depth, 
draught, free and block coefficient, with any 
sheer, and also with any permeability between 
60 and 100 per cent. This first approximation 
can be got practically in a few minutes after the 
permeability calculation has been made, which 
must be done in any case. The first —— 
tion will give a subdivision which is not likely to 
inc in severity by the final calculation. 
This latter is more elaborate, but should not occupy 
more than half to one day for any particular 
vessel, whereas the present calculations occupy 
several days. The method, it is believed, will 
give a floodable-curve reasonably accurate for any 
vessel except those of quite exceptional form— 
forms that are not thought of at the present time. 
If the Committee had done nothing else than 
evolve this system it would have made a great con- 
tribution towards the practical working of the 
science of naval architecture. : 

Another matter which had careful consideration in 
determining the spacing of bulkheads had reference 
to horiz ntal and longitudinal subdivision, and the 
Committee recommend for certain ships an allow- 
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ance in the spacing of water-tight bulkheads where 
water-tight decks are fitted. There is no doubt that 
an undamaged water-tight deck isa t advantage, 
but in an ordinary collision the deck is as likely to 
be damaged as not. Its principal value is attained 
in the case of a ripping blow on the skin of the ship 
below the deck. As regards the important ques- 
tion of the value of longitudinal side bunkers, the 
Committee express the opinion that such sub- 
division does, in certain circumstances, constitute 
an addition to the safety of the vessel. But there 
is always the difficulty of the flooding of the 
bunkers on one side of the vessel, giving the ship 
a list, so that, apart from the danger of capsizing, 
it might be difficult to utilise all the life-boats, or 
to maintain the navigability of the ship. The 
suggested arrangements for allowing water to flow 
from one side to the other were examined, but the 
Committee have not felt themselves justified in 
advising that any of these could be accepted, as far 
as water-tight side bunkers for coal are concerned. 
Pumping arrangements might prove satisfactory, but 
the Committee recognise that no arrangements would 
be sufficiently speedy to prevent a list developing, 
and it is therefore necessary, whenever water-tight 
longitudinal bulkheads or inner skins are fitted, 
that it should be proved that the margin-line will 
not be brought under water when any space 
bounded by transverse water-tight partitions be- 
tween the outer skin and the inner skin, or longi- 
tudinal bulkhead on one side, is flooded for a length 
equal to the floodable length of the vessel in that 
region, a8 determined for transverse subdivision 
only. Longitudinal bulkheads and inner skins 
should extend to a deck above the load-line, and 
the crowns of the side compartments or spaces 
should be water-tight. The distance of an inner 
skin from the outer skin at any part should not be 
less than 2 ft., plus 2 per cent. of the moulded 
breadth of the ship. In regard to non-watertight 
longitudinal subdivision, the accident to the Em- 
press of Ireland seems to have prompted some 
observations. In some vessels there are fitted 
longitudinal coal-bunkers of considerable extent 
which are not water-tight. These bunkers are often 
cross-connected by transverse bunkers, at the 
middle line of which the free flow of water from one 
side to the other may be prevented by communicat- 
ing passage-ways, “c., fitted in the longitudinal 
direction. Further, some vessels have very long 
transverse bunkers similarly obstructed at the 
middle line. In all such cases damage from colli- 
sion in the vicinity of such bunkers might result in 
a temporary list, from which the vessel might not 
easily recover. These and similar cases should 
receive consideration, and in the two latter cases 
mentioned above, middle-line obstructions on the 
level of the double bottom which would seriously 
prevent the flow of water should be avoided. If 
this is not feasible, and in the first case mentioned 
above, the authorities should, as in the case of 
water-tight longitudinal subdivision, be satisfied 
that no serious temporary Jist will occur. 

As to the final system of subdivision—the result 
of a compromise between the British, French, and 
German systems—this is so designed as to produce 
an increasing severity as the vessel increases in 
size, and a criterion is brought in to distinguish 
between vessels which are purely passenger ships 
and those which are cargo-passenger ships —that is 
to say, where the cargo forms an important element. 
The criterion fixes the position of the vessel as 
between these two extremes. The criterion is 
based on the mean permeability of the whole 
vessel, and the relevant factor of subdivision 
is obtained by interpolation between two factorial 
curves, one, the more severe, applicable to 
purely passenger vessels, the other, less severe, 
applicable to vessels where cargo is an important 
element. The recommendation in connection 
with this matter, however, will have to be 
adopted internationally before it is applicable under 
the convention. The object of the Committee in fix- 
ing the criterion was obviously to embrace the effect 
of cargo and passengers, and for this reason they 
took into account all spaces included in the gross 
tonnage, whether above or below the margin-line. 

As regards the strength of bulkheads, a consider- 
able amount of practical experimental work was 
done. Special tests were made in the case of deep 
tanks of various ships in course of construction, as 
well as of others which had been in service for some 
time. In most of these cases vertical stiffenings 
had originally been fitted, and the hydraulic pres- 


for which they were intended in service, the increase 
in pressure only stopping short of the point where 
permanent injury to the bulkhead appeared prob- 
able. Later a large cofferdam was specially con- 
structed, so that there would not be any such 
limitation to the experiments. Much information 
was also given by the Admiralty as regards the 
construction and testing of bulkheads. Thus 
the Committee were in ion of valuable data 
on which to base their recommendations as to 
scantlings. In addition, they gleaned actual ex. 
arene regarding the reliability of water-tight 
ulkheads from various witnesses, and on this 
subject and on the question of pumping arrange- 
ments, &c., much useful evidence was got. Many 
investigations were also made in connection with 
pumping-plant. The idea of an air-tight deck, and 
the utilisation of compressed air to drive the water 
from a compartment in order to enable a damaged 
vessel to make the nearest port, has occupied a con- 
siderable amount of attention, Lord Mersey having 
requested that this subject should be remitted to 
the Committee. To the layman, and even to many 
engineers, the idea had very great attraction. We 
understand the Committee gave the matter 
very careful consideration from every point of 
view. Full details as to the size of air-pum 
required for different volumes of holds were ob- 
tained, and even the expense of installing and 
operating these was considered. What no doubt 
weighed with the Committee was that while a 
water-tight deck could be easily fitted and main- 
tained, the insurance of sufficient air-tightness was 
very difficult; and after stress of collision the 
probabilities are that efficiency from this stand- 
point would be enormously reduced. Moreover, 
unless a blow happened to be low down in the skin 
of the ship, an air-tight deck is practically of no 
greater value than a water-tight deck. Conse- 
quently the Committee came to the conclusion that 
it did not appear to be justifiable to compel ship- 
owners to have their vessels fitted with such an air- 
tight deck, useful though it might be in certain 
cases. It is therefore optional, and we hope that 
some shipowner will try the experiment, so that 
experience may be gained as to how long the air- 
tightness will last under the stress of sea service; 
or of impact due to collision. 

The report, indeed, is full of valuable sugges- 
tions, but for the present it is only possible to 
refer to one or two of the outstanding indications 
of desirable practice. It is admitted, for instance, 
that a forecastle or a poop is undoubtedly of value 
to a vessel in a bilged condition, giving protection 
to deck openings, and also giving height of plat- 
form, but at the same time not much allowance 
has been made for these, presumably in view of the 
fact that the water-lines, after different compart- 
ments are bilged forward or aft, may approach 
undesirably close to the continuous deck at the 
break of the forecastle or poop. As regards the 
variation permissible in load water-line, according 
to the assumed permeability of ’tween decks, it 
is recommended that where an entire ‘tween deck 
space, either forward or aft of the machinery 
space, or both forward and aft, is appropriated 
alternatively to cargo or ngers, two load 
water-lines may be used, the higher correspond- 
ing to a permeability of 60 per cent. in ‘tween 
decks, and the lower to a permeability of 95 per 
cent. This meets the case of vessels trading in 
one direction with a large number of passengers 
in such ’tween decks, and on the return voyage 
with cargo in the same space. It remains 
to be seen whether this recommendation will be 
accepted internationally. Great care seems to have 
been taken throughout to prevent a two-compart- 
ment ship from being reduced to a one-com 
ment ship by any of the allowances for erections, 
&c. The suggestion of the International Conven- 
tion that specific indication should be given on the 
safety certificate of a ship as to the extent of sub- 
division, if superior to the standard, is embodied 
in the Committee’s report, and they have extended 
the principle in dealing with longitudinal subdivi- 
sion and water-tight decks. The pro is of the 
Convention regarding fire-resisting bulkheads, in 
order to retard the spread of fire, are also adopted, 
and in this connection the Committee specif 

uirements as to fire-resisting material for suc 
bulkheads. They place the required standard for 
such material as the resistance to a fire of consider- 
able fierceness (with a temperature of 1500 deg. 
Fahr.) for one hour. As the fitting of 





sures applied were considerably in excess of those 





water-tight doors, the suggestions of the Conven- 


tion were very general, perhaps too broad; whereas 
Sir Archibald Denny’s Committee have gone into 
the question in a v clear and definite way, and 
on this point the details cannot help being of great 
service. As the vessels become more and more of 
the purely passenger type, the requirements 
become more severe. The Committee, too, have 
attached great importance to the question of open- 
ings in the ship’s sides, and have made detail 
suggestions on ss every point. As regards 
the test of bulkhead-doors and side scuttles, a very 
important pointis brought out. In such tests, the 
head of water above the bottom of the door should 
be to the margin line in way of the bulkhead to 
which the door is to be fitted, but in no case less 
than 20 ft.; and after being fitted in place on the 
bulkhead, the door should be tested by a hose in 
the same manner as the bulkhead. 

By the terms of reference the Committee had to 
deal with existing ships. This was a somewhat 
delicate, and must have been a difficult, part of 
their work. Legislation similar to that which will 
inevitably follow from the recommendations of the 
Committee has not hitherto been applied retro- 
spectively; but the International Convention 
decided that each State should deal with each 
existing ship on its merits, so as to provide in- 
creased safety where practicable and reasonable. 
Sir Archibald Denny’s Committee, working on this 
basis, reports that as regards the subdivision of 
existing ships, improvements might be adopted in 
some cases, with comparatively little difficulty, by 
carrying up existing water-tight bulkheads through 
another ’tween decks, or by converting division bulk- 
heads into water-tight bulkheads. In cases where 
the stiffnesses of the bulkheads are considerably 
below the standard of the new tables, they suggest 
that there should be reinforcements, but in other 
cases, where the bracket attachments are made effec- 
tive and the bulkhead put in good repair, no change 
seems necessary. It is impracticable to alter the 
double bottoms fitted to existing ships. Owners, 
however, should be advised to make their existing 
ships comply with the more important recommenda- 
tions of the Committee regarding openings in bulk- 
heads and in the ship’s sides. here the pumping 
arrangements are defective, these should be aug- 
mented, while the electric machinery should in all 
cases be altered, if this is necessary, to enable 
the lighting to be maintained when the engine- 
room is flooded. Consideration should be given to 
these matters when any ship is being re-surveyed for 
a passenger certificate in the ordinary course, but 
the Committee recommend a substantial time limit 
within which to make alterations. 

There are many very interesting questions 
touched upon by the Committee in their report, 
but we have already far exceeded the normal 
length of an article, and must defer consideration 
of other questions. We may, however, in some 
future issue advert to some of the different sections 
of the work done. The Committee is certainly to 
be complimented on the fine balance which has 
been maintained between practicability and the 
aim to achieve as far as possible immunity from 
disaster at sea. There is nothing sensational 
about the report. The Committee, for instance, 
have very wisely refrained from entering into 
a consideration of the many patented devices 
submitted to them. Some of these were no doubt 
useful, and some were worth adopting; but the 
business of the Committee was to lay down broad 
principles, and, where necessary in the interests of 
strength, detailed scantlings and directions for 
designers, leaving the attainment of results to the 
individual effort of the shipbuilder and the ship- 
owner. That they have attained this result we 
have clearly established, and a careful perusal 
of the report will be of immense help to all 
engaged in marine construction. One point which 
seems to emerge from a reading of every page 
is that there is no finality here or in any depart- 
ment of the practice of science, and it would be 
well if from time to time a Committee were 
engaged in the revision of the subject in order that 
developments and experience should be fully 
utili for the guidance by the Board of Trade 
of shipbuilders and shipowners. 





CAB-SIGNALLING ON RAILWAYS. 

Born in Europe and America cab-signalling and 
automatic control on railways has attracted a 
considerable amount of attention lately, owing 
to the recurrence of accidents which might have 
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been avoided had such systems been in use. 
The occurrence in a comparatively limited period 
of more than one accident arising from some psr- 
ticular cause immediately conveys to the public 
the impression that a large number of disasters 
might be avoided if steps were taken to meet 
certain contingencies, which more mature considera- 
tion shows to arise only at infrequent intervals. 
The universal adoption of the ideal form of train- 
control, acting as a check on the men on the foot- 
plate, would not, of course, cause any reduction in 
the more numerous accidents arising from irregu- 
larities in signalling, nor in the number which come 
under neither of these headings. There is, how- 
ever, a feeling abroad that something more than 
the ordinary visual track-signals are now necessary, 
although these have done extraordinarily good 
service, and have been shown to be adequate for 
very dense traffic under all reasonable conditions. 
We have become so accustomed to excellent service 
that we are no longer satisfied that reasonable con- 
ditions only should be met. The demand nowadays 
is that full provision should be made for the ab- 
normal or exceptional combination of circumstances, 
and the trend 1s, undoubtedly, towards additional 
complications, or, as they are styled by their 
advocates, ‘‘safeguards.” The feeling to which we 
have referred will probably be materially intensified 
by the disastrous accident on the Great Eastern 
Railway, at Ilford, which occurred on Friday last. 

Our Board of Trade inspectors here, and the 
Interstate Commerce Commission in America, 
are moving with the stream of public sentiment. 
Though the Board of Trade inspectors have not 
yet committed themselves definitely, they have 
foreshadowed the universal adoption of train-con- 
trol in a recent memorandum. They recently 
recommended the Board of Trade to call upon the 
companies to carry out combined experiments 
with different systems of cab-signalling and auto- 
matic control, *‘ with the view to selecting some 
such method suitable for universal adoption,” and 
they ‘‘ hold that some system of this description 
should be generally adopted in the future.” It is 
noticeable that in this statement the two distinct 
subjects of cab-signalling and automatic control are 
confused and that no suggestion is offered as to 
whether either singly or the two jointly would 
form the most desirable system. We are at pre- 
sent, in fact, suffering here from a lack of defini- 
tion, and until this obstacle to progress has been 
removed nothing but confusion can result. This 
fact has been made abundantly clear during the 
discussions held in the last six months at the 
Institution of Mechanical Engineers, to which 
we shall refer shortly. For the moment, however, 
we would point out that in America the same 
situation faces the railway companies. The demand 
there is, apparently, fairly clearly differentiated in 
favour of automatic train-control, with cab-signal- 
ling a poor substitute if control should ultimately 
prove to be unfeasible. The railways there are 
experimenting in this direction, and no less than 
fourteen systems were on trial on twelve different 
railways recently. The American Railway Asso- 
ciation has taken the subject up, and while approach- 
ing the matter somewhat guardedly, it has formu- 
lated a list of thirteen practical requirements to 
serve as guidance to designers of train-control 
systems. It nevertheless points out that the 
** block-signal or interlocking system, if properly 
installed and maintained, is so near perfect as to 
indicate that the efforts of operating officials and 
public authorities should be direc towards the 
enforcement of obedience to signals rather than to 
the installation of additional devices.” Parenthe- 
tically we may notice that this may be read by 
advocates of cab-signalling as really an argument 
in their favour, since these systems are primarily 
intended to act as mentors with a view to pre- 
venting the disregard of signals by the driver. 

Under these circumstances, the Institution of 
Mechanical Engineers was probably well justified 
in having read and disc eleven papers on this 
subject in less than six months. The papers them- 
selves have been published in full in our pages, and 
the discussions upon them have been duly reported, 
so that it is unnecessary to summarise them here. 
We may, however, express the hope that the atten- 
tion which has been drawn to the subject by the 
reading and discussion of these papers may lead to 
some authoritative action on oa gg of the railway 
companies and the Board of Trade. 

The lay mind in these matters is apt to start 
off with the impression that all so-called ‘‘ checks ” 





contribute to the public safety. The American 
Railway Association issues a warning against any 
such attitude. ‘Great care,” it says, ‘‘ must 
be exercised in working out a system of automatic 
train-control, in order to avoid the introduction of 
new elements of danger in operation which may 
offset those they are intended to overcome.”’ The 
ordinary signalling system, though nearly perfect, 
is liable at times to failure. Cab-signalling systems 
are in themselves also liable to fail, with the result 
that the latter system, superimposed on the former, 
may actually tend to increase the risk. Many of 
the requirements of the American Railway Asso- 
ciation with regard to train-control are equally 
applicable to cab-signalling, which seems to be 
receiving most attention here. We suggest that 
the time is ripe for the formulation of a series 
of requirements applicable to cab-signalling in this 
country, stating clearly the functions to be per- 
formed and the standards to be adopted. At 
present the variety of the devices is as great as 
that of the duties which these arrangements seek 
to perform. Our track-signals are practically 
standardised, and it ought to be possible to state 
definitely what a cab-signalling system should or 
should not be expected todo. Further, there are 
matters of design of which the influence must be 
recognised if widespread adoption is to be brought 
about. 

On this latter point we are at present in hopeless 
confusion. Some systems employ ramps in the 
4-ft. way, and lines employing water-troughs 
report there is no objection to this location. Others, 
again, consider their central location objectionable, 
in which case, of course, duplication of the contact 
apparatus on the locomotive is necessary. Lastly 
comes the electrical engineer, who may require a 
third rail outside the track, and a fourth rail in 
the 4-ft. way. He asserts that there is no room 
whatever for any further apparatus on the track, 
and in view of possible electrifications in the 
future of even parts of systems, that contention 
must be allowed to carry some weight. The Great 
Western system, with Te s on its lines, 
uses central ramps. The North-Eastern Rail- 
way, with experience in electrification, also em- 
ploys ramps. The Lancashire and Yorkshire 
system, which likewise has experience of 
electric working and ne objects to a 
central ramp between the rails, but is using one 
ow to one side, while by Mr. Sayers, of the 

idland Railway, also with experience of electrifi- 
cation, any track fixture like a ramp is considered 
undesirable. Here, then, all is confused. In this 
country the interchange of trains has developed to 
a high pitch, and it adds so greatly to the comfort 
and convenience of traffic that it is desirable that 
any system of cab-signalling or control should be 
applicable to *‘ foreign” locomotives working over 
any particular line. The convenience of being able 
to work engines through as well as coaches renders 
uniformity eminently Tedieite, though, of course, 
not absolutely imperative. 

If we disregard train-control, and confine our 
attention to cab-signalling, we still find confusion 
on the type of signal to be given. Here again a 
lead is wanted, for there is a distinct lack of 
agreement as to whether visual or only audible 
signals are preferable. In the past stress has 
been laid on the inexpediency of diverting in 
any way the driver's attention from the road 
ahead. It has been pointed out that, in addi- 
tion to signals, he had other things to look 
out for, such as workmen on the line, cattle, 
broken rails, &c. A visual cab-signal, it is held, 
might result in less vigilance for such chance 
occurrences, which is Seukthen true; but in view 
of the amount of night traffic safely ormed, 
although we do not use powerful head-lights, and 
nothing is visible ahead but the signals, perhaps 
a little too much stress may have been laid on 
the point. 

The real risk, to our mind, lies in the fact that 
with visual cab-signalling, emergency si by 
flagging by day, or lamps by night—might be over- 
looked. Nothing should & done, therefore, to 
lead the men on the ome a to think that their 
train can be properly handled by attending only to 
appliances in the cab. The visual signal in the cab 
presents few characteristics which cannot be equally 
well met by audible means. The one point greatly 
in their favour is that they can be adapted to give 
route indications. 

@ Here, however, we come on to other ground ; 
and before going further it must be decided ex- 


actly what are the functions which a desirable cab- 
signalling appliance is to perform. The complica- 
tion and, Bone t care is used, the unreliability 
of the system will vary with the amount of work 
to be done. If the aim be not only to reproduce, 
but to add to, the information usually given by 
track-signals, the result will probably be an intri- 
cate device. If, however, the functions are confined 
to simple warnings, such a degree of simplicity 
may be ible as would satisfy the most exacting 
locomotive man. 

We are all well aware that with coherers, de- 
tectors, coils, or relays, the electrical engineer can 
perform from a distance any tricks he likes on the 
foot-plate. That, of course, is not the point. It is 
a question rather of performing certain duties in 
the simplest way in order that there may be the 
least ible chance of disorder, at the same time 
ensuring self-detection on the part of the apparatus 
in the event of failure. We do not consider that 
the apparatus should necessarily be repairable by 
the driver. That would not be essential uulers 
track-signals were altogether superseded. At the 
same time simplicity is an advantage in that it not 
only lessens the risk of failure, but leads to quick 
repairs. Many of the devices so far produced are 
very pretty, and perform excellently in trial instal- 
lations the work for which they are designed. 
Some, however, are costly; some over delicate 
and intricate. To our mind, at first too much 
should not be attempted, and only simple audible 
signals installed. From many pomts of view the 
Great Western system is to be commended. It is 
simple, and is confined to warning signals. It is 
quite allowable to take up the attitude that this 
goes as far as is necessary for any system. If the 
driver be warned at the ‘‘distant” signal in the 
way in which the warning is given on the Great 
Western, he can hardly fail to attend to his 
duty. The audible warning with the gradual 
application of the brake can hardly ba overlooked, 
and if the man’s mind may momentarily be 
wandering, he would be brought to his senses before 
reaching the ‘‘ home” signal. Thus this system 
appearsto have the advantage of keeping the men 
up to their work, but of doing so with the least 
possible interference with normal methods of 
working. 

We have not space at present to continue the 
discussion into further detail—as, for instance, the 
question whether ramps and contact apparatus are 
sufficiently weather-proof for ex in this 
country. This has still to bedecided. At present 
the only points on which there seems to be fair 
agreement here are that, although they are being 
tried in America, train-stops aré impossible with 
high speeds ; that ramps, if used, should be fixed, 
and not mechanically operated; and that, as 
already noted, any system should give a danger 
indication in case of failure of either its moving or 
stationary components. 





CHEMISTRY AND PRACTICAL LIFE. 
Tue address on “Chemistry and Practical Life,” 
delivered to the Andersonian Chemical S ociety of 
the Royal Technical College of G'asgow, in this 
session, by Dr. G. T. Beilby, F.R.S., contained 
some very suggestive remarks. Admitting without 
question the superiority of scientific methods 
—which he himself advocated, we need not say— 
over what is commonly styled “the rule of thumb,” 
Dr. Beilby pointed out that it would be both 
unwise and unscientific to dismiss with contempt 
the vast amount of accumulated skill and experi- 
ence on which the traditional methods of domestic 
arts and craft, wing, curing and tanning of 
skins, dyeing, lime-burning, metal-reduction, &c., 
were based. The race owed its high development, 
of course, to the ‘‘inventors” or ‘‘improvers,” 
but the modern triumphs of applied science were 
connected with the remote past by a chain of in- 
numerable links, and no branch of science could 
thrive all by itself. 3 
The development of the coal-tar colour in- 
dustry in Germany had necessitated entirely new 
apparatus and chemical engineers. Long after 
the scientific development of chemical engineer- 
ing had been well under way, however, scientific 
and academic chemists in Great Britain had ignored 
the necessity of this new hybrid. If the man is 4 
good chemist, they argued, all these other things 
will be added to him later when he goes into a fac- 
tory, as if the study of anatomy, physiology, and 








pathology sufficed for the training of a medical man 
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or surgeon. Till the last quarter of the past cen- 
tury the teaching of chemistry in this country had 
mainly been carried out in the medical Faculties of 
universities and medical schools ; and prior to 1877 
the analytical work had been done by a special 
class of analysts who held together more or less 
loosely as ‘‘a profession.” Then the Institute of 
Chemistry of Great Britain and Ireland had been 
founded in 1877, to ae the profession of chemistry 
on a new basis. The Institute, Dr. Beilby tted, 
had not the weight and influence on the training of 
its professional men which the medical profession 
had through its Faculties. The influence should be 
extended by a more active co-operation between the 
Institute and the universities, and chemists hold- 
ing the B.Sc. degree should not fail to acquire the 
A.I.C., the Associateship of the Institute of 
Chemistry, which comprised, in its full curriculum 
of at least four years, such extra matter ae construc- 
tional engineering, chemical engineering, and fuel 
and combustion. Many public and official appoint- 
ments could only be held by Fellows of the 
Institute, and even for those graduates who had no 
immediate intention of applying for appointments 
of this class, it was well to be provided with this 
hall-mark of professional qualification. The works 
chemist might later be required to act as labora- 
tory chemist, laboratory research chemist, process 
manager, general works manager, or chemica] 
engineer. They all had to go through somewhat 
the same training. The work in the analytica) 
and testing laboratories was largely of a routine 
character, but it was the centre of the whole system 
of process control, and supplied an admirable dis- 
cipline for all chemists. 

What Dr. Beilby said with regard to process 
managers did not apply merely to the chemical 
industry. If he had to carry out a certain process 
with British workmen in one part of the world, and 
with German men in another part, he stated, he 
would deliberately take into account the difference of 
national characteristics in organising the process and 
in designing the apparatus for carrying it out. He 
had seen British-designed plant erected and worked 
by Germans in Germany, and German-designed 
plant erected and worked by British workmen 
over here, and the results had not in either case 
been satisfactory till the a and method 
of operation had been modified to suit the charac- 
teristics of the men. The German was accustomed 
to a strict discipline and would carry out an opera- 
tion to instructions in minute detail, though he 
might not understand the rationale of the whole 
process. The greater independence of the British 
workman called for a different kind of organisation 
and management. A manager might teach some of 
his men ; but the teaching would soon be taken 
out of his hands, and the men would develop their 
own technique and methods. The wise ma r 
would accept the situation, while using his autho- 
rity to check the men. This, we think, is good 
advice in general, and need not be restricted to 
men of two different nationalities. 

No infallible directions could be given, Dr. Beilby 
finally said, as to the route by which the higher 
prizes of the industry—the positions of manager or 
director—were to be secured. It was the man 
that counted finally, and we might from time to 
time wisely remind ourselves that ‘‘ man was not 
made for science, but science for man.” In these 
concluding words Dr. Beilby really answered the 
old controversial question which he had previousl 
discussed—whether knowledge was an end in itself, 
to be pursued for its own sake, or whether know- 
ledge was to be cultivated as an instrument for the 
control over matter and the forces of Nature for 
the attainment of human ends; whether, in other 
words, the reflective interest in the ‘‘how and 
why of things” should prevail over the active 
interest in ‘‘the doing of things.” 








NOTES. 

Patents AND THE Wak. 

Ir has often been said that the basis of a 
country’s industry is its patent applications. This 
is, to some extent, true. It is certainly true that 
the fluctuation of the patent applications is some 
measure of the change of industry ; it is, therefore, 
very interesting to com the applications filed in 
1913 and the early part of 1914 with those lodged 
during the last five months. The broken-line curve 
in the annexed figure represents the applications in 
1913, and that in full lines the applications in 1914. 


two curves Lp coincide. Afterwards the 1914 
curve stands at a higher level than that of the pre- 
ceding year until the period of the war, when it will 
be noted that a quick change takes place. in read- 
ing the curve, it should be remembered that the 
Austro-Hungarian Note to Serbia was delivered on 
July 23, and Britain declared war on Germany on 
August 4. The total number of applications in 
1913 was 30,102, and in 1914 it was 24,847. Up 
to the end of July in the former year, 17,683 
applications had been lodged, and to the same date 
last year 18,169, leaving the figures 12.429 for the 
last five months of 1913, and only 6678 for the 





war period of 1914. Although the drop in numbers 
has been general, there is to be noted, as would be 
expected, an increase in the applications dealing 
with aerial warfare, ammunition, and machine guns, 
and a decrease in aeronautics (though this depart- 
ment has revived), amusements, chemical pro- 
cesses, grinding machines, internal - combustion 
engines, motor vehicles, and wireless systems and 
apparatus. The exact decreases cannot be stated 
at present, because the Patent (ffice quarterly 
index for October to December is not yet available. 
In the ordinary way German applications account 
for about 10 per cent. of the whole, and Austrian 
about 1 per cent., while Turkish applications in 
this country are negligible. 


Tue ConpITION OF THE SHIPBUILDING TRADE. 


During the past quarter there were laid down in 
the various shipbuilding yards throughout the 
country 138 merchant vessels, of 356,856 tons, a 
great demand having arisen for new shipping, in 
view of the high freights prevailing, the absorption 
for Government service of a large number of 
merchant vessels, and the capture and laying up of 
a good many German ships. There were, however, 
launched 170 vessels, of 418,669 tons. The 
work on hand at the beginning of the year is 
96,000 tons less than that in progress at the 
beginning of October last, while, as compared with 
the figures for the beginning of 1914, the reduction 
is 329,000 tons. The situation, however, from the 
— of view of employment, is thoroughly satis- 

actory when regard is had to the building of war- 
vessels and other munitions for the Navy and 
the Army. Indeed, the difficulty experienced is 
in a shortage of workers, partly due to the number 
of the men from the shipbuilding and engineering 
establishments who have joined Lord Kitchener's 
Army and the new Territorial forces. The 
total number of vessels now in progress is 462, of 
1,627,316 tons, whereas three months agothenumber 
was 486, and the tonnage 1,723,550. The highest 
point ever reached—namely, in the spring of 1913— 
was when the tonnage amounted to 2,050,000, so 
that the drop from the maximum d of activity 
is about 423,000 tons. But, as we have said, it is 
doubtful if there was ever so much activity in the 
shipbuilding and engineering factories as at the 
present time. The Glasgow return shows the 
greatest decrease as compared with a year ago, 
the number of vessels in progress there being 96, 
of 398,626 tons, which is 11,492 tons less than 
three months ago, but about 114,000 tons less 
than a year ago. In the Greenock district, as 





1c will be seen that up to the end of February the 


recorded in Lloyd’s return, there are 47 vessels, 








of 194,105 tons, in progress. 
less than three months ago, and about 55,700 tons 
less than a year ago. At Newcastle, the figure 
of 62 vessels, of 267,226 tons, in p shows a 
total of over 35,000 tons less mn a year 
ago and than three months ago, the figures 
for these two latter periods being almost the 
same. At Middlesbrough, where 36 vessels, of 
72,035 tons, are in progress, the total is nearly 
3000 tons more than three months ago, but is over 
19,000 tons less than a yearago. At Sunderland 
the 51 vessels in progress make up 187,051 tons, 
and here the reduction on three months ago is 
4000 tons, and on a year ago 44,169 tons. At 
Hartlepool 16 vessels are in progress, of 71,610 
tons—a decrease of 8270 tons as compared with 
three months ago, and of 9920 tons as compared 
with a year ago. The Belfast total is nearly 8000 
tons more than a year ago, but is 22,300 tons less 
than three months ago, there being now in progress 
28 vessels, of 329,050 tons. As the Barrow district 
is almost entirely devoted to warship work the 
merchant figures carry little significance. The 
same applies in large measure to Liverpool, but 
there the merchant work in progress is 14 vessele, 
of 32,634 tons, only half the total of a year ago, 
and 2670 tons less than three months ago. At 
Hull there are 46 vessels (mostly trawlers), of 
25,437 tons, in progress. This is about 6000 tons 
less than three months ago and 13,461 tons less 
than a year ago. 


This is 9775 tons 


Tue New Year Honours. 


The list of honours usually conferred by His 
Majesty at the beginning of each new year is, on 
this occasion, naturally, a reflex of the present 
state of affairs: the honours conferred are almost 
exclusively for services rendered in connection 
with the war. This is as it should be, and in every 
case it is easy to recognise that those participating 
are worthy of the respective dignities conferred. 
Here, however, we are only concerned with those 
connected with science, engineering, and indus- 
try, and, first, we may note that amongst the 
knights is Mr. John Cowan, who is Chairman 
of Redpath, Brown and Co., Limited, construc- 
tional engineers in Edinburgh, and the founder 
of the Stirling Boiler Company in this country 
and its chairman since its inception. The 
Astronomer-Royal, Mr. Frank Watson Dyson, 
F.R.S., is also amongst the new knights. It will 
be remembered that he was chief assistant at the 
Royal Observatory, Greenwich, for ten years, and 
Astronomer-Royal for Scotland from 1905 to 1910, 
when he succeeded to the post he now fills with so 
much success. A knighthood has also been con- 
ferred upon Mr. H. A. Walker, the general 
manager of the London and South - Western 
Railway, a line upon which splendid work has 
been done in connection with the transport of 
troops. In the list of Orders of the Bath 
there is very properly included the name of 
Captain Noel Grant, R.N., who manceuvred the 
Carmania so successfully against the Cap Trafalgar, 
upon Commander James Barr, R.N.R., the Cunard 
Line captain of the ship, and Captain J. C. T. 
Glossop, R.N., whose ship, the Sydney, disposed 
ofthe Emden. These three officers have been made 
Companions of the Bath in the Mili Division. 
Among the Companions of the Bath of the Civil 
Division is Mr. J. E. Masterton Smith, Private 
Secretary to the First Lord of the Admiralty. In 
the Indian List the following have been made Com- 
manders of the Order of the Indian Empire :—Mr. 
Edward Rawson Gardiner, Indian Public Works 
Department, Chief Engineer and Secretary to the 
Government of Bihar and Orissa; Mr. George 
Thomas Barlow, Superintending Engineer, Irriga- 
tion Branch, Public Works Department, United 
Provinces; Captain Walter Lumsden, C.V.O., 
Royal Navy (Retired), Director of the Royal 
Indian Marine ; and Mr. William Peter Sangster, 
Indian Public Works Department, Executive Engi- 
neer, Malakand Division, Upper Swat River Canal, 
North-West Frontier Province. A knighthood 
has been conferred upon Mr. G. ©. Buchanan, 
C.1.E., M. Inst. C.E., Chairman and Chief Engi- 
neer of the Commissioners of the Port of Rangoon, 
Burmah, in connection with the important work 
carried out at Rangoon, illustrated in EnoinreRIne 
recently. Engineer Lieutenant-Commander E. H.T. 
Meeson, of H.M.S. Laurel, who was mentioned in 
despatches in connection with the engagement at 
Heligoland, has been made a Companion of the 





Distinguished Service Order, A large number of 
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executive officers of the Navy have received the 
same distinction, or the Distinguished Service 
Cross, while all the crew of the B11 have received 
Distinguished Service Medals for the exploit in 
the Dardanelles on December 13. Similar awards 
have been given to men in connection with the 
Naval Brigade and Royal Marine Brigade for 
operations in Antwerp. A large number of 
special promotions in the Royal Navy are 
announced. Many commanders mentioned in 
despatches have been promoted to be captains, 
several lieutenant - commanders are promoted 
to be commanders. The only engineer officer 
who has attained this distinction is Engineer- 
Lieutenant-Commander A. W. Coleman, who is 
made Engineer-Commander in recognition of his 
services in the Sydney. In our issue of Novem- 
ber 13, we referred to the absence of promotion or 
other recognition of the engineer officers mentioned 
in despatches in connection with the engagement 
off Heligoland on August 18. Engineer Commander 
Meeson, as already noted, has been made a Com- 
panion of the Distinguished Service Order, and he, 
and two of the other engineer officers who did 
distinguished service in the engagement referred 
to, are to be promoted from Engineer-Lieutenant- 
Commanders to Engineer-Commanders on their 
attaining three years seniority as Engineer-Lieu- 
tenant-Commanders. These two officers are Engi- 
neer Lieutenant-Commanders F. A. Butler and 
Alexander Hill. 





INDUSTRIAL NOTES. 

Tue annual conference of the Scottish Divisional 
Council of the Independent Labour Party was held on 
Saturday last, the 2nd inst., in the Independent 
Labour Partv Hall, 88, Canning-street, Bridgeton. 
There were 82 delegates, representing 76 out of the 
total of 120 branches of the Party in Scotland. The 
proceedings were held in private, and the results of 
the conference were, at the close, communicated to 
representatives of the Press. The president was Mr. 
James Maxton. The attitude of the Party in regard 
to the war and to recruiting was discussed; the 
agenda contained sixteen resolutions, and the de- 
cisions, we are informed, were practically unanimous. 
Mr. J. Keir Hardie, M.P., it is stated, arrived 
towards the close of the jroceedings and briefly 
addressed the meeting. 

The first resolution, to the effect that the Inde- 
pendent Labour Party delegates to the Labour Party 
Conference be instructed to call attention to the 
attitude taken by Labour Members in regard to 
the war, was adopted. The second, which was also 
approved, was an inetruction to delegates to move 
at the Labour Party Conference that the Parlis- 
mentary Labour Party, before deciding on any 
action which was to change the Party’s policy, 
should call a representative meeting to discuss the 
change. An addition to the motion was adopted, 
**condemning the fact that no conference was called 
at the outbreak of the war.” The three next reso- 
lutions dealt with armaments, calling on the Labour 
Party Members of Parliament to press for the nationali- 
sation of the manufacture of armaments, demanding 
also that the export of armaments to foreign Powers 
be forbidden, together with capital likely ke used in 
the production of armaments. These were adopted 
Four motions relating to ‘* war and secret diplomacy ” 
were approved. One was ‘‘that no war be declared 
without the consent of Parliament.” Another called 
on ‘*the Independent Labour Party Members of Par- 
liament to press for the democratic control of our 
foreign policy, so that no alliance can be formed with 
any foreign Power without the consent and delibera- 
tion of Parliament.” 

In regard to recruiting, a resolution was adopted 
regretting that members of the Parliamentary Labour 
Party had appeared on recruiting platforms with 
members of the other Parliamentary parties, and 
requesting them not to assist the Government’s re- 
cruiting campaign. 

The following resolution dealing with ‘‘Inter- 
nationalism” was also adopted :—‘‘ Since the spirit 
of natiovalism is constantly used by reactionaries to 
the injury of the best interest 0: the working classes, 
this conference calls upon the Socialist movement in 
all countries to cease emphasising national differences, 
and to insist on the unity of interest of the working 
classes of all nations.” 

This last resolution, on internationalism, coming 
immediately after the one on recruiting, affords a 
curious illustration. If the Independent Labour Party 
cannot agree with other members—really inde ent 
members, these—of the British Labour Party, how can 
they expect to agree with Labour members of other 
nationalities, whose languages they do not understand, 
whose mentality, in the case of one nationality at 
least, they should de te, and whose aspirations 
they cannot fathom? facet that internationalism is 


@ myth has been proved over and over again. There 
is not much internationalism left in the mind of the 
German workmen at the present time, not that there 
ever was much at any time, for they candidly admitted, 
when discussing with French workmen on the occasion 
of Continental congresses, that should a war occur 
between Germany and France, ‘‘they would take up 
arms against their French confréres as a matter of 
course,” 





At a recent meeting of the Staffordshire Education 
Committee, a recommendation of a sub-committee to 
the effect that Darlaston boys betweeen the ages of 
thirteen and fourteen years should be allowed to leave 
school in order to assist manufacturers in executing 
orders for the Army and Navy, was ruled out of order. 

A special meeting of the same committee was held 
on Saturday, the 2nd inst., when Mr. Landor moved : 
“‘That owing to the national emergency, it was 
necessary for the committee to have power to sus- 
pend for the period of the war the enforcement of 
the by-laws relating to school attendance of boys 
between the ages of thirteen and fourteen in urban 
and rural districts, in order that they might be 
beneficially employed on work for urgent naval 
and military purposes, which work was being de- 
layed owing to the shortage of adult and boy 
labour ; an urgent request should be made to the 
Board of Education and the Home Office for power 
to suspend the by-laws.” Mr. Landor laid stress 
upon the urgent necessity there was for the manu- 
facturers at Darlaston expeditiously to turn out 
the work they had in hand for the Army and Navy, 
and said that as the adults had made sacrifices in 
going to the Front, the boys should be allowed in this 
national emergency to assist their fathers and brothers 
in taking their part in helping to bring the war toa 
victorious conclusion as early as possible. 

The chairman spoke against the motion ; he stated 
that Birmingham and other towns were also engaged 
on Government contracts; yet Darlaston was the 
only town which had made an application for the 
employment of boy labour. It was recognised that 
the country was in an exceptional condition, but the 
first care of the State was for thechildren. He — 
that there was not unanimity of opinion in regard to 
the necessity of child labour at the present juncture, 
and he quoted a letter from Mr. John Taylor, of the 
National Amalgamated Association of Nut and Bolt- 
Makers, protesting against the proposal that boys of 
school age should A allowed to go to work, and adding 
that the children could not do the work which the men 
who had enlisted had done; if the manufacturers 
would only pay the price, sufficient labour could be 
obtained without employing children. 

An amendment was moved by Lord Charnwood to 
the effect that the War Office should be asked if there 
were any necessity to take the step proposed ; but 
the committee, by a large majority, rejected the 
amendment, and the motion was carried. 





A dispute which had arisen between the Great 
Northern Railway employees and the company has 
been settled. In view of the expiration on the 5th inst. 
of the twenty-eight days’ notice given by the Asso- 
ciated Society of Locomotive Enginemen and Fire- 
men, Mr. George Moore, the assistant secretary, who 
is also secretary of Railway Conciliation Board ‘‘ A,” 
had arranged with Mr. Charles Dent, general manager 
of the Great Northern Railway, for an interview to 
be held at Westminster on December 24. In that 
interview Mr. Dent explained that he never intended 
the six weeks’ notice to expire before commencing 
negotiations for a new conciliation scheme. Mr. Dent 
further stated that he would commence negotiations 
for a new scheme having for its basis the national 
conciliation scheme approved by the general managers 
of all the other railway systems. 





The State in Germany has taken comprehensive 
steps to reduce unemployment by finding work, more 
especially on the railways. Notwithstanding the 
heavy outlay during 1913 for maintenance, extensions, 
&c., it has been decided that wherever it is possible 
and justifiable no reduction in expenditure will take 
place, and itis calculated that some 12,000,000/., which 
otherwise would have been withheld, will now be 
applied to the furtherance of employment. It is 
reckoned that this step means work for about 150,000 
persons during six months. The intention is to benefit 
all classes of concerns and workers in this field—i.e.. 
large and small contractors, artisans, &c. The bulk of 
the money is to be paid for work carried out in con- 
nection with the permanent-way, iron construction, 
machinery, &c., but part of the sum is to be applied 
to the erection of stations and other railway buildings. 





The Board of Trade has made regulations in the 
matter of unemployment insurance and short time. 
It has enacted that an employer may make applica- 
tion to the Board of Trade for a certificate of excep- 








to modify or cancel such a certificate at any time. 
The order of exemption will not be granted until 
the Board of Trade is satisfied that the employer pro- 
to work systematic short time in accordance 
with certain conditions, and the employer is required 
to furnish to the Board information stating the actual 
hours of work during the currency of the order. 





We read in the Rivista Marittima that the three 
principal Italian shipping companies have closed with 
& loss their first financial year, from July 1, 1913, to 
June 30, 1914; all three companies are subsidised by 
the State. The Societa Italiana di Servizi Marittimi 
has a capital of 10,000,000 lire (400,0001.) ; it received 
during the year a subsidy of 6,830,361.85 lire 
(273,000/.), and made a loss of 1,508,307.05 lire 
(60,300/.). The Marittima Italiana has a capital of 
9.000,000 lire (360,000/.) ; it received 6,012,472.55 lire 
(240,0007 ) in postal subsidies and premiums, and 
close1 the year with a loss of 1,829,032.98 lire 
(73,000/.). The Sicilia Company, with a capital of 
6,000,000 lire (240,000/.), subsidised to the amount of 
4,498, 957.31 lire (179,000/.), made a loss of 444,474.11 
lire (17,700/.). The causes of such disastrous results 
are to be found, says the Hivista, in the unrest ruling 
among the navigating personnel, in the new compulsory 
signing-on contract for the men, and in the new regu- 
lations governing the crews. 





The following figures afford a most striking proof 
of the manner in which the British workpeople are 
united in the present crisis which has been sprung 
upon the whole civilised world by Germany. The 


figures, as will be seen, cover the first eleven months 
of 1914 :-— 
Number of Workpeople 
Disputes. fected. 
January 54 34,826 
February 67 31,869 
March .. 105 30,895 
April 99 28,072 
May 140 37,455 
June 118 41,117 
July 99 49,370 
August.. 15 2,004 
September 23 3,355 
October 27 9,446 
November 25 5,092 


The further figures given below, in regard to un- 
employment in 1914 and 1913, are also self-expla- 
natory :— 





Percentage Percentage 
Number “. ie. 





ship of t of U of 
aipict Unions pte ae employed employed 
Reporting. — in 1914. in 1913. 
January 962,242 24,548 2.6 2.2 
February 976,988 22,726 2.3 2.0 
March.. 988,164 21,426 2.2 1.9 
April .. 991,874 20,924 2.1 1.7 
May .. 990,131 22,681 2.3 1.9 
June .. 992,668 23,937 2.4 1.9 
July .. 968,946 28,013 2.8 1.9 
August --, 987,602 69,576 7.1 2.0 
September .. 995,975 55,778 5.6 2.3 
October 912,898 40,146 4.4 2.2 
November 932,576 26,771 2.9 2.0 





The following figures in regard to wages during the 
eleven months from January to November, 1914, throw 
further light on the satisfactory condition, all things 
considered, of the labour market in this country. The 
net decreases of weekly wages for the period between 
January and November have been :— 





Number of Decrease in 
Trade. Workmen Weekly 
Affected. — 
Coal-mining , 349,353 27,039 
Iron, &c., mining é 20,591 2,134 
Pig-iron manufacture .. 7 18,047 1,512 
Iron and steel manufacture .. 48,543 4,973 
35,658 


whilst the net increases of wages for the same period 
have nm :— 





Number of Increase in 
Trade. Workmen Weekly 
Affected. Wage. 
£ 

Building .. - ee ee 114,731 10,944 
Eugineering and shipbuilding 84,517 7,564 
Other metal trades... ia 23,232 1,399 
Textile trades .. - = 21,159 1,282 
Clothing trades. . as 6,566 612 
Transport trades ee 23,636 4,802 
Printing trades. . 17,523 1,400 
Glass trades . ° 9,263 946 
Other trades .. - a 22,619 2,660 
Employees of local authorities 17,791 1,541 
Quarrying ee ae 11,914 1,036 
34,186 





Personat.—Mr. E. G. Constantine, who bas been 
associated with the Stirling Boiler Company, Limited, 
for many years, has reti from active business, and 
has resigned his position as managing director, remaining, 
however, a director of the company He is succeeded in 
the ment by Mr. H_ J. S. Mackay.—Mr. Panizzi 
Preston, J.P., of 14, Pall Mall, London, and Landford 
Manor, Salisbury, h ected chairman of Messrs: 





tional unemployment, the Board being empowered | J. Stone and Co., 
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Fia. 8. Two Morors on Test-Bep. 


armatures. The stators have three windings: (1) a 
series winding, consisting of a single turn per pole ; 
(2) @ compensating winding ; and (3) a commutating 
winding, housed in the same slots as the compensating 
winding. These windings may be coupled up to pro- 
duce series or repulsion motor connections, by means 
of a coupler placed above each motor. Two of the 
motors, with their couplers, are shown in Fig. 8. To 
give the series connection, the commutating and com- 
pensating windings are connected in parallel, as shown 
in Fig. 12, on page 57. The number of turns and 
sections of these windings differ, and are so propor- 
tioned that the commutating winding current is stag- 
gered on the principal current and creates a commu- 
tating field in the short-circuited turn under the 
brushes. This commutating field opposes the alter- 
nating field acting on the short-circuited turn. The 
arrangement gives satisfactory commutation over a 
very wide range. When the motor is running with 
series connections, the maximum tension applied to 
its terminals is 230 volts, and the minimum tension 
about 67 volte. 

When the locomotive is starting under a heavy load, 
or running at a low speed, the repulsion-motor con- 
nections are made as shown in Fig. 13, on page 57. 
The connections give good commutation at low 
speeds. The commutating windings are disconnected 
from the compensating windings, and the commutating 
windings of all the motors are connected in parallel. 
This gives an electric coupling between the motors, 
which enables them to be run without any coupling- 
rods or other hanical ox tion. If one of the 
motors tends to run more quickly than another, ite 
commutating winding becomes the seat of a higher 
voltage than obtains in the corresponding windings of 
the other motors. As a result, a circulating current 
is generated, which tends to increase the speed of the 
other motors at the expense of that which is rotating 
more quickly. This very simple arrangement is an 
interesting example of the supersession of coupling- 
rods by an electrical arrangement. 

When working regeneratively, the series excitation 
is replaced by an independent ¢xcitation. The motors 
work as shunt-generators at the frequency of the 
exciting current—that is, a frequency equal to that in 
the mains and in the motors, and under a tension 
determined by the regulators. The working speed, 
therefore, varies with the regulator voltage. As the 
motors work in parallel with the alternators supplying 
the railway, it is necessary that their voltage should 
have a suitable dimension and phase in respect to the 
voltage of the line. For this reason the voltage is 
controlled at the regulators, and not at the motors. 
The p on the magnetic field, which is 





hase —— 
supplied in the following way :—The electromotive 
force induced jn the motors by rotation is in phase 





with the excitation flux, which itself is in phase with 
the field-magnet, but out of phase by almost 90 deg. 
with respect to the tension at the terminals of the 
field-magnets. The excitation voltage of the field- 
ge should therefore be 90 deg. out of phase 
with the main supply. The voltage is accordingly 
obtained by an auxiliary winding placed on the stator 
of the compressor motors at 90 deg. to the main 
winding. As a result, a tension is obtained at the 
terminals of the motor armatures almost in phase with 
that of the low-tension side of the transformers. 

With the motors running as generators, however, 
the motor loss reactance throws the voltage of the 
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motors out of phase with that of theline. The trans- 
former losses also affect the matter. The reactance of 
the motor losses is about three times as great as the 
resistance, and the output as a generator can only act 
under extreme out-of-phase conditions. Fig. 10 is a 
vector diagram representing the state of affairs. OA 
is the voltage induced in the motors ; A B the voltage 
of the reactance losses ; BC the voltage of the resist- 
ance losses ; O C the transformer voltage ; OI the re- 
generating current ; O D the voltage applied to the com- 
pressor motors ; and O Ethe voltage applied to the field- 
magnets of the main motors and produced by a phase 
at 90 deg. off the compressor motors. To alter the 
angle between the current and flux, it is n to 
excite the motors with a voltage more than 90 deg. 








Fic. 9. TRANSFORMER AND REGULATOR. 
compensation transformer, which deflects the phase 
of the primary voltage of the compressor motors, and 
the current can be adjusted to the phase requird. 
The diagram given in Fig. 10 is modified, and becomes 
as shown in Fig. 11. In the diagram the vectors have 
the same lettering as before, and, in addition, D F is 
the voltage given by the regenerating transformer, 
and O F the voltage produced by the regulator. It 
will be seen that the compressor motors serve as 
phase-shifting transformers, owing to the action of the 
auxiliary winding already mentioned. They are of 
the Latour type. A supplementary winding on the 
stator permits of their working at a tolerably constant 
speed. The secondary of the compensation transformer 
is in series with this winding, its primary, which is 
paralleled by a resistance, being traversed by the 
excitation current of the main motors. ‘This arrange- 
ment gives the compressor motors a power factor 
bordering on unity, both when running as motors or 
phase-transformers. 

As will be seen from Fig. 7, there are two trans- 
former secondaries in series with the main circuits of 
each compressor motor. These are (i.) the secondary 
of the compensation transformer, the primary of which 
is fed by a voltage at 90 deg. to that of the com- 
pressor motors, oat (ii.) the secondary of the regenerat- 
ing transformer, the primary of which is traversed 
by the regenerating current. The regenerating trans- 
former has three circuits :—(a) The circuit for the 
regeneration currents ; ()) the circuit traversed by the 
phase - transformer current; and (c) three distinct 
circuits, each derived from the compensation windings 
of the motors. The circuits referred to under (a) and 
(c) produce concordant ampere turns. In traversing 
the secondary of the regenerating transformer the 
current of the phase-transformers produces an induc- 
tive drop which the compensation transformers have 
to compensate for. These latter transformers each 
consist of (a) @ circuit branched at the terminals of 
the auxiliary excitation phase of a phace-trans- 
former, and (b) a circuit traversed by the current 
of the phase-transformers. They give a voltage at 
90 deg. to the voltage applied to the terminals of the 
compressor motors. The circuit of a phase-trans- 
former is supplied from the secondary of a main 
transformer and from the 110-volt tapping of the 
other main transformer. To run it as a compressor 
motor it can be supplied from the secondary of one 
main transformer only. The starting of the com- 
pressor motors is carried out by two controllers worked 
with a common handle. The first controller connects 
the motor circuits to one or other of the transformers. 
The second controller starts the motors first in series, 
and connects them as shunt motors when the speed is 
high enough. The starting is thus done by two move- 


out of phase with the Jine. This is obtained by the | mente. Each compressor motor can run indepen- 
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dently of the other, and an isolating switch is fixed in 
each driving compartment. 

The various main connections which have to be 
made for the control of the locomotive are as follow : 
(a) The coupling-up of the field-magnets and arma- 
tures with the moretios transformers for forward or 
backward running, with either series or repulsion 
motor connections ; (b) the coupling of the armatures 
with the regulating transformers and the field- 
magnets with the exciting phase-transformers for 
roe mel or forward regenerative running ; (c) the 
closing of the low.- tension main circuit by the 
switch ; (d@) increasing or oma | the speed by 
altering the transformer vol these connec- 
tions are controlled by a two-drum controller 
and a These pieces of ap tus control 
servo-motors, which operate the various regulators, 
couplers, &c., which carry the main current. The 
controller and pedal are in duplicate, as shown in 
Fig. 7, one set being fixed in each driving compart- 
ment. The compartments also contain indicating 
lamps, which show the position of the various parts 
of the gear at any time. 

The main-control apparatus consists of the couplers, 
the regulator motors and controllers, the main switch, 
the current relay, and the reverser. We have alread, 
dealt with some of these parts. The reverser, whic 
is shown at the top of Fig. 7, is used for connectin 
up the armatures in proper relation to the field- 
magnets and transformers. It consists of a drum, 
moving round a horizontal axis, and provided with 
copper segments working over fixed contacts in the 
usual way. It is operated by a servo-motor. The 
current relay consists of the elements of a motor, the 
rotor of which is not permitted to make more than 
about a quarter of a turn. In this movement it 
makes or lneshe a contact in the control-circuit of the 
regulator servo-motors. If the magnitude of the main 
current traversing the current-relay stator exceeds a 
certain value, the relay breaks the servo-motor cir- 
cuit, so that the voltage ogeet by the regulators 
cannot increase further. en the main current 
drops below the magnitude which actuates the relay, 
the latter re-establishes the servo-motor contact, 
and the regulators are thus permitted again to 
increase the main voltage. This ment 
allows starting-up to be carried out under constant 
current. If, when the relay is working, the main 
current is not large, the relay breaks the servo-motor 
circuit in the usual way, but the length of the break 
is not sufficient entirely to interrupt the current 
passing. A small are is maintained, which absorbs a 
certain voltage, and the servo-motor is supplied at 
a reduced tension equal to the difference between 110 
volts and the voltage of the arc. The servo-motors 
consequently continue to operate at a very slow speed, 
and the regulator voltage ually rises. Under 
operating conditions it has been found that the current 
relay maintains constant starting current within nearly 
1 per cent. When necessary, the relay may be 
dispensed with and the servo-motor circuit contacts 
short-circuited by a switch placed in the driver’s 
compartment. 

The servo-motors, which have been adopted for 
operating the various parts of the control-gear, are of 
the ceguiion type. Their stators have three windin 
connected in star. There are thus three termi 
one being connected to earth, and the other two so 
connected up to the controllers that running in either 
direction may be effected by oe gm over the con- 
nections. The motors are suppli th alternating 
current at 110 volts from tappings taken from the 
main transformers. The current may be taken from 
either transformer as may be desired, there _— 
change-over switch fitted for this purpose. e 
switch can be seen at the left-hand side of Fig. 7. 

The controllers, as we have already mentioned, and 
as shown in the diagram, each have two drums. The 
left-hand drum has five positions or notches marked 
00, 0, 1, Il, and ///. When the drum is on the first 
notch 00, the whole of the circuits are disconnected. 
The second notch 0 gives the minimum voltage of the 


ne transformers, and opens the main switch. 
Notch / closes the main switch, and also co 8 


to the minimum voltage of the transformers. Notch /// 
increases the transformer voltage, while notch // 
maintains the voltage obtained on notches / or ///. 
The right-hand drum rates the reverser. It has 
four positions corresponding to the four reverser posi- 
tions. There is a mechanical lock between the two 
drums, which prevents wrong combinations being 
made. To move the right-hand drum the left must be 
on notch 0, corresponding to opening of the main 
circuit. The pedal, when lowered, gives the motors 
repulsion connections, and when raised gives them 
series connections. 

It is not n that we should here trace 
through the whole of the control connections. This 
may be done from the ~— ms. We may, however, 
indicate the movements which the driver to make 
in controlling the locomotive. Before starting, the 
direction of running is determined by the reverser 
controlled by the right-hand controller. The left- 


hand controller is then successively placed at notches 


0, 1, and ///. When on /// the wansformer voltage 
gradually rises, and the locomotive starts up at a 
gradually increasing ¢ , the current being in the 
meantime limited by the current relay. Ifthe speed 
is not sufficiently high, it may be increased further by 
ing the current relay-switch, at the same 
time watching the ammeter to see that the current 
does not rise to too high a value. When the 
speed is sufficient, the left-hand controller is 
at notch //. To slow down, the contro is 
placed at notch /, and when the s is what is 
uired, it is returned to notch //. To stop, the con- 
troller is placed at notch /, and as the current falls is 
moved to notch 0, which opens the main switch. The 
locomotive is then brought up with the brakes. When 
starting on a gradient under a heavy load, or when 
slipping of the wheels is to be feared, owing to the state 
of the rails, the repulsion-motor connections are used. 
To make these connections the pedal is , and the 
locomotive is then started with the left- contreller, 
as before, the being kept down all the time. 
When a gs) of about 10 km. (64 miles) an hour has 
been , the controller is put back to notch /, 
and as soon as the main current ~~ dropped to about 
600 amperes the pedal is released, the speed increased, 
and the locomotive continues to run with series con- 
nections. If desired, the series connections rae be 
allowed to be made automatically by a centrifugal 
ap tus. 
or regenerative running the special connections for 
the excitation of the main motors are made by the 
reverser. This excitation being almost constant, the 
voltage at the terminals of the motor armatures 
increases with the speed. As the motors are in series 
with the transformers, their voltage is added to that 
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of the transformers, and the resulting voltage is 
available at the terminals of the main switch, which 
is open. A relay, called the regeneration relay, is 
actuated by this voltage. If the voltage drops to a 
fixed value (80 to 110 volts), the relay makes a contact 
which closes the circuit of the servo-motor of the 
switch, and socloses theswitch. This, however, canonl 
happen if the speed is above about 20 km. (124 miles) 
an hour, enabling the centrifugal apparatus to make 
another contact in the circuit. To establish regene- 
ration, the voltage of the regulators must be adjusted 
to that of the motors, to enable the main switch to 
close. The switch being closed, the difference in the 
vol of the motors and the line permits regenera- 


tion, if the phase of the motors is suitable. The phase | ¢, 


is obtained automatically, as explained above. 

With the switch closed, Ra me takes place 
after a few minutes, the working being at a s 
co ing to the voltage of the regulators. If it 
is desired 


sary to modify the voltage of the regulators. To 
regenerate at a pages anes the voltage of the regu- 
lators must be inc ring the few moments 
taken to increase the voltage no regeneration takes 
place, and it is even possible to accelerate as a shunt 
motor should the voltage of the regulators assume a 
certain value with regard to that of the motors. To 
diminish the regeneration s 
regulators is lowered, but this should not be done too 
rapidly, or, in addition to the energy due to gravity, 
part of the energy accumulated in the ss train 
would be converted into electrical energy. If, how- 
ever, the railway is supplied from a large system, a 
sudden movement is a matter of indifference, as the 
current relay would check the re ted power b 
preventing the regulator from cutting down the voltage 
too much. 

The regenerating relay has a voltmeter with branch 
connections to the terminals of the low-tension switch. 
When the voltage indication is below 120 volts the 
controller is placed at notch // until the relay closes 
the switch. The movements for regeneration are con- 
sequently as follow :— The right-hand controller is 
placed in the regeneration position. The tension of 
the regulators is then increased by moving the left- 
hand controller to notch ///. hen the voltmeter 


shows about 120 volts, the controller is moved to 
notch // and kept there until the regeneration relay 





operates. This relay then makes contact through the 


to modify the regenerative speed, it is neces- | Con 


the voltage of the | and 


Y | adopted 


centrifugal apparatus, and the regeneration circuit is 
established. When ion is obtained, if it is 
desired to accelerate, the controller is placed at 
notch ///. If itis desired to stop, it is placed on notch /. 
The none ~ thus the same as for ordi 

running. en the speed drops below 20 km. 
(124 miles) an hour, neration is automatically 
checked by the centrifugal apparatus, and cannot be 
ae ed until the speed is again above this 

ue, 

On the tests, the speed of the locomotive never fell 
below that given in the specification, which we have 
already quoted. On the most severe = of the trial 
track, which had a gradient of 1 in 59 for a length of 
about 5.3 km., with numerous curves, the following 
results were obtained :— 


Ourrent. 








| Low 
Load.| i Kilo- Line |—— — Power “ 
Speed. watts. Voltage. aus | tee . _ 
} . Tension. 

km. per : 

tons. | hour. | volte. 
280 4. 1100 10,300 120 1625 0.89 650 
100 | 61 83 1100 0.916 700 


850 11,800 





These figures include the consumption of the com- 
pressors, &c, 

With a line voltage of 12,000 the speeds were 
46 km. per hour with a train of 280 tons, and 65 km. 
per hour with a train of 100 tons. Fig. 14 shows the 
results obtained during two successive starts of a 
train of 280 tons on the 1 in 59 gradient. A speed of 
34 km. per hour was obtained in two minutes. The 
low-tension current did not exceed 1200 amperes, and 
the high-tension, initially 72 amperes, increased to 
120 amperes. mney, Be very easy and the com- 
mutation was good. Running regeneratively with a 
train of 280 tons, the power returned to the line was 
400 kw. on a 1 in 56 gradient at a speed of 38 km. per 
hour. The power-factor of regeneration. was 0.83. 
With a train of 100 tons the power-factor was nearly 
unity. 





SHIP SUBDIVISION RULES ADOPTED AT 
INTERNATIONAL CONFERENCE.* 
Safety of Life at Sea. Application of Subdivision Rules 
Adopted at International Conference. 

By James Donatp, Member. 
On the invitation of the Secretary of ae Society of 
on 


Naval Architects and Marine neers, 
of this iy ok been undertaken, and an effort been 
made to dle it from the viewpoint of the man who 


must apply the rules to actual desigrs. As the members 
of this society already know, a preliminary committee 


was appoin by the Secretary of Commerce in May, 
1913, for the of obtaining information relative to 


structural subdivision of vessels, this information being 
for the use of the Derartment of Commerce and the 


representatives who would represent the United States 


Y | at a later date at the International Conference on Safety 


at Sea, in on. In June, 1913, a circular letter was 
sent by the Secre' of Commerce to all those interested 
in matters affecting American shipping, and in September, 
1913, a report was e to the Secretary of Commerce by 
the preliminary committee embodying the information 
received from these interested parties. Eleven Com- 
missioners were sent to London to represent the President 
of the United States of America at the International 
onference on Safety of Life at Sea, which was held from 
November 12, 1913, till J ——~ 20, 1914. 

In April, 1914, there was published by the Government 

Printing Office, Senate Document No. 463, Sixty-Third 

Second Session. It is entitled ‘ International 
on Safety of Life at Sea,” and contains 
Messages from the President of the United States trans- 
mitting an authenticated copy of the International Con- 
vention relating to Safety of Life at Sea, the detailed 
regulations thereunder, a final- protocol, and the veux 
expressed by the Conference, all si at London, January 
20, 1914; and a Report from United States Com- 
missioners to the International Conference on Safety of 
Life at Sea, giving a summary of the subjects considered 
the conclusions arrived at as embodied in the Con- 
vention, together with the Report of Andrew Furuseth 
submitted to the President after his resignation as Com- 
missioner from the United States, and a Memorial of 
the International Seamen’s Union of America. 

Hereafter in this paper, wherever the afore-mentioned 
Senate Document 1s referred to, it will simply be called 
Senate Document No. 463. In order to apply the rules 
the International Convention it is necessary 
to know what vessels are affected by the Convention. 


VessE_s AFFECTED BY THE CONVENTION, 


Trade Routes.—Referring to Senate Document No. 
463, Convention Article 2 specifies that, “‘ Except where 
otherwise provided by this Convention, the merchant 
vessels of any of the states of the High Contracting 
Parties which are mechanically pelle, which carry 
more than twelve which proceed from a 
port of one of the said States to a port situated outside 

State, or conversely, are subject to the provisions of 
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this Convention. Ports situated in the colonies, e 

dom, or tectorates of the High Contrac Parties 

pony h'? mere to be ports outside the States of the High 

Ogee ar tiale 8 ires that ‘‘ There are excepted 
vention uires 

from this Convention, aoe in the cases where the Con- 


vention otherwise provides, vessels making voyages speci- | States is therefore in the position of having safety rules 


ig.1. CURVES OF FACTORS OF ar 
OF 





fied in a schedule to be communicated by each High 

Contracting Party to the British Government at the time 

of ratifying the vention.” ‘ No schedule may include 

=e in the course of which the vessels go more than 
sea miles from the nearest coast.” 

Referring to Senate Document No. 463, page 78, line 8, 
the Chairman of the United States Commissioners reports 
to the President of the United States that, ‘‘In the case 
of the United States such oversea possessions include the 
Philippines, Alaska, Hawaii, Porto Rico, and the Canal 
Zone. Alaska, Hawaii, and Porto Rico are included 
under the coasting laws of the United States, and the 
American delegation was instructed not to commit the 
United States to coasting regulations.” Vessels tradi 
between a port on the east coast of the United States 
a port on the west coast of the United States, via the 
Panama Canal, or conversely, will be in the coasti 


trade, unless they stop ata port during the voyage. If, 
for example, one of vessels should have any trans- 
actions, passenger or freight, with the cities of Colon or 


Panama, the vessel would have to be registered for the 
foreign trade, and would be subject to the Convention 


Ss, 

ferring to Senate Document No. 463, page 78, line 35, 
the “immense trade on the Great Lakes is not brought 
under the Convention.” 

Types of Vessels. — Referring to Senate Document 
No. 463, 77, line 1, “The Convention applies to 
mechanica| Fmt goon (steam, motor, and internal com- 
bustion) merchant vessels which carry more than twelve 
nen . . » The American delegation at the outset 
avoured the preparation of a convention which should 
also apply to freight steamers. It soon became evident, 
however, that to draft the different rules required for 
freight steamers would prolong the Conference much 
beyond the time this delegation was pre to remain, 
and would also so overload the Conference that much less 
epee of conclusions as to passenger steamers could 
be reached. This difficulty was earey moped serious in 
the matter of hull construction, where the problems con- 
nected with cargo are somewhat different from those 
connected with passenger steamers. Furthermore, an 
international conference is to be held at London later 
this year to consider uniform load-lines and deck-loads, 
and Gagvess has provided for American representation 
at this conference, which will consider more particularly 


Vv pro 

The vessels affected by the Convention are divided into 
“new vessels” and “existing vessels.” According to 
Convention Article 16, ‘‘* New’ vessels are those the keel 
of which is laid after July 1, 1915. Other vessels are 
considered as ‘existing’ vessels. Existing arrangements 
on each of these vessels shall be considered by the Ad- 


ministration of the State to whish the v belongs, 
with a view to improvements providing increased safety 
where practicable and reasonable.” 


Summary.—Therefore the vessels to which the Con- 
vention Articles and Regulation Articles apply are United 
States existing or new passenger vessels which are or will 
be engaged in trades between the United States and the 
ports of any of the High Contracting Parties of the Inter- 
national Convention on Safety of Life at Sea, between the 
United States and the Philippines and between the United 
States and the Canal Zone. existing vessels actually 
affected will be a few steamers ‘tradi tween the west 
coast of the United States and the Philippines, a few in 
the Transatlantic trade, and the foreign steamers that ma 
be registered under the new Act approved on August 1 
1914. These vessels will have their existing arrangements 





considered by the Administration with a view to make| short of the Convention uirements, it would not be 


them i irements, ‘ id-| possible within the limits of such a paper to deal with 
ing eo mie eat wep none — ” | each case, even if the information were available. It 
The Convention requirements will be applied to all ‘‘new” | rests with the Administration to consider each case, so 


vessels which will be built for the foreign trade. 


as to ensure increased safety where practicable and 
Unfortunately there are none building. The United 


reasonable. . 
As regards “ new” United States vessels in the foreign 


ARRANGEMENT OF VESSEL AS BUILT. 


Fig.2. 
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Fig. 3. BULKHEADS SPACED TO SHOW FLOODABLE LENGTHS IN VESSEL. 
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Fig.4. WATERTIGHT BULKHEADS SPACED AFTER MULTIPLYING FLOODABLE LENGTH BY THE FACTOR OF SUB- 
DIVISION, SEE REGULATION ARTICLE Vill, INTERNATIONAL CONVENT OF SAFETY OF LIFE AT SEA,LONDONI9#4. 
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Fig. 5. BULKHEADS SPACED TO SHOW FLOODABLE LENGTHS. DIAGRAMS SHOW VESSEL FLOATING AT 


MARGIN LINE, REGULATION ARTICLE V INTERN* CONVENTION OF SAFETY OF LIFE AT SEA 
LONDON 13/4. 
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Fug. 6. WATERTIGHT BULKHEADS SPACED AS REQUIRED BY DEPARTMENT OF COMMERCE 
STEAMBOAT-INSPECTION SERVICE RULE I11,SECTION 24,EDITION 13 JANUARY /9/4. 
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Feg.7. WATERTIGHT BULKHEADS EXTEND TO HURRICANE DECK AND ARE SPACED SO THAT 
WHEN ANY TWO ADJACENT COMPARTMENTS ARE FLOODED THE VESSEL WILL HAVE 
SUFFICIENT FREEBOARD BELOW THE HURRICANE DECK AND WILL FLOAT ASSUMING 
THAT THE VESSEL HAS SUFFICIENT STABILITY IN THIS CONDIT: JON. 
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ready at the beginning of the upbuilding of her merchant | trade it may be stated in general that the Convention 
servive in the foreign trade. requires that the spacing of watertight bulkheads in 


‘* mixed cargo and passenger ” vessels of 571-ft, in length 
and above, and in “* r” vessels of 489 ft. in length 
and above, will be such that —7 } ae odiees _— 
transverse compartments may without r 

sultant foundering of the vessel. There are special 
requirements in the larger vessels for closer spacing of 


APPLICATION OF CONVENTION RULES. 

We now come to the point in this paper where the 
effort is to be made to apply the Convention Rules to 
actual designs. As the few existing United States vessels 
in the foreign trade are all of different design, and fall 











Jan. 8, 1915.] 


ENGINEERING. 





59 








watertight bulkheads at the forward end. Vessels of 
less length than the above will be able to float with any 
one compartment flooded without resultant foundering. 

It therefore does not seem to be of much interest for us 
to study examples of the application of the Convention 
Rules to actual designs, as se rules only apply to 
United States vessels in wt lee c —- 
way the preceding paragra lescri e basis on whic 
the sabdiviaion of these vessels would be made. 

It seems, however, an opportune time to consider the 
conditions of vessels in the coastwise trade with special 

to in safety at sea. As the Convention 
applies only to United States vessels engaged in the 
foreign trade, and as many routes in the coastwise trade 
are as dangerous as those in the oversea trade, owing to 
rough weather, fogs, and ible collisions, it would 
appear consistent to legislate for i safety in 
vessels engaged in the coastwise trade. 

The Preliminary Committee in the circular issued by 
the Secre of Commerce in June, 1913, evidently had 
this in mind when it said, page 1, line 23: ‘“‘It will be 
noted, however, that some of the questions relate to 
vessels whose service is such as to place them beyond the 
scope of the proposed international conference. While 











CONSTRUCTION. 

Article V. Definitions.—The meaning of the principal 
technical and other expressions contained both in the 
Convention and in these regulations, under the heading of 
? ion,” is as follows :— 

1. The load water-line is the water-line used in deter- 
mining the subdivision of the vessel. 


2. The length of the vessel is the extreme length at the | the 


load water-line. 

3. The breadth of the vessel is the extreme width from 
outside of frame to outside of frame at or below the load 
water-line. 

4. The bulkhead deck is the eapesmess continuous deck 
to which all transverse watertight bulkheads are carried 

5. The margin-line is a line drawn parallel to the bulk 
head deck at side line, and 3 in. below the upper surface 
of that deck at side. 

6. The draught is the vertical distance from the top of 
keel amidships to the load water-line. 

7. The freeboard is the vertical distance from the 
load water-line to the margin line amidships. 

8. The depth of the vessel is the sum of the draught 
and freeboard as above defined. 






























































Fig.8. ARRANGEMENT OF VESSEL AS BUILT.__—S__ 
see {OFFICERS} a————y} 
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Fig.9. WATERTIGHT BULKHEADS SPACED AS REQUIRED BY DEPARTMENT OF COMMERCE, 
STEAMBOAT INSPECTION SERVICE RULE Ill SECTION 24. EDITION 13 JAN. 1914. 
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Fig.10. BULKHEADS SPACED TO SHOW FLOODABLE LENGTHS IN VESSEL. 
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WATERTIGHT BULKHEADS SPACED AFTER MULTIPLYING FLOODABLE LENGTH BY THE FACTOR OF SUB- 
VISION. SEE REGULATION ARTICLE Vill, INTERNATIONAL CONVENT" FOR SAFETY OF LIFE AT SEA LONDON /344. 
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Fig.72. AFTER LOCATING ENGINES & BOILERS IN VESSEL AS BUILT, INSEPE RATE COMPART""*, WATERTIGHT 
BULKHEADS ARE SPACED AFTER USING FACTOR ° OF 
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the authority for suitable struetural subdivision of these 
vessels to ensure safety in operation is already contained 
in general terms in the provisions of statute law, the 
department desires to embrace this opportunity to obtain 
the opinions of those highly qualified to render assistance 
in such matters, with a view to improving the present 
conditions.” This is also borne _—— erence to the 
questions relating to Classes Ib, ITb, IIIb. 

In Convention Article 3, ‘‘There are excepted from 
= a save in the cases where the a 
otherwise provides, vessels making voyages speci ina 
schedule to be communicated by each High Contracting 
Party... . No schedule may include voy: in the 
course of which the vessels go more than sea-miles 
from the nearest coast.” is may mean that vessels 
in certain coastwise trade routes may be affected by the 
Convention. 

In Convention Article 66, ‘‘The High Contracting 
Parties which intend the Convention to apply to the whole 
of their colonies, possessions, and tectorates, or to one 
or to some of these countries, shall declare this intention 
either at the time of signing these presents or subse- 
quently.” This also seems to indicate that vessels in cer- 
tain coastwise trade routes may be affected by the Conven- 
tion. We may therefore proceed to apply the Convention 
requirements to some types of vessels operated in the 
Coastwise trade. Incase the members have not a copy of 
Senate Document No. 463 at hand, it has been considered 
advisable to include herewith a copy of the more impor- 


tons Comeuntt : ade 
. vention Rules relating to the subdivision of 


9. The sheer of the bulkhead deck at any point is the 
vertical distance between the beam at side line at that 
point and a line drawn parallel to the load water-line at 
the height of the beam at side line amidships. 

10. If block coefficient of fineness of displacement to 
load water-line is used, this coefficient shall be deter- 
mined as follows :— 

Volume of displacement to moulded lines 


Length x Breadth x Draught. 


11. The permeability of a space is the percentage of 
that space which can be occupied by water. 

The volume of a compartment which extends above 
the margin-line shall be measured only to the height of 
that line. Volumes shall be understood as volumes to 
moulded lines. a ai 

12. The machinery space is to be taken as extending in 
length between the extreme main transverse water-tight 
bulkheads bounding the spaces devoted to the main and 
auxili =| propelling machinery, including boilers when 
installed. 

Article VI. Floodable Length.—The floodable len 
at any point of the length of a vessel shall be deter- 
mined, taking into consideration form, draught, and other 
limiting characteristics of the vessel in question. This 
floodable length for a given point in a vessel with a con- 
tinuous bulkhead deck is the maximum percentage of 
the length of the vessel (having its centre at the point in 
question) which can be flooded under the definite assump- 
tions hereafter set forth in Article VII. without the 


al 


case of vessels not having a continuous bulkhead deck, 
the floodable length must be such 


X c uch as to secure to the 
vessel in question, for each of its length, and for 
1 conditions of trim after & measure of safety 
ab least equal in effectiveness to that laid down for the 
vessel with continuous bulkhead deck. 

Article VII. Permeability.—The definite onrpeations 
referred to in Article VI. relate to the permeabilities of 


spaces in question below the in-line. In 
determining the floodable length a uniform average 
permeability shall be used throughout the whole length 


of each of the three following portions of the vessel :— 
1. The machinery space. 
2. The portion forward of the machinery space. 
3. The portion abaft the machinery space. 
For steam vessels the permeability of the machi 
space, including the double bottom in wake thereof, shall 
be taken as80 per cent. For vessels fitted with internal- 
combustion engines the corre ing permeability shall 
be taken as 85 per cent., unless it is proved by actual 
calculation that a lower figure may be adopted, provided 
that in no case shall that re be less than 80 per cent. 
The ilities for spaces forward and aft of the 
machinery space shall be as follow :— 
(a) Sixty per cent. in cargo spaces, bunkers (permanent 
or reserve), store-rooms, baggage mail-rooms, chain- 
lockers, water-tight shaft or pipe tunnels, and fresh-water 
— gn double —— Tt —- _ that 
e spaces just enumera are practicable for x 
wy intended, and that they are in fact to be so ia 
@ same permeability shall not be assigned to any other 
space without the approval of the administration. 
(b) Ninety-five per cent. in passenger and crew 
—_— — - tanks exclusively so ane 
ttoms, other spaces not Be von I. appro- 
priated to one of the purposes indicated in the foregoing 
section (a). If in a tween deck inclosed by com- 
plete transverse permanent steel bulkheads any portion 
thereof is appropriated to passengers, the whole of that 
space shall be regarded as passenger > ; and, similarly, 
iated for me carriage of 
regarded as passenger 
8 Ls = = before Sie & machinery 
space below the margin-line consist y of spaces men- 
tioned in section (a) and partly SP ae 
section (6), the average tage of permeability shall 
be determined se y for each end by the formula 
95—35r, where r is the ratio between the volume of the 
8 mentioned in section (a) and the total volume of 
the space in the portion of the ship under consideration. 
Article VIII. Permissible Length of Compartments.— 
1. The maximum permissible length of one compart- 
ment having its centre at any point in the vessel’s ee 
VI.) by 


ouble 


is obtained from the floodable length (Article 
multiplying that length by an appropriate factor, 

the factor of subdivision. 

2. This factor of subdivision depends on the of 
the vessel, and, for a given length, varies according to 
the nature of the service for which the vessel is in ied. 
This factor decreases in a and continuous manner 
BD Go of vessel increases; and (b) as, for a 
given length, vessel departs from the type of vessel 


ixed and and 
appreeabas to the type of vessel primarily engaged ta te 


approaches to - ty 
trans tion of passengers. 
a ‘or each of ape 3 hy: vessels 1 ee — in 
© previous paragraph, variation 0! ‘actor 
of subdivision may be expressed by a curve, of which the 
co-ordinates represent the len of the vessel and the 
value of the factor. The following table gives certain 
points on two curves, the higher of which corresponds to 
the minimum requirements for the ‘* mixed” Pe, and 
the lower to the minimum requirements for ** pas- 
senger” type. 


A. B. 
Fe. 
295 
374 
404 
489 
571 
699 
899 


Column A gives the maximum permissible values of 
the factor of subdivision for the length of vessels given 
in columns B — —- B is applicable to x, ~ 4 
engaged in a mixed cargo and passenger service. umn 
Cc - = to vessels primarily engaged in the trans- 
portation of passengers. 

4. For a given length, the value of the factor of sub- 
division ee iate to a vessel between the two extreme 
limits will tween the values of the factors deter- 
mined by the two curves before mentioned, and will be 
automatically fixed by a “criterion of service” which is 
to form the subject of further study. 

Article 1X.—1. When the factor of subdivision is equal 
to or less than 0.5, it may be doubled, in order to give at 
any point of the vessel's length the total length of two 
adjacent compartments ; but, in that case, the length of 
the shorter compartment of any pair shall not be less 
than one-quarter of the total length so obtained. If one 
of the two adjacent compartments is situated inside the 


C. 
Ft. 


eeearee 
228888 


gth | machinery space, and the second is situated outside the 


8 , and the average permeability of 
thn povtin the ship in which the second is situated 
differs from 80 cent., the length of the pair of com- 
partments be adjusted to the proper value by 
applying a suitable correction. 

2. In no case whatever shall the length of any water- 
tight compartment exceed 92 ft. 


machinery 





vessel being submerged beyond the margin-line. In the 








3. When the of subdivision applicable to any 
vessel is leas than 0.84, but more than 0.5; the combined 
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length of the two foremost compartments shall not exceed | __ Floodable Length.—Referring to Regulation Article VI., | forming to curve B, and for her length of 420 ft. we 
the floodable ten at the extreme forward end, pro-| Floodable :—The floodable length at any point | obtain a factor of subdivision of 0.8. Multiplying the 


vided alse that length of the second compartment is 
not greater than that permissible by Article VIII., above, 
and not less than 10 ft. y 

4. When the length of the vessel is more than 699 ft., 
but less than 823 ft., the floodable length at the forward 
end of the vessel shall be at least 20 per cent. of the 
vessel’s length ; and the vessel, forward of a bulkhead 
placed either at the distance of the actual floodable length 
abaft the stem, or not nearer to the stem than 20 per cent. 
of the vessel’s length, shall be divided into at least three 
compartments. ; 

5. When the length of the vessel is equal to or ter 
than 823 ft. the same method shall be adopted ; but the 
floodable length shall be at least 28 per cent., and the 
number of compartments at least four. : 

6. A bulkhead may be recessed transversely, provided 
the sides of the recess are at a sufficient distance from the 
sides of the vessel. : i 

Vertical steps are inadmissible in the main transverse 
water-tight heads of vessels to which the subdivision 
rules of Article VIII. apply where the factor of sub- 
division is greater than 0.5, unless such arrangements 
are made by additional subdivision as shall maintain the 
same measure of safety as that secured by bulkheads 
without steps. The total length of the steps in “ bulk- 
pny = not exceed 2 per cent. of the vessel’s length, 
plus 10 ft. F 

7. ‘The existence of recesses or steps in a bulkhead shall 
in no case affect the permissible volumes of the compart- 
ments adjacent to such bulkhead, as determined by this 
and the preceding article. 

Article XI. Peak and Machinery Space Bulkheads.— 
Vessels shall be fitted with a forepeak bulkhead to exten 
to the bulkhead deck, and to the weather deck in vessels 
having continuous superstructures. This bulkhead shall 
be placed at a distance of not less than 5 per cent. of the 
vessel’s length from the stem at the load water-line. An 
ao “— -e and oo dividing ery we yd 
space from cargo ani e nger spaces shall 
be fitted and carried up to the bulkhead deck. The after- 
ee bulkhead may, however, be stopped below the bulk- 

ead deck, provided that it shall at least be carried to 
the first deck above the load water-line, and that such deck 
forms a water-tight flat from the after-peak bulkhead to 
the stern, and provided that the degree of safety 
of the vessel as regards subdivision is not thereby 
diminished. 

Article XXI. Double Bottoms.—1. In vessels 200 ft. 
and under 249 ft. in length a double bottom shall be 
fitted at least from the machinery space to the fore-peak 

, or as near thereto as practicable. 

2. In vessels 249 ft. and under 300 ft. in length, a 
double bottom shall be fitted at least outside of the 
yn! space, and shall extend to the fore and after- 
peak —_ heads respectively, or as near thereto as prac- 
tica! 


3. In vessels 300 ft. and over in » & double 
bottom shall be fitted amidships, and shall extend to the 
fore and after-peak bulkheads respectively, or as near 
thereto as practicable. 

4. In vessels over 300 ft. in length, the inner bottom 
shall be continued out to the vessel’s side in such manner 
as to protect the bilges. 

5. In vessels over 699 ft. in — the double bottom, 
for at least half the vessel’s length amidships and forward 
to the fore-peak bulkhead, shal! extend up the vessel’s 
sides to a height above the top of the keel not less than 
10 per cent. of the vessel’s moulded breadth. 

6. Wells constructed in the double bottom in connec- 
tion with the i arrangements shall not extend 
downwards from the inner bottom more than half the 
depth of the double bottom at that point. A well extend- 
ing to the outer skin is, however, permitted at the after 
end of the shaft-tunnels of screw-vessels. 

Remarks on Construction.—Referring to the above Con- 
vention Rules, it may be interesting to know how they 
would affect coastwise vessels if these rules were applied 
to such Your attention is therefore called to the 
rules mentioned herewith and to the remarks appended 

revo. 

Load Line.—Referring to Regulation V., Paragraph 1. 
—**The load water-line is the water-line used in ow 
mining the subdivision of the vessel.” As there is no 
statutory load-line or freeboard in the Navigation Laws 
of the United States, and as there is no reference in 
Senate Document No. 463, in the Convention Articles, 
the Regulation Articles, nor in the Report of the Com- 
missioners of the United States of America to the 
President of the United States as regards any statutory 
load-line or freeboard, it seems absolutely necessary that 
the United States should adopt some load-line regulation 
before enforcing the new subdivision of vessels. It may 
be intended to pass load-line legislation for United States 
vessels, as ments are made for an International 
Load-Line ce (see Senate Document No. 
page, 68, Recommendation 12):—‘‘The Internati 
-Line Conference, whieh the British Government 


to convene as soon as the preliminar 
ae is completed, should deal, if possible, with deck 
cargoes of timber and wood.” And the Report of the 
Commissioners of the United States of America to the 
President of the United States, Chapter II., which says: 
‘*Furthermore, an International Conference is to be held 


and deck-loads, and has provided for American 

representation at this conference which will consider 

more cularly cargo- vessel e 

would be possible to submit the location of the load-line 

with the application for the safety certificate required 

in Article LII., and have this load-line 
on the vessel. 


blems.” Of course, it | th 





of the of a vessel shall be determined by taking 
into consideration form, draught, and other limiting 
characteristics of the vessel in question. This floodable 
length for a given point in a vessel . . . is the maximum 
percentage of the length of the vessel (having its centre 
at the point in question) which can be flooded under the 
—— —— ee set a bey ae — VIL, 
without the vessel being submerged n- 
line.” These two phs call for a + deal of 
calculation, and if they are to be followed, should have a 
set of curves added to them so that a department could 
use . It means a series of ions and curves 
for eaeh type of steamer, varied to suit the block co- 
efficient, the ratio of draught to depth of np tg 
tion of machinery, and to sheer of bulkhead It 
would be ible to construct a series of curves of flood- 
able leasth tee a few standard types and calculate sepa- 
rately for unusual types as occasion required. _ 

Permissible Length of Compartments.—In Fig. 1, 

58, will be found two curves conforming to the table in 

lation Article VIII. As mentioned in this article, 
in tion 4, these curves will fixed by a “‘criterion 
of toe which is to form the subject of further 
study. 

Double Bottoms.—It will be noticed in Regulation 
Article X XI. that all passenger vessels above 200 ft. in 
length will have a double bottom. If this is applied to 
the a trade, it will affect a very large number of 
vesse 

Openings, Doors, &c., in Water-Tight Bulkheads.— 
There are regulations relating to fire-proof bulkheads, 
exits from water-tight compartments, testing of bulk- 
heads, openings in bulkheads and in vessel’s sides, &c. It 
is not considered necessary to refer to these, as they do 
not affect the general design of the vessel, except as men- 
tioned later as regards doors in bulkheads and openings 
in vessel’s sides. 


APPLICATION OF CONVENTION REQUIREMENTS TO 
COASTWISE VESSELS. 


In order to show how the Convention requirements 
would affect a vessel in the coastwise trade, a typical 
passenger and freight steamer as used on the east coast 
of the United States is herewith taken. Fig. 2 shows the 
vessel as built. In Fig. 3 the main deck is taken as the 
bulkhead deck, and the floodable lengths have been 
shown, spacing them off, firstly, from the machinery 
8 . and a 6. — ends “= a. é curve 
ts) le is given. Fig. 5 gives diagrams 
showing the vessel floating at the in-line. The 
water-tight bulkheads are located as in Fig. 3, and form 
the boundaries of the floodable lengths. 

By referring to Fig. 1, curves of factors of subdivision, 
and allowing that the vessel under consideration is half 
way between types B and OC, for the vessel’s length, 
which is 385 ft., we obtain a factor of subdivision of 0.76. 
Multiplying the floodable lengths, shown in Fig. 3, by 
this factor of 0.76 we obtain the spacing of the water-tight 
bulkheads, as shown in Fig. 4. In Fig. 6 the water-tight 
bulkheads have been spaced as required by the De 
ment of Commerce, Steamboat Inspection Service, Rule 
III., Section 24, Edition January 13, 1914. Comparing 
Fig. 2, as built, with Fig. 4, as required by the Convention, 
this vessel, if affected by the Convention, will require 
two more bulkheads fitted forward, unless the machinery 
space is placed further forward or other arrangements 
made. This vessel will also require two water-tight bulk- 
heads in the after hold and be fitted with a double 
bottom all fore and aft, whereas at present this vessel 
has only a double bottom under the engine-room. If this 
vessel were built to conform to the Convention require- 
ments, it will be seen from this example how some of the 
coast-wise passenger and freight steamers would require 
more bulkheads in the hold and ’tween decks, the vessels 
would require more depth, so as to allow of a double 
bottom being fitted, and to allow of the arrangement of 
the doors in water-tight bulkheads and through the 
vessel’s side to be above the load water-line. 

It should be noted that this vessel, as arranged in Fig. 4, 
will founder if she has any two adjoining compartments 
flooded. The same remark applies to Fig. 6, where the 
water-tight bulkheads are arranged according to the 
Steamboat Inspection Rules. In Fig. 7 the bulkhead- 
deck has been taken at the hurricane-deck, and, with the 
spacing of water-tight bulkheads shown, the vessel will 

oat with any two adjoining compartments flooded, 
assuming that the vessel has sufficient stability in this 
condition. 

Particular attention should be made to the following 
requirements :—In Senate Document No. 463, Regulation 
Article X V., Section 2 :— 

** No doors, sluice-valves, manholes, or access openi 
=, eg (6) in water-tight transverse 

ivi 


ing @ cargo s from an adjoining cargo 
or from a reserve er, except as provided in para- 
ORE Wed ean ht di f specially h d 
“6. Hin water-tight doors o! ially heavy design 
may be fitted above the load water-line in bu 
between cargo ’tween-deck spaces. They be closed 


before the voyage commences, and kept closed while at 
sea by efficient closing gear.” In Regulation Article 
XVI, Openings in Veseel’s Side :—‘‘ 9. In no case shall 
gangway, Carg0, and coaling ports be fitted below the load 
water- b. ” 


To show at the raga Yr A} Convention — 
ments a typical passenger ight steamer as on 
Fig. S. page 00, shows the vesssl as built. In Wig. 10 

; , Shows the v as t. lb 
the floodatle lengths have been shown, and a curve of 
floodable lengths given. Referring to Fig. 1, curves 
of factors of subdivision, this vessel is as con- 





floodable lengths shown in Fig. 10 by 0.8 we obtain the 
of the water-tight bulkheads shown in Fig. 11. 

s this disposition of water-tight bulkheads dees not 
suit the length of the machinery s & re-arrangement 
is necessary, which is shown in Fig. 12. By arranging 
the engines and boilers in two separate water-tight com- 
partments we obtain a better arrangement of bulkheads 
in the cargo holds. In Fig. 9 the water-tight bulkheads 
have been spaced as required by the Department of Com- 
merce, Steamboat Inspection Service, Rule ITI., Section 
24, Edition January 13, 1914. tape J Fig. 8, vessel 
as built, with Fig. 12, as required by the Convention, 
this vessel, if affected by the Convention, will require 
one more water-tight bulkhead. It should in be 
noted that this vessel as arranged in Fig. 12 will founder 
if she has any two adjoining compartments flooded. The 
same remark applies to Fig. 9, where the water-tight 
bulkheads are arranged according to the Steamboat 
I on Rules. 

usion.—Referring to Senate Document No. 463, 
the International Conference ised the great amount 
of work to be done in studying the construction of vessels 
so as to ensure increased safety, and on pages 84, 85, and 
86, a list of subjects is given which shows the extent of 
the work of the Committee on ction. It is not 
intended in this paper to make any criticism of the results 
of the labours of the Convention. An endeavour is made 
to place before you the types of United States vessels 
that are or should be affected by the Convention. In 
order to improve the conditions of safety of life in United 
States vessels it is suggested that the question of increased 
safety in coastwise vessels should be considered by the 
Department of Commerce on the basis«f the Convention, 
pd even on a basis insuring greater safety than contained 

erein. 

In order to assist in the application of the Convention 
requirements, the following suggestions are made :—(1 
That statutory load-line or free- legislation shoul 
be enacted. (2) That curves of floodable lengths should 
be constructed and issued by the ent of Com- 
merce for standard types of United States vessels. (3) 
That a detailed definition of the ‘‘criterion of service” 
in tion Article VIII. be given after this has 
fo the subject of further study as suggested by the 
Convention. 





Our Coat ABRoap.—The past year witnessed a con- 
siderable contraction in our coal exports in consequence 
of the cessation of deliveries to Germany, Austria, Hun- 
gary, and Turkey, by reason of the war. When the 
comparison is extended to 1912, the falling off, however, 
is not very appreciable. The aggregate external demand 
for last year may be estimated at 60,000,000 tons to 
61,000,000 tons in round figures. 





Tur GeRMAN PrrroteumM Company.—This company 
states that the war has not caused any decrease in the 
qeeduation of the company’s German undertakings ; in 
act, the output of raw oil in Alsaceand Hanover has been 
continued with all possible energy, as has also the work of 
the refineries. As re s the affiliated undertakings in 
Austria, most of which are situated in Galicia, work has 
only been carried on at a reduced rate, on account of the 
war. Their sales are principally confined to the stocks in 
hand at the commencement of the war. Damage to the 
installations has so far not taken place in the districts 
occupied by the enemy. The Roumanian concerns con- 
trolled by the German Petroleum Company have suffered 
by war, as the transport by sea is stopped, and transport 
by land, merge, Bog Austria-Hungary and Germany, 
is vi difficult. e company of Jate years has endea- 
vo to extend and push as much as ible the 
undertakings within Germany, more especially those in 
will appear from the following table of profits 

















Alsace, as 
for the last few years :— 
ino. | 191. | 1912 1913. 
marks marks marks marks 
Alsatian concerns ..| 2,132,000 


2,409,000 3,641,000 4,756,000 


Boring, &c., concerns; 507,000 65,L00 
Uni North German 

Petroleum Works ..| 102,000 | 213,000 —_ me 
Part interests .. 431,000 1,656,000 — _ 


Other German con- 
cerns, also commer- 


cial interests... ..| — _ 5,338,000") 1,810,000 
Austrian undertakings — -- 622,000 | 624,000 
Roumanian undertak-| 

ings .. “e oa — _ 


287,000 | 751,000 


* Ineluding 2,882,770 marks emanating from certain shares 


Space | being sold. 


It appears from the above that the ts from the 
—? 1 in Alsace have more than 
dou d the last three years. During the war 
the bulk of ‘ma ~¢ work will fall upon the 
Alsatian concerns. ey are depended upon for the 
extension of the home p a Se as the Hano- 
verian production may reg: as having 
its climax. The various concerns of the German Petro- 
leum Company differ widely in the matter of remunerative 
capacity. unde in which yielded 
= of over 4,700,000 marks in 1913, figure in the 
as of a value of only 6,700,000 marks ; whilst the 
Austrian undertakings are valued in the balance-sheet at 
8,100,000 marks, but yield only 624,000 marks, the figures 
for the Roumanian concerns being respectively 7,010,000 
marks and 761,000 marks. 
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GRINDING-MACHINES.—No. I. 
By Josep Horner. 


Many-sIvEp are the aspects which machine-shop 
practice presents to-day, and one of the most 
remarkable is that of grinding. The last four or 
five years have seen the development of much that 


witnessed great extensions in the previous practice. 
Much of this development is a direct result of the 
vast growth of motor work, which offers for solution 
many problems peculiarly its own. A large pro- 
portion, however, has arisen in consequence of the 
new views relating to the economies of grinding 
which have grown up in the wider field of general 
machine-shop practice, and this also wears many 
aspects. To each of these it is proposed to invite 
attention in a few articles to follow. The great 
importance of the subject seems to justify a critical 
study of the latest phases of the practice of grind- 
ing. In this preliminary article we will endeavour 
to trace in outline the principal aspects which the 
subject wears, and in subsequent ones to illustrate 
the practice in some detail. ; 
Certain facts stand out in particular prominence 
in this survey. They are these :—(1) The per- 
formance by grinding-machines of the finest preci- 
sion work, much of which was formerly produced 
with vastly greater labour and expense in other 
machines. (2) The introduction of wheels of new 
materials, with a more judicious selection of indi- 
vidual grades of wheels for the precise duties 
required of them; in a word, a high degree of 
specialisation applied to wheels. (3) The evolution 
of new machines, and of greatly modified forms of 
old designs, in order to satisfy the requirements 
demanded by the extensions of grinding practice 
both in the general shops and in the later highly 
specialised departments of the machine-shops. 
With regard to (1), the transference to grinding- 
machines of work requiring precision finish is one 
of the principal facts in this recentchange. In the 
best-organised shops the practice of imparting fine 
finish in the lathe or planer or shaper is defunct, 
provided the character of the work is such that the 
help of the grinder is practicable. The finish 
effected by cutting-teols costs much more to pro- 
duce, and is not nearly so accurate as that effected 
by grinding. And though grinding often entails 
setting work in two machines, this involves no real 
objection to it when articles are centred in lathes 
and cylindrical grinders, or in self-centring chucks 
in both, nor when repetitive work on planer or 
shaper or milling-machines are concerned, where 
the jig and fixture system is in full operation. 
Moreover, very rough tooling isa better prepara- 
tion for grinding than is a finely-finished surface. 
The wheel removes material with greater facility, 
and with less risk of rise of temperature, when 
attacking a rough surface than when working on a 
smooth one. Hence, fine-turned or planed-finish 
is not only wasted, but entails positive loss on 
surfaces which have to be subsequently ground. 
_ The growth of the practice of grinding is invad- 
ing the province of the lathe more than that 
of any other machine-tool. It does, and will 
continue to do, so not only because it renders 
practicable higher refinements in dimensions and 
in approximations to a truly circular shape, but 
also by reason of the fact that any preliminary 
refinement in lathe finish is absolutely thrown away 
if it has to be followed by grinding. No finish is 
wanted, and no accuracy beyond that of leaving 
enough to be ground off. This change is nothing 
short of revolutionary. The lathe hand has been so 
long accustomed to turn by the test of the light 
contact of calipers, or of a gauge, that he is some- 
what startled when ordered to take a very rough 
cut only, and to send his work away with coarse 
tool marks on it, and ,), in., or several thousandths 
over size. This is too much like the ‘‘near- 
enough ” style to satisfy the traditions of his trade. 
Obviously the result will follow that the fine turner 
will now be less wanted, and the man who will 
take his place will be a mere satellite of the 
grinder, a comparatively unskilled hand. To turn 
finely when the grinding-machine obliterates the 
result in a traverse or two is a waste of money. 
For all ground work therefore it is inevitable that 
the tooling will be regarded from the grinder’s | sho 
point of view, and not from that of the turner. 
Just so much time will be occupied by the latter as 


la 


will increase, in o 


almost close 


been develo 
grinding and that of the disc- 
to its more 
changing of wheels. 


sheet can 


traverse ma 
four. 


finishing-tool. 


is chea 


Inevitably, too, ee of stamping forgings 
er to avoid the necessity of 
performing any preliminary rough turning at 

The above is true of articles th 
It is more especially true when the proportion of 
length to diameter increases. Slender pieces are 
difficult of treatment in the lathe, because they 
spring and bend, notwithstanding the help afforded 
is entirely new in this department, and have also by steadies, fixed and travelling. The grinding- 
machine is particularly suitable for such pieces. 
Its long array of gently-supporting steadies, located 
together, and the fine feeding of the 
wheel, correct slight crookedness in shafts, and 
ensure equal truth and equal sizing from the centre 
to the ends. If, however, the crookedness is 
serious, shafts must be straightened before they 
go to the grinder. 

The lathes of the future will include a large pro- 
portion built for high-speed roughing purposes 
only. Fine feeds will not be used in these, but 
feeds of six or twelve per inch. Two roughing cuts 
will not be taken when one will suffice, and finish- 
ing tools will not be employed at all. 

For some time past the distinction has been made 
in certain classes of grinding between wheels for 
roughing and for finishing. This refinement has 
in two classes of work : that of roll- 
inders. The obstacle 
meral adoption is the trouble of 
But, in grinding-rolls which 
are long, and of large diameter, the objection does 
not weigh, and in the double-disc grindeis one emery 
be coarse, the other fine. With stan- 
dardised and repetitive work, whatever the machine 
used, scores or hundreds of pieces can usually be 
roughed all in one batch, and afterwards be all 
finished with a different wheel. 
tage of this is that the pieces have time to season 
between the taking of the roughing and the finish- 
ing cuts. 

The time gained by using coarse wheels for 
roughing may, in some cases, be 
often be taken instead of three or 
Less heat is generated with a coarse, open- 
grained wheel than with a fine, close-grained one. 
A good general rule is to use the coarsest wheel 
which experience shows can be adopted, reserving 
the finer wheel to remove the scratches left by the 
first. The tendency is also towards the employ- 
ment of coarser wheels for finishing. 

The grinding-wheel has not achieved the same 
success a8 a roughing-tool as it has attained as a 
Although advances have been made 
in this direction, the fact remaina that when con- 
siderable amounts of metal have to be removed, it 
r to divide the work between two classes 
of machines than to confine it to the grinders. 
Nevertheless, had it not been for the advent of 
the high-speed-steel tools, more rough grinding 
would be done at present than actually ig. Rough 
and finish grinding is most economically performed 
by reducing the quantity to be removed as low as 
practicable, and this end is attained by the adoption 
of plate and machine-moulding for castings, and die- 
stamping for forgings. In these systems small allow- 
ances are readily made uniform over any number of 
similar pieces, and wholly irrespective of those intri- 
cacies of outline which trouble the hand-moulder 
and the smith working at the anvil. They suffice for 
a rough and a finish grinding. An incidental, but a 
real, advantage also is that the liability to distortion 
which is caused by the removal of the skin is less 
with accurate castings and forgin 
larger amounts of metal have to 
e or planer. 


at are fairly rigid. 




















































A further advan- 


very great. 


than when 
e cut away in 
These facts are excellently illus- 
trated in the modern manufacture of multiple- 
throw crank-shafts and cam-shafts of automobiles, 
and of Diesel and other internal-combustion en- 
gines. When these cranks first came into use, 
special lathes were designed to deal with them, 
or else attachments were made to existing lathes, 
the plan followed being just a conservative con- 
tinuation of the existing practice of dealing with 
the steam-engine cranks. Automobile crank and 
cam-shafts are now commonly 
preliminary rough turning. 
dies, and a special machine, or, alternatively, an 
equipment provided for an ordinary cylindrical 
machine, is used for grinding them. Among auto- 
mobile castings, pistons, piston-rings, and in some 
cylinders, are ground. In these a rough cut 
in the lathe precedes the grinding. 
’ A growth which has led to extensions in grinding 
18 necessary to remove surplus metal, leaving only | practice has been the extended use of hardened 


und without any 


ey are stam in 


steels. These developments are most remarkable, 
particularly the latter. Many scores of alloy steels 
are now in common use, especially in automobile 


work, and the adoption and rapid extension of 
these materials has influenced the practice of 
machine-tool builders and of general engineers, 
who now employ these steels largely for gears and 
shafts. Only by grinding can these alloys be dealt 
with economically and satisfactorily, and con- 
sequently grinding has made great advances in 
connection with them. The old machines are used 
more, but modified or new machines are increasing. 

No single development in engineering practice 
stands alone. It is productive of advances in other 
directions, and these react on the primal growth. 
New industries create new demands. These, being 
met, produce inevitable further developments in 
the original spheres of manufacture. ey also 
reach out into others, and the firms who lay them- 
selves out to cater for the new requirements sur- 
pass their earlier manufactures. The result is a 
stream of novel developments, extensions, new 
ideas, and remarkable results. All these are being 
witnessed now in the growing practice of grinding. 

2. The introduction of grinding-wheels of new 
materials, together with specialisation in the selec- 
tion of grades and qualities, is one of these later 
developments. The products of the electric furnace 
supplement natural emery and corundum. Wheels 
of corundum and alundum provide a more precise 
specialisation in character than the emery wheels 
do, and a better selection can therefore be made for 
special duties. The operator is now better i. 
vided than formerly with a selection of wheels that 
are precisely adapted to deal with the particular 
kind of metal or alloy which is under treatment, 
wheels manufactured in a very large range of 
coarseness or finenass, and of softer or harder 
qualities. There is no shadow of reason or excuse 
now for using wheels even slightly unsuitable for 
their duties. If any uncertainty of this kind arises, 
the wheel-makers may be trusted to give reliable 
counsel, 

3. The growth of new machines and of modified 
forms of old designs is no less remarkable than the 
increase of specialisation in the grades of grinding- 
wheels. This is most apparent in two main direc- 
tions : in a vast growth in their dimensions and in 
that of higher specialisation of function, each being 
of an equally striking character. The first is con- 
sequent on the substitution of grinding for turning 
or planing, the second on the rise of special manu- 
factures and industries. 

The increase in dimensions is mainly a con- 
sequence of the growing practice of grinding large 
shafts and pistons, thus affecting work taken from 
the lathes and now done on cylindrical machines. 
In another direction, vertical surface-grinding is 
used for finishing large areas, such as the facings 
of bed-plates, the faces of covers, valves, &., 
formerly invariably finished by planing or by 
milling. Light, thin articles that are held on 
magnetic chucks also furnish a large volume of 
the later work done on these machines. The 
dimensions of machines have increased rapidly to 
keep pace with the increasing sizes of the pieces to 
be treated. 

Increase in specialisation is responsible for the 
introduction of several machines of unique char- 
acter. Automobile and now aeroplane work bulks 
large here ; so does that connected with steam- 
turbines and the construction of modern machine- 
tools. Very much work has consequently been 
taken away from the universal machines which are 
capable of doing external and intevnal and face- 
chuck work fairly well, and is now being put on 
other machines which deal with one kind of work 
only, with results that are measured both in degrees 
of accuracy and in economies of time. 

One aspect of ialisation in grinding-machines 
is that the firms who build the leading machines 
either confine their labours to these s!>ne, or else 
they have a large department whica is wholly 
engaged in this class of manufacture. Hence we 
find a few names associated chiefly with the uni- 
versal cylindrical grinders, a few others with the 
hole and face-grinders, some with the disc design, 
and a good many with cutter-grinders. The hall- 
mark of each manufacturer is easily recognised. 
Although several firms may construct machines of 
the same class, no two products are exactly alike. 
Each works out its own details as ~—e by 
the lessons of experience, Accuracy, facility of 
handling, rapid production, are ends which are 


the necessary margin for the grinder to take off. parts of machines and mechanisms, and of the alloy borne in mind in each, and the results achieved are 
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truly remarkable. And besides these standardised 
machines there are others often built with modifica- 
tions to suit the requirements of customers, as is 
done in every other type of machine-tool. The 
standardised outlines are retained, but some minor 
alterations are made to adapt the machines better 
to certain classes of repetitive articles that are 
handled by a firm. 

How the work of grinding is complicated by the 
influence of many variable conditions may be under- 
stood by the following observations. Eight vari- 
ables in grinding practice are enumerated ‘by Mr. 
Spence, of the Norton Grinding Company :—(a) 
The quality of the substance that is to be cut, 
which varies with hardness, toughness, softness, 
&c. (b) The rigidity of the work expressed in the 
proportion of cross-section to length, which intro- 
duces the effect of steady rests. (c) The grain 
depth of cut. (d) The material of which the wheel 
is composed and the size of its cutting particles. 
(e) The amount and kind of cooling or lubricating 
compound that flows on the wheel and work. (/) 
The duration of the cut, or the time during which 
the face of the wheel must continue to give satis- 
factory results without re-truing. (g) The changes 
of work-speeds and wheel-speeds and the work- 
traverses possible on the machine. (h) The pulling 
and feeding power of the machine. 

Each of these conditions is complicated by the 
fact of the high precision and uniformity of results, 
and the extreme rapidity demanded, which are 
paralleled in no other machine-tool operation what- 
ever. Results are further affected by the wide 
variability in the qualities of materials which, 
though nominally the same, are subject, in greater 
or less degrees, to peculiar internal strains, con- 
sequent on the processes of manufacture they have 
passed through, as, for instance, those employed in 
producing bars, tubes, and forgings. Outside of 
the foregoing also there are influences into which 
idiosyncracies and personal elements enter, as the 
hehaviour of the machine itself, the ability of the 
operator, and the attitude of the employer. The 
condition in which the work is brought to the 
machine, and the facilities that are provided for 
handling it, naturally influence the results. The 
method of centring the pieces is of importance, as 
bearing on true running, as also are methods of 
chucking. The fixing of pieces for grinding is sub- 
ject te peculiar difficulties therefore, in face of 
the numerous variables which interfere with and 
control the ultimate results. The correct basis for 
standardising an operation is to obtain a large 
number of pieces ground by a man of ability and 
experience, and having obtained these as the stan- 
dard basis, to make allowances for any exceptional 
circumstances that may be peculiar to future lots. 

It is convenient to regard this subject as it 
appears in the two broad aspects of the wheels 
used and of the machines. These cannot be re- 
garded as wholly separate and distinct, since the 
speeds of wheels must greatly influence the con- 
struction of the machines. The leading problems 
which arise and have to be solved are those which 
are concerned with the wear of the wheels, the 
speeds of the wheels and work, the generation of 
heat, the protection from grit, and the rapid rever- 
sals of work-tables. Some observations may be 
offered respecting these. 

The wear of wheels is a highly important matter. 
If a wheel wears too rapidly, the grinding done on 
a long piece will not be parallel. The amount of 
wear can be measured in machines fitted with a 
feed index-wheel, by which reductions in diameter 
can be set in thousandths of an inch. If, when the 
grinding is finished and sparking ceases, the work 
when measured is found to be over size, that indi- 
cates a too rapid wear of the wheel. Generally 
speaking, a wheel should not lose more than 
0.001 in. in diameter per traverse, though that 
amount would vary with length. This question of 
wear is one of the problems which an operator has 
to determine when treating repetitive pieces. 
Bearing directly on this practice, Messrs. 
Churchill name four variables which cause an 
undue amount of wear of wheels. These are: too 
heavy a feed, a work-speed too high, a wheel- 
apeed too low, and the selection of a wheel of too 
softa grade. And, as in cutting-tools also, these 
variables are complicated by the nature of the 
work being done, by the character of the material 
being ground, and even by differences in size and 
in shape ; and as these also may operate singly or 
in combination, it is clear that experiment alone 
fan determive whieh one Smoeng the sumereus 





variables requires to be changed. And in order to 
ascertain this, only one factor should be altered at 
at a time, never two, such as the work-speed and 
the wheel-speed together. 

One lesson which experience enforces is that no 
such thing as a ‘‘ near enough” s will secure 
the best results from a grinding-wheel. Although 
average speeds are given by manufacturing firms for 
wheels, this does not mean that all wheels can be 
run at any speeds within the extremes given. The 
variables control the proper speed for any wheel 
within narrow limits when doing certain work, 
which speed can only be ascertained by the 
operator. Only with this reservation is it true 
that suitable surface speeds for wheels may range 
from 5000 ft. to 7000 ft. per minute. When grind- 
ing a piece of work having different diameters, the 
difference in the behaviour of the wheel is apparent. 
The speeds of wheels and of the work are related 
so closely that the two must be frequently varied 
in order to ascertain which combination gives the 
best possible results. The surface speed of the 
work may range from 30 ft. to 60 ft. per minute. 
Adopting too high a speed tends to glazing of the 
wheel. A wheelalso which tends to become glazed 
will often work better at a reduced speed. 

The microscopic study of chips is brought into 
service to assist the grinder to ascertain the suit- 
ability of a wheel to its work. Curling chips, 
which under the microscope appear nearly like 
lathe-cuttings, indicate a cool-working wheel, but 
chips in the form of globules reveal the generation 
of too much heat. The explanation is, that before 
globules can form, the metal detached must have 
been molten, and thus a predominance of globules 
reveals a higher temperature than does that of 
curly chips. 

Different materials throw off sparks with charac- 
teristic differences. Sparks are due to the com- 
bination of the oxygen of the air with the particles 
of metal thrown off at high temperatures. Carbon 
is the principal combining element, and therefore 
carbon steel throws off the largest quantities of 
sparks. As the carbon content lessens, the 
sparks diminish, until in wrought iron they are 
scarcely star-like, but appear mostly in straight 
lines. Moreover, the sparks from high-carbon 
steels do not travel so far as do those from mild 
steels and from wrought iron, since the carbon 
combines rapidly with the oxygen. They are also 
nearly white, while those from mild steels are of a 
straw colour. The sparks from high-speed tool 
steels indicate the predominance of chromium, 
tungsten, or other elements over the carbon, 
masking the latter, so that the carbon sparks are 
nearly absent. The sparks appear as straight lines, 
are much less luminous, and of a chrome-yellow 
colour. 

One highly important requirement in the work 
of grinding is that of affording freedom for the 
escape of chips. The difference is most marked in 
this respect between working with the edge of a 
wheel and its face, hetween the action of the cylin- 
drical grinders and that of the face and disc- 
grinders and cup-wheels. In the first, the field of 
action is small, not much more than a line in fact, 
unless the grinding done is very coarse. The chips 
get away readily, and their presence does not 
cause trouble. But in the second case the chips 
are confined between broader faces, and satisfactory 
results are not obtained unless at a sacrifice of 
output. The cuts must be shallow and small chips 
be made, the speed rapid, and the wheels coarse. 
But since large, flat faces are now being ground in 
ever-increasing quantities on disc and cup-grinders, 
room for the escape of chips is best secured by a 
return to the old practice of using chipping or 
facing-strips, instead of broad, solid faces. Hence 
the practice has arisen, and is being much devel- 
oped, of redesigning castings in order to render them 
economically suitable for treatment on the disc- 
grinders. This is icularly desirable—indeed, 
it is often essential—if work is to be done at all 


C. | on these grinders, because they work dry, and heat 


is so soon generated that this cause alone sets early 
limitations to the areas of the surfaces which can 
be ground. By observing these precautions, how- 
ever, large quantities of work are being constantly 
removed from milling - machines, planers, and 
shapers, and performed on disc-grinders. This 
aspect alone opens up a very extensive field, be- 
cause it renders practicable the grinding on the 
disc-grinder of an immense number of articles 
which could, not be dealt with thus except by the 


reduction of the surfacag, with the resulting more | Bearings 





satisfactory clearance for the chips, and naturally 
with less generation of heat. The firms who con- 
struct disc-grinders give, therefore, much attention, 
from self-interest, to this particular aspect of 
economy, and in consequence are able to facilitate 
the extension of the utilities of this class of grind- 
ing. Akin to it, of course, is the work of the 
vertical-spindle disc-grinders. 

Wider wheels are now generally adopted on 
cylindrical grinders than formerly, with the object 
of increasing the economy of production. With 
the employment of wheels having wider faces 
than those which were formerly used, the number 
of grains in operation per revolution is increased. 
This practice is being also generally adopted when 
grinding short lengths without any traverse. 
Automobile crank-shafts are ground thus with 
wheels of the exact width of the crank-pins, and 
having the corner radii on the wheels. Lengths 
up to 5 in. are finished thus without traverse. No 
time being lost in reversals of the table, the time 
occupied is less by one-half or one-third than 
when a narrow wheel is employed, the exact 
economy depending on the relative widths of the 
wheels used in each case. It is more necessary to 
maintain the truth of the wheel when it is not 
traversed than when it is, and therefore such a 
machine is frequently now provided with its own 
diamond mounted permanently in position. Gene- 
rally a softer wheel will be used when no traverse 
is made than when it is. The growing practice of 
grinding from the rough, without preliminary 
turning, has been favourable to the increase in 
wheel face. Automobile cranks with four or six 
throws offer peculiar difficulties when their tooling 
has to be divided between lathe and grinder. 
With the general adoption of the practice of stamp- 
ing these cranks, the necessity for rough turning 
no longer exists, as it did with hand forgings, in 
which metal was necessarily lumped or skimped 
in places. Cranks are stamped with regular allow- 
ances of about +; in. for grinding. But in this. 
asin other work which involves the employment 
of broad-faced wheels, the machines must be built 
heavily. The economical advantages of the wide 
wheel are so valuable that it is being used for 
traversing as well as non-traversing duty. But 
with increase in width of wheels the rate of the 
work traverse is increased, and the inertia of the 
moving mass also increases ; hence, in the large 
machines, cushioning arrangements are introduced 
to absorb the shock of reversals. Machines there- 
fore are becoming more sharply divided into light 
and heavy. Massive work and wide wheels cannot 
be associated with light machines ; but neither is 
it economical to put light work on heavy machines, 
because it is then loaded with increased charges. 
The diameter of the wider wheel is retained for a 
longer period than that of a narrow one; but its 
parallelism with the table must be perfect, and the 
shock of reversala must be cushioned. A slight 
pause or ‘‘ dwell” is provided for in some cases, 
just preliminary to the reversal of the table. This 
dwell is also frequently utilised for grinding against 
a shoulder. 

The generation of heat may be viewed in two 
aspects : that which is eoncerned with the distor- 
tion of the work ground, and that of the character 
of the machine fittings. The first is a matter for 
the operator, the second is one for the manu- 
facturer of the machine. In both aspects marked 
improvements have been made in later practice. 

With regard to the distortion of the work by 
heat, this is lessened, or wholly prevented, by em- 
ploying larger volumes of water to carry off the heat 
generated, by a more liberal employment of steadies 
in cylindrical work, where such can be utilised, by 
a more judicious selection of wheels, the tendency 
being towards the adoption of softer grades, and 
by employing fine feeds for finishing. Suitable 
speed combinations of work and wheel also are 
variables which influence the generation of heat. 
Though grinding is mostly done cold, an exception 
occurs in some practice where the bores of motor 
cylinders are ground under steam heat at a tempe- 
rature of over 100 deg. Fahr. This approximates 
to the conditions of actual service. 

With regard to the prevention of the effects of 
heat generation in the machine fittings, these are 
now more elaborated than they formerly were. 
Tests of the work-head spindle are made at 4 
temperature of about 100 deg. Fahr., which repre- 
sents running conditions. Poppets have spring; 
controlled pressure to allow them to yield endwise, 
and journals are made very long, 4” 
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self-lubricating arrangements of anti-friction com- 
binations and ball-bearings are inserted where 
suitable. Protection from grit is most essential. 
Caps are provided on spindles to prevent its 
ingress, and guards are fitted on slides. These are 
details which will be illustrated in later articles 

Behind all the variables which control the results 
to be achieved is the general design of the machine. 
3earing on this we propose to illustrate later the 
directions in which big recent advances have been 
made. It is the old problem again—that of in- 
crease in dimensions and in weight, accompanied 
with stability and freedom from vibration, which 
is also being witnessed in the lathes and in the 
milling-machines. Machines of dimensions hardly 
dreamed of half-a.dozen years ago are now coming 
into the shops. Probably the largest at present: is 
one of 44 tons in weight, for grinding rolls. But 
others approach it, while also machines of small 
capacity are built more heavily and designed more 
rationally than formerly. 


LiTERATURE, 


> ———— 

Commercial Paints and Painting: A Hand-Bovrk for 
Architects, Engineers, Property-Owners, Painters and 
Decorators, &c. By A. Szyvmour Jennines. London: 
Constable and Co., Limited. [Price 6s. net. ] 

THERE are certain technical processes whose accom- 
plishment is apparently so simple that amateurs 
are tempted to compete with professionals, under 
the impression that training can teach little when 
the operation is easily effected. The house-painter 
and decorator have frequently to meet this compe- 
tition—one that is likely to increase, since many 
manufacturers, by glowing advertisements, would 
persuade the ambitious neophyte of the ease with 
which beautiful and permanent effects may be 
produced at a small cost and with little labour. 
The result is not always so successful as the proud 
performer fondly believes, when considered either 
as am adornment or as a preservative. We imagine 
the author of this treatise would have little sym- 
pathy with the well-meant, but occasionally mis 
taken efforts, of those who embark on this inviting 
enterprise. For the main object of the book is to 
show how the truest economy can be secured under 
all the varying conditions under which paint has 
to be applied. From the first he insists on good 
materials and trained workmanship as essential 
in securing that durability on which economy rests. 
He divides the cost of materials and labour by the 
number of years the work will last, and asks the 
owner to fix his attention on the probable yearly 
outlay under different systems. The author’s posi- 
tion might be made even stronger than he repre- 
sents it, for not only does the paint that is well 
selected and well applied require less frequent 
renewals, but the painted material, be it wood or 
iron, inside or outside work, is more efficiently 
preserved, since the better the paint film the more 
effective is its resistauce to the action of air and 
water. Decayed wood and rusty iron require costly 
attention before they can be repainted. 

The author addresses himself more particularly 
to architects and engineers and that larger class of 
property-owners, who are indifferent about those 
details of paint manufacture that more nearly con- 
cern the paint and varnish maker, but want to be 
assured that they are getting the best results for 
the money expended. In the case of special work, 
such as electric installations, or putting in a series 
of lifts, the architect invites the assistance of the 
expert, and in the same way, it is argued, there 
ought to be closer relations between the archi- 
tect and the paint manufacturer in the interests of 
the client. The simplicity of the operation of paint- 
ing is misleading, and on that account does not 
receive the attention its importance deserves. To 
order, asa matter of routine, ‘‘ four coats of lead and 
oil,” as is frequently done, is an unsatisfactory way of 
carrying out what should be a well-considered ope- 
ration. Mr. Jennings has, however, had in view the 
requirements of the decorator, otherwise we should 
not have had a chapter on Brushes, Strainers, 
and other tools used in the trade, for the actual 
application of the paint concerns the operator, and 
not the architect. The volume under notice is, in 
fact, a book that should be welcomed by the clerk 
of works, for there are many practical hints that 
would be of value to one in that capacity. 

_ Treating paint as composed mainly of four ingre- 
dients—yigment, oil, volatile spirit, and driers 
the author deseribes the composition of each in 








turn, with a few remarks on the method of pre- 
paration and use, and on the function of each in the 
mixed paint. We notice that a good word is said 
for antimony white paint, that is apparently coming 
more into vogue. It is claimed on its behalf that 
it can withstand the action of water, is as opaque 
as white lead, and is neither acted upon by sul- 
phurous fumes nor sulphuretted hydrogen. It is 
very durable for outside paint, and is asserted 
to be non-poisonous. It more opacity 
than zinc white, covers better, and is cheaper. 

The contents of this section are not confined 
to oil-paints. The washable wall-finishers that 
resemble flat enamel, of which Duresco is the 
most popular, are noticed. These water-paints, it 
is stated, may be used successfully as undercoats 
for all paint, being both cheap and durable, and 
that they are extremely serviceable in preventing 
blistering. Here we have the opinion of the 
practical expert, but there is always a difficulty in 
getting a decisive test under accurately known 
conditions. In the United States a large amount 
of experimental work has been effected, and some 
curious and unexpected results have been an- 
nounced. But there are many chemical problems, 
depending upon the material painted, which cannot 
be said to be solved. Experimental results that 
cannot be explained from a laboratory point of 
view may, however, be of great value to the 
practical man, safely guiding him over trying 
places. As an example of the difficulty of arriving 
ata complete solution, we may quote an experiment 
carried out in New York City to test the value of 
barytes in giving wearing quality to paint. A 
wall was painted with a mixture of one-third 
carbonate of lead, one-third barytes, and one-third 
zinc oxide. After twenty years it is stated that the 
surface was in as good a state of preservation as one 
painted only five years previously with pure Dutch 

rocess white lead. We feel that there are many 
actors of which more information would be desir- 
able, but on the evidence it is contended that the 
inert filler added much to the life of the paint which 
contained it. It is generally conceded that barytes 
confers longevity, but such an experiment can hardly 
be regarded as crucial. Thickness of film, ease of 
working, and spreading capacity are other qualities 
which have to be considered in estimating the 
economic value. Concerning opacity, it is well to 
note that Mr. Jennings states that he has had 
barytes ground in oil, and with it painted as many 
as ten coats on a wooden board without hiding the 
grain and the knots. Barytes, however, has so many 
excellent qualities that it seems to he the duty of 
the industrial chemist to find a way of treating the 
sulphate of barium that would add to its opacity 
without sacrificing its good qualities. 

Other important sections refer to tests for 
painters’ materials, and the paint most suitable for 
application to particular substances, as stucco, iron, 
or other metal. The teste are perhaps more ready 
of application than strictly scientific in character. 
When discussing the different kinds of material 
to be painted, not only is the nature of the 
material considered, but also the particular object 
which may call for peculiar treatment, as ships, 
gasometers, workshops, chemical works, &c. Also 
the causes of defects and the methods of removing 
them are pointed out in a thoroughly practical 
manner. Mechanical painting by dipping and 
spraying—methods that the author evidently 
thinks are too much neglected in this country—is 
treated somewhat fully. In spraying, the covering 
material, whether paint, varnish, enamel, or dis- 
temper, is forced on to the surface by means of 
compressed air supplied by a tube or hose; the 
— being supplied through a second hose and 

roken up into minute particles by the compressed 
air at the point of emerging from the nozzle. A 
skilful hand will spray 100 square yards in an hour : 
with brush-work twenty hours would be required 
to cover the samearea. We do not, perhaps, always 
consider how much time is practically lost by the 
most industrious workman in dipping his brush, 
removing the superfluous paint against the side, 
and returning it to the surface. Also it is claimed 
that spraying saves paint, notwithstanding that 
it is eminently desirable to give two thin coats 
rather than a single heavier one. It seems prob- 
able that in dealing with irregular and orna- 
mented surfaces the sprayed paint will reach 
portions of the work that the brush cannot, 
or only with difficulty. This advantage is cer- 
tainly recognisable in dipping articles into large 





paint-vate, » proeess much used in agricultural 








implements. In a wagon that is ‘‘ dipped,” the 
paint finds its way into joints which are always 
more or less open, and this is likely to have a pre- 
servative effect. Of the economy of labour when 
using the dipping process the following proof is 
given. At the Royal Woolwich Arsenal Carriage 
Department 200 painters were employed before 
the dipping plant was introduced. With the 
dipping arrangement, not more than 41 are re- 
quired to do the same amount of work, or even 
more. Such facts show that in the simplest opera- 
tions great economy of time can be effected, when 
careful examination is made of every detail that 
has to be continually repeated. 
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ForxriGN Moror DicTionarny YOR THE FRoNT.—The 
Commercial Motor Users’ Association has presented to 
the British Red Cross or French Red Cross 
Society, the Army Service Corps, the Royal Naval 
Division, and the recruiting authorities, several thousand 
copies of a handy pocket motor dictionary, printed in 
English, French, and German, for the use of the motor 
transport drivers on active service on the Continent. The 
booklet, which is of a size suitable for the waistcoat 
pocket, contains 500 words referring to the construction 
and running of a motor vehicle. A copy can be obtained 
by awtareong TC r ed stamp for eo Mr. Frederick 
% Bristow, F.O.L8., secretary, the mercial Motor 

sere’ Association (Inc,), 63, Mall, dun, 5, W, 
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THE BALANCING OF HIGH-SPEED 
MACHINERY. 


By H. D. Wueeer, B.Sc.,andR. V.Sournwett, M.A. 


Tae object of this article is to deal briefly with 
the theory of the balance of rotating bodies, and to 
describe an optical apparatus by means of which 
rotors may be quickly and accurately corrected for 
any want of balance in their assemblage, The 
writers’ experience has been mainly in connection 
with direct-current turbo-generators, and the 
apparatus was designed primarily for balancing 
armatures of the usual type ; it could, however, 
easily be adapted for use in connection with other 
forms of high-speed machinery. 

It is found that, with the high speeds which 
obtain in modern practice, an unbalanced mass of 





only 3 oz. at 1 ft. radius, on an armature weighing 

















tion, tend to set up vibration at the bearings, have 
to be eliminated by balancing. 

The resultant force-effect on the bearings of any 
number of isolated masses may be determined in 
this way, by treating each mass separately and 
compounding the several effects ; further, we can 





ensure complete balance (absence of rotational 
force on the bearings) by adding two masses on 
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Fig. 6. 


1 ton, is sufficient to cause an amount of vibration 
which renders perfect commutation quite impos- 
sible. Thus it is obvious that the problem of 
balancing to a high degree of accuracy is one of 
very great importance. Its theoretical aspect 
may be studied by considering the case of a 
shaft (Fig. 1) supported by bearings at its ends, 
and perfectly balanced except for the existence 
at one section of a single eccentric mass of M 
pounds. If r be the eccentricity of this mass 
in feet, and a and b have the significance shown 
in the figure, it is clear that when the shaft is 
rotating with angular velocity w forces will be 
brought into play at the bearings A and B, as 
M o* r b M or 

. and ‘ 

g a+b 


pounds weight respectively. These forces, 


shown, of magnitude 


a 


a+b 
which, owing to the rapid reversal of their direc- 


any[specified sections (chosen from considerations 
of practical convenience), and the magnitudes and 
positions of the masses required are easily cal- 
culable ; but an exact knowledge of the magnitude 
and position of every eccentric mass in the system 
under consideration is necessarily presupposed. 
In designing reciprocating engines, where the 
masses and their eccentricities are considerable and 
the speed of rotation fairly low, we can obtain 
sufficiently exact data, and the problem of 
balancing is easily solved by familiar methods.* 
But in problems of the kind to be discussed in 
this article the conditions are very different. In 
the shaft and rotor of a turbo-generator, for 
example, we have a rotating mass designed so as to 
possess, under ideal conditions of uniform material 
and accurate workmanship, perfect balance; but 








* Cf, eg. Professor Dalby’s text-book on “The 
Balancing of Engines,” 


it is run at so high a speed that large forces 
are brought into existence by reason of small 
inaccuracies, unavoidable in practice; and these 
being quite impossible to predict, we have no data 
from which to calculate the balance-weights re- 
quired. In the latter class of problems, then, we 
have, by adding weights in certain specified planes,* 
to balance a system of eccéntric masses of whose 
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position and magnitude we are ignorant ; and it is 
clear that we shall have to aim at a solution of the 
problem by experimental methods. 

An obvious but crude method, still apparently 
employed in some works,t consists in a continuous 
process of trial and error. It is evident that without 
some guiding principle much time may be wasted 
before a satisfactory arrangement of the balancing 
masses is thus devised. 

The required result may be more rapidly achieved 
if we make use of the phenomenon of resonance in 
order to discriminate between a want of (1) ‘‘ static” 
and (2) ‘‘dynamic balance.” These terms may be 
explained by a reference to Figs. 1 and 2. It is 
clear that the shaft depicted in Fig. 1 will tend, if 
unconstrained, to come to rest in a position in 
which the mass M is vertically beneath its axis. It 
will not remain at rest in every position ; in other 
words, it does not possess ‘‘ static balance.” The 
shaft shown in Fig. 2, where there are two masses 
in one plane with the axis and on opposite sides of 
it, at distances which are inversely proportional to 
their magnitudes (M,r, = M,r.), will obviously 
remain at rest in all positions, and has therefore 
static balance ; but since pulsating forces will be 
called into play at the bearings when the shaft 
rotates, it is said not to possess ‘‘ dynamic 
balance.” From what has been said it will be 
clear that the possession of dynamic balance implies 
static balance, but that the converse is not true. 

In general, an armature as delivered from the 
works does not possess either static or dynamic 
balance, and both faults have to be rectified before 
it is put to work. A fairly close approximation to 
perfect static balance may be obtained by mounting 
the shaft in ball-bearings and adding weights until 
it has no tendency to come to rest in any definite 
position. This should be done, where possible, 


* A usual arrangement in practice consists of dove- 
tailed grooves turned out at some convenient part of the 
armature, into which weights can be slipped and secured 
in any desired ition by a grub-screw. It is essential 
that there shed be at least two such grooves provided, 
one near each end of the armature ; and it is very con- 
venient if a third can be arranged near the middle, 





+ Cf. W. E. Dalby, op, cit,, page 20, 
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throughout the assemblage of the armature, each 
winding drum, for instance, being mounted sepa- 
rately upon the shaft and balanced, and the 
required masses being permanently fixed in the 
right position. If the plane of each unbalanced 
mass were accurately known, we could so arrange 
the added weights as also to ensure perfect dy- 
namic balance ; but, this not being the case, the 
method at best gives but crude results, and when 
the armature is completely assembled its further 
application would, as likely as not, only make 
matters worse by aggravating the dynamic un- 
balance. As we have already remarked, dynamic 
unbalance is only shown when the armature rotates, 
and indications of its magnitude and sense must 
be sought from observations of the armature’s 
behaviour when rotating in bearings which can 
undergo sensible displacement in the horizontal 
lane. 
. The most satisfactory arrangement for practical 
purposes is shown in Figs. 3 to 6.* The armature is 
mounted in horizontal bearings, resting on ball- 
races and constrained in a central position by 
springs at each end. It is driven by means of a 





light belt round its periphery, and jockey pulleys 
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first one and then the other type, so that each can 
be observed and dealt with separately. 

The mechanics of the system formed by the rotor, 
sliding bearings and springs, especially when the 
effect of solid friction at the sliding bearings is 
taken into account, is so complex that it is impos- 
sible to treat the problem fully in this paper ; 
but it is necessary for our purpose to emphasise 
the important fact that the point which ‘‘ throws 
out” most—i.e., which shows the greatest departure 
from the central position of the axis-—at any section 
of the vibrating shaft is not necessarily, and, in 
fact, is practically never, in the same axial plane 
with the resultant unbalanced mass. Let us, for 
example, consider the type of vibration illustrated 
by Fig. 7, in a system of which the centre of mass 
is midway between the bearings, and assume that 
a, the instantaneous displacement of the shaft from 
its central position, is expressible by the simple 
harmonic function :— 


a=Asinwt. 


. (1) 
The restoring force of the springs on the bearings 
is proportional to a, and is opposed in direction to 
this displacement ; moreover, as a increases, a 












































frictional resistance. The ratio (x) of the force to 
the displacement decreases steadily as the velocity 
of rotation approaches the limit 
cae, (4) 
2M? 

which is the ‘‘speed of resonance ;” and at this 
speed the angle of lead is in the neighbourhood of 
90 deg. At higher speeds the angle of lead is 
increased. 

In thinking of the practical problem it is more 
natural to regard , the speed of rotation, and the 
plane of the resultant unbalanced mass as data, 
and to call «, the angle by which the displacement 
lags with respect to the datum plane, the ‘‘ angle 
of lag.” The disturbing effect is, as we have seen, 
proportional to w*, and hence A, the amplitude of 
vibration, is proportional in absolute magnitude 

2 
to”, or to 


x 


@r = 


w - 
JA-M wt? + 22 


Exactly similar expressions may be obtained for 
the type of vibration illustrated in Fig. 8, and the 
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are arranged beneath it, so that the belt leaves the 
armature in a vertical direction. Unless this is 
done, inequalities in the belt may affect the motion 
of the armature in the horizontal plane. Fig. 6 
shows an armature by Messrs. Laurence, Scott and 
Co., rigged up ready for balancing. 

When the armature is rotating, vibration will 
occur (unless its balance is almost perfect), and 
will be especially noticeable at certain speeds, owing 
to ‘“‘resonance”’ of the constraining springs. In 
general, two ‘‘resonating speeds” will be ob- 
served, corresponding to the two types of vibration 
shown diagrammatically in Figs. 7 and 8. When 
the system is vibrating as in Fig. 7, the whole mass 
is moved through the complete range of vibration, 
and the free period depends entirely upon the stiff- 
ness of the springs and the total mass of the arma- 
ture and bearingst ; when it vibrates as shown in 
Fig. 8 only part of the mass is moved through the 
complete range, and the frequency will be higher 
than in the former case, the ratio of the free 
periods depending upon the distribution of the 
inass Of the armature. If the armature be driven 
at speeds corresponding to these free periods, the 
vibration due to want of balance is greatly exagger- 
ated by reason of ‘* resonance,” and a very sensitive 
test for balance is thus obtained. 

The two speeds are in general quite distinct. At 
the lower speed the exaggerated component of 
vibration is one of pure translation (Fig. 7) and 
due to ‘‘ static unbalance ;” at the higher speed the 
exaggerated component is angular (Fig. 8) and due 
to ‘dynamic unbalance.” Of course, at all speeds 
there will be vibration caused both by static and by 
dynamic unbalance; but the resonance of the 
springs plays the very useful part of accentuating 


= Cf. E. Arnold, ** Die Gleichstr< hine,” vol. ii., 
mse 835 ; K, Rosenberg, ‘On the Parallel Operation of 
\'ternators,” Journal of the Institution of Electrical 
Engineers, vol. xlii., page 155. 

i These remarks are strictly true only of a shaft in 
Nene centre of mass is midway between the 
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certain amount of resistance is caused by air fric- 
tion, which may be regarded as proportional to the 
velocity of displacement.* In other words, we 
have resultant forces on the system, of magnitude 


-Asinwtand - ~»Awcoswt 


eo where A and » are positive constants. 
f we neglect the effects of solid friction, the only 
other force is the resultant effect produced by the 
rotation of the unbalanced masses ; and since the ac- 
celeration of the mass of the system is — A sin wt, 
this force must be given by the expression :- 


A[(\ — M @) sinw t + ww cos wt] (2) 


where M is the total mass of the moving parts. 
Now the last expression may be put into the form 

kA sin (wt + €), (3) 
where 

xk? = (A—M w?)? +p? w? 
and 
pw 

A- Mw?’ 
and hence we see that the required force will be 
produced, when the shaft is rotating in the bearings 
with angular velocity #, by the unbalanced masses, 
provided that the plane of their resultant leads 
upon that of the maximum displacement (in the 
direction of rotation) by an angle («) which depends 
upon the speed, and is only zero when there is no 


tane= 





* Cf. Rayleigh, ‘‘ Theory of Sound,” vol. i. (1st Edition), 


two types compounded to represent the general 
case. But it must not be forgotten that the fore- 
going discussion, besides being of somewhat doubt- 
ful accuracy in regard to its treatment of air friction, 
neglects entirely the effect of solid friction. This 
effect is probably considerable, and cannot be repre- 
sented by harmonic functions—a fact which makes 
it equally impossible to treat the problem accurately 
by vector diagrams. We must therefore regard 
the angle of lag as a quantity which we are unable 
to calculate; its value may be determined in practice 
by driving the shaft at the same speed in vo err 
directions, and ascertaining in each case which side 
is throwing out. The heavy part is obviously mid- 
way between these two places. 

A usual plan of determining which part of the 
armature is throwing out is by marking it with 
chalk. This method does not admit of any great 
degree of accuracy in itself, and has the additional 
disadvantage that since, as indicated above, the 
phase relationship between the displacement and 
the heavy part is apt to vary considerably at dif- 
ferent speeds, unless great care is taken to work 
always at exactly the same speed the marks for one 
direction of rotation may have a different lag from 
that for the other rotation, and considerable error 
may be introduced. 

In the apparatus illustrated in Fig. 9 the vibra- 
tions of the armature are completely represented 
by the movement of a spot of light on a ground- 
glass screen, so that it is possible to observe 
continuously the precise manner in which the arma- 
ture is vibrating. An aluminium disc (Fig. 10), 
which has itself been accurately balanced, and in 
which an involute slot is cut, is attached to one end 
of the armature-shaft. Immediately behind this 
disc, and underneath the shaft, a straight filament 
lamp is mounted in a box which has a vertical slot 
cut down the front. Direct rays from the lamp are 
completely masked, except where the involute slot 
in the disc crosses in front of the vertical slot in 
the box. The rays which pass through the inter- 
section of these slots are reflected from the fixed 





page 37. 


mirror A and the pivoted mirror B, pass through 
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the lens P, and, after being reflected from a third 
mirror ©, are focussed as a bright spot on the 
screen F. The mirror B is pivoted at G, and is 
connected to the bearing of the armature in such 
a way that any lateral movement of the bearing 
causes an angular movement of the mirror. As 
the armature revolves, the point of intersection of 
the involute and the vertical slots moves up or 
down vertically, and the spot of light focussed on 
the screen moves up or down to correspond, any 
position of the spot on the screen corresponding to 
some definite position of the armature. At the 
same time any lateral movement of the bearing 
will cause the mirror B to swing and give a side- 
ways displacement of the spot of light on the 
screen. 

The motion of the spot is therefore a combina- 
tion of an up-and-down movement, corresponding 
to the rotation of the armature, and of a sideways 
motion, corresponding to any lateral movement of 
the bearing. When the armature is running and 
vibrating steadily, the spot will trace out an 
approximately sinusoidal curve about the centre- 
line of the screen, the extreme positions to right 
and left indicating the maximum displacements of 
the armature in each direction, and the — of 
these extreme positions on the screen showing 
what part of the armature is throwing out. The 
screen may be conveniently marked to corre- 
spond with definite parts of the armature, by 
marking the latter at four quadrants and by 
barring it round and drawing lines across the 
screen to mark the height of the spot correspond. 
ing to each quadrant. It should be noted that 
the displacement of the armature occurs in the 
horizontal plane, and each line on the screen should 
be lettered to correspond to the radius which is 
horizontal when the line is marked. 

By choosing a suitable lens and arrangement 
of mirrors, the lateral movement of the bearing 
may be exaggerated to any desired amount on the 
screen. If the mirror B is connected to the bear- 
ing from a point at 1 in. radius, che optical leverage 
is given by the ratio 

2Lh .4 
ly + ly . 
where 


L = length, in inches, of reflected ray from lens to screen. 
i = ” ”” ” ” mirror B to disc. 
= mirror B to lens. 


” ” ” ” 


The amplitude of vibration of the armature when 
badly out of balance will be of the order of ,4 in., 
and when nearly right will be only 1 or 2 mils. 
The oscillating mirror B should therefore be so 
connected to the moving bearing as to allow a 
considerable variation in leverage, in order that the 
amplitude of the curve traced out on the screen 
may be kept within practicable limits throughout 
the whole operation. 

A simple and convenient method of connecting 
up the mirror is shown diagrammatically in Fig. 11, 
the necessary variation in leverage being effected 
by slackening or tightening the sagging wire a by 
means of the nuts b. An optical leverage of about 
100/1 in conjunction with this variable connection 
gives the most suitable magnification. 

On running up the armature, the motion of the 
spot of light will be practically straight up and 
down the middle of the screen until the first speed 
of resonance is approached. When this occurs the 
spot will begin to trace out a sinusoidal curve, the 
amplitude of which wi!l increase to a maximum at 
resonance, and then decrease again as the speed of 
the armature is further increased. Similar results 
occur as the second resonating speed is approached, 
though in this case the range of maximum vibra- 
tions is not so sharply defined. 

It may be noted that when the speed is approach- 
ing that of resonance, the part of the armature which 
is throwing out varies rapidly, receding—i.e., the 
lag of the displacement behind the heavy part 
becoming more—by as much as 90 deg. as the speed 
changes from just below to just above resonance. 
This phenomenon is more especially noticeable at 
the first resonating speed; but it also occurs, 
though to a less extent, at the second. It accounts 
for the difficulty, already mentioned, of obtaining 
consistent results by the ‘‘ Chalk-Mark ” method. 

With the optical apparatus the method of pro- 
cedure is as follows :—The armature is run up to a 


speed somewhat higher than that at which the 
second resonance occurs. The power is then shut 
off, and the armature allowed to come slowly to 
rest, the focussing-screen being closely watched all 


the time, and the positions of the maximum dis- 
placements of the spot noted at both resonating 
8 s. This operation is performed for each 
direction of rotation in turn. 

Typical observations on the screen are shown in 
Figs. 12 and 13, and 17 and 18, and in this case 
we see that at the speed of static resonance the 
maximum displacement to the right on the screen 
—i.e., movement of the bearing outward from its 
mid-position—occurs, at the near end of the arma- 
ture, between D and A and between C and D, for 
the two directions of rotation, indicating a heavy 
place at B. At the speed of dynamic resonance the 
maximum displacement occurs at A, and between C 
and D, for the two directions of rotation, indicating 
either a heavy place near B at the near end, ora 
heavy place near D at the far end, or both. From 
these results we deduce that the unbalanced masses 
in the armature are distributed as indicated diagram- 
matically in Figs. 16 and 21. 

Correction may be made for the dynamic un- 
balance by putting weights at either end of the 


FIRST SPEED OF RESONANCE - STATIC UNBALANCE. 
+ ve Rotation -ve Rotation 






SECOND SPEED OF RESONANCE - OYNAMIC UNBALANCE. 
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armature, or at both; but weights put at the far 
end would, in this case, aggravate the static 
unbalance. The weights should accordingly be 
placed at the near end, in the quadrant DA, as 
shown in Fig. 22. 

It is convenient to correct for the static and for 
the dynamic unbalance jointly, as indicated above, 
for the first few attempts, and then, when the 
armature is nearly balanced, to finish off the dynamic 
alone, and afterwards correct what static unbalance 
there may be left by adding weights in the middle 
groove. In most cases the plane of this groove will 
be so near the mass-centre of the armature that 
weights placed in it will not affect the dynamic 
balance. If there is no provision for adding weights 
in the middle of the armature, they must be put 
in the end grooves, care being taken to add the 
weights evenly at each end, so that the dynamic 
balance is not disturbed. 

It will be found that as the armature becomes 
more nearly balanced, the angle of lag, which at 
first was approximately 90 deg., increases towards 
&@ maximum of 180 deg.; hence it is absolutely 
essential to drive the armature in both directions 
of rotation for each fresh attempt. 

As previously stated, the speeds of resonance 
depend upon the mass of the armature and sliding 
bearings and the stiffness of the springs, and the 
latter should be chosen so that the static resonance 





occurs at about 300 revolutions per minute. The 
dynamic resonance will then probably occur at about 
500 to 800 revolutions per minute. There is no 
occasion to work at higher speeds than these, and if 
the bearings are well mounted on good ball-races 
balancing may be successfully performed at speeds 
considerably lower. 

With the apparatus described, which has been 
successfully employed on armatures ranging in 
weight from 1 cwt. to 5 tons, it is possible to 
balance within the limits of } oz. at 1 ft. radius 
per ton weight of armature. The amplitude of 
vibration (supposed unchecked) which would be 
caused by such an unbalanced force is approximately 
x90 in., and, in bearings with the meal dananeen 
this amount is absorbed by the elasticity of the oil 
film round the journals, without causing any appre- 
ciable vibration of the bearings and foundations. 

In conclusion, the authors desire to thank 
Messrs. Laurence, Scott and Co. for permission 
to publish particulars and illustrations of the 
apparatus described. 








Minerats In Turkey.—Although the present dis- 
turbed conditions for the time — have put a stop to 
further industrial developments in Turkey, no doubt her 
rich resources ere long will call for exploitation. The 
Germans, as a matter of fact, already mirror to them- 
selves the time when they, the war well over, will 
obtain the sole control of railway construction, irrigation 
undertakings, petroleum areas, &c. The latter are 
found almost all over Asia Minor, especially in the 
provinces of Mossul and , in which two dis- 
tricts alone there are a couple of hundred areas. There 
are also petroleum springs at the Wan lake and at 
Puek, in Terdschan, to the west of Erzerum. The largest 
iron-ore deposits are located in the mountainous country 
north of Satium, where the annual production is about 
300,000 tons, whilst some 30,000 tons perannum are 
broken at Ayasmand. The mostimportant coal deposits 
are those at Ergli, on the Black Sea; the quality of the 
coal varies, but resembles on the whole Newcastle coal. 
About ten —ae are working in that district, a 
French concern heading the list with an output of 500,000 
tons a year. The Duysa mine has an annual produc- 
tion of 110,000 tons, the Kurdschi Mining Company one 
of 85,000 tons, and the Zaridscha Brothers Company, of 
60,000 tons yearly. Some smaller companies produce an 
annual aggregate of 50,000 tons. 





Maximum Prices ron Merats in GERMANY.—At the 
instance of the Legislature, the following maximum 
prices have been fixed for copper and other metals, the 
—- in oo to be in force from January 2. 


he price per kilogrammes must not exceed :— 
Marks. 

For rolled copper wire .. ‘ Je as ee 208 
Untinned, drawn, round copper wire, with a dia- 

meter of not less than 1.4mm. .. - - 225 
Round copper bars with a diameter of not less 

thanl13mm. .. oe ee oe ee ee 235 
Copper plates of not less than 1.4 mm. in ordi- 

nary dimensions, not more than 1 m. broad .. 240 


Drawn, untinned copper tubes, with an interior 

diameter of 20 mm. to 100 mm., and a thickness 

of not less than 3 mm., in customary lengths... 260 
Brass bars, ordinary kind, with less than 60 per 

cent. copper, and a diameter not less than 

13 mm. .. ae “a ms ee oe o4 175 
Brass plates, ordinary kind, with less than 64 per 

cent. copper, at least 1 mm. thick and 1 m. 

broad .. - ne eo ee on ae 190 
Bright drawn, untinned brass tubes, with less 

than 64 per cent. copper, an outer diameter of 


20 mm. to 100 mm., and at least 3 mm. thick. . 235 
Round aluminium bars with a diameter of not less 

than 13mm. .. oe oe oe oe . 370 
Aluminium wire not less than 1.4 mm. diameter. . 370 
Aluminium plates not less than I mm. thick .. 385 
Aluminium plates not less than 0.5 mm. thick .. 400 


(100 kg. = 220.4 Ib. ; 20 marks = 11.) 


GerMaN Iron InpDustry.—The Bismarckhiitte has 
declared a dividend of 9 per cent. for the past year. 
Employment is stated to have been satisfactory, and, 
unless unforeseen events occur, a good dividend may 
be expected for the current year. The Rombacher Iron 
Works have declared a dividend of 5 per cent. The 
report states that the first disturbances of the war were 
comparatively quickly got over, and in the course of a 
few weeks work wasresumed. At the present time some 
of the blast-furnaces, the steel works, and rolling-mills 
are in operation. Work will be extended when more 
hands are available ; regular railway traffic is of great 
importance for extension of work, and hopes are expressed 
that the promised reduction in railway freight for coke 
and coal tee the Lorraine works will soon come into force. 
In the course of the past year the management of the 
Concordia Mining Company, Oberhausen, was taken over 
by the company, with satisfactory results. Ata recent 
meeting of the Pig-Iron Union it was stated that the sale 
of pig-iron continued to — oe Most consumers of 
pig-iron are still busily employed with army contracts. 
‘The quantity despatched during November amounted to 
54.41 per cent. of the allotment, against 49.09 per cent. 
for October. December was expected to be about the same 
as November. The demand for the first quarter of 1915, 
which has now commenced, promises to be fairly lively ; 
a number of concerns have already covered their require- 
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RE-FUELING WARSHIPS AT SEA.* 
By Spencer Miiirr, Member. 


In 1883, Vice-Admiral R. 8S. Lowry, R.N. (then a 
lieutenant), read an essay on ‘‘Coaling Shi or 
Squadrons in the Open Sea” before the Royal United 
Service Institution of London. To show the necessity 
for improved apparatus for coaling warships at sea he 
said :—‘‘I think I am within the mark in stating that 
during the blockade of Charleston by the Federal Fleet, 
nearly one-quarter of that force were always absent from 
before the fort employed in filling their coal bunkers.” 
The efficiency of the blockade before Charleston was, 
therefore, about 75 per cent. 

The year 1914 witnesses three im t blockades :— 
The British in the North Sea, the British-French in the 
Adriatic Sea, and the Japanese at Kiao Chau Bay. The 
Japanese maintained their blockade for ten weeks and 
were successful. At the present writing the blockades 
in the North Sea and in the Adriatic Sea have been 
maintained for fourteen weeks, and in that period each 
ship must have replenished its bunkers many times. 
Blockades are not = obsolete, although the method of 
blockading has undergone a change since 1883. We can 
only conjecture as to their efficiency. 

Vice-Admiral Lowry added :—‘‘ During the same war 
(U. 8. Civil War) Federal cruisers, while searching for 
the Alabama, were constantly obliged to quit that por- 
tion of the sea allotted to them in order to fill their 











on Lieutenant Bell’s plan, Captain Fi ld, R.N., 
said: “‘It would fail absolutely,” and added, “as to 
blockade, I think it is a thing of the past absolutely. 
You could not blockade in these days of torpedoes any- 
where near the enemy’s port.” 

Answering this Rear-Admiral P. H. Colomb, R.N., 
said :—‘‘I sincerely believe that we are going to watch 
our enemy wherever they are, in spite of torpedoes or 
whatever it may be. Therefore, from my point of view, 
the question is of vast importance.” 

What Admiral Colomb said in 1887 might be said with 
equal force to-day, for the English are watching their 
enemy ‘‘in spite of torpedoes” and the ‘‘question (of 
— at sea) is of vast importance.” Rear-Admiral 
Colomb at the same time pointed to the advantages of 
oil fuel and the simplicity by which it could be trans- 
— at sea. Within the last few months Admiral Von 

irpitz, Minister of the German Marine, pointed to the 
great advantage of using liquid fuel and the ease with 
which warships can be supplied in a seaway. Rear- 
Admiral Reginald G. O. Tupper, R.N. (then a lieu- 
tenant), agreeing with Lieutenant Bell that the ‘‘bow to 
stern” method was correct, si ted a continuous 
moving endless rope between collier and battleship, 
having bags of coal attached, transporting the same in a 
continuous stream to the battleship. o-day the two 


surviving systems for coaling warships at sea are develop- 
ments of Lieutenant Bell’s _ for a reciprocating cable- 
way apparatus—viz., the Li 


gerwood-Miller marine cable- 














Fic. 1. Tae Russtan Batriesmir ** Retvizan” (Now THE Japanese Barr esurpy ‘* Hizen”’) 
TAKING COAL FROM THE CRUISER ‘‘ Asta” IN THE Ba.tic Sea. 


bunkers, after one or two useless chases after suspicious- 
looking vessels.” 

Since August 1 ten German cruisers have played the 
part of the Alabama. They have captured or sunk 
nearly 100 merchant ships. These German cruisers are 
the Emden, 3600 tons, speed 244 knots (sunk November 
9); Karlsruhe, 4900 tons, speed 28 knots; Nurnburg, 
3450 tons, >> 234 knots; Dresden, 3600 tons, speed 
244 knots; Leipzig and Bremen, 3250 tons, speed 23 
knots; Scharnhorst and Gneisenau, 11,600 tons, speed 
20.5 knots; Geier, 1630 tons (interned at Honolulu) ; 
Koenigsburg, 3348 tons, speed 234 knots (bottled up at 
Mafia Island). These ships are reported to have fre- 
quently coaled at sea. , 

Many British and French cruisers have been protecting 
commerce and chasing the German cruisers, viz.:— 
Bristol, Glasgow, and Newcastle, 4800 tons, speed 25 
knots ; Suffolk, Lancaster, and Cumberland, 9800 tons, 


speed 24 knots ; Good Hope, 14,100 tons, speed 23 knots | d 


(sunk by Germans); Monmouth, 9800 tons, speed 24 
knots (sunk by Germans); Highflyer, 5600 tons, speed 
20 knots ; Swittsure, 11,800 tons, speed 19 knots. In fact 


the British Admiralty announced that some 70 ships | b 


ef the Allies were searching for the German cruisers. 
The Good Hope and Monmouth allowed their — 
to be known to the by entering a harbour for 
coal. They were sunk later by the Germans. 
, In 1887, Lieutenant C. E. — R.N., ae —— 
nstitution, read a entit! “Tat ips of War 
at Sea.” Lieutenant: Bell said :—‘‘I feel sure that all 
officers will agree with me that coaling from the broad- 
side at sea is impossible except in very calm weather ;” 
and, after deneihiag many practical experiences said :— 
“The only way by which the various difficulties of coal- 
ing at sea can be overcome is by coaling from bow to 
stern.” Lieutenant Bell’s plan showed an incomplete 
reciprocating cableway like a breeches-buoy apparatus. 
No compensating apparatus was shown. Commenting 


* Paper read at the twenty-second meeting of 
the Seciety of Naval “architene and ¥ anonym neon 4 in 
New York, December 10 and 11, 1914. 








way, and Lieutenant Tupper’s plan for a continuous 
rope apparatus—viz., the Adam (German) endless rope 


coaling-at-sea gear. 
Blockade of Santiago.—In 1898 our fleet blockaded the 


Spanish at Santiago de Cuba, and who does not remember 





Commodore Schley’s telegram to Rear-Admiral Sampson, | coal 


dated May 24, 1898:—*‘Coaling off Cienfuegos is very 
uncertain. Having ascertained that the Spanish fleet is 
not here I will move eastward to-morrow, ee 
with you from Nicholas Mole ; on account of short 
supply in ships cannot blockade them if in Santiago. I 
shall p to-morrow, 25th, for Santi being 
embarrassed, however, by ‘Texas short coal supply and our 
inability to coal in the open sea.” Commenting on the 
blockade in 1900, Captain 8S. Eardley-Wilmot, R.N., in 
“Our Fleet To-day,” said:—‘‘The method employed in 
this operation is the most noticeable feature of the war. 
Exponents (mostly civilians) of naval warfare have 
odnead that steam and torpedo boats will render the 
blockade in modern warfare egw and submarine 
attack would deter the blockading force from being 
effective. Sampson demonstrated that steam had made 
lockade more certain, and the torpedo attack must be 
dealt with otherwise than by running away from it.” Ft 
is also a matter of record that while our fleet was 
blockading Santiago, frequently one-fourth of our ships 
were absent for recoaling, and when the Spanish came 
out three of our ships (one the battleship Massachusetts, 
which cost the a over 6,000,000 dols. ) 
were 45 miles away, coaling at Guantanamo, utterly 
useless for as 
Ji Blockade, 


1904.—In 1904, Admiral a toge effi 
e 


blockaded Port Arthur, while the attempt to bl 

the Russians in Vladivostok failed. The author has the 
word of a Japanese naval officer on the Japanese 
blockading ships before Vladivostok, that the only 
reason they failed to bottle up the Russian cruisers was 
because they were unable to coal their ships in a 


seaway. 

éomionant Dewar’s Gold-Medal Prize Essay.—Lieu- 
tenant A. C. Dewar, R.N., in his Gold M Prize 
Essay before the Royal United Service Institution in 


1903, dwelt exhaustively upon the subject of blockades. 
He pointed to the doubtful value of attempting a 
blockade should the base of supply be too remote. He 
ve two —s —— of blockading the port of 
oulon with 12 Implacables. In the first instance, the 
ships of the fleet were to be recoaled at Malta, 550 miles 
distant; in the second at Pollenza Bay, 154 miles 
distant. 
When coaling at Malta, 550 miles distant :— 


Each of the 12 Im bles woul 


remain on blockade... ne ... 10.5 days. 
Each ship would be absen for ocoal- 

ing nis -” ae - ... 6.8 days. 
The efficiency of such a blockade 

would be about + es ~- Cpe 


When coaling at Pollenza Bay, 154 miles distant :— 
Each ship would remain on blockade 15.5 days. 
Each ship would be absent ... .. 38.1 days. 
The efficiency of the blockade be- 


comes ... 83 p.c. 


In the best example 12 Implacables are assigned for 
blockade duty, while only 10 ships remain continuously 
on blockade. Two extra Implacables, costing 10,000,000 
dols., must be aasi because of the inability of the 
10 ships to refill their coal-bunkers at sea. No navy in 
the world can better afford such extravagance than the 
British with their 635 ships. 

British North Sea Blockade, 1914.—To-day we find the 
British Navy containing the Fleet in the North 
Sea. This blockade has been effectively maintained for 
more than fourteen weeks at the present writing. Although 
there is no definite knowledge either as to the composition 
or the numbers of the ‘‘ Grand Fleet” or of the work of 
the ships, it may be surmised here for the purposes of 
argument that the submarines and destroyers are 
stationed where they ought to be. Scout and other light 
cruisers are distribu to form a support for the de- 
stroyers and connecti’ links with the battle fleet. 
Armoured cruisers are doubtless distributed in accord- 
ance with their speed and fighting power. The battle 
fleet may or may not be atsea. Great Britain was said 
to have 110 cruisers in the North Sea. Five have been 
destroyed by submarines. Many new cruisers will doubt- 
less be sendy within a few months. Great Britain is 
reported to own 232 destroyers and 20 are building. 
She also has 75submarines. Perhaps half of the destroyers 
are employed on duty in the North Sea. 

All the ships are either fueling at sea or leaving 
the blockade for the smooth waters of British harbours 
for re-fueling. Every time a cruiser retires from the 
patrolling line of the blockade to a shore base for 
re-fueling, the blockade is materially weakened, for 
the absent ship is temporarily useless for fighting pur- 
poses, to say nothing of the danger of destruction by 
submarines, lying in wait on the route to and from the 
coaling base. England has an abundant supply of 
cruisers at present, and can afford to allow 15 per cent. 
or 20 per cent. of these ships to be absent from the 
bl e sory A their bunkers; nevertheless, the effi- 
ciency of that blockade is materially weakened whenever 
the cruisers are withdrawn for re-fueling. So far as des- 
troyers and submarines are concerned, if these must be 
frequently relieved from blockade = to refresh the 
personnel, the time consumed in re-fueling need not be 
time lost. 

Coaliny Warships in the North Sea.—By way of 
example, suppose the British employ 100 cruisers for 
blockade duty in the North Sea, costing an average of 
2,000,000 dols. each. This would re t a total 
investment of 200,000,000 dols. Practically all burn coal. 

idering the distance to shore coaling ports, it is 
difficult to believe that more than 85 per cent. of these 
cruisers are maintained on blockade duty unless they 
re-fuel at sea. Fifteen per cent. of these ships absent 
ing at a shore base represent a temporary weakening 
of the blockading fleet of 15 ships, worth in money alone 
about 30,000,000 dols. i 
cruisers could be maintained close to 100 per cent. effi- 
ciency if served by colliers equipped to deliver coal to 
them under all reasonable conditions of the sea. Does 
not this illustration serve to indicate the value of master- 
—- Ag art of re-fueling warships in a seaway’ Thirty 

ion dollars would purchase 25 big colliers like the 
U.8.8. Jason and Orion. These huge 19,000-ton colliers, 
with their modern, high-speed, broadside coaling gear, 
actually coal three ships in a day when the sea is smooth. 
When the sea is moderate, and not unreasonably rough, 


each collier, equi with marine cableways, could 
deliver to a cruiser tons of coal in the daylight hours, 
steaming at 10 to 12 knots while doing so. en sub- 


marines are present ships must keep moving at a speed of 
10 knots at least. With 100 ships on blockade duty 
burning 50 tons per day each, each should be recoaled 
about once in 10 days, and 10 ships would be coaling 
every day. It is true that on the infrequent days of 
violent storms, when the sea —ae rough, 
these cruisers could not receive coal an. , and 
the colliers would be temporarily id u 
sea conditions every collier could deliver coal every day 
and thus be working to its highest capacity and 


ciency. 

Big UVolliers Increase the Efficiency of Coaling.—The 
igger the collier and the better the broadside coaling 
gear the oftener it can be used for broadside coaling 
under headway in smooth seas. Furthermore, the bigger 
the collier the steadier it is for handling coal along the 
decks when delivering coal in a heavy seaway. It must 
be understood, however, that any collier can equipped 
ne — cableway for —s in @ seaway. : 

ri miralty experimen or a long period o 
years in the endeavour to find or develop a suitable sea- 








This blockading fleet of 100 . 
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coaling apparatus to be wholly carried by their battle- 
ships and cruisers. None appreciate the value of refuel- 
ing warships in a seaway more than the British 
Admiralty. They have mastered the art of oil-bunkering 
at sea, but the spe .ratus is carried on their own oil- 
tank shipe. The British Admiralty have never built a 


Coaling British Commerce-Protecting Cruisers. — An 
extraordinary demonstration of sea power is exhibited b 
Great Britain placing fast cruisers to protect English 
shipping on the Atlantic Ocean. Several British 
cruisers are protecting the lanes of travel between Great 

| Britain and the United States. These cruisers could coal 








Fie. 6. 





| 
| 


Havui-Down Brock anp Loap CarriacGr TakinG Loap From Deck or CoLiien. 








Fie. 7. 


fleet of naval colliers. Colliers carrying coal to British 
warships are privately owned, and are ch » as 
needed, by the Admiralty. The author has never heard 
of any privately-owned collier being equipped with coal- 
ing-at-sea apparatus, except experimentally. [+ is for 
these reasons that the author believes that the cruisers in 
the North Sea are coaling either at shore bases or at sea 
when sea conditions permit, 











U.S.S. ‘‘Sourm Carotina” Coattne rrom U.S. Cottier *‘ Cycrops.” 


on the British Coast, at Halifax, and at Bermuda. 
Halifax is about 200 miles distant from the popular trans- 

| atlantic routes, and Bermuda nearly 600 miles. It is 
always important that bunkers be kept as full of coal as 
ible. Weknow many of these ships coaled at Hali- 
ets The moment one of these cruisers leaves the line of 
travel it becomes temporarily useless for the purpose for 





return, would consume the better part of three days, and 
is time lost. The trip half-way across the Atlantic and 
back at economical s would be about nine days. 
Assuming that three days out of twelve be lost in coal- 
ing, the efficiency of such a ship would be abovt 75 per 
cent. Generally speaking, therefore, it would appear 
that the efficiency of such a fleet of ox ce-protecting 
cruisers could be greatly enhanced if served by colliers 
capable of delivering coal in a seaway. 

The Influence of the Submarine on the Coaling Problem. 
—The year 1914 witnesses the triumph of the submarine 
and the automobile torpedo. It has already been demon- 
strated in English manceuvres that the submarine finds 
its victims by lying in wait in the vicinity of the known 
coaling ports of the enemy. The author believes that 
when all the circumstances connected with the sinking of 
the British ships in the North Sea come to light, it will 
be found that these vessels were sunk either on their way 
to or from their coaling base. The triumph of the sub- 
marine therefore seems to indicate that the safe place for 
re-fueling is on the high seas. ere submarines are 
present it will be necessary for warship and collier to 
steam ahead continuously at not less than 10 knots. This 
adds enormously to the difficulties of coaling broadside 
atsea. It makes it impossible to coal from small boats 
at sea. Recognised defence against submarines is not 
only speed but a continuous change in direction. This, 
agaio, adds to the difficulties of broadside coaling, for 
even though a sea might permit two ships to steam along- 
side at 10 knots, if steaming head-on into a sea, they 
might not do so in the trough of the sea. All of this is 
permissible in connection with any practicable cableway 
system of coaling at sea. 

Sir Percy Scott regards battleships as obsolete because of 
the perfection of the submarine and the automobile tor- 
pedo. No navy has ceased to build battleships. Naval 
constructors everywhere are endeavouring to determine 
the most practicable way of constructing a battleship 
with defensive qualities against the torpedo. The ordi- 
nary double bottom jis no longer sufficient protection 
against the torpedo. The plan which ap tly presents 
the most practicable advances is complete under-water 
+ 3 Tt = pe ty matter for a battleship to 
carry the weight of the necessary extra armour un 
the bunker capacity of the battleship is largely cur- 
tailed. To curtail largely the bunker capacity of a 
battleship is a matter of serious moment unless the art 
of re-fueling at sea is ; 

Coaling at Sea by Germany.—The German Admiralty 
have always shuwn the keenest interest in the problem 
of coaling their cruisers on the high seas, Kaiser 
Wilhelm II. showing great personal interest in the prob- 
lem. Perhaps the first paper read before a scientific 

in Germany on this subject was that written by 
William H. Beehler, Commander U.8.N., Naval Attaché 
at Berlin. This was read before the Shipbuilding Society 
in 1902. It described the author’s first marine cableway, 
which in 1899 transported coal at sea from the collier 
Marcellus to | es nape es 
newspapers descri the apparatus at , and ap- 
pealed to German engineers to solve the problem. One 
such article (Die Zeit Wien, Vienna, October 1, 1903) 
closed as follows :—‘‘In case of an introduction of appa- 
ratus of their own construction, the Navy would 
become independent of foreign countries, and, at the 
same time, enrich home industry, being material profit, 
for the Spencer Miller contrivance costs per ship about 
64,000 marks. As it is probable that all line vessels and 
large cruisers would be equi with it, there would be 
(in case this question were solved by German engineers) 
a large sum of money to be saved for the German indus- 
try, which would otherwise go to foreign lands.” This 
appeal, which doubtless emanated from the German 
Admiralty, was responded to by several devices, two of 
which were thoroughly tested at sea. The financial 
backers of each device claimed to have expended between 
175,000 dols. and 200,000 dols. in ing forward the 
development of their coaling-at-sea appliances. 

The first was set aside. The Adam apparatus was 
adopted. The German Admiralty demented an appa- 
ratus that could transport 50 tons of coal per hour in a 
moderate sea, the entire apparatus to be suitable for 











carrying on a cruiser or battleship. an 
Admiralty have also insisted that any apparatus for 
transhipping coal at sea must take from captured 


merchantmen or colliers. The cruiser Roon, tons, 
was equipped with the Adam apparatus, and succeeded 
in delivering an average of 62 tons per hour over a period 
of 10 hours. The apparatus was tested under severe sea 
ye — p. e collier and cruiser — Sa 
eg. C) am apparatus was manufactu 
Felton and Guilleaume-Lahmevyerwerke ‘Action. Gesell. 
schaft, Frankfort. It involves the employment of a con- 
tinuously-travelling endless rope — around a series 
of fixed pulleys on both warship and collier. A movable 
pulley on the warship is connected an automatic 
tension winch for taking up and paying out the cable as 
demanded by the motion of the ships. The company 
manufacturing the Adam apparatus was bound by secrecy 
not to divulge the number of coaling-at-sea apparatus 
sold, nor the ships which were equipped with the ap- 
paratus, and for this reason the author cannot give any 
information respecting the equipment of the German 
cruisers with the Adam apparatus. 

Coaling German Oruisers.—The authorities in charge 
of supplying coal to German cruisers have done their 
work ecuahly and efficiently. During the period of 
fourteen weeks, each of these cruisers must bave been 
re-coaled at least seven times. The cruisers 
Emden, Karleruhe, and Dresden, and the converted 
German liner Kronprinz Wilhelm, are said to have taken 
coal from captured colliers. Other German cruisers are 


with 


which it was assigned. To steam 200 miles, coal, and known to have received coal from ships sent out from 
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New York, Philadelphia, San Francisco, Havana, and 
Manila. We know that the wireless was brought into 
play between shore stations and the cruisers, 
also between the colliers and the cruisers. We know 
that several of these German cruisers coaled alongside in 
the sheltered waters of islands. The British Admiralty 
iseued a statement early in October, prompted by the 
destructive work of the cruisers eden 
Karlsruhe, as follows :—** The vast expanses of seas and 
oceans and many thousands of islands, offer almost in- 
finite choice of movement to the enemy’s — In spite 
of every effort to cut off their coal supply, it hitherto 
been maintained by one means or an In the face 
of increasing difficulty, the discovery and destruction of 
these two enemy cruisers, therefore, is largely a matter 
of time, patience, and good luck.” ; 

Coaling from Captured Colliers.—The British steamer 
Indian Prince was a by the converted German 
liner Kronprinz Wilhelm off the Brazilian Coast on Sep- 
tember 4. The commander of the Kronprinz Wilhelm 
made the Indian Prince steam for five days, when sea 
conditions permitted the man cruiser to come along- 
side. They made fast, put aboard a gangplank, and 
transferred about 130 tons of coal, stores, and provisions. 
Coaling began on the afternoon of September 8. The 
crew worked all night until 10 o’clock on September 9, 
when she cast loose and sank the British ship. 

The British steamer Holmwood was captured by the 
German cruiser Dresden. The rescued sailors say :— 
** The commander of the Dresden first ordered the crew 
of the Holmwood aboard the cruiser, then took coal from 
the steamship and sank her by firing twenty shells.” The 
Emden was coaled from the German steamer Marko- 
mannia in the smooth waters off Sumatra Island, and 
from the captured British ship Exford, which was finally 
sunk. As the Emden’s field of operations was in the 
Iadian Ocean, south of which hundreds of islands exist, 
doubtless she never coaled otherwise than broadside in 
smooth waters. 

The German cruiser Karlsruhe was caught ing coal 
from the Kronprinz Wilhelm in mid-ocean. The was 
being passed in small boats from ship to ship. When the 
British cruiser appeared both - steamed waeg, anns 
their small boats in the sea. The Karlsruhe claimed to 
have ames 15 ships since August 31, from which it 
had replenished its coal bunkers “and kept its larder 
well stocked. 

The collier Mazatlan cleared from San Francisco for 
Guaymas, Mexico, August 13, under 20,000 dols. bond to 
deliver her coal as consigned. North of oggane Bay 
the Mazatlan picked up the German cruiser Leipzig and 
transferred mail and stores to her. Her coal, however, 
was carried to Guaymas, where it was transferred to the 
German steamer Marie, which later coaled the Leipzig. 

The Danger of Coaling in Port.—The North German 
Gazette (N.Y. Sun, October 30), gives the following story 


der Grosse and the British cruiser Highflyer :—‘‘On 
August 26 the cruiser Kaiser Wilhelm der Grosse lay in 
the Spanish harbour of Rio del Oro, with two coaling 
steamers alongside, while a third German steamer lay at 
anchor about 500 metres further out. The entire crew 
had been busy coaling for two days. The bunkers were 
not yet half filled, when toward noon a ship came in sight 
which turned out to be the English armed cruiser High- 
flyer. The following searchlight signals were then ex- 
changed by the two ships :— 


“ Highflyer: Surrender ! 

**Kaiser Wilhelm der Grosse: (No answer). 

“*Highflyer: I call on you to surrender. 

“Kaiser Wilhelm der Grosse: German warships do 
not surrender. I demand of you to observe the Spanish 
neutrality. 

**Highflyer: You are coaling for the second time in 
this port. I call on you to surrender. If notI will fire on 
you at once, 

“*Kaiser Wilhelm der Grosse: I am coaling here for 
the first time, Besides, that is a Spanish affair. 

‘*Highflyer : Surrender at once. 

**Kaiser Wilhelm der Grosse : I have nothing more to 
say.” 


The above despatch is valuable. It supplies some ap 
SS data indicating that the Kaiser Wilhelm der 
rosse was being coaled at the rate of 500 tons per day 
per collier. The marine cableway alone could deliver 500 
tons per day on the high seas, where the cruiser would 
= able to make her escape had she been dis- 
covered. 

The High Seas a Safe Pluce to Hide.—The German 
peoas Margretha played hide-and-seek with hostile 
battleships for 35 days, and finally landed safely in the 
Azores. The German full-rigged schooner Indra was on 
the high seas continuously from the time the war broke 
out until she landed in New York early in November. 
The German steamer Brandenburg ssiled from Phila- 
delphia on Au 22, clearing for Norway with a cargo 
of 8000 tons of coal and ship supplies. Ample 
notice was given of the ship’s intentions. Outside 
Delaware Breakwater she transferred, coal to a German 
cruiser, and succeeded in elading English cruisers all the 
— across the Atlantic, and landed safely in a port in 

orway. 

Japanese Battleship *‘ Hizen” at Honolulu.—On October 
22 a cable despatch from Honolulu stated that the 
Japanese battleship Hizen (formerly the Russian battle- 
ship Retvizan) a in the roads awaiting the exit 
of the German cruiser Geier, and said :—“ Hizen 
appeared off the harbour late to-day fully coaled and 

visioned, 14 days out of Yokosuka, a naval dép6t near 
okohama.” 

This is of interest, for the hattleship Retvizan carried 
8 marine cableway operated by special electric winches, 





the installation and trials of which were fully described 
in the author’s paper read before this Society in 1904. 


The test of this marine 
eect age agg Sea, 


cableway (Fig. 1, page 67), took 
August 30, 1902, near Cronstadt, 


ussia, under the direction of a Board of Inspectors, 
whom were Admiral Nikonof, I.R.N., Chief of 


am 
the Test Squadron, and 


and | Chief of Bureau of Navi 


Asia served as collier. 
com: 


Rear “—-T . LR.N., 
tion. e old auxiliary cruiser 
tain Stchensnovitch, I.R.N., 


manding the Retvizan (now the Hizen), in a letter to 


the author, said :—‘‘ Witnessing this last success I am 
sure that your system of coaling at sea will be adopted 
by all navies of the world.” He also stated that the trial 
board reached the conclusion ‘* that the marine cableway 
works entirely satisfactorily, and is well worth adoption 


for general use on 


apparatus are well worked out, practical, and ex 
author believes that Japan has mastered 


coaling — at sea. 
or 


An A Coaling Efficiency 
Niblack, USN. (then a lieutenant), in 1 


war vessels. All details of the 

ient.” 

e art of 

.—Ca) pe pee P, 
& pal 

Coaling 


before this Society entitled ‘‘Coal-Bunkers and 


Ships.” Captain 


iblack w 


that rapid coaling was a 


factor in efficiency, and said :—‘‘ The efficiency in ship 
and crew must be supplemented by the best mechanical 


arrangements 
somewhere an 


ticable, and a ship must be able to go 
stay there. 


Coal supply and rapid coal- 


ing are very important factors in efficiency, not only in 


an but in time of 
coaling ship time wasted.” 
for improved coaling gear, larger bunkers, and 


plified arrangements to reduce the time for stowi 
showed that few of our ships averaged better than 


for time spent in 
tain Niblack “> 
or sim- 

. He 
tons 


per hour in coaling. Enormous has been made 
since this paper was read. The United States Navy leads 
in colliers and collier equipment for broadside conlng 
smooth seas, as well as in cableway equipment for i 


from collier to warship in tow in a seaway. 


Both have 


to do with increased coaling efficiency. 


Wyo 


ming coaled at Guantanamo 


cy 
Coaling the U.S.8. “ Wyoming” in 1914.—The U.S.S. 


Bay in the spring o: 


f 
1914 from the U.S. collier Jason on one side and the U.S. 


collier Nereus on the other. 


Both colliers are equipped 


with the two most recent types of coal-disc a) 
with clamshell ret io The 


ratus. Both dischar, 
Jason is —— wi 
man (see 

ereus is equip 


s: eI ~ se each a 
igs. 2 an . e 
with 12 i A: tes each 


operated by two winchmen. th colliers rigged out 
eight booms over the deck of the Wyoming. e Jason 


used he 


r eight booms continuously, dropping coal at eight 
different points along the deck and through the 


chutes of 


the Wyoming. The Nereus used six to eight booms, in- 


termittently, on account 
All was made read 


ason). — 
stopped at eight o’clock 
at 8.30. The Jason cast 


cast off at 9.30 o’clock. The 


Wyomin 
delivered to the 
hour. 
working hours, an av 
Nereus 
hours, an average of 292 
tons of coal were heaped 


and it required from nine o’clock in the morni 
in the afternoon to clear up and stow the 


board. 
2060 tons of coal 


at 5.30 in the morning. 


@ maximum of 465 tons 


of 


for test the night before—time to 
30 get ready not given (usuall 
of the fight hetween the auxiliary cruiser Kaiser Wilhelm | J 


20 to 30 minutes ee the 
for breakfast. Ooaling resum: 

off at nine o’clock. The Nereus 
Jason delivered to the 
hour. The Nereus 


Wyoming a maximum of 433 tons per 
The Jason delivered a total of 1040 tons in three 


of 346 tons per hour. The 


delivered a total of 1020 tons in 34 worki 


tons per hour. From 550 to 

on board when the colliers left, 
to 4.30 
left on 


The whole operation of taking on and stowing 
was accomplished in 94 hours, an aver- 


age of 217 tons per hour. Both the Jason and the Nereus 
coaling gears are able easily to discharge 100 tons of coal 


r hatch per hour. 
ason, 1374 tons of coal 
hour with one operator. 

Admiral Badger ex 


In the official trial of the collier 


were actually discharged in one 
At the poe Bee mes of the trial 
the opinion that the Wyoming 


could at any time take on 2100 tons of coal in five hours 
from two colliers in smooth waters, stowing the surplus 


left on deck at leisure. 
from one collier the taki 
of coal would 


From the above it ap that 
ng on and stowing of 2100 tons 


_ require qognenigaely 10 ho 
ave oO! tone per hour. 
therefor 


urs, an 
The coaling rate in 1914 is 


ore seven times faster than in 1893. 


So far = — and “—e 
cerned, their development outstri 
facilities on battleships. In the author's 


Warships from Colliers 


Society in 1910, he pointed to the record of di 


the etc ios 
stowing 
“*Coaling 


8 
rs,” before this 


in Harbou 


with the marine transfer, 190 tons of coal from one batch 


of the collier Hector in one hour 


with two operators. He 


also stated that in future marine transfers capacity was 
to be sacrificed in the interest of economy of maintenance 
and operation, the new winches to be more rugged, as 

ified so that 


fool-proof as possible, and the control simpl 
each marine transfer could 


by one winch- 


man. Ib is gratifying to note that on the colliers Nep- 
tune, Orion, and Jason, all the conditions set forth at 


the | that time have materialised. It is unnecessary to have a 


discharging apparatus with a capacity greater than 100 


tons an hour per hatch. 
more winchmen 


It is wasteful of money to use 


are necessary. 


Marine Cableway on U.S. Collier ‘‘ Cyclops.”—The 
marine cableway on the U.S. collier Cyclops comprises 
the following elements :—(1) A main trackway cable 1 in. 


diameter, 900 ft. long, spannin 


collier to portable s 


from mainmast of 


on quarter-deck of battleship. (2) 


An automutic tension engine with two 13-in. by 13-in. 


cylinders for taking u 
Oya meas practically 


and pa 


ing out suspended cable, 
rs fa md tension of 18,000 Ib. 


3) A load-carriage running on the main cable adapted to 
carry 4000-lb. lodds. (4 
an inhaul-rope } in. by 


) A conve rope in two 


—_ 
875 fo. po an outhaul-rope 4 in. | W. 








by 1625 ft., ome end of each being attached to the load- 
carriage, (5) Two high- automatic-tension engines, 
each with two 10-in. by 10-in. cylinders, for hauling the 
load-carriage at a speed of 2000 ft. per minute, and auto- 
matically maintaining the tension in the conveying lines 
w @ carriage is standing still at either terminal. 
(6) Hauling down apparatus on the collier whereby the 
cable and load-carriage are lowered for receiving the load. 
(7) ——— apparatus on board the battleship whereby 
the cable and load-carriage are lowered for delivering the 
load and receiving the empty bags. 

The automatic-tension engine (Fig. 5, page 68) in con- 
nection with the marine cableway entirely sup- 
planted the sea anchor. It maintains the supporting 
cable at the requisite tension and deflection, indepen- 
dently of the speed of the ships. After the cableway is 
set up and the engine adjusted for the uired tension, 
it needs no further attention, other than oiling, through- 
out coaling operations. Fig. 4, shows one of 
the two 10-in. by 10-in. automatic-tension engines for 
operating the conveying-ropes and the load-carriage. 
One engine operates the inhaul-rope, the other the out- 
haul-rope. th engines pull on their respective ropes, 
and, therefore, in opposition to each other. When the 
load-carriage stands still at either terminal, the auto- 
matic control compensates for the lengthening and 
+ cagroe J of the lines, dae to the relative motion of the 
ships, and performs the functions of the main automatic- 
tension engine. 

When the load is to be hauled toward the warship, the 
steam pressure is increased on the outhaul engine and 
ae mec ng on “or ine. — - done by moving 
@ single lever. © operating gear 0 engine is inter- 
connected and coumallied by this single lever. The lever 

ed toward the warship causes the load to be 
uled toward the warship. The lever pulled from the 
warship causes the carriage to reverse its direction. 
When the lever stands in a vertical position the carriage 
stands still. Thus the mind, the hand, and the load move 
in the same direction. The art can be acquired with a 
few minutes’ drill. Nothing can be simpler to learn. 

The haul-down block and the load-carriage are shown 
in Fig. 6, page 69. A load of bag coal is being hooked 
on to the load-carriage. This is accomplished in one or 
two seconds. Immediately after the load is hooked on, 
the haul-down block is slackened, the automatic-tension 
engine takes in about 16 ft. of suspended cable, and the 
load rises free of the deck of the collier. The operator 
of the two conveying engines pushes his lever toward the 
warship as soon as the bags are free from the deck. The 
haul-down block continues to rise, and the automatic- 
tension engine continues to take up the main cable. 

_ In Fig. 7, page i with its load of bags 


69, the carriage 
crossing the bow of the battleship South Carolina. 


is seen 

At this point the end of the main cable and its connect- 
oe | idle are rapidly lowered by winchmen to the 
deck of the warship. The carriage, continuing its travel, 


collides with the dump block, and the bags are auto- 
matically detached and fall to the platform. The cable- 
way operator on the collier immediately pulls his operat- 
ing lever, reversing the direction of the load-carriage, 
which returns to the collier for another load. © 
sailors on the battleship then have one minute in which 
to take the bags from the platform and deliver them to 
trucks on deck. Empty bags are returned to the collier 
in bundles every sixth or eighth trip. 


{To be continued.) 





Tue AMBULANCE ConsTRUCTION ComMISSION.—This is 
the first great war in which field motor ambulances have 
been extensively used. It was inevitable that defects 
should be found in existing types, and in various quarters 
experts asked whether something covld not be done 
to standardise the patterns and to improve them. At 
the instance of Mr. Henry S. Wellcome, the founder of 
the Wellcome Bureau of Scientific , a Commis- 
sion has been formed, and the names of members show 
at once that the matter is regarded as of first importance 

those most intimately connected with the welfare of 
wounded soldier. ir Frederick Treves has con- 
sented to be thechairman. The Admiralty is represented 
wy. the Director-General of the Medical ment, 

N., while the Quarter-Master-General to the Forces 
and the Acting Director-General, Army Medical Ser- 
vice, re it the War Office. British Red Cross 
Society is represented by Sir Frederick Treves, and the 
St. John Ambulance Association by Sir Claude 
Macdonald and Sir John Furley. The remaining mem- 
bers are all experts. This Commission will act asa judg- 
ing committee for the award of prizes of the value of 
20001. provided by the Wellcome Bureau of Scientific 
Research. These prizes are offered for the best designs 
of an ambulance y which shall fit a standard pattern 
motor-chassis for field motor-ambulances. The last | 
for the receipt of competing designs is June 30,1915. It 
is hoped that the competition will bring in a number of 
ingenious designs, from which the ideal field ambulance 
body willbe evolved. It may be asked why the competi- 
tion is restricted yes fora body, and not for the com- 
plete ambulance, including a chassis. The reason is that 
a chassis takes much longer to build than a body, and that, 
when war breaks out, it is impossible to get at short 
notice anything lixe a sufficient number of any one type 
of chassis. On theother hand, a standardised bcdy to fit 
any chassis of approved dimensions can be constructed 
in numbers at comparatively short notice ; and a per- 
fected body is badly wanted to ensure complete comfort 
for the wounded. details of conditions may be obtained 
from the Secretary, the Ambulance Construction Com- 
mission, 10, Henrietta-street, epemnegeeats London, 

The competition is open to citizens of all nations. 
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CLAY FOUNDATIONS. 


The Lateral Presswre and Resistance of Clay, and the 
Supporting Power of Clay Foundations.* 


By ArgTuur LanerTry Brut, B.A., B.E., M. Inst. C.E. 


THIS paper opens with a reference to the difficulty to be 
anticipated in attempting to estimate the lateral pressures 
and resistances of clay, its constitution and properties 
being obscure. It is pointed out that the engineer is not 
interested in the complex problems which attract the 
attention of the physicist, but would be content with a 
practical, simple, and sufficiently correct method of esti- 
mating the pressures and resistances exerted by clay, so 
far as these affect the design and stability of structures. 

Published information is unfortunately insufficient to 
aid an engineer when confronted in practice with prob- 
lems calling for a precise knowledge of the matter. He 
cannot hope to build a safe structure at the least cost 
unless he can make some reasonably accurate estimate of 
the forces with which he has to deal. Owing to reasons 
which appear later in the paper, the accepted theories of 
earth-pressure do not afford him much assistance. 

There are two theories of earth-pressure ordinarily used 
in English practice—Ooulomb’sand Rankine’s. Both these 
theories apply to ‘‘a loose ular mass,” a definition 
which cannot possibly include undisturbed clay. Both 
also presuppose a knowledge of the angle of repose. The 
text bodies in current use give angles of repose for clay 
varying from 1 deg. to 45 deg., and observation of the 
material itself is of little value when selecting the angle 
to be used for calculations. Widely different results will 
be obtained according to the angles chosen. The results 
of calculations by these methods are also found to be at 
variance with o! ved facts. 

In the author’s view, the lack of ment is due not 
so much to error in the existing theories as to a mis- 
apprehension as to the extent of their applicability. It 
is the pur of this paper to bring before the members 
of the Institution an extension or modification of 
Rankine’s theory, which, when applied to clay, yields 
results more closely in accordance with fact and obser- 
vation. 

A short description is given of the monolith foundation 
work at Rosyth Dockyard,} as it was in connection with 
this work that the investigation which forms the subject 
of this paper was made. As the work of founding the 
monoliths proceeded, Rankine’s formule were duly 
applied to the different cases which arose, but in view of 
the doubt as to the applicability of the formule to clay, 
and as to the correctness of the assumed angles of repose, 
the results were regarded rather as aids to practical judg- 
ment than as actual and reliable solutions of the problem 
of stability. A search through all available records did 
not yield much information of value or furnish a theory 
of clay-pressure. Practical experience with tunnels and 
embankments appeared to indicate that the pressures 
exerted by clay resembled those due to a heavy fluid. 
This view is supported by a quotation which is made 
from a previous contribution by the late Sir George H. 
Darwin. The search revealed a high percentage of 
failures in work constructed in clay. 

The broad conclusions to which the investigation led 
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Pn representing the intensity of normal pressure on the 
plane of shear, and q the intensity of resistance to 

on the same plane. 4, the ‘specific constant,” is equal 
to tan ¢, ¢ being the angle of repose. If it could be 
shown that clay failed to comply with this primary con- 
dition, then it seemed clear that formule deduced from 
this condition were inapplicable to clay. 

To carry out the desired tests aatien apparatus was 
made, apes pe be yy of a vertical cylinder 3 in. in 
diameter and about 10 in. high. Fitting into the upper 
end was a plunger which could be weighted on top, so as 
to compress the clay placed within the cylinder below 
it. Arrangements were made whereby the clay (while 
under yo in a vertical direction) could be sheared 
through horizontally. The vertical load upon the clay 
and the pull required to shear through the clay being 
both known and capable of variation at will, it is possible 
with this apparatus, by making successive tests with 
different specimens of the same clay placed under vary- 
ing degrees of compressive stress, to determine the law 
which governs the relation between the ultimate shearii 
7 tances and the normal pressures on the planes o 
shear. 

Experiments made with sand gave results closely in 
accordance with Rankine’s law, as stated above. It was 
found that no kind of clay complied with this law. 
According to Rankine’s law, where there is no pressure 
there is no resistance to shear, but in all cases clay was 
found to resist shear where the pressure was zero. The 
rate of increase of shearing resistance with advancing 
pressure was found not to be so t as would be 
inferred from Rankine’s law, adopting the angles of 
— ordinarily current in practice. 

t was found that when plotted in diagram form (with 
equal horizontal and vertical scales) the results with clay 
could be represented, with reasonable accuracy, by 
straight lines. These lines did not, however, pass 
through the origin (as would be the case in material com- 
plying with Rankine’s law). In all cases they cut the 
vertical axis which passes through the origin at a distance 
k from the origin, and with advancing pressure the 
resistance to shear increased in proportion to an angle a ; 
a being the inclination of the straight line to the hori- 
zontal axis. 

Stated symbolically, the law to which clay conformed, 
so far as its shearing properties were concerned, was 
found to be 

q =k + patana, 


q representing the intensity of resistance toshear, pn the 
intensity of normal pressure upon the plane of shear, and 
k the intensity of resistance to shear under zero pressure. 
The law stated above becomes identical with Rankine’s if 
k be taken as zero and a as the angle of repoee. 

To make clear the state of stress and of resistance 
within a body subjected to external pressure, curves are 
shown illustrating the intensities of stress and resistance 
in sand and in clay. From these diagrams, and by a 
simple mathematical proof, it is shown where the plane 
of rupture occurs both in sand and in clay. The position 
of the plane of rupture ascertained in this manner is 
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found (in the case of sand) to be identical with that 
| deduced in a different way by Coulomb. 


The Author. 


7 a 
a + aloth 
whtan (; ) 2ktan 


(- 4) 
G 


r; = maximum intensity of horizontal resistance of ma- 1+ 8in ‘ a 
terial infront ofa wallatanydepthd .... { wa (ens) wa tant (= + 3) shuals + 3) 

p2 = minimum permissible intensity of downward pres- 3(™ 7 
sure on foundation at heel of wall (depth HD 35 wH w H tant (7 7 5) ~ 2k tan’ (z r 


sure on foundation at tce of wall (depth D 


r2 i issible intensi d - in o\; 
ra = maximum permissible intensity of ‘ana De {wo(} teng\ eitheden (z 


were that there was no available theory of earth-pressure 
which, when applied to clay, would command the general 
confidence of engineers. ere were no fixed rules of 
practice, and there were grave differences of opinion as to 
what intensities of pressure could safely be placed upon 
clay foundations. 

Kxperiments were undertaken with a view to throwing 
further light upon the question. The first experiments 
described were made in a small testing-cylinder, 8 in. in 
diameter, fitted with gauges at the ends and sides. The 
results are given of a few tests with this apparatus, but 
the author does not regard them as having much value. 
Up to this point, following established custom, it had 
been thought that, however difficult it might be to find 
the true angle of repose for clay, it might be possible by 
experiment, or as the result of experience, to hit upon an 
angle which, when introduced into oe recog- 
nised formule, would give correct ts. Suspicions 
were now felt that the root of the difficulty lay deeper, 
and that the true reason why Rankine’s and Coulomb's 


theories were not applicable to clay was because clay did | 


not conform to the law of resistance to shear which forms 
the initial basis of both those theories. 

Rankine expresses the primary law u which his 
theory is Sool in the following words : —‘‘ The resistance 
to duplocement by sliding along a given plane in a loose 
= r mass is equal to the normal pressure exerted 

tween the parts of the mass on either side of that plane 
multiplied by a specific constant.” The symbolical ex- 
Pression of this law is 


r. qd = Pub = Pa tan ¢, 
* Abstract of a paper read before the Institution of 


Civil En ineers on ay, January 12, 1915. 
re GINEERING, vol. xciii., page 69. 
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Having determined the position of the plane of rupture 
in clay, the author next proceeds, by considerin the 
equilibrium of minute masses of clay in contact with the 
wall, to deduce formule for the pressure and resistance 
of clay. The deduced formule are compared with 
Rankine’s in the annexed table. 

These formulas suffice for the design of retaining-walls 
in clay, the surfaces being assumed horizontal : the paper 
is limited to the consideration of this case only. If k be 
taken as zero and a equal to ¢, the new formule (with 

one exception) become identical with Rankine’s. The excey - 
| tion referred to (namely, the minimum permissible inten- 
| sity upon # foundation) is then disc and reasons are 
| given for adopting the newer formula. It is also pointed 
| out that there is another essentially practical reason for 

the final abandonment of the value w H—namely, that, 
| by what appears to be the general consent of engineers, 
| it has, in fact, been already abandoned. Ib is question- 
‘able whether any large retaining-wall has been built in 
ce with it. " 

It was thought desirable to supplement the theoretical 
work by making direct observations of pressure within a 
large mass of clay. The four diaphragm gauges used in the 
previous cylinder tests were built into side of wne of 
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the monoliths, being arran in twopairs. The gauges of 
| the lower pair were fixed side by side at a height of 10 ft. 
above the cutting edge of the monolith while 
directly above them, and 12 ft. 8 in. higher up, were the 


two remaining gauges. By adopting this t it 
was intended that each ge 2 i 
check upon the reading of that beside it, while the readings 
of the lower pair at any depth would be at a later 

date by those of the upper pair when the latter reached 
the same point. s 

| he actual uncorrected readings of all four gauges, 





i arrangemen 
uge-reading should constitute a | d 


taken from time to time as opportunities offered during 
sinking, are shown by d together with a section 
- fae — through — ich the monolith = sunk. 

nfortunately, one pair of gauges was spoiled by leakage, 
and owing to damage by Finstne the records obtained 
from the other pair were insufficient to confirm com- 
aa the theoretical conclusions previously obtained. 
utso far as the records went they appeared to be in 
reasonable conformity with the theoretical position dis- 
cussed in the paper. 
The laying of too much stress upon the few readings 
obtained is deprecated, and the practicability of making 
effective use of the new formule is discussed. It is 
pointed out that it is not easy when desi are in pro- 
gress to obtain clay in its virgin state, from consider- 
able depths below the surf for the purpose of making 
tests; and in certain methods of construction—the 
sinking of monoliths, for example—the strata are often 
never seen in their normal condition, even when 
the works are in progress. Further, the building of a 
new work may have, in the course of years, the effect of 
altering the condition of the strata which press upon the 
structure. What the extent of these ch will be, 
and whether they will be beneficial to stability or other- 
wise, will never be determinable by purely mathematical 
methods. If reasonably correct results are to be obtained, 
some measure of judgment must lend its aid towards the 
solution of the real problems of earth-pressure which 
occur in practice, as distinguished from the simplified 
and somewhat unreal problems with which theorists 
necessarily 

The paper concludes with the usual formal acknow- 
ledgments, and a tabular statement of average values of 
k and a, so far as paw experience goes. The Appen- 
dices include an independent Vina ne f Professor Maurice F. 
Fitzgerald yielding results identical with those obtained 
by the author by different methods. 





Tae Reaping Corporation Water Works.—An in- 
teresting article is published by the Reading Observer 
concerning the Corporation Water Works. It deals with 
the work carried out during the past year, and states 
that the Royal Sanitary Institute have, after six months 
of close investigation, conferred their highest award, the 
silver medal, upon the Candy Filter Company, who are 
the patentees of the filtration system adopted at the 
works. Owing to the mobilisation of troops in August 
last, additional water supply works were laid in the dis- 
trict to meet the men’s requirements. 





PgRsonaL. — The directors of the British Engine, 
Boiler, and Electrical Insurance pany, imited, 
have appointed Mr. Harry M. Longridge, B.A. (Cantab.), 
to be manager of the company. new manager has 
been in the service of the company for 104 years, and 
during that period has become thoroughly conversan 
with the business in all its numerous phases. Mr. H. M. 
Longridge is a son of Mr. R. Charles Longridge, the 
present ing director of the company, and a cousin 
of Mr. Michael Lonaridge. the chief engineer.— Messrs. 
Preece, Cardew and Snell, of 8, Queen Anne’s Gate, 
Westminster, 8.W., announce that they are taking into 
partnership Mr. Jobn Hall Rider (who will join them in 
April), on his retirement from the position of consulting 
electrical and mechanical engineer to the Central Mining 
and Investment Corporation, Limited, and Rand Mines, 
Limited, Johannesburg. Mr. Rider was, previous to his 
going to South Africa in 1910, electrical engineer to the 


London County Council ota © for nine years. The 
rtuers will A. H. Preece, M. Inst. C.E., &c. ; Sir 
Ls Snell, M. Inst. O.B., M.I.E.E., &c.; Llewellyn 


Preece. M. Inst. C.E., &.; J. H. Rider, M. Inst. 

C.E., &c.; J. H. Woodward, A.M. Inst. 0.E., &c., and 

8S. 8S. Moore Ede, A.M. Inst. C.E. The designation of 

the firm after March will be Preece, Cardew, Snell and 

= and the offices will be, as heretofore, at the above 
dress. 





Tue Late Mr. Ricnarp Sou.ny OLpHAaM.— We regret 
to have to record the death, which ocourred on the 
7th inst. at Buenos Aires, of Mr. Richard Sou'by Oldham. 
Mr. Oldham was the third son of the late Mr. Richard 
Oldham, of Sale, and was born in May, 1869. He 
received his scientific training at Owens College, Man- 
chester, from 1886 to 1889. He then served his appren- 
ticeship, from 1888 to 1891, under Sir Edwerd Leader 
Williams. From the latter date down to 1894 he was an 
assistant on the Manchester Ship Canal, Warrington 
Division, under Mr. O. G. Brooke. and later under Mr. 
W. Burch. From 1894 to 1901 he acted as assistant 
engineer to the Swansea Harbour Trustees, under Mr. 


A. O. Schenk. During this period, apart from the 
routine work of the department, new works were 
designed and carried out, notably the following :—An 


extension of the Prince of Wales Dock. 
to the North Dock 


oe hee ti f the tract drawi ng 
in ion oO con wings an 
a iniaten a aap engaged on three Parliamentary 
Bills. In 1901 the Harbour Trustees promoted a Bill in 
Parliament for the construction of a new dock. Mr. 
Oldham was engaged u this work as chief assistant to 
the engineers, Messrs. P. W. Meik and A. O. Schenk, in 
the preparation of the whole of the Parliamentary draw- 
ings and estimates, and on the su uent contract 

rawings, specifications, and estimates. . Oldham was 
appointed, in 1903, resident caginees to the new King’s 
Dock, which position he still held when he was ap- 
pointed a member of the Institution of Civil Engineers. 
At the time of his death Mr. Oldham was engineer of the 
works of the new harbour at Buenos Aires. 
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TANK LOCOMOTIVE FOR THE GREAT 
CENTRAL RAILWAY. 

We give this week, on Plate VI., on the present 
and opposite pages, and on page 76, vings of a 
new type of tank locomotive, of which the first 
onual has recently been constructed at the Gorton 
Works of the Great Central oe Company. The 
engine, which has been built from the designs of Mr. 
John G. Robinson, the chief mechanical engineer of the 
company, is of the 2-6-4 type, and is specially intended 
for dealing with the very heavy coal traffic between 
the colliery district of North Nottingham and the 
docks of the Great Central Railwa, nme | at 
Grimsby and Immingham ; but it is adapted for 
use in connection with heavy local or excursion pas- 
senger traffic if required. 

As will be seen from the longitudinal section and 
plan, Figs. 1 and 2, given on Plate VI., the engine has 
inside cylinders, these being 21 in. in diameter, with 
a 26-in. stroke. As the coupled wheels are 5 ft. 1 in. 
in diameter, the tractive force which the engine is 


9 
a 26 — 188 Ib. for each 
pound of effective pressure per square inch on the 

istons. The cylinders are placed at an angle of 
Pin 94, and are provided with piston-valves 10 in. in 
diameter, placed on the top, as shown in Fig. 1, these 
valves, which have inside admission, being driven, 
through a rocking shaft, by valve-gear of the ordinary 
Stephenson type. The cylinders are placed at 
2 ft. 0} in. centres, and the pair are cast in one piece. 
‘The arrangement of the steam and exhaust passages 
is clearly shown in Fig. 1, already referred to, and 
7 4 and 5, on the opposite 
he engine, which measures 


capable of exerting is 


page. ‘ 

46 ft. 4§ in. long over 
buffers, has a wheel-base of 37 ft. 6 in., the wheel- 
base of the coupled wheels being 17 ft. At the lead- 
ing end it is carried on a two-wheeled Bissell truck, 
and at the rear end by a four-wheeled bogie, with 7 ft. 
8 in. wheel-base. Of both these trucks we shall give 
particulars further on. The truck-wheels are all 
3 ft. in diameter. 

The engine-frames, which are 1, in. thick, are of 
unusual depth, and are well connécted by the buffer- 
plates, the cylinders, the steel casting supporting the 
guide-bars, by a substantial stay formed of vertical 
and a horizontal plate just in front of the fire-box, and 
by the structural details at the rear of the fire-box in 
connection with the engine-driver’s platform, coal- 
bunker, and bolster for the rear bogie. The section 
through the cab given in Fig. 3, on the present page, 
affords a good idea of the cross-bracing at the rear end 
of the engine, and also shows the timber-floored plat- 
form provided for the driver, this platform being at 
» high level, with steps on each side. 

As will be seen from the plan, Fig. 2, the width of 
the engine foot-plate for a Seaman of about 15 ft. at 
the middle of the length of the engine is increased 
to 9 ft. 2 in., this giving good space for the wing- 
tanks, which, for this portion of their length, have 
an outside width of 9 ft. 1 in. In front of this 
wide central portion the width of the platform 
is reduced to 8 ft., and in the rear to 8 ft. 4 in., 
and the width over the rear portion of the wing- 
tanks is similarly reduced, as will be seen from the 
lower half of the plan, Fig. 2. These rear extensions 
of the main tanks are quite shallow, only about 15 in. 
in height, so that they do not project above the 
level of the driver's platform. In addizion to the 
main wing-tanks there are other wing-tanks on 
each side of the coal-bunker space, and it is with these 
rear tanks that the water- pick-up arrangement 
directly communicates, As will be seen from Fig. 1, 
the pick-up apparatus is provided with duplicate 
scoops arranged for forward and backward running 
respectively, the rising pipe from these scoops being 
connected by two 6-in. pipes with the rear wing tanks 
just mentioned. The connection between the front 
and rear tanks is effected by a chamber formed beneath 
the foot-plate on each side. One of these chambers 
can be seen clearly behind the footstep in the repro- 
duction of a photograph of the engine given in Fig. 10, 
on 76. 

e boiler is similar to that used by Mr. Robinson 
in his ‘‘ Director” class of the 4-4-0 type. The barrel, 
which is 12 ft. 73 in. long between the tube-plates, is 
made in three rings, having outside diameters of 
5 ft. 3in,, 5 ft. 12 in., and 5 ft. 04 in. respectively, the 
plates being @ in. thick. It contains 157 tubes 1j iv. 
in diameter, and 24 tubes for the superheater, 5} in. in 
diameter. The fire-box casing, which is of the Belpaire 
type, is 8 ft. 6 in. ay ing e fire-grate is inclined, 
as will be seen from Fig. 1. The heating surface of 
the fire-box is 157 sq. ft., and of the tubes 1386 aq. ft., 
making a total of 1543 sq. ft. In addition, the super- 
heater, which is of the Robinson pattern,* gives an 
internal heating surface of 304 sq. ft. The fire-grate 


* The Robinson superheater, which has given excellent 
results, was illustrated and described by us fully in 
ENGINEERING of October 18, 1912, page 535. 
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area is 26 sq. ft., and the working pressure, 180 lb. 
per eq. in. 

The fittings on the boiler include connections for the 
steam heating of trains when the engine is engaged on 
paesenger service. The arrangement of the fittin 
on the back of the fire-box is very neat, as will 
seen from Fig. 3, on the present It will be 
noticed that the regulator is fitted with a two-branch 
handle, one branch projecting upwards for ordinary 
use when running, and the other extending downwards, 
so that it can be operated by the driver when stand- 
ing on the lower level at the sides of the platform, as 
— convenient during shunting. 

e intend in a subsequent issue to give additional 
illustrations of details, and we shall then deal further 
with the features of this interesting type of engine. 


(To be continued.) 





Tue “‘Exvecrric Venicie.”—The first number of the 
Electric Vehicle, the official organ of the Electric Vehicle 
Committee of the Incorporated Munici) Electrical 
Association, has a; . _This number we under- 
stand, been edi Mr. F. Ayton, the hon. secretary 
of the Sa. t in future the hon. editorshi 
will be held by Mr. A. H. Seabrook. The loommal, 
which is published at the price of 3d., contains various 
short articles dealing with the experiences of users of 
battery vehicles, and in addition contains matter refer- 

to the work of the Electric Vehicle Committee. A 

seful feature is alist of towns with the prices of electri- 

city for ing ineach, and information in reference to 

facilities. standard charging-plug and standard 

which we have dealt with in the past, are illustrated. 

»new journal should be of assistance in the electric 
vehicle campaign. 
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Footsteps en 
4'5Ve_BetweenLyres -------- 
Mininc Macuinery.—While there was an improved 
|demand from sundry European countries for British 


last year, the outlook was unsatisfac- 
— practically all other directions. The shipments 
to European countries amounted for the twelve months 
to 2604 tons. as compared with 1702 tons in 1913 and 1471 
tons in 1912. The shipments to South America declined 
last year to 1308 tons, as compared with 1667 tons and 
1254 tons in 1912 and 1913 respectively. 





BritisH Rai Exports.—There was a sharp drop in the 
export of rails from the United Kingdom in December, 
the total for the month heing only 15,315 tons, as com- 
pared with 40,744 tons in December, 1913, and 29,799 tons 
in December, 1912. The shipments for the whole of last 
year were, accordingly, somewhat curtailed ; a 
amounted, however, to 455,440 tons, as compared wi 
500,117 tons in 1913, and 407,175 tons in 1912. The ship- 
ments to Argentina declined last year to 27,135 tons, as 
compared with 54,591 tons and 52,323 tons; this is, of 
course, explained by the check sustained by Argentina 
in connection with railways and general business. The 
exports of British rails to the Colonies were as follows 
during the last three years :— 


Colonial Group. 1914. 1913. 1912. 
Tons. Tons. Tons. 
British South Africa. . 48,275 66,573 55,117 
British India .. “ 150,334 128,197 108,212 
Australia on 131,107 134,945 104,614 
New Zealand .. 17,418 18,175 27,621 
Canada .. 122 422 737 


In 1913, and during the;first half of 1914, the exports 
made considerable progress; everything, however, 
changed for the worse jn, August, when a season of de- 
pression set in in uence of the outbreak of the 
—_ European war. value of the rails exported 

year was 2,709,563/., as compared with 3,457,814/. in 
1913 and 2,461,6582. in 1912, 









| 
| 


‘PLY ISIINL XOGINOWS ONY | 
ULV Id UIddVEM XORINOWS | 
NIIMLIT HIOTE | 


ge. 


~. 


” My, Be 
TV RCKOX9 “tS ae | Ng be -T VINX ROSS 
 Kjuo pis NH 6p : } rj 
raw L s anh j \ o r 
2 np 9a,2) >! Hf Ser 6:1*509 


w= nan nn nana n- -2 ann - = 5 88 


——---=-——-—-da TO yo amnuag Tangy yg-----.» 


le 


> Aang) Jo Any 0 TAM WOT Zs ------- 


U 
Z 
a 
(2) 
tx) 
Z, 
O 
Z 
(x) 


911 --—--» 


(‘abog apsoddo aas ‘uoudwosagy 10,7) 
“MHHNIONG 'IVOINVHOUW AAIHO “AO 'LSNI'W ‘NOSNIGOU “9 NHOL ‘AYN JO SNOISAG AHL WOUd ‘NOLYOD ‘SMHOM S.ANVdNOO HHL LV GAaLONULSNOO 
AVMTIVU TVHULINGO LVEHO AHL YOX ‘AdAL F9S ‘ALLOWOOOT MNVI 




















74 


ENGINEERING. 





[JAN. 15, 1915. 








THE PHYSICAL SOCIETY OF LONDON. 


Art the meeting of the Physical Society of London, held 
on December 18, 1914, at the Imperial College of Science, 
De. A. — Vice President, in the at _ 
hibition scription of Some Apparatus for - 
Work in Practical Physics” was given by Dr. G. F.C. 
Searle, F.R.S. The following experiments were shown :— 

1. Harmonic motion of a rigid body suspended by a 
torsion wire. 

2. Determination of gravity by a rigid pendulum. 

3. Determination of Poisson’s Behn india-rubber. 

4. Two methods of measuring the surface tension 
spherical soap films. 

5. A simple viscometer for ne | viscous liquids. 

6. Experiments with a prism of small angle. 

7. Revolving-table method of determining the curva- 
ture of spherical surfaces. 

8. Experiments illustrating flure-spots in photography. 

9, Determination of the effective aperture of a photo- 
graphic lens. 

10. The comparison of nearly equal electrical resist- 
ances. 

Discussion. 


Mr. Duddell complimented Dr. Searle on the simpli- 
city and ingenuity of the arrangements. Some apparatus 
of the older style was so complicated that students took 
longer to understand the ap tus than to understand 
the principles it was intended to illustrate. 

Principal Skinner mentioned that he had once deter- 
mined Poisson’s ratio for cork in a simple manner with 
an old champagne cork. From the markings of the cork 
the length and diameter of the compressed portion could 
be found. The cork was then boiled to restore it to its 
ori shape, and from its change in dimensions one 
could determine Poisson’s ratio poceniy. 

Mr. F. E. Smith associated himself with Dr. Searle’s 
remark that small corrections constituted the fun of 
physics, in addition to being very often of fundamental 
importance. He hoped that when Dr. Searle had finished 
his other press work he would turn his attention to a 
book on practical Ene. 

Mr. 8. D. Chalmers thought the experiment shown 
with the small prism brought out very clearly the con- 
nection between a prism and a lens. in practice, when 
measuring the aperture of a nga ey = ens it was not 
convenient to use a large hule, as done by Dr. Searle, as 
the mount cut off some of the sloping rays, and one had to 
do the best possible with a small hole. 

Dr. Russell said that perscnally he was much indebted 
to Dr. Searle, who had given him valuable assistance 
many times in the past. 

Dr. Searle thanked the various speakers for their re- 
marks. 

A paper entitled ‘‘ 4 Vacuum Guard-Ring, and its 
Application to the Determination of the Thermal Conduc- 
tsvity of Mercury,” by Mr. H. R. Nettleton, B.Sc., 
= taken as read, on account of the lateness of the 

our. 

A specially-constructed vacuum vessel, heated at the top 
by steam, and cooled at the bottom by flowing water, is 
used to find the thermal conductivity of mercury. The 
vacuum acts asa guard-ring, which is at the same time 
not open to the well-known objection of communicating 
to the calorimeter a quantity of heat difficult to estimate. 
So efficient is the vacuum that the temperature gradient, 
as measured by a single thermo-junction carried by a 
cathetometer, is probably not in error to the extent of 
1 part in 590. 

The calorimetry is effected by the continuous-flow 
method on the lines suggested by Searle in his well-known 
laboratory a tus for finding the thermal conductivity 
of copper. rate of supply of heat, however, is onl 
about 1 calorie per second, and the space in which it is 
desirable to collect it is necessarily somewhat limited. I» 
is thus only after considerable trouble that the conditions 
have been obtained which yield a consistency of about 
1 per cent. between experiments performed on different 
days or on the same day under varying rates of flow. 
The reliance to be placed on the calorimetry is greatly 
confirmed by « series of tests made with a specially- 
designed electric heater. The mean value obtained for 
the thermal eo of mercury in a set of twenty- 
four experiments is 0.01960 c.g.s. units over the range 
35 deg. Cent. to 45 deg. Cent. The remarkable linear 
nature of the temperature gradient obtained within the 
Fey the a of ne very uniform - 
the larger range of temperature eg. b. to 65 deg. 
Cent., would indicate at least that there is no diminution 
of thermal conductivity with rise of temperature. All 
temperature measurements were made with iron con- 
stantan thermo-couples, special care being taken to elimi- 
nate local thermo-electric effects. A simple arrangement 
is described for keeping a “‘cold-junction” constant 
daring the time of an experiment to 0.01 deg. Cent. at 
temperatures above the room. 

The author has communicated the following reply to 
points raised by various Fellows with whom he dis- 
cussed the apparatus after the sy bee: geceral, 
thermo-couples made of wires taken off the same reel do 
not agree closely in th tromotive forces. But 
junctions made of = charcoal, iron wire, and con- 
stantan taken off the same reels, the junctions bein, 
welded and all other joints being twisted with _ 
immediately painted, with remarkable closeness if 
the usual precsutions taken to quell local thermo- 
electric effects. I have tested at least six such couples, 
including the two pairs used in the research. which 


agree i, at the worst, tol part in 650. Av Dr. Griffiths’ 


suggestion I calibrated, prior to the meeting, two more 
such couples between fixed points, obtaining to the nearest 
microvolt 1427 and 1428 microvolts between 0 
32.383 deg. Cent., the transition point of sodium 


oulfibate, 


Y | countries amounted to 5, 





and 4424 and 4426 microvolts mepeniives between 0 deg. 
Cent. and 99.64 deg. Cent. 1 Griff ths and others 
witnessed the definiteness of the balances on the Cam- 
bridge thermo-electric potentiometer. I have — dis- 
covered that Palmer (Physical Review, XXI., 1905) 
records similar agreement. Unfortunately, constantan 
is @ very uncertain material, being known under various 
names, such as ‘‘advance,” “‘climax,” “‘ eureka,” the small 
change in percentage comp sition causing large effects in 
the thermo-electric properties; a previous specimen I 
tested gave 50 microvolts per degree Centigrade. I — 
I can form no estimate of the small quantity of heat lost 

While 


of | per second from the sides of the vacuum vessel. 


the experiments on water greatly confirm the efficacy of 
the guard-ring, no concrete conclusion can be drawn from 
these, for it is impossible to say how much of the slight 
fall in temperature gradient is due to emissivity, and how 
much due to the rise of thermal conductivity of water 
with fall of temperature. 





Tue Roap Boarp: Grants To Highway AUTHORI- 
T1es.—During the months of October, November and 
December, 1914, the Road Board indicated additional 
advances to ged authorities, amounting in the aggre- 
gate to 170,935/., of which 132,843/. was by way of grant, 
and 38,092/. by way of loan. The advances made and 
indicated up to December 31, 1914, less indications can- 
celled, amount to 5,954,304. Of this total, 4,508,585/. is 
by way of grant, and 1,445,719/. by way of loan. The 
formal grants completed, with the approval of the 
Treasury, during the last quarter, amounting to 337,989/., 
were applied as follows :— 


£ 
Road crust improvements .. ve re ae 219,774 
Road widenings and improvements of curves 
and corners. . ee ee es ee eo 80,994 
Road diversions ‘ en ea “as v6 6,134 
Reconstruction and improvement of bridges .. 4,620 
New roadsand bridges... sis - os 467 





ENGINEERING IN GERMANY.—The Augsburg-Niirnberg 
engine-works has declared a dividend of 8 per cent. for 
1914, as against 16 per cent. for the preceding year. It 
was stated at the recent meeting that the increase 
of capital from 18,000,000 marks to 27,000,000 marks 
(900,0002. to 1,350,000/.), decided upon at the beginning 
of 1914, had been effected. The diffieulties in the engi- 
neering industry, which had commenced last year, had 
since inc . There was an increasing falling-off in the 
foreign trade; in Germany, aiso, buyers were reticent, in 
spite of cheaper money. Representatives in hostile 
countries had entirely broken off their connection with 
the company ; those in oversea countries had also ceased 
work toa greatextent. War contracts had in some measure 
afforded a compensation, and the shops were fully em- 
ployed, but with a reduced number of hands, caused by 
the war. No discharge of hands had taken place ; on the 
contrary, a slight additional number had been taken on. 
Out of 15,321 employees, 4500 were away, serving in the 
ranks, and their families were being looked after at a con- 
siderable expense to the company. A high percentage of 
the men calied to the front had been killed and wounded. 
As the firm had dealings in all parts of the world, a large 
number of its ym were prisoners of war, especially 
in Russia. All foreign orders were stopped immediately 
war was declared, and many home orders had been sus- 

ded. This suspension of activity on home orders 
or heavy machinery meant heavy losses, and improve- 
ment could only be expected to take place by degrees. 
Of the orders in hand, those for ny amounted to 
21,400,000 marks (1,070,000/.), whilst those for neutral 
000,000 marks (250,000/.), and 
those for the hostile countries to 4,200,000 marks 
(210,000/.). The company was at present without debts. 





ALMANACKS AND CALENDARS.—In addition to alma- 
nacks and calendars already acknowledged, we have re- 


ceived a very neat little leather-bound ket calendar 
and diary from the Nottingham Society of ineers. The 
diary is arranged four days to a page, while additional 


are given for cash accounts, engagements, &c. The 

k contains a list of the mem of the Society, and 
various tables of general information likely to be useful. 
Additional wall calendars have come from Messrs. Ash- 
well and Nesbit, Limited, of Barkby-lane, Leicester ; 
Messrs. E. G. Wrigley and Co., Limited, of Foundry- 
lane Works, Soho, Birmingham; Messrs. R. Y. Picker- 
ing and Co., Limited, of Wishaw, near Glasgow ; and 
Messrs. W. H. Willcox and Co., Limited, of 38, South- 
wark-street, London, 8.E. The two former calendars 
have day-by-day pull-off sheets, and the two latter, 
monthly pull-off sheets. From Messrs. Bruce, Peebles 
and Co., Limited, of Edinburgh, we have received a well- 
desi **desk companion,” consisting of a combined 
calendar, blotting-pad, and ye mn D latter con- 
taining a diary for 1915 arranged three days to a page. 
Tnoluded in the book are specifications of the numerous 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
| rey market opened with a firm tone, but dealing was 
ited to 500 tons of Cleveland warrants at 55s. 6d. 
three months, with sellers over at that and at 
54s. 84d. cash and 54s. 114d. one month. In the after- 
noon business was at a standstill, and although buyers’ 
quotations for Cleveland warrants were a trifle down, 
sellers were nominally unchanged. On Friday morning 
the market was steady, and 1500 tons of Cleveland war- 
rants were done at 54s. 9d. and 54s. 8d. cash, and at 
55s. tg: three months. At the close the quotations were 
54s. 84d. cash, 54s. 114d. one month, and 55s. 54d. three 
monthssellers. In the afternoon there was little change, 
and Cleveland warrants amouniing to 2500 tons were dealt 
in at 55s. one month and 55s. 54d. three months, and closing 
sellers quoted 543. 9d. cash, 553. one month, and 55s. 6d. 
three months. A stronger tone prevailed on Monday morn- 
ing, but the dealings were confined to 1000 tons of Cleve- 
land warrants at 55s. 14d. and 55s. ld. one month. The 
close marked an advanceof 14d. insellers’ pricesat 54s. 104d. 
cash, 55s. 14d. one month, and 55s. 7$d. three months. 
There was a little more doing in the afternoon, when _ 
Cleveland warrants maintained their strength. The 
turnover was 3000 tons at 55s. twenty-one days, 55s. 1d. 
one month, and 55s. 7d. three months, and closing sellers 
were u the morning. On Tuesday morn- 
ing a steady tone prevailed, and 1000 tons of Cleveland 
warrants were done at 55s. 7d. three months, and at the 
close sellers named 54s. 104d. cash, 553. 14d. one month, 
and 55s. 74d. three months. In the afternoon the market 
was firm and prices were the turn better. The business 
consisted of 2000 tons of Cleveland warrants at 55s. ten 
days, and from 55s. 74d. to 55s. 8d. three months, with 
closing sellers quoting 54s. 11d. cash, 55s. 2d. one month, 
and 55s. 8d. three months. When the market opened 
to-day (Wednesday) the tone was quietly steady, and the 
total turnover only amoun to 1000 tons of Cleveland 
warrants at 54s. 104d. cash and 56s. 8d. three months. The 
forward quotations closed a shade up with sellers naming 
54s. 1ld. cash, 55s. 3d. one month, and 55s. 9d. three 
months. In the afternoon the market was steady, and 
2000 tons of Cleveland warrants changed hands at 
54s. 11d. cash and 55s. sixteen days, and the closing quo- 
tations were 54s. 1ld. cash, 55s. 24d. one month, and 
55s. 84d. three months sell rs. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia continues on a good scale for forward as well as 
for prompt lots, and prices have a tendency to rise still 


higher. The current quotation for immediate delivery is 
111. 17s. 6d. per ton Glasgow, and from 11/. 17s. 6d. to 
121. per ton Leith, while for forward delivery the figure is 


about 1/. per ton nigher, May-June. 


Scotch Steel T’rade.—Now that work has been resumed 
in the Scotch steel industry active conditions are very 
general, and order-books ensure a steady run for several 
months at least. In anticipation of higher prices, buyers 
recently fixed up a quantity of material, and all 
that is wanted now by producers is that delivery 
instructions will come along with some regularity. 
The demand for immediate lots of almost all classes 
of material is exceptionally brisk, and as many consumers 
allowed their stocks to run very low towards the end of 
the year, there is now a big rush to replenish these. Of 
course, the Government orders are responsible for a large 
share of the present demand, and every endeavour 
is being made to expedite matters ; but, with depleted 
staffs, the various managements are having an anxious 
time to meet the pressure for delivery for some of their 
material. Export business is again opening out, and 
with the turn of the year, a marked increase has been 
made in the demand, structural material especially being 
in much request. Prices have advanced, and for home 
delivery the following may be taken as the current quota- 
tions :—Ship-plates, 7/. 15s. to 7. 17s. 6d. per ton; 
boiler-plates, 8/. 2s. 6a. to 8/. 5s. or 8/. 7s. 6d. per ton ; 
and angles, from 7/. 15s. to 7/. 17s. 6d. or 8/. per ton—all 
less 5 per cent. Export prices are :—Angles, 7/. 7s. 6d. 


to 7/. 103. per ton ; ship-plates, 7/. 12s. 6d. to 7/. 15s. per 
ton ; and boiler-plates, 8/. to 8/. 5s. per ton, less 24 per 
cent., f.0.b., G Ww. 


Malleable-Iron Trade.—There is a fair amount of work 
being put through by the West of Scotland ble-iron 
makers, but deliveries of raw material are not as regular 
as in normal times and are causing some difficulty. The 
steel-bar departments are doing very well, but for iron 
bars the demand is not so pressing. Prices for ‘‘ crown” 
bars are called 7/. 17s. 6d. per ton, less 5 per cent. de- 
livered locally, and 7/. 7s. 6d. per ton net, f.o.b., for 
export lots. 


Scotch Pig-Iron Trade,—During the past week business 
has been fairly good in the Scotch pig-iron trade, as there 
has been quite a healthy demand on home account. 
Prices, which have been v firm of late, have now 
advanced, and the cause may be largely attributed to the 
incr rates for ore coming in, and to the higher 
prices of fuel. Export orders are still slow, but give 





t of ——- induction motors, t current 
Specs motors, polyphase alternators, and motor- 
converters manufactured . the firm, these specifications 
being accompanied by a series of useful tables of parti- 
culars. The reference-book also includes a calendar for 
the year 1916.—The Submarine Si Company, Friars 
House, New Broad-street, E.C., have sent us a neat 
hanging cslendar.—From the Edison and Swan United 
Electric Light Company, Limited, we have received an 
unusually neat brass desk-calendar, with movable sli 

for setting the months and days; while a f monthly 
pull-off wall-calendar has come from the Selson Engi- 
neering Company, Limited, of 85, Victoria-street, E.C. 





promise of opening out in the near future. Hematite 
continues s , and is quoted from 82s. 6d. to 85s. per 
ton. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde, 71s. 6d.; Calder and 
os Molesso) Belin and a, 7 6d. (all 

ip at w) ; nem, > an lengarnock, 
72s. (both at Ardrossan) ; Shotts, 72s., and Carron, 74s. 
(both at Leith). 





Wetsu Coat Propuctrioy.—The production of coal in 
Wales in 1913 amounted to 44,961,868 tons. The value 
of the year’s output was computed at 26,457,396/. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—Collieries have been so 
busy trying to bring contract deliveries up to date that 
they have had very little output to place on the open 
market. In household sorts and the better grades of 
manufacturing fuel further advances ranging from 3d. 


to 9d. have been made. Those railway companies that 
failed to complete ments for the ensuing year’s 
supply when a basis of 6d. below last year’s figures was 


arrived at a week or so ago, now find this price advan 
removed, the market having hardened considerably in 
consequence of the stronger demand for home manufac- 
turing purposes. Signs of expansion are also evident in 
the shipping section. Much bi tonnages are being sent 
both to the Coast and Mersey a 

still in brisk demand from local and on buyers, but 
owing to continued railway congestion and decreased 
output, supplies are not reaching consumers as quickly 
as ouavel. Gas fuels are going away freely on contract 
account and a substantial business is being done in outside 
sales. The slack market has und such a marked 
improvement, owing to decreased output and the greatly 
strengthened demand from the hire cotton mills, 
that some difficulty isexperienced locally in obtaining full 
supplies. The demand for coke is moderate. Prices are 
a fietle firmer. Blast-furnace coke is offered at about 
10s. 6d. at the pits, and steel coke at 26s. delivered at 
works. Quotations :—Best branch hand-picked, 17s. to 
18s. ; Barnsley best Silkstone, 14s. 6d. to 15s. 6d.; Derby- 
shire best brights, 14s. to 15s.; Derbyshire house, 11s. 6d. 
to 12s. 6d.; — large nuts, Ils. 6d. to 12s. 6d.; small 
nuts, 93. 6d. to 10s. 6d.; Yorkshire hards, 10s. to 11s.; 
Derbyshire hards, 9s. to 10s. 6d.; best slacks, 7s. to &:. ; 
seconds, 5s. to 6s. ; and smalls, 2s. 6d. to 3s. 6d. 


Iron and Steel.—The effect of the pane! difficulty 
is nowhere more severely felt than in South Yorkshire, 
heavy tonnages of hematite being required daily for 
armament-making in the big engineering works. For 
several weeks past prices have been on an up grade, and 
this week they have made a still further advance. East 
Coast hematite has moved in a fortnight from 75s. to 78s. 
A further 1s. 6d. is asked for three months delivery. In 
other brands the advance has more gradual, but 
makers anticipate that in every case a still higher level 
will be reached. A steadier tone prevails in 
hematite, which is still quoted round about 80s. to 81s. 
The consumption of common irons, more particularly of 
forge, is on a large scale, and makers are asking from 1s. 
to 2s. more for prompt delivery, ey ranging in 
the case of foundry from 57s. 6d. to 58s. +, and 
of forge from 54s. to 57s. 6d. The new year has 
opened quietly in the finished-iron trades, and heavier 
ex is likely to result in higher quotations. The 
raling price for South Yorkshire crown bars is 8/. 5s. 
A more general state of activity prevails in the steel 
trade than before the Christmas stoppage. The per- 
centage of firms who are not deriving any benefit from 
the influx of Government orders is small. Many of the 
minor concerns are finding full employment in assisting 
the big armament houses in one way or another to keep 
pace with the heavy demands made upon them. One of 
the most satisfactory features is the increase in the output 
of basic steel. Rapid progress is being made with 
numerous extensions to engineering works. Several new 
—_ on a large scale are in hand. One of these is at 


essrs. Vickers, Limited, who have this week obtained | 97 to 


permission, through the Sheffield Corporation, to demolish 
the houses in # street, and attach the whole of the area to 
their Brightside premises. A steady improvement is noted 
in the crucible-steel trade. Special-steel makers have a 
large amount of work on hand for engineers in shipbuilding 
centres, and are also sending a considerable proportion 
of their output abroad, notably, at the moment, to South 
Africa and Russia, though trade with the latter countr: 

for ordinary contmercial purposes is difficult. Agricul- 
tural-implement makers report a ay better inquiry. 
Since the outbreak of war many firms have taken up 
branches of industry with which tee ovieedly had no 
direct connection, and are doing big business on War Office 
account. An illustration of this is to be found in the 
wide variety of concerns for the first time in 
the manufacture of saws. e demand for twist-drills 
and engineers’ tools is one of the largest on record. 
The Sheffield Corporation to-day sanctioned the placin 

of a contract valued at 10187. with Messrs. T. Smit 


and Sons, of Leeds, for the supply, delivery, and erec- | be 


tion of a steam-crane and grab for use in connection 
with the storage of coal at the Neepsend Electric Power- 
Station, and a ~-ay 4 —— a Pie PP may y - 
and Iron Com or the sup; livery at the 
Kelham Island Electric Power Biasion of cast-iron 
feed-water pi for connecting up to new feed-pumps 
and tanks. The pressure on steel billets continues, 
and makers of acid qualities have advanced Siemens 
5s. to 91., and Bessemer 5s. to 82. 10s. 





THe Worip’s Perrotevua.—The production of petro- 
leum throughout the world in 1913 was 381,508,916 barrels, 
of which the United States yielded 248,440,230 barrels, 
and Russia 60,935,482 barrels. Other producers were :— 
Moxico, 25,696,291 barrels ; Roumania, 13,554,768 barrels; 
the Dutch Indies, 11,966,857 barrels; Galicia, 7,818,130 
Hy rrels; India, 7,500,000 barrels; Japan, 1,942,000 barrels; 

eru, 1,857,255 


produced 65.12 per cent. of the whole 
world’s output in 1913; Russia, 15.97 per cent.; Mexico, 
6.74 per cent.; Roumania, 3.53 per cent.; and the Dutch 
Indies, 3.14 per cent. 


ex 
tage | have next to 


est Coast | the 


pnyes he Sh cage poor essential for 
;| the I of railway rolling-stock. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Business in pig-iron is 
ot, and is almost ye end —— to bese mage for 
ome consumption, shipments being practi: at a 
standstill, demand from abroad ion ’ 
. The principal topic just now is the inadequate 
supply of foreign ore, owing to the poet difficulty 
in securing steamers. any consumers 
no stock, and unless substantial deliveries 
are made almost immediately, several hematite blast- 
furnaces will have to be t out of operation. 
Already Mess:s. Whitwell Co, are blowing out a 
furnace at their Thornaby works. The imports of foreign 
ore to the Tees to date this month are officially given at 
29,800 tons. Not only are there complaints of inadequate 
supplies of foreign ore, but the quantity of Cleveland 
ironstone coming to hand is insufficient. The out- 
put of the latter has been much reduced through 
shortage of labour, due to so many miners having 
joined the colours. The number furnaces blow- 
ing on the North-East Coast has this week been re- 
duced from 73 to 72, of which 36 are ing Cleveland 
pig-iron, 25 are producing hematite, and 11 are manu- 
turing special kinds of iron. No. 3 g.m.b. Cleveland 
pig-iron is 55s. That is the general market quotation, 
and it is difficult to buy at less, though, as a matter of 
fact, small odd lots have been ~ rchased from second- 
hands ata trifle below. No. 1 Cleveland is 57s.; No. 4 
foundry, 54s. 6d.; No. 4 forge. b4s,; and mottled and 
white iron, each 53s. 6d.; Nos. i, 2, and 3 East Ovast 
hematite Pig are fully 80s., and some makers are inclined 
to hold out for a higher figure. Values of foreign ore can 
hardly be fixed. Dealers as a rule will not See at all 
they have a steamer arranged for. ominally 
market rates are on 27s. ex-ship Tees for Rubio 
of 50 per cent. quality. Freights Bilbao-Middles- 
brough are high, as much as 13s. ae been — 
Coke is a little easier, owing to prospects of smaller local 
needs by the blowing-out of blast-furnaces. Average 
blast-furnace Durham bee-hive is 17s. 6d. to 17s. 9d 
delivered at Tees-side works. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 111,600 tons. Since 
inning of the month the stock has been increased 
by 3084 tons. Shipments of pig-iron from the Tees to 
date this month average 403 tons j 3 working day, the 
total despatches being returned at 4837 tons, all of which 
have gone from Middlesbrough. To the same date Jast 
month the loadings were given at 11,250 tons, or a daily 
average of 937 tons, and for the corresponding part of 
January @ year the clearances reached 34,072 tons, 
or an average of tons per working day. 

Manufactured Iron and Steel. — Very satisfactory 
accounts are given of the finished-iron and steel indus- 
tries. In nearly all departments manufacturers are very 
busily ongiey and have _— order-books. The North- 
Eastern Railway Com 


parts of a la: 
order for rails with .- 


” 


ve 
the. North- astern Steel Company 
and the Cargo Fleet Iron Company. Other substantial 
contracts are in the market. Quotations for several 
descriptions have been advanced. Principal market 
uotations stand :—Common iron bars, 8/.; best bars, 
7s. 6d. ; best best bars, 8/. 15s. ; packing-iron, 61. 10s. ; 
iron ship-plates, 8/.; iron ship-angles, 8/.; iron ship-rivets, 
91. 5s.; a er tes, 8/.; steel bars (basic), 
71. 15s.; steel bars (Siemens), 7/. 15s.; steel rn. 
81.; steel ship-angles, 7/. 15s.; steel boiler-plates, 8/. 15s. ; 
steel strip, 7. 10s.; steel hoops, 8/. 5s.; steel joists, 
7l. 17s. 6d. to 8l.; cast-iron columns, 7/. 7s. 6d.; cast- 
iron railway chairs, 4/. 5s.; light iron rails, 7/. 15s.; 
heavy steel rails, 6/. 10s.; s' railway sleepers, 7/.— 
railway material net at works, and all other descriptions 
less 24 per cent. discount ; — corrugated ts, 
24 gauge, in bundles, 11/. 10s. to 12. f.0.b., leas 4 per 

cent. 





ENGINEERS AND THE Wak.—The Secretary of the War 
Office announces that, owing to the very great number 
of offers of assistance and applications for employment 
received from civil and mechanical engineers, tects, 
it has been found impossible to acknow- 


and survey 

ledge letters individually. Should an opportunity arise 

for utilising thoasrvieaet any of the a teante, they will 
communicated with, but the number of applications 


received far exceeds the probable requirements. 


BritisH STaNDARD Rouuep Szcrions.—The Engineer- 
i tandards Committee have recently issued revised 
itish Standard Sections for structural 


Data relating to equal and unequal angles, 
Bulb angles, bulb tees, Ib , zed bars, 
beams, and tee bars are included in these lists. Four | the then 


ib 
been added to the revised lists; all these sections being 
primarily in demand for shipbuilding work. Certain 
reductions have also been made in the minimum web 
thicknesses of bulb angles and channels with the object 
of producing more economical sections. It has only 
been found practicable to remove one standard section 
from the lists, as the sizes not now required for ship- 

idi bridge -work, or for 


The revised 
‘or the Committee by Messrs. 
and Son, 7, Stationers’ Hall-court, E.C., and 
Broadway, Westminster, 8.W., and they ma 
through any bookseller, or direct from ‘ 
of the Committee, at 28, Victoria-street, Westminster, 
8.W. ; the price is 2s. net. 


all but disap- | sel 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been quiet, and 
there has not been much alteration in the general con- 
ditions vai _ The supply of to still presents 
difficulties, and freight rates are still advancing. Coal 
quotations have been ly maintained, but some 
lers have, at the same time, been willing to make some 
little a House —— a = i, = 

wo y no e it miralty 6 
steam coal has been quoted at 20s. 6d. to 2is. ton; 
best secondary qualities have made 19s. 3d. to 19s. 9d. ; 
other secondary descriptions have brought 18s. 3d. to 
18s. 9d.; best bunker smalls, 13s. to 13s. 6d.; and ca 
smalls, 10s. 6d. to 11s. 6d. per tom. The bes» household 
coal has been quoted at sho s- 
made 17s. to 183.; No. 2 Rh 
. to 15s. 6d. ; 
per ton. le 

ton. Special foundry coke has been quoted at 27s. to 

1s.; good foundry coke at 20s. to 26s. ; and furnace coke 

at 17s. 6d. - perton. As regards iron ore, Rubie 

has realised 21s. to 23s. per ton, upon a basis of 50 per 

cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

Welsh Colliery Accidents.—The number of lives lost in 
fatal colliery accidents in South Wales in 1913 was 782, 
as compared with 306 in 1912. There were 1251 separate 
fatal accidents in the mines of the United Kingdom in 
1913 ; 1785 lives being lost. 


Welsh Coal for France.— Arrangements have been made 
for the supply of 50,000 tons of ordinary large steam and 
Monmou coal to the French State ae and 
for 100,000 to 150,000 tons of smalls, to be delivered 
during the next three months. The large has been taken 
at between 17s. 6d. and 18s. 6d. per ton, free on board, 
and the smalls at from 10s. to 13s. ton, according to 
quality. Negotiations are still ing for the mee of 
patent fuel for the French State lines. 

Bristol and Australia.—Mr. E. Manning Lewis has 
reported to the docks committee of the ‘Bristol City 
Council upon a recent commercial tour in Australasia. 
He states that the steamship services between England 
and Western Australia are regulated by the Western 
Australian Conference, the members of which load 
steamers in turn. The steamers load ia Bristol approxi- 
mately once a month, and call at London to complete 
their cargoes. There is no lar service homewards to 
Bristol from Western Australia. In the Eastern Austra- 
lian States steamship services are practically all con- 
trolled by the Australian Conference; all rates, both 
inwards and outwards, are fixed by it, The service with 
Bristol is ran by the Federal and Shire Companies. The 
steamers load at Bristol nominally every twenty-eight 
days; but, asa matter of fact, there are frequent inter- 
mediate sailings. A similar service is maintained home- 
wards—viz., a twenty-eight days’ service, with inter- 
mediate sailings. There is a ximately a monthly ser- 
vice both ways between New and and Bristol. Mr. 
Lewis considers that every effort should be made to induce 
the Federal and Shire — to provide such services as 
are necessary to meet the present uirements of 
Antipodean commerce ; and he adds that if Bristol is to 
receive her share of the products of Australia, it is abso- 
lutely necessary that Australian steamers should come 
direct to the port, and that the service should be at least 
a fortnightly one. 





Tae Royat Sanitary Instirvts. — The Institute 
announces their fifty-ninth course of lectures and demon- 
strations for sanitary officers, which is to take 
from February to April next, and their twenty-sixth 
course of tical training for meat inspectors, to be 
held from Sebreeey to May next. Further information 
on both courses can be obtained from the Secretary, Mr. 
: oO hae Wallis, 90, Buckingham Palace-road, 





German Meta Inpustry.—The United Metal Goods 
Company, Altona-Ottensen, has reduced its dividend 
from 11 per cent. to5 percent. The report says that the 
war, in & way, cast its shadow before it, for already, 
towards the end of July, the troubled political situa- 
tion caused a number of orders to be cancelled. The 
day of mobilisation put a stop to all chance of busin 
but the initial successes of the German army cau 

some revival of cancelled orders at home and in the 
neutral countries, and some fresh orders were also received 
on & limited scale; but as to prospects for the future, nu 

was possible. 


PortaBLe OnemicaL Fire - Extinevisuers. — The 
British Fire-Prevention Committee, after an extensive 
series of investigations, en = sy Mh meet 

n increasing danger \dly-made liquid chemical 
fire-extinguishers—the defects in which had resulted in 
fatalities—by creating a ‘d pressure test for 
these appliances —namely, a 5-minute test at 350 lb., 
and later in the year a provisional constructional specifi- 
cation was issued. be sang ¢ improvements have 
been suggested regarding the mittee’s visional 
specification from time to ti and Serther experi- 
ments have been carried out. result is that the 
Committee is now able to issue its completed specifica- 
tion, which has come into force as from January 1, 
1915, and covers all the general points as to size, 
ey ey ye my bursting, directions for 
use, hey BOF. importance in such 
ft the i oul the Oc ienen 8, Ws Soe 

rom r ol mmittee, ater! 
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Tas Rovat Society or Arts.—Monday, January 18, at 8 p.m. 
Cantor Lecture: *‘ Vils, Their Production and Manufacture,” by 
Dr. F. Mollwo Perkin, F.LOC. (Lecture 1.). Wed » Janu- 
ary 20, at yy “The Textile Industries of Great Britain and 
Germany,” by Mr. J. A. Hunter ; Lord Rotherham, President of 
the Textile Institute, will preside. Thursday, January 21, at 
LF ae (Indian Section), “Nepal,” by Mr. Harry J. Elwes, 
F.R.S, ; the Right Hon. Sir Herbert Maxwell, Bart., F.K.S., will 
e. 


Tas ILLUM«iNaTINe Excineerine Socisty.—Tuesday, January 19, 
at the Royal Society of Arts, John-street, Adelphi, W.O., at 
8 p.m., when a discussion will be held on ‘“‘some Points in Con- 
nection with the Scientific Development and Practical Applica- 
tions of Searchlights.” 
Tus Royal MrtKoroLoeicaL Socurty.—Wednesday, January 20, 
at 7.30 p.m., in the Surveyors’ Institution, 12, Great George-street, 
Westminster Business :—1. Annual general meeting. 2. Re 
of'the Council for 1914. 3%. Election of the Council for 1915. 
4. ae meeting for the election of new Fellows. 5. The 
ro limatological Atlas of the British Isles (an account 
will be given of the progress of the investigation, and the detailed 
working tables and jiminary maps will be exhibited). 
Tus InstTirUTe or Marine Encineers.—Wednesday, January 20, 
at 7.30 p.m., extraordinary general meeting to pass resolution 
(in accordance with regulations) as to increase of membership to 
2000. At 8 p.m., inaugural meeting, addres: by the Pi ent 
(Sir Arch. Denny, Bart., LL.D.). Presentation of Denny Gold 
Medal. Light refreshments will be provided. (All ti will 


would be less frequent, but it is obviously impos- 
sible that judges of the ra Court shall be experts 
in all departments of industry. To some extent 
this difficulty might be overcome by the appoint- 
ment ad hoc of assessors to assist the judge, and 
—— this tice may be extended in the 
uture, though it must be admitted that important 
cases in which the judges’ ignorance of technology 
has given rise to wrong decisions, though not un- 


known, are few and far between. 
It has accordingly frequently been suggested 
that the expert witness should be appointed by 


the Court, and not by the parties to the suit. 
To this there are some serious objections, since the 
very fact that the present practice introduces an 
element of competition between the experts sum- 
moned on opposite sides acts as a spur to each to 
thoroughly master the matter in hand. An expert 
called in solely by the Court would have no such 
incentive, and certain litigants would undoubtedly 
suffer in consequence. For example, when the 





be held in the new premises at Tower-hill, Minories, E.C., and 
commence at 8 p.m., except where otherwise stated.) 

Tas INSTITUTION OF PETROLEUM TxcHNOLOGISTS.—Thuraday, 
January 21, at 8 pm» at the house of the Royal Society of Arts, 
John-street, Adelphi, W.C. The following paper will be read :— 
“The Prospective Oil-Fields of Western Canada,” by Mr. E. H. 
Cunningham Oraig, B.A., F.G.8. The chair will be taken by the 
President, Sir Boverton Redwood, Bart., D.Sc., F.R.S.E. 

THe PuysicaL Socisry or Losvon.—Friday, January, 22, at 
5 p.m., at the Imperial College of Science, Imperial Institute- 
road, South Kensington. Agenda :—(1) *‘ Practical Harmo.ic 
Analysis,” by Dr. A. Russell, M.A. (2) ‘‘ Measuring the Focal 
Length of a Photographic Lens,” by Mr. T. Smith, B.A. 

Tus Roya. Ixstirvrion or GREatT Barrrain.—Friday, January 22, 
at 9 p.m., a discourse will be delivered by Professor Sir James 
Dewar, M.A., LL.D., D.Sc., F.R.S , M.R.1. The subject is ‘‘ Prob- 
lems of Hydrogen and the Rare Gases.” Afternoon lectures next 
week at 3 p.m. On Tuesday, January 19, Professor Charles 8. 
Sherrington, M.D., LL.D., D.Sc., F.R.8., Fullerian Professor of 
Physiology, R.I., on ‘‘Muscie in the Service of Nerve” on 
turel.). On Thursday, January 21, Mr. Heary G. Plimmer, F.R.S., 
M.R.C.S., M.R.L, on ‘‘Modern Theories and Methods in Medi- 
cine” (Lecture 1L.). On Saturday, January 23, Mr. Richard T. 
Glazebrook, C.B., M.A., D.Sc., F.K.S., M.R.I., on “ Aerial Navi- 
gation : Scientific Principles” (Lecture L.). 

Tae INstiruTION OF MECHANICAL Enoinegrs. —Friday, January 22, 
at 8 p.m , “Standardisation of Pipe Flanges and Flanged Fittings,” 
by John Dewrance, Member, of London. 

Tue AssociaTION OF Mintne ELecrricaL Enoinesrs.—Saturday, 


liery Managers will be held in the Royal Technical Coll 
gow, at 4.30 p.m., when a r will be read by Mr. John 
on “‘ Electricity at the C 
Visual Signal Indicators will be exhibited. 
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EXPERT EVIDENCE. 


rally. 


not always without some basis in fact. 


opponent’s case rather than his own. 


barrister, no matter how well ve 
and scientific matters, cannot possibl 
the detailed knowledge as to the act 

at issue possessed by the 


and unless well coached 





TYPE, FOR THE GREAT CENTRAL RAILWAY. 





January 23, at 4.30 p.m., a joint meeting of the Association of 
Mining Electrical Engineers and the National Association sah vod 
e, 

pay wman 
pat Face.” After the meeting several 


Tue popular opinion as to expert evidence is 
exemplified by the well-known division of falsifiers 
of fact into three degrees of comparison, of which 
the expert witness forms the superlative. Of course, 
this crude classification is much more humorous 
than just, and without the aid of the expert witness 
it would be impossible for our Courts to deal equit- 
ably with patent cases and technical matters gene- 
It cannot, however, be considered that the 
procedure is wholly satisfactory, and the fact is 
on record of certain prominent experts, at the 
conclusion of their evidence, being told by the 
Bench that they had not assisted the Court, an 
observation which shows that the popular joke is 


As matters stand, the experts are engaged by the 
parties to the suit, and thus enter the Court largely 
as advocates. In cases of fundamental importance 
this fact hardly affects the issue, as equally able 
witnesses will probably be brought forward by both 
sides. In minor cas¢s, however, there may be great 
differences in this f€gard between the two litigants, 
and as it is very certain that yery much depends 
upon the manner in which the case is presented, the 
better case may easily fail to triumph. We have 
heard one very successful litigant declare after an 
award in his favour that he would have had less 
trouble in securing the verdict had he had his 
In fact, the 
average barrister, or, indeed, an exceptionally good 
in technical 

have 
points 

inci to the suit, 
oy 7 latter, which 
is a matter not devoid of difficulty in view of the 
peculiar etiquette of the British Bar, essential facts 
and data may fail to be embodied in the evidence. 
With an expert bench miscarriages thus arising 


transformer was first introduced by Gaulard and 
Gibbs, the technical aspect of the device was put 
forward in such a way as would undoubtedly have 
afforded a scientific referee reason for believing 
that its inventor was a charlatan, making claims 
involving a violation of the principle of the conser- 
vation of energy. As a matter of fact, some eminent 
electrical technologists were at the outset deterred 
by this unfortunate method of presentation from 
ving the system the consideration it undoubtedly 
eserved. Had they at that time being appointed 
referees by a Court dealing with the inventors’ 
claims, the latter would have run much risk of 
getting but scant justice. 

One of the great difficulties met with in 
English practice is that expert witnesses are 
required to have actually made with their own hands 
any experiments brought forward as evidence. 
As Mr. Swinburne pointed out some years ago, 
a@ question may arise as to the analysis of 
a certain body, but if this is made by a firm of 
analysts, it is the assistant who did the actual 
routine work, and not his chief, who should put 
in the results. Again, scientific papers are not 
regarded as testimony. Facts well established by 
experiments in America, say, have to be re-estab- 
lished here by the expert witness before his testi- 
mony as to their results and bearing can be accepted. 
This difficulty originates apparently in the estab- 
lished legal maxim that in ordinary non-technieal 
cases a witness has to give evidence merely as to 
facts, and it is contended that the evidence of 
expert witnesses should also be confined to the 
establishment of facts, and that they should be 
prohibited from tendering as evidence their 
opinions as to the bearing of the facts. His- 
torically, we believe, this view of the function of 
the expert witness is incorrect. The type origi- 
nated with Smeaton, who, in 1782, was allowed 
by Lord Mansfield to give as evidence his opinions 
on a very important technical case. The prece- 
dent thus established has never entirely lapsed, 
though many judges and barristers still complain 
of the irregularity of the method. In their view 
the experts should establish the facts, and the con- 
clusions to be drawn from these facts should be 
set forth by counsel, and not by the witnesses. 
An attempt to comply with this ideal has probably 
been responsible for the major portion of such 
miscarriages of justice as have occurred in technical 
cases. Indeed, in strictness, the aspiration of the 
lawyers who object to “‘ opinion” witnesses is an 
impossible one. From a given set of observations 
a competent engineer may draw an entirely 
different opinion than would an unlearned lay- 
man, a view which may be illustrated perhaps by 
the fact that from observed celestial phenomena 
the savage concludes that the sun moves round the 
earth, whilst the astronomer infers that the earth 
rotates on its axis. Should this matter ever form 
the subject of an action, it is difficult to believe 
that any sensible judge would preclude the 
astropomer from tendering his opinion from the 
witness-box. 

At the same time much depends on the kind of 
expert testimony which is tendered. An expert 
witness may be called upon merely to give the 
results of, say, certain tests of the tensile strength 
of a material, and he may be a thoroughly com- 
petent and honest experimenter, whose word as to 
the matter immediately involved may be worthy 
of all credence, whilst his opinions on the distribu- 
tion of stress in an actual engineering structure 
may be worthless. A case of this kind occurred 
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some years ago in an English court, where a 
witness, called to testify to the strength of the 
material used in a defective pipe, was further 
examined as to what the safe working stress in 
that pipe should have been, given the material 
in question. Not being a mathematician, he 
estimated this on the basis that the stress in the 


, where © 


pipe was equal to zo in place of £ 
denotes the circumference and D the diameter 
of the pipe. 

There are other cases in which an opinion volun- 
teered by an ‘‘ expert” of this character has led to 
a miscarriage of justice, the method of manufacture 
of a material, of which the expert knew nothing, 
being inferred by him from an examination of 
test-pieces of which he had been commissioned 
to determine the tensile strength. On the other 
hand, it would have been absurd not to obtain 
in the witness - box the opinion of, say, Sir 
Benjamin Baker as to the cause of the fall of 
the Charing Cross Station, and although the in- 
quiries held by the Board of Trade into boiler 
explosions are not quite comparable with the a. 
ceedings in a High Court of Justice, yet, should a 
law case arise out of one of these explosions, it is 
difficult to see how the Court could avoid following 
the precedent of the Board of Trade, and base their 
verdict upon the opinions of expert witnesses. 

This practice, however, appears to be unknown 
in certain Continental countries. In a discussion 
before the American Institute of Consulting En- 
gineers, in 1912, Mr. Clemens Herschel observed 
that in Continental countries in which Roman law 

revails ‘‘opinion” witnesses are not recognised. 

n Germany, for example, the Court experts were, he 
said, men selected to act in that capacity, just as a 
justice of the peace may be in England or America, 
different men being appointed for the different 
branches of the arts and sciences. In technical 
cases the Court selected suitable experts, to whom a 
set of questions embodying the purely technical 
aspects of the matter were submitted for reply. 

Mr. Herschel advocated the establishment of a 
corresponding procedure in America, but Mr. 
Gustav Lindenthal declared that experience had 

roved expert testimony in Germany to be as 
Saeed and partizan as it was anywhere else. Oae 
difficulty met with was, he said, that though 
the Courts had the right to call upon engineers 
of standing for assistance, the established scale 
of fees for such services was of nominal value, 
so that the higher class of engineers did their 
best to avoid service. This, in fact, is one of 
the great difficulties of establishing any system in 
which the experts are appointed by the Court. In 
cases of national importance eminent men may 
agree to serve as assessors for a very inadequate 
remuneration, but most technical cases involve 

rivate interests only. It is one thing for a 
fitigant to employ of his own free will an ex- 
pensive expert witness, and another to be com- 
pelled to pay the costs of an equally expensive 
assessor of = fhe impartiality and competence he 
may be far from satisfied. Moreover, such a system, 
if adequately worked out, would much enhance 
the already excessive delays of the law. As matters 
stand, the expert witness enters the Court having 
thoroughly studied the case on which his testimony 
is desired, An assessor or — appointed by the 
Court would have to acquire this information subse- 
quently. : 

Some American States have passed special laws 
introducing serious restrictions on expert testi- 
mony. Thus in Michigan a law was passed in 
1905 limiting the fees or indirect rewards of 
expert witnesses to ordinary witness fees, save 
by order of the Court, The law is said to have 
originated in consequence of the bad odour into 
which certain medical witnesses, called in compensa- 
tion cases, had brought the whole subject of expert 
testimony. Unless the saving clause is reasonably 
construed by the Court, such an Act agpeems likely 
to still further lower the standing of the expert 
witness, as only the less competent could afford to 
appear on such terms. 





RIVETING, 

In a paper read before the Japanese Institute of 
Naval Architects, Mr. Yasushi Taji, Assistant Con- 
structor to the Imperial Japanese Navy, describes 
a number of comparative experiments on rivets of 
ordi mild steel and of high-tensile steel. 
The mild steel used was uf Japanese manufacture 





containing about 0.21 carbon, 0.02 Si, 0.46 Mn, 
0.011 P, and 0.039 S, with a tensile strength of 
25 tons per sq. in., and an elongation of 31 per 
cent. The high-tensile steel tested was in part of 
British make, analysing approximately 0.41 C, 0 Si, 
0.51 Mn, 0.022 P, and 0.039 S, with a tensile 
strength of 40.2 tons, and an elongation of about 
20 per cent. The remainder was of Japanese make, 
containing about 0.36 C, 0.145 Si, 0.89 Mn, 0.009 P, 
and 0.0308 8, its tensile strength being 35.8 tons, 
with an elongation of nearly 30 per cent. Amongst 
the matters investigated was the best temperatures 
for the heating and finishing of the rivets, since 
it was thought possible that high-tension steels 
might be peculiarly susceptible to the influence of 
an improper heat-treatment. 

The rivets used were specially made for the 
purpose, with a view to obtaining an accurate 
record of the temperature at which the material 
entered and left the rivet-making machine. To 
secure uniformity in this regard, the rivet-bars were 
cut in halves, and not more than six rivets were 
made from one piece. The rivets, after reheating 
to different temperatures, were closed either by 
hand, pneumatic or hydraulic power, in a special 
jig designed to permit of the closed and finished 
rivets being easily removed for examination test, &c. 
The rivets in this series of experiments were 1} in. 
in diameter and about 3 in. long over all. Tensile 
test-pieces were cut from them 14 in. long and 
ys in. in diameter, whilst shear test specimens 
were # in. square and 3in. long 

The shearing strength of the finished rivets 
proved to be almost invariably greater than that of 
the raw material, even when the former had been 
somewhat overheated. The tensile strength of the 
mild-steel specimens seemed to be little affected by 
the finishing temperature, but about 650 deg. Cent. 
appeared to be on the whole the best. Tne elonga- 
tion, on the other hand, varied considerably, the 
loss being a maximum when the finishing tempera- 
ture was about 750 deg. Cent., and least at about 


650 deg. Cent. Very little variation was found 
in the yield-point. ith the high-tensile steels 
higher temperatures gave better results, the loss of 


elongation being least when the rivets were finished 
at 750 deg. Cent., and the yield-point was also 
affected by the temperature, being higher the 
lower the finishing temperature. A finishing tem- 
perature as high as 750 deg. Cent. is, Mr. Taji 
states, difficult to secure in the case of rivets closed 
by hand or by pneumatic riveters, and hence when 
high-tensile steel rivets are used, he suggests that 
they should always be closed by an hydraulic 
machine. Moreover, with the latter satisfactory 
work can be secured with rivets less highly heated 
ab initio, An initial temperature of 900 deg. to 
950 deg. Cent. is therefore recommended for high- 
tensile steel rivets driven hydraulically, whilst mild- 
steel rivets similarly closed may be heated 50 deg. 
higher. Where, however, hand or pneumatic rivet- 
ing is employed, mild-steel rivets must be heated 
to nearly 1100 deg. Cent., and high-tensile steel 
rivets to about 1050 deg. Cent. 

Some further experiments were made to deter- 
mine whether the high-tensile steel rivets would be 
particularly liable to be snapped off by the shock of 
an explosion. Comparative tests of high-tensile and 
mild-steel rivets stressed by exploding powder in a 
closed chamber showed, however, the superiority of 
the former material, while they also made evident 
the advisability of finishing rivets, which may be 
exposed to such shocks, with heads rather thicker 
than ordinary practice. 

Further experiments were made to determine the 
distortion of the rivet during the operation of 
closing it, a special machine being arranged for the 
pespese. The experiments were made on cylin- 

rical pieces of rivet-bars, which were upset in 
various ways, and the position and diameter of the 
stoutest section determined at different periods 
during the operation. When upset by hand- 
riveting hammers, the stoutest section was always 
close to the hammer, from which the conclusion is 
drawn that hand-riveting is particularly well 
adapted for filling up countersunk holes. When 
the upsetting was effected by pneumatic hammers, 
the swelling was test at some point nearer the 
mid-length of the specimen, the distance of which 
ranged in different cases from 15 mm. to 28 mm. 
from the top. The swelled section being, as stated, 
near the middle of the rivet, holes are better filled 
than with hand-riveting. From the observations 
made in this series of experiments, Mr. Taji con- 
cludes that in pneumatic riveting the hammer used 





should be capable of closing rivets } in. larger than 
those for which it is used. With hydraulic riveting 
the holes are still better filled, since the rapid 
cooling of the ends in contact with the heads of the 
riveting-machine causes the swelling to be concen- 
trated in the shank of the rivet. 

The superiority of the hydraulically-closed rivets 
was further shown in experiments carried out on the 
tightness of joints shen with 1-in. to 1}-in. rivets 
connecting three thicknesses of 1-in. plate. With 
both ends of the rivet countersunk, the order of merit 
was ee hand, and pneumatic ; but itis stated 
that the latter would have equalled the hand method 
had the available air pressure being higher. When, 
however, neither end of the rivet was countersunk, 
band-riveting proved much inferior to either of its 
rivals. With but two thicknesses of plate in the 
joint, instead of three, the relative inferiority of 
the hand-driven rivets was comparatively slight. 

In certain cases the use of long rivets cannot be 
avoided, and it is then difficult to ensure that the 
holes shall be properly filled. Mr. Taji has, how- 
ever, got excellent results in such cases by reaming 
the holes to a hyperbolic contour. 





THUNDERSTORMS. 

Tue origin of atmospheric electricity and of 
thunderstorms is one of the many problems which 
the popular belief in the astounding advance of 
science has long since considered as solved, but as 
to which physicists do not by any means feel 
certain. Everybody knows, of course, that Franklin, 
about 1749, proved lightning to be a huge electric 
— Physicists have known for a long time 

that there is always, and all over the globe, 
a difference in electric potential between the earth 
and the atmosphere, which difference increases as 
the elevation above the earth increases. But this 
normal atmospheric electricity and thunderstorms 
are not supposed to be connected ; it is not clearly 
understood, or not generally agreed at any rate, 
how thunderstorms arise, why they are relatively 
infrequent in our latitudes and hardly observed 
within the polar regions, why there are rarely 
thunderstorms without hail and heavy rains, but 
often heavy rains without thunderstorms, and why 
lightning selects its victims among buildings, trees, 
and living beings with such a capricious disregard 
of the path it ought to follow in deference to text- 
book wisdom. 

Varied attempts have been made to account for 
the thunderstorm phenomena ; in all of these the 
rainfall plays a prominent part. We published an 
article on the general phenomena about twenty 
years ago, and we will not offer a historical review 
on the present occasion. Among recent investi- 
vee two men stand out prominently, Professor 

enard, of Bonn, at one time known as the dis- 
coverer of the Lenard rays, and Dr. George C. 
Simpson, who has since 1907 been connected with 
the Meteorological Service of India. As Simpson’s 
researches were later and carried further than 
those of Lenard, we will speak chiefly of the 
former’s work. At. Simla, at an elevation of 
7000 ft. above sea-level, and subsequently in other 
parts of India, as well as on his way to the Antarctic 
on the Terra Nova, Simpson continued his former 
studies of atmospheric electricity (in England, 
Finland, &c.) with special regard to rain. He found 
that the rain brought down an electric charge which 
was mostly positive (3.2 times as much positive as 
negative rain), whilst the previous observations of 
Elster and Geitel, Gerdien and others, had mostly 
indicated a negative charge. A. Badit subsequently 
likewise observed decided predominancy of the posi- 
tive charge in France. But the charge might be 
negative too, Simpson found, and the sign of the 
charge of the rain was independent of the sign 
of the atmospheric op eee gradient. Light rain 
carried comparatively heavier electric charges than 
heavier rain ; but the  egeg memes of the positive 
charge was more striking in heavier rain. Snow 
was also positively charged in most cases, and 
3.6 times more positive than negative snow was 
altogether observed. In seven rainstorms the 
positive charge exceeded 7.6 electrostatic units per 
centimetre. 

Dr. Simpson also conducted laboratory experi- 
ments. He let drops of water fall in a tube agai 
an upward current of air, and introduced jets of 
water into that current. Lenard had already 
observed that water-splashes become positively 
charged, and the air surrounding re ; that 
water-drops would be broken up w falling if 
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greater than 5.56 mm. in diameter, and that they 
would not attain more than a velocity of 8 metres per 
second during their fall in still air. Drops smaller 
than 5.5mm. were carried upward by upward currents 
of 8 metres; bigger drops were broken up. Simpson 
confirmed this, and he found that the separation of 
the two electricities took Re. during the saaanall 
up of the big drops, not (as Lenard had supposed 

en the was Gaek the metallic obstacle of 
the apparatus. Each drop, on breaking up, gave 
the water a positive charge of 5.2.10-* electrostatic 
units. Now, Simpson argued, upward vertical air- 
currents of 8 metres per second and more are 
common in tornadoes and hailstorms, both of 
which are accompanied by electric display, and they 
will probably be so in thunderstorm clouds. On 
the top of such a rising air-column water would 
accumulate in the shape of drops, which would 
be going through the stages of growing larger and 
breaking up, and each breaking-up would give rine 
to a separation of the electricities ; the drops being 
broken up many times before they fell, the water 
would carry a strong positive charge, while the air 
and cloud particles would absorb the negative ions, 
until a strong field was created, in which the drops 
would coalesce, finally to fall, now as negative rain. 
A rough quantitative calculation convinced . Dr. 
Simpson* that the electric phenomena of thunder- 
storms could be explained on these grounds. 

The reason of our referring to the problem to- 
day is that Professor W. J. Humphreys, of the 
United States Weather Bureau, has worked out a 
meteorology of thunderstorms, based on these re- 
searches of Simpson, in two articles on ‘‘The 
Thunderstorm. and its Phenomena,” which he pub- 
lishes in the November and December numbers of 
the Journal of the Franklin Institute. 

If these arguments be correct, Humphreys points 
out, strong upward currents should be met with in 
the giant cumulus clouds, which are themselves 
built up by such vertical air-currents and seem to 
be characteristic of thunderstorms. Balloonists, 
caught by thunderstorms, have indeed experienced 
vertical upward currents and violent turbulence 
in cumulus clouds, and not in other clouds. 
W. von Bezold first showed that the turbulent 
motions in the clouds could be produced by sudden 
condensation from a state of super-saturation and 
congelation of undercooled cloud droplets, because 
sufficient latent heat would be liberated to cause 
considerable expansion of the air. But Bezold did 
not see how to account for the sudden condensation 
throughout big clouds and for the existence of 
super-saturation in spaces already filled with cloud 
particles. Humphreys finds the cause in the differ- 
ence between the adiabatic temperature gradient of 
the saturated air of the cloud and the actual tem- 

rature gradient of the surrounding atmosphere. 
™ the lower atmosphere, to a height of a kilometre 
or more, accidental surface features disturb the 
circulation too much to let the vertical currents 
become conspicuous. But assume a warm summer 
day, with a temperature of 30 deg. Cent. and a 
dew-point of 15 deg. ; the adiabatic temperature 
fall of non-saturated air being about 1 deg. Cent. 
per 100 metres rise in elevation, strong condensa- 
tion should set in at 15 x 100 m. = 1.5 km., and 
that should be the base level of the forming 
cumulus cloud. The condensation would form 
water-drops, liberate latent heat, and create a 
decided upward current, which would first carry 
the drops with it. But the drops grow bigger, until 
too heavy to be buoyed up any further ; the rate of 
condensation decreases, moreover, as there is less 
moisture left, and thus the difference in tempera- 
ture between the air in the cloud and outside the 
cloud diminishes after having attained a maximum, 
which need not exceed a degree or two, and the 
upward current stops. 

Vertical convection would be set up in the first 
instance by local sucface heating, by the overrun- 
ning of warm air by cold air (common with ocean 
thunderstorms), or by the underrunning of cold 
air by warm air cushions (more frequent on land). 
These various conditions will have their various 
geographical distribution, and daily and seasonal 
periods. On land, hot upward currents will occur 
principally in the afternoon ; on sea the tempera- 
ture of the water will fiuctuate little, that of the 
air much more, and thunderstorms are most likely 
soon after midnight, and more in winter than in 
summer. In the tropics thunderstorms will be 


* Phil hical Tr tions, A, vol. ccix., page 379, 
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common all the year round, in higher latitudes in 
June or later ; in the highest latitudes they should 
be very rare, and they are rare. Wet years are, on 
the whole, warm on land, and dry years cold, and 
thunderstorm years are wet; the yearly rainfall 
curve and the thunderstorm frequency curves of the 
United States are strikingly parallel. As regards 
the general relations of temperature and pressure 
distribution, Humphreys shows from the weather 
charts of the United States that thunderstorms 


areas of high temperature and uniform pressure 
(local heatstorms, never travelling far, most 
common in the tropics); in cyclonic areas (due to 
cross-currents); in disturbed Y¥-branches of isobars 
in which opposing winds mix; in the low-pres- 
sure valleys between regions of high pressures 
(anti-cyclonic) ; and in boundaries between warm 
and cold-air waves. 

The general phenomena are the following :—As 
long as the cumulus cloud is slowly advancing, 
without rain, there is little wind and no striking 
change in the meteorological features. The baro- 
meter drops a little—perhaps 1 mm. or 2 mm. in the 
course of an hour or two—and the temperature 
rises; but the ascending warm currents, which 
enter the front of the cumulus cloud in curved 
streams, are hardly noticed, because the cold 
return currents from above are not concentrated, 
but oe widely in the rear of the cloud. Then 
a violent gust of wind sets in, quickly calmin 

down again; the barometer rises with ua. 
suddenness, recovering more than the 2 mm. it had 
fallen before, but sinking again rapidly to the height 
it was a couple of hours before the storm ; heavy 
rain pours down, and the thermometer falls rapidly. 
The rain chills the air largely owing to the rapid 
evaporation from the drops on their way down, and 
this concentrated rush downward of cold air helps 
to maintain the warm ascending current imme- 
diately in front of it. When the main rainfall 
has ceased, a secondary rain trickles down gently, 
the brisk circulation being no longer maintained. 
The rapid evaporation of the falling drops is a well- 
established fact ; in semi-arid regions in particular 
heavy clouds are seen to discharge rain, but no 
water actually reaches the earth. 

The first heavy atmospheric precipitation of a 
thunderstorm almost always comes down as hail. 
The formation of hail has sometimes been likened 
to the rushing up and down of pith balls between 
two oppositely-electrified plates, which would attract 
a ball and repel it again when it has assumed the 
charge of the plate. That analogue will hardly 
hold. But the upper portion of a cumulus cloud, 
say, above the 4-km. level, will generally be cold 
enough to contain snow and undercooled drops. 
Ascending air-currents will carry rain-drops into 
those regions, where they congeal and sink, to be 
carried up again by other currents, so that they 
become covered with concentric layers of ice or 
snow. The explanation hardly suffices to account 
for the very — and irregular lumps of hail 
occasionally observed, though upward currents of 
10 metres per second would probably sustain 
them, but it will do in general. The exact expla- 
nation of the small, though decided, rise of the baro- 
meter, which always seems to mark the onset of a 
thunderstorm, is also a matter of some difficulty. 
Humphreys ascribes importance to the friction of 
the thunderstorm gust on the surface of the earth ; 
his curves of pressure, temperature, &c., are not 
sufficiently detailed, however, to study these 
features in the same way as can be done with the 
delicate instruments of the Meteorological Office, 
for instance. That the lightning discharge is not 
oscillatory, as is often stated, but direct, seems to 
be demonstrated by the recent oscillograph studies 
of de Blois and by various other facts. Light- 
ning has been known to reverse the polarity of 
dynamo — and to operate telegraph instru- 
ments umphreys, moreover, points out that 
oscillations in an electric discharge circuit are im- 
possible whenever the CR? is greater than 4 L (self- 
induction), and he tries to prove by quantitative 
estimates, which are necessarily very uncertain, 
that this would be so for the lightning streak. 
On the other hand, the lightning discharge is cer- 
tainly multiple; several streaks follow one an- 
other along practically the same path, as Hum- 

hreys shows with the aid of the photographs 
tebes by a rotary camera) of Walter and 
of Larsen; each of these subsequent or simul- 
taneous discharges is instantaneous, but because 
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may occur under various conditions in extended | th 


intervals, people may be quite right when th 
yang flashes that seemed to last almost a secon 

me hitherto unpublished photographs of Walter, 
which Humphreys reproduces, also show how the 
discharge—oscillatory, it is true—of a Leiden-jar 
spark-gap seems to send out feelers from both 
sides before the spark finally crosses the whole gap. 
When dealing with the fact that gun-discharges 
are heard over much mee distances than thunder, 
Humphreys overlooks the important influence of 
e earth resonance in the case of a cannon. We 
do not regard his explanation of the circumstance, 
that very heavy rains not accompanied by storms 
often fail to cool the air, as satisfactory. e fact 
is that thunderstorms may ——_ fail in this 
respect, and that the main electric force of a 
thunderstorm may be spent before a drop of rain 
has fallen. we also emphasises that 
there is little relation between atmospheric elec- 
tricity and thunderstorms in the sense of cause and 
effect. That may be. We are inclined to remind 
of the possibly analogous case of the underground 
water and a flood due to continued rains; the 
soaking into the ground of the rain is partly pre- 
vented by the underground water ; hence the flood. 
Simpson noticed in his experiments that the 
presence of an original charge on his drops did 
not alter the effect; the final charge appeared 
increased or decreased in such cases. . Knoche, 
engaged in studies of atmospheric electricity, 
received a severe shock in the Andes Mountains, 
16,000 ft. above sea-level, while brushing a vicuna- 
hide during a thunderstorm ; and he was informed 
that garments of this wool, very common in Bolivia, 
were dreaded during thunderstorms. Thus the 
normal at heric electricity may help to account 
for the electric violence of a thunderstorm. But 
we cannot account for the ordinary negative charge 
of the earth itself. Simpson wrote in Nature two 
years ago :—‘‘ A flow of negative electricity takes 
place from the surface of the whole globe into the 
atmosphere above it, and this necessitates a return 
current of more than 1000 amperes ; yet not the 
slightest indication of such a current has so far 
been found, and no satisfactory explanation for its 
absence has been given.” 





NOTES. 
Tue Trinmap Om-Fre.ps. 

ALTHOUGH the output of the Trinidad oil-fields is 
still but moderate, the development of this industry 
is of considerable importance, not only to the 
colony, but also to the Empire, in view of our 
present endeavours to supply all our wants within 
our own borders. An interesting paper on this 
subject was read recently before the Institution of 
Petroleum Technologists, by Dr: J. Cadman, 
M. Inst. C.E., from which it appears that the 

resence of oil- bearing strata in Trinidad was 

nown in 1809, though only within the last twelve 
years has any serious attempt at their develop- 
ment been undertaken. e work even then 
appears to have been carried on in a some- 
_ haphazard way, with little regard to geological 
indications, and even with less regard for those 
hygienic conditions which now contribute to the 
success of so many enterprises in tropical countries 
covered with rank os perma About ten years agoa 
systematic geological survey of the island was taken 
in hand, and oil-bearing strata have been located. 
The principal are the La Brea sands, which give rise 
to the famous pitch-lake deposit ; the Rio Blanco 
sands, about 1400 ft. below the La Brea sands; 
and, at a further depth of 3600 ft. to 4000 ft., the 
Galeota petroliferous group. The output last 
year has amounted to over 224 million gallons, 
forty-one wells being at work. The industry 
has shown slow, but well-marked, expansion, 
and the future is promising. It is not without 
considerable troubles, however. The difficulties 
of transporting machinery through the dense 
forests, and the unhealthy location of many of the 
wells, handicap profitable working. In addition, 
difficulties arise in boring through the soft tertiary 
clays and sands. Oaving constantly occurs, and 
sand in large ae is brought up with the oil. 
As much as to 30 per cent. of sand may come 
up with the oil for the first few days, after which 
the amount will fall to about 10 to 15 per cent., at 
which rate it will issue from the well for two or 
three months. Subsequently, however, the well 
will settle down and produce oil practically free 
from sand. The presence of gas under high 





several discharges succeed one another at rapid 


pressure is also a source of great trouble. High- 
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cent issue of Encineerine, has to be resorted to 
in order to overcome these difficulties. The mud- 
pumps have, in some cases, had to work at from 
200 lb. to 300 1b. per sq. in. pressure with thick 
mud, in order to continue the work to a successful 
issue. In cases in which the usual methods of 
drilling have been retained, the collapse and buck- 
ling of the casing has resulted from these high gas- 

ressures. The quality of the oils varies widely, 
rom oil with an asphaltic base of sp. gr. 0.975, con- 
taining 4 per cent. petroleum spirit, to oil of asp. gr. 
of 0.810, containing 40 per cent. of petroleum spirit. 


Piatinum Merais 1n 1913 


Within recent years the — of platinum has 
kept ata fairly steady height, about 71. 10s. per 
ounce troy of the crude metal, whilst the produc- 
tion has slightly been decreasing, not because less 
latinum is wanted, but because people are becom- 
ing more economical in its use. Some interesting 
information is given in a publication of the United 
States Geological Survey, Paper I : 16, of 1913, on 
‘*The Production of Platinum and Allied Metals,” 
by D. T. Day. This fy -~ also reproduces some 
figures com ited by E. de Hautpick for the Mining 
Journal, of London, on the Russian platinum in- 
dustry. The Russian platinum output of 1913 
amounted to 157,508 troy ounces, against 177,375 
and 185,381 ounces in the two preceding years ; 
the production of the decade 1904 to 1913 was 
estimated at 1,705,868 oz., that of 1894 to 1904 
at 1,788,257 oz. Other estimates for the year 
1913 bring the total up to 250,000 fine ounces. 
The two principal centres of the production are 
Blagodat, on the Asiatic slope of the Ural (chiefly 
gold-platinum placer deposits) and Nishui Tagilsk 
(on the European slope); the latter is the more 
important source, and gives a richer ore, contain- 
ing 89 per cent. of platinum, 1.3 of palladium, 4.4 of 
rhodium, 10.8 of iron, and only 0.11 of osmiridium. 
Dredgers are coming into moregeneral use, especially 
at Vagransk, in the Nikolaie-Pavadinsk district, in 
the Northern Ural, where platinum has recently 
been discovered. As a platinum-producing country 
Colombia ranks next to Russia, and Colombia is 
attracting more and more attention, though the 
production in Russia is not declining so quickly 
as is sometimes assumed. The chief region in 
Colombia is the Choco district ; the work is done 
by natives by primitive methods, and dangerous 
freshets on the river and extremely insanitary 
conditions have so far prevented the introduction 
of improvements. The United States Consular 
Agent at Quidbo estimates the exports of 1913 at 
6509 oz. only ; a much larger portion was probably 
exported from “Colombia via Buenaventura. The 
production of the United States amounted in 1913 
to not more than 482.87 crude ounces, valued at 
18,447 dols.; 460 oz. of this came from California, 
being dredged in the Butte, Yuba, Sacramento, 
Calaveras counties, the rest from Oregon. Both 
these States, and also the State of Washington, could 
supply more platinum if the demand should rise. 
The » Herat used are, according to D. T. Day, 
not perfect ; some excavate well and concentrate 
badly, some saffer from the opposite defect, but a 
good combination has not yet been adopted in the 
mines. In addition to the mined platinum metals 
there is the refined platinum from jewellery scrap ; 
further, some 650 fine ounces were in 1913 derived 
from gold and copper bullion from domestic mines, 
and 48,942 ounces of crude platinum were imported 
into the United States in 1913. Platinum further 
occurs in lode deposits, associated with iron and 
copper sulphides, and partly as sperrylite Pt A 8, ; 
this latter mineral is found in the nickel mines 
near Sudbury, Ontario (Canada), and in other 
countries. In the United States it occurs in the 
Rambler Mine, Wyoming, and in August, 1914, 
other platinum lode deposits were discovered at 
Goodsprings, Nevada, the silicieus ore containing 
65 ounces of gold and 1 ounce of platinum per ton. 
The iridosmine of the United States is frequently 
classed as iridium, which has a higher value than 
platinum ; but the crude metal contains from 
30 to 50 per cent. of osmium, which has a much 
lower value, and finds a limited application for 
hardening pen-points, for oxidation of organic silk 
dyes, and for medicinal purposes. Of the other 
platinum metals, palladium is most in demand as a 
catalyst ; it is recovered from gold and silver, from 
the slimes of Canadian matte, and from Australian 
base bullion. A find of platinum metals was 





to have been produced there. 
Norway’s Suppty or Evecrriciry. 


Ata meeting of Norwegian engineers, held last 
autumn, in Christiania, Mr. J. Prebensen Nissen 
gave a very interesting lecture on Norway’s supply 
of electricity, and the ition of the State and 
the municipalities in this connection. It may 
now be taken for granted that Norway possesses 
6,000,000 horse-power of water-power, which can be 
easily rendered commercially available. Judging 
by the development which had taken place during 
the years 1907-13, the 6,000,000 horse-power 
would, the speaker said, be totally exploited in 
the year 1970, by which time, according to this 
calculation, the electro-chemical industry would 
absorb 3,600,000 horse-power, the handling of 
timber and other industries would require an 
aggregate. of 1,000,000 horse-power, the general 
supply of electricity 1,000,000 horse-power, and 
the railways 400,000 horse-power. e supply 
of electricity for general purposes would thus in 
the future absorb only one-sixth of the water-power, 
provided development continued on the same lines 
as hitherto, and there seemed no reason to expect 
that the general consumption of electricity would 
increase at an accelerated rate. The speaker there- 
fore agreed with the Premier’s statement in the 
Norwegian Parliament to the effect that there was a 
sufficiency of water-power, and no reason for appre- 
hension in regard to the general public requirements 
of electric current being satisfied. It had been shown 
that municipalities could work an electric power- 
station as cheaply as a private company, and the 
opinion was expressed that the working by muni- 
cipalities of all the electric power-stations in the 
towns was only a question of time. The same 
could, no doubt, be said of the rural districts, 
where electric energy had to be sold and distri- 
buted over a large area. Of late there had been 
several instances of municipalities having jointly 
erected power-stations with markedly advantageous 
results. As to the position of the State in the 
matter of electricity supply, the original idea was to 
electrify the railways, and this had prompted the 
State to buy waterfalls. Later, views were voiced 
to the effect that the State should only exercise 
a regulating and controlling influence in the matter 
of the utilisation of the country’s water-power. In 
the matter of the Nore falls, it was said that, 
although their utilisation was bound to come about, 
the State would not be able to supply electric cur- 


rent on better conditions than it was already being | P® 


supplied by municipal and private electric power- 
stations. It might therefore be assumed that the 
proper work for the State in this connection should 
solely be to turn to account the Nore falls and, if 
necessary, other power-stations also, mains being 
laid to the railways and to those districts which, 
for some reason or other, were debarred from receiv- 
ing a supply of electric energy. The suggestion, 
which had been put forward in some quarters, to 
the effect that the State on some future occasion 
should take over the entire electric supply of the 
country had proved detrimental. There was no 
reason for recent proposals according to which the 
State should have the option of taking over the 
hydro-electric power-stations which were now being 
built, since more than three-fourths of these power- 
stations had nothing to do with the general supply 
of electric current ; they were destined to supply 
different industrial undertakings, and if the State 
took over the power-stations it would also have to 
take over the industries with which they were con- 
nected. Laws and regulations in this connection 
would only tend to impose new restrictions and 
difficulties upon industry without bringing about 
the slightest advantage for the development of the 
country’s supply of electricity generally. The 
meeting endorsed the opinion, set forth by the 
speaker, and expressed the opinion that it was most 
undesirable for the State to interfere in the develop- 
ment of the country’s supply of electricity. All 
— concerned would best served by this 

evelopment continuing freely and in a natural 
way, without any restriction. 





Tue Optica Society.—The Thomas Young Oration 
of the — Society will be delivered on Wednesday 
evening, January 20, by Sir James Crichton Browne, 
M.D., LL.D., F.R.S., at the Institution of Electrical 
Engineers, Victoria Embankment (near Waterloo Bridge). 
Visitors’ tickets may be obtained of Mr. T. Smith, hon. 
secretary, 39, Victoria-street, Westminster. 





SQUIRE. 


WE t to have to record the death, which 
occurred on the 7th inst., at his residence, 15, Eaton- 
crescent, Clifton, of Mr. William Wilkinson Squire, 
M. Inst. C.E., engineer to the Bristol Docks, in which 
capacity and in earlier appointments he designed and 
supervised the making of many important dock works 
at home and abroad. 

Mr. Squire was the eldest son of the late Mr. 
William Squire, M.D, F.R.C.P., and was born on 
August 11, 1854, in Bombay. From March, 1874, to 
March, 1877, he was articled to Mr. G. F. Lyster, 
engineer-in-chief of the Mersey Docks and Harbour 

rd, and continued until March, 1879, as assistant 
engineer at the Liverpool Docks. During these five 
years he was employed on the construction of 
docks, under the Act of 1873, which authorised 
an expenditure of 4,000,000. The works included 
iae Alexandra, Langton, Hornby, Herculaneum, 
Harrington, Toxteth, and other docks, besides four 
graving-docks. He was engaged also on landing- 
stage reconstruction—the Wallasey stage and pier, 
and on the Birkenhead low-water basin conver- 
sion. He also had charge of the preliminary plans of 
the high-level railway, ot sluicing experiments, surveys, 
&c. From March, 1879, to October, 1880, Mr. Squire 
was assistant engineer of the Hull Docks, under Mr. 
R. A. Marillier. He was employed in the design 
and construction of the Sir William Wright Dock, and 
on graving-dock work, hydraulic pumping-stations, 
corn warehouses, cattle lairage and dépéts, on the 
subway under the North-Eastern Railway, on Parli- 
mentary work on the Hull and Barnsley Railway and 
Dock, and on general maintenance work on the Hull 
Docks. From March to June, 1881, he was engaged, 
under Mr. J. Garde, on plans for the Copethineen 
Docks, and with Mr. E. F. Griffith on draining work 
at Christchurch, Mon. 

It was in June, 1881, that he went to Bombay, 
where he remained for seventeen years. He was at 
the outset chief assistant to the engineer of the Bombay 
Port Trust, Mr. G. E. Ormiston. He was in charge, 
as acting engineer, from February to May, 1882, and 
May to November, 1885, and was Examiner in Mecha- 
nical Engineering at the Bombay University in 1884. 
He was appointed in October, 1888, by the Bombay 
Government a member of the Committee to consider 
the lighting of the coast, when he had charge of the 
Sun Rock Lighthouse, the Victoria Dock, workshops, 
warehouses, roads, drains, sea-walls, &. In 1892, 
Mr. Squire was, with the approval of the Government, 

rmanently appointed Chief Engineer to the Port of 

mbay. For the next six years he was sole engi- 
neering adviser to the Port ‘l'rustees, and on several 
occasions was specially thanked for his services. 
During his connection with the port of Bombay im- 
rtant schemes were designed and carried out. These 
included a dock of over 24 acres, for the accommoda- 
tion of the largest class of shipping, and also a graving 
dock. Mr. Squire had in these and other operations 
a large experience, and won the hearty eulogiums of 
successive chairmen to the Trustees by the ability he 
displayed in his work. This appreciation was also 
ised by resolutions passed by the Trustees, the 
closing one mi the tollowing terms :—‘‘ On the 
retirement of Mr. W. W. Squire, M. Inst. C.E., engi- 
neer to the Port Trust, the Trustees desire to place 
on record their entire appreciation of the valuable 
services rendered by Mr. Squire during a period of 
seventeen years, in which many important works 
were designed and completed, which materially 
assisted in the development of the Port Trust pro- 
perties. The Trustees wish Mr. Squire every success 
in his future career.” This was passed in 1898, when 
Mr. Squire resigned his Bombay appointment and 
returned to England. 

He was afterwards engaged on dock and harbour 
work by Sir John Wolfe Barry, and then came his 
appointment by the Bristol Docks Committee as their 
engineer. Mr. Squire was engineer to the Royal 

ward Dock scheme, at Avonmouth, Bristol, and at 
the opening of the dock, in July, 1908, he was one of 
those presented to His Majesty King Edward. We 
gave at the time (see ENGINEERING, vols. Ixxxv., 
pege 857, and Ixxxvi., page 5) a complete illustrated 

escription of this dock. In our concluding remarks, 
we stated that ‘‘ foresight and care had been combined 
with skill and experience, the result being that the 
works were representative of the best modern dock 
engineering practice ; they were carried to completion 
with expedition and economy and without untoward 
event.” The credit for this, we added, belonged to 
Mr. Squire. Other e schemes have marked his 
period of office at Bristol, but since the breakdown of 
his health, a couple of years ago, the practical n- 
sibility has rested upon the deputy-engineer, Mr. 
Pearce. 

Besides acting, as above stated, as Examiner in 
Mechanical Engineering Subjects at the University of 
Bombay, Mr. Squire was Examiner in Engineering 
Subjects at the Victoria Jubilee Technical Institute, 
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Bombay ; he was also a member of the Engineering 
Standards Committee on Portland Cement; he was 
appointed by the Board of Trade to hold an inquiry 
as to the Cork Harbour improvements in 1906 ; he 
was further a member of the Liverpool Engineering 
Society; a member of the Smeatonian Society of 
Civil Engineers, past-president of the Bristol Associa- 
tion of Engineering, and president of the Bristol, 
West of England, and South Wales Association of 
Students of the Institution of Civil Engineers. He 
was the author of a memoir on iron and wooden 
lock-gates, read at the Diisseldorf International 
Navigation Congrees ; of a lecture on harbour works 
and dock construction, delivered at the School of 
Military Engineering, Chatham ; of a note on dock 
equipment, contributed to the Engineering Conference, 
1907, and of various popere read at the Liverpool 
Eagineering Society, the Bristol Association of Engi- 
neers, and the Bristol Scientific Club. 





CUTTING-OFF MACHINE FOR HEAVY BARS. 

Ar the Machinery Exhibition held at Olympia in 
1912, Messrs. Charles Taylor (Birmingham), Limited, 
of Bartholomew-street, Birmingham, exhibited a new 
type of rotary cutting-off machine for dealing with 
bars, tubes, sections, &c., up to an over-all diameter 
of 3in. The arrangement consisted, briefly, of a vice 
in which the work was held, and a headstock carrying 
a large-diameter hollow rotating spindle. The cutters, 
of which there were two, were carried by a face-plate 
at the vice end of the spindle, and the end of the work 
which was being cut off projected into the hollow 
spindle. A full description, with illustrations, of the 
machine will be found on page 51 of our ninety-fifth 
volume. The success of this machine has been such 
that Messrs. Taylor have now manufactured one of 
similar type to deal with work up to 8 in. in diameter. 
We had an opportunity of inspecting the first machine 
of this type last week, and were much impressed with 
its powers. We may say that, although the machine is 
the first of its class, it has been in fairly regular use 
since last April, and has consequently had ample 
opportunity ot demonstrating that it can deal with the 
work it was designed for. 

At the time we inspected the tool it was cutting off 
lengths for round rolled 5 per cent. nickel-steel bars, 
67 in. in diameter. The output, including shifting 
after each cut and setting up the bars in the machine, 
was at the rate of ten pieces cut off per hour. Actual 
times taken for the cut only on various materials are 
given below :— 

Diameter. Time. 


in. min. sec, 

Jonas and Colver S.S.G. (ver 
hard chrome nickel) ... are 8 8 0 
Mild steel ... ee wen 8 2 15 
> “ihe i 6 1 5 
Kayser Ellison, 805 6 1 40 
Best cast steel... 7 5 0 
H.S. steel annealed 6 8 0 


It is found that the time taken to cut off square bars 
works out in practice the same as that required for 
round bars equal in diameter to the squares over the 
corners. The machine is fitted with a 15-horse-power 
motor, but the average power required is —_ 9 horse- 

wer. At the time we saw it, cutting off 6? in. in 

iameter nickel steel, it was taking only about 6 horse- 
power. 

It is very natural to compare this machine and 
others of its class with power-driven hack-saws. As 
far as output per machine goes, we think no hack- 
saw pone approach the work done by this Taylor 
rotary machine. It may, however, be objected that 
the rotary type of tool makes a wider cut, and so 
wastes mvre material, which, in some cases, may be 
an important consideration. With the machine under 
discussion, the cut is ;°; in. wide. There is another 
aspect of this matter, however. ‘The Taylor machine 
produces a true face on the end of the work, and a 
finish which for some purposes would require no 
further attention. The Enich in any case naturally 
depends on the rate of cut, the feed, and the state 
of the cutters. If for work requiring a true face it 
is necessary to machine the ends of the pieces pro- 
duce by a hack-saw, which, in some cases, would 
certainly be necessary, it is clear that any objection 
to the rotary machine on the score of wasting more 
material would disappear. A further point is that as 
an offset to the lower production of the hack-saw its 
capital cost is lower. The relative advantages of the 
two types will, in practical cases, depend on local 
conditions and the work to be done. We have no 
doubt that both will survive. 

The most interesting feature of the new machine is 
certainly that relating to the form, mounting, and 
feeding of the cutters. There are three cutters, as 
compared with two in the earlier 3-in. machine, and 
the old side-cutting system has been abandoned. 
The three cutters each cut on both sides. One of 
them has a round lathe-tool point, and the other two 
are square, but of different widths on the cutting- 
faces. The round tool leads and takes out a groove ; this 








is followed by the wider of the two square tools, which 
takes out the upper 
by the round tool ; the narrower square tool then re- 
moves the lower part of the groove, leaving a narrow 
square channel, at the bottom of which the returning 
round tool then carves another groove. The wider 
of the two square tools is the full ;°; in. width of the 
finished cut on the working edge. As all the cutters 
cut equally on both sides, there is no side thrust on 
the main spindle, and the thrust-bearings, which are 
fitted to the 3-in. machine, are not necessary in the 
8-in. machine. 

The cutters are self-adjusting, so that the work is 
distributed equally between them. This is brought 
about by connecting the slides which hold them 
to @ common floating-ring. Any extra work on one 
cutter causes it to rise away from the work and 
lifc the ring, so bringing the other two cutters 
closer in. The cutters are fed forward by feed-screws, 
which are rotated by worm and worm-wheel combina- 
tions fixed near the outer edge of the cutter face-plate. 
In order to allow of the freedom of movement in and 
out, which is necessitated by the floating-ring arrange- 
ment, the worm-wheels are made with straight teeth. 
This allows them to slide up and down within limits 
over the worms. The straight-tooth worm-wheels 
are said to be found to wear well in practice. 
The worms giving the feed are operated in a very 
— way by an epicyclic gear fixed on the 

ack of the face-plate. The first member of the gear 
is a large spur-wheel which fits round and rotates on 
the main spindle. This is driven by a Renold chain 
from the feed gear-box. By driving this wheel a 
little quicker than the main spindle is rotating, the 
cutters are fed forward. The cut is usually taken to 
such a point that the cutters do not break through 
to the centre, a small boss of metal being leit 
which can easily be broken when the cut-off piece 
has travelled through the spindle to the back end of 
the machine. At the termination of the cut the 
knock-off trip on the face-plate disconnects the feed- 

ear. The spur-wheel is then held in position by a 

and-brake, and the result of the rotation of the 
machine is then rapidly to withdraw the cutters ready 
for the next piece of work. 

The machine is driven by a constant-speed motor, 
and has a change-speed box giving six different spindle 
speeds for different materials and diameters. The 
feed-box gives three feed speeds, any of which may be 
used with any of the spindle speeds. It is clear that, 
theoretically, a machine of this class should have a 
continuously variable spindle speed, changing in terms 
of the diameter on which the cutters are working. 
In practice, however, it is quite unnecessary to submit 
to the complication which this would mean. To obtain 
some of the advantages of this effect without suffering 
the disadvantages which it would entail in its ex- 
treme form, the machine is arranged so that the 
man handling it can, without moving his position, 
increase the speed by manipulating one of the 
—- at a certain point in the travel of the cutters. 

y this means time is not lost when working in the 
small diameter of the cut near the end. An adjust- 
able dial, indicating the depth of cut, is fixed on the 
side of the machine under the workman’s eye, and 
shows him at what point he should make the speed 
change for the best effect. 





THE UNDERCOOLING OF STEAM IN 
NOZZLES. 

SINCE we last dwelt on the problem of undercooled 
steam, in our issue of May 16, 1913, two important 
memoirs have been published by Professor A. Stedola, 
of Ziirich, whose name is intimately connected with 
these probleme. The first, more theoretical, memoir 
appeared in November and December last in the 
Zeitachrift Vereines Deutscher Ingenieure. The secopd 
paper, a critical account of further experiments, was 

ublished in the Schweizerische Bauzeitung of Octo- 

r 10- some interesting novel conclusions are drawn, 
and as the completion of this experimental research 
has been interrupted by the war, we will abstract 
these later experiments and indicate the discussion of 
the result before dealing more fully with the general 
aspect of the problem on another occasion. 

For the determination of the undercooling of steam 
passing through a nozzle of cross-section f at the point 
in question, the weight of steam-flow per second G, 
the rate of fl»w w, and the absolute pressure p must 
be known. When the cross-section is at the end of 
the nozzle, the steam velocity is best determined 
by the jet reaction, which Stodola and Turovetz 
do by a modification of the apvaratus of Frederic, 
Kembel, and Christlein. There might, however, 
be an excess of pressure at the end of the nozzle, 
whilst the problem is to take the measurements in 
that state when the discharged steam is expanded 
exactly to the pressure of the surrounding atm »sphere. 
For this purpose a hole, 1 mm. in diameter, was 
drilled into the nozzle, 3mm. from its end, and from the 
pressure observed at that spot the pressure at the end 
could be deduced. The nozzles used were conical, and 








81 
were rounded at the throat to a radius equal to the 
rts of the metal left at each side | diameter of the minimum cross-section, e results 


obtained are summarised in the three tables below :— 
Taste I.—Summary of Results. 


—— Nozzle I. Nozzle II. 


Minimum diameter of cross-section mm. ~~ 42.07 12.07 
Knd diameter of cross-section. . os 18.00 26.12 











Length between these two sections ..__,, 150 150 
Iuitial pressure, p; absolute .. kg./om.2 8.15 11.15 
»  vemperature od deg. U. 174 197 5 
>» temp e, absolute .. » 447 470.5 

Fiual pressure of expansion, po absolut 
kg./em.2 1,082 0.571 


Expansion ratio p)/po ot - 7.68 19.52 
Specific initial voiume v, os m."/kg. 0.2440 0. 1572 

eight of steam flow per second,G .. kg. 0.1351 0.188 
Di ‘ge ffi X as in formula G = 





nid od ae el OO | ee 
ps 

Jetreaction P .. .. se -- ky. 10.85 17.60 
ser | steam velocity w at end of nozzle 
— . | 
we e 9 ee oe ee oe m./sec. 787.8 054.5 
Initial heat contents 4, .. - -» Cal. 665.9 675.5 
Initial entropy 3; as ee - -- 1.6046 1 5929 


Tasisll. — final Condition with Normal Expansion 
and theoretical Conden:ution. 


Nozzle L. | Nozzle ll 











Absolute pressure po ‘ ee ky./om.2 1,082 | 0.571 
Adiabatic heat contents iy we -- Cal. 682.6 | 660,72 
oe specific weight uf ste - -. 0.2030 | 0.8615 
» heatdropHo.. .. .. cal.| 8328 | 1188 
Effective heat drop He = A w%, » o 74.08 | 1089 
Loss .. of aft - -- Ppercen. 11.05 | 8.00 
Heat contents of effective final conditiun 
with th tical di tioné .. cal. 591.8 | 566.5 
Corresponding specific weight of steam 09101 | 0.8782 


9 9» volume v m. 3/kg. 1,458 2.653 
Area of end cross-section calculated by | 


the continuity equation f= Gv/n.. cm.2 2.498 | 4842 
Area of actual end cross-section (cold) / _,, 4.645 | 4.056 
Difference f—/ in per cent. of f we -.| 1,84 2.28 


Tasixe IIIl.—Final Condition under Assumption of 
U0 ing. 


— Nozzle I. | Nozzle II. 





oe kg./om.2 1.082 0.671 
temperature ¢, 
deg ©) 101.3 84.2 
Assumed temperature of undercooling tx 
eat “ deg. oO 90.0 75.0 
Coi g saturation pressure kg./cm. 0.715 0,392 
Diameter of drops in thermal equilibrium 
with capillary forces .. - -- m/1.79.10—9/ 2.13.10—9 
Specific weight of steam for adiabatic expan- 
sion without friction, but with under- 


Specific volume 


Absolute pressure 
Corresponding sat 


et 





0.9018 0.8658 





gs arid ‘m.3/kg.| 1.396 2.451 

Effective specific volume wd on 1.416 2 618 
Area of end cross-section according to the 

continuity equation = Gv/w .. cm.2 2.428 4.776 

Difference f - fin percent.off  .. | &£@ 3.63 


It had been explained in the previous memoir that 
the equation of continuity would yield smaller values 
for the actual cross-sectiund of the steam-jet as the 
undercooling increased. But it resulted that even 
under the assumption of complete condensation, the 
available cross-section was not entirely taken up by 
the steam—that is to say, that there was a deficiency 
of 1.8 per cent. in nozzle L., and of 2.3 per cent. in 
nozzle LI. (compare Table II.). This deficiency had 
to be explained. The deticiency could hardly be 
attributed merely to errors of obs rvation, It might 
have been assumed that the steam itself was satu- 
rated, but that the drops of water were really super- 
heated, so that the temperature at the end cross-section 
was not homogeneous ; but it will be seen that the 
temperature drop should have been negative to satisf, 
the equation of continuity. The deficiency woul 
have greater still if the steam were supposed to 
be under-cooled even to a very slight degree only. 
Another mode of explanation seemed to be required, 
and Professor Stodola suggests the following con- 
siderations :— 

Technically, average conditions are assumed to 
prevail in the cross-section of a nozzle. In reality 

pressure alone is fairly homogeneous, even with 
stream-line flow, whilst the velocity decreases as 
we pass from the middle of the nozzle to the wall, 
and the specific volume increases, owing to the greater 
friction near the wall; the slightest deviation from 
the condition of homogeneity would materially iuflu- 
ence the equation of continuity. For his deductions 
Professor Stodola makes use of the following symbols : 

p = the distance of a point from the axis of the 
nozzle ; 
w = the steam velocity at that point ; 
= the density at that point ; ; 
= the external radius of the cross-section ; 
the mean velocity ; 
the mean square velocity ; 
the weight of steam flowing per second. 


; 
» 
w! 
G 
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These symbols are further defined by the following 
equations :— 


o={ 
0 


aw | 
0 


There is further a constant n, defined by the 


e\" \ , where 1) is the velocity 


r 
2Qrpdpyw; Gw -{ 2Qrpdpyw; 


0 


22 pdpyw. 


equation w = wo { 1 - 


along the axis, and the velocity at the wall is zero. 

Professor Stodola then shows that, with two dimen- 
sional streaming, the linear mean velocity w does not 
agree with the mean square velocity w*. The jet 
reaction yields the w, but the kinetic energy depends 
upon the w; the two differ rarely by more than | per 
cent., but the point has so far n overlooked, 
according to Stodola. The result derived from some 
elaborate computations is that, at the end of the 
nozzle, the condensation does not attain the theoretical 
value, but that the undercooling is unimportant, and 
that it will be the smaller the lower the ex ion is 
carried. In the case of nozzle I., an undercooling, i.¢.,a 
difference between the saturation temperature and the 
true steam temperature of 8 deg. Cent. is observed for 
7.5-fold expansion and n = 22; in the case of nozzle IL., 
a difference of 3 deg. Cent. only for 20-fold expansion 
and n = 25. The losses due to incomplete condensa- 
tion are consequently much smaller than they would 
be with complete undercooling ; the losses may be 
estimated for nozzle I. (small heat dient) at 24 per 
cent., and for nozzle II. (larger gradient) at # per cent. 
Further experiments and computations had not been 
made for the reason above stated ; but the investiga- 
tions, Stodola considers, confirm the view that, with 
the expansions arising in steam-turbines, and even 
with greater expansions, the initial undercooling will 
finally vanish again. 

In the third part of his paper Professor Stodola 
discusses these experiments and the molecular pro- 
cesses ocourring during condensation with reg to 
the recent researches of Marcelin and of Knudsen. 
R. Marcelin (7'héses présentées & la Faculté des Sciences, 
Paris, 1914) determines the rate at which a superheated 
liquid evaporates or a solid sublimates. Stodola does 
not quite accept the interpretation which Marcelin 
puts on his (Marcelin’s) experiments ; and as regards 
the evaporation from drops floating in vapour or 
steam, and the ener; exchange between them, he 
goes back to M. Knudsen (Annal. Physik, vol. xxxiv., 

ge 608). A molecule of gas or vapour hitting 
Soaee surface (in our case the drop) with a velocit 
depending upon the vapour temperature, bounds bac 
from the surface, not with the full velocity which 
would correspond to the temperature of the surface, 
but with a smaller velocity. The formula contains a 
certain coefficient, always smaller than 1, which 
Knudsen calls the ‘‘ accommodation coefficient,” and 
which depends u the ratio of two temperature 
differences. Knudsen’s experiments concerned various 
gases and surfaces of different materials, and Stodola 
applies those arguments to his theory of condensation, 
modifying it to a certain extent. Some of the steam 
molecules striking a drop of water will rebound, some 
will enter and penetrate into the drop, and an equal 
amount of molecules will be ejected by the drop. The 
mathematical solution offered is not exhaustive, and 
the experimental data available would hardly permit 
of any exhaustive treatment of the subject, we think. 
But Stodola concludes that the ratio of the number of 
entering molecules to the total number of striking 
molecules can hardly sink below ;, (Marcelin had a 
minimum value of ;); that would mean that the 
equalisation of the temperature at the drop would 
really proceed (as he had previously assumed) at an 
extraordinarily rapid rate compared with the rate of 
the expansion of the steam. 

In this connection Stodola accentuates the neces- 
sity of distinguishing between ordinary and molecular 
heat conduction ; the latter comes into play, he says, 
when the size of the —— is small compared to the 
mean free path of the molecules. As his experiments, 
even with low degrees of undercooling, lead to dro 
radii of the order of 10-* or 10-* metre, the molecular 
conduction would have to be considered, whilst with 
ordinary size drops the laws of the ordinary heat 
conduction would hold. This latter conduction would 
be infinitely slower than the former, especially because 
the freshly-created steam of evapora would form 
an oe shell round the drop. At a pressure of 
one atmosphere the evaporation of a water-layer of 
1 mm. thickness would produce a steam-layer of 1.7 
metres thickness above the water-level. That would 
explain how cold drops can continue to exist in super- 
heated steam in spite of active mechanical stirring, 
as Knoblauch and Jakob observed in their determina- 
tion of the specific heat of steam. 

Finally, Stodola points out, the new experiments 
admit of estimating the number of drops in steam. 
There would be one drop for every 30,000 molecules of 





dry steam. If every one of these drops were to require 
a solid nucleus, 1 cub. cm. of dry steam should, at 
atmospheric pressure, contain more than 10" solid 
nuclei—which could scarcely be conceded. In this 
respect also the recent experiments would confirm 
previous conclusions of Stodola. 








WATER-SOFTENING BY THE LASSEN- 
HJORT AND THE PERMUTIT PROCESSES. 

On Tuesday last the United Water - Softeners, 
Limited, of Imperial House, Kingsway, W.C., te 
a demonstration of two of their processes which have 
decidedlv come to the front in recent years. The 
Lassen-Hjort process is familiar to our readers, 
and what we have to say about this established 
process will be found at the end of this article. The 
permutit process is comparatively novel and quite 
original ; it stands apart from all softening processes, 
inasmuch as there is no precipitation, but only a 
filtering through a peculiar material, which apparently 
can pass through reversible changes for years without 
losing its efficiency. We will begin our article with 
the permutit process. As the firm mentioned has now 
had a large number of plants working for years, the 
permutit process is attracting much attention. 

We first noticed this process, which Dr. R. Gans, of 
the Berlin Geological Institute, originated, and which 
was taken up and developed in this kingdom by the 
United Water-Softeners, where they now control it, in 
connection with the International Congress of Applied 
Chemistry, held in London in 1909.* We have referred 
to it on several subsequent occasions, notably in 1911, 
1912, and 1914.+ The last-quoted communication 
concerned a very instructive account of two years’ 
trials, conducted by A. Bahrdt, in the Government 
Laboratories of Moscow ; the references in the foot- 
note allude also to correspondence on the problem. 
It will be remembered that ge is an artificial 
zeolite—that is to say, one of those complex silicates 
which readily exchange their bases, even when in the 
natural state, in which they form beautiful crystals. 
The permutit, as artificially prepared, is also known 
as sodium-permutit, and is a sodium-aluminium sili- 
cate of the formula 2Si0,.Al,0,.Na,0.6H,O. When 
hard water containing calcium and magnesium salts 
is filtered through a ~—— of permutit, which is used 
in grains (or, rather, cubical lamps) 2 mm. or 3 mm. in 
diameter, the sodium is washed out and passes into 
the filtrate, whilst the calcium and magnesium take 
the place of the sodium in the permutit, which thus 
becomes a calcium - magnesium permutit. In the 
demonstration this filtering did not take more than a 
minute. London water of 163 deg. of hardness} was 

through a column of permutit about 15 in. 
in height ; the filtrate was so free from all calcium 
and magnesium salts that the addition of as little 
soap solution as would have indicated 4 deg. of 
hardness at once produced the permanent lather 
characteristic of completely softened water. Thus 
the permutit is able to exchange Na against Ca and 
Mg, as long, of course, only as there is Na left in it ; 
hence very hard water requires more permutit for 
softening than a moderately hard water. When the 
Na is exhausted, the permutit is for the moment in- 
effective; but it can easily be restored to its efficiency 
by passing a solution of common salt through it. Then 
the Na again replaces the Ca and Mg, and the per- 
mutit is ready for use once more. This is the re- 
generation. It is remarkable that in actual plants 
permutit has stood four years’ practice and more 
without becoming impoverished. The regeneration is 
receded by an agitation, which is effected by revers- 
ing the flow of water through the permutit, so as to 
loosen the material. In softening, the water passes 
downward; during regeneration the ralt solution flows 
upward. The regeneration is followed by a cleansing 
operation for about 20 minutes, during which the 
raw water is sent upward through the permutit again, 
to wash out the excess of salt. 

In ordinary > the apparatus are run for 
filtering during day-time, and are regenerated during 
the night ; where shifts of 8 hours are worked, the 
apparatus are given the same periodic shifts. In 
house installations, which are in the form of cylin- 


P| ders about 6 ft. high and 1 ft. in diameter, all these 


operations are effected with the aid of one control- 
tap, a five-way cock, details of which are given in 
Figs. 1, 2, 3. The diagram, Fig. 1, marks the four 
positions: ‘‘shut,” ‘‘regenerating,” ‘‘ working,” and 
**cleansing.” When the indicator is on ‘‘ working,” 
the hard water enters through the inlet and spreads 
on the top of the — filter (compare Fig. 4). The 
next stop, for the valve ‘‘ agitating,” is not visible in 
the diagram ; further turned, the indicator comes to 





* See ENGINEERING, vol. Ixxxvii., page 780. 

+ Ibid., vol. xci., pages 253. 277, and 311; vol. xciv., 
page 407 ; vol. —ie 565, 632. 670, and 706. 

t By 1 deg. of ness the United Water-Softeners 
understand 1 grain of calcium carbonate per gallon of 
—_ various definitions of hardness are in use, unfor- 
unately 


rest on ‘‘ 


ting,” and then on “ shut ;” finally, 
the ta 


is turned to ‘‘ cleansing” before ‘‘ working ” 
|is to in again. In Fig. 2 we notice that the 
| plug and body are tight-fitting, to prevent creep- 
ing of the water from port to port; Fig. 3 shows 
the balls of the bearing. In i’ lants several 
taps or valves have to be worked. igs. 4 to 6 
illustrate an outfit now being installed in connection 
with an engine of the National Gas Engine ae > 
at Hull. The covling water has to be absolutely 
ure, as the use of hard water may lead to serious 
eposits in the cylinder-jackets, and even to cracking 
of the — and the permutit plant is able to 
secure that purity. The apparatus can soften 800 
gallons of water per hour of the hardness of London 
water ; the Hull water being harder, the capacity is 
about 600 gallons per hour. The cylindrical apparatus 
is built up of boiler-plate. On the top of the 
cylinder is the salt-tank, which is charged with 
common salt and with the water to be purified 
serving as solvent; the salt solution used is of 10 
per cent. In the cylinder we notice first, near the 
top, a bed of gravel, from 1 ft. to 14 ft. in thick- 
ness, in apparatus of different capacities ; this gravel 
rests on a series of perforated or slotted plates, made 
of Muntz metal or iron, and is to keep back any 
ded impurities in the water. Thespace between 

this gravel and the permutit layer, which has a thick- 
ness ranging from 3 ft. to 5 ft., is filled with the raw 
water to be treated ; this water is under some hydro- 
static pressure, the degree of which affects the rate of 
filtration, but not the ane. The ey a 
rests on & lower layer of gravel, again pea- gravel, 
supported by perforated plates. The manipulation of 
the valves will easily be understood from the diagram, 
in which the dimensions of the particular apparatus 
are marked. A water-meter is inserted in the outlet 


tap. 
The ~ nage of the system are the perfect 
purification ised, the small floor-space wanted, 
and the simple and easy manipulation. The cylin- 
drical apparatus are made in diameters from 8 in. 
up to 9 ft., and of varying heights ; as a rule, several 
apparatus in parallel will be A gee many to one very 
large apparatus. The softened water contains some 
alkali; that is likewise the case with all water that 
has passed through a soda-lime softener. That the 
water remains palatable and wholesome is proved by 
the fact that many installations are already put up in 
country houses all over the kingdom. The manufac- 
turers think that the absence of calcium and magne- 
sium salts from water for drinking and for washing 
would prove a boon by preventing gout, skin diseases, 
&c. That may be so. The absence of salts certainly 
would facilitate cooking and laundry work, and the 
alkalinity in permuted water is not greater than the 
alkalinity of many popular table waters, as Dr. John 
C. Thresh establis ed in 1912. For textile works, 
dyers, and wool-combers, the perfect absence of hard- 
ness is very ae gen and often indispensable. The 
wool-combers of Bradford were hence among the first 
who gave permutit a trial in this country. 

A very important point is, further, the complete 
removal of iron from water, particularly from water 
which is wanted in the manufacture of explosives. 
In the first plant in which permutit was tried, at 
Glogau, in Silesia, the water treated was ferruginous, 
and Bahrdt mentioned that traces of rust would be 
stopped in the top layer of the permutit, from which 
they could be washed out again, without impair- 
ing the permutit reactions. But the United Water- 
Sabvenens have recently prepared in their research 
works at Brentford a manganese permutit which is 
said to stop all iron and manganese salts. This 
particular permutit is obtained by treating rodium 
permatit with manganous chloride, and by oxidising 
the product with the aid of potassium permanganate ; 
the grains of permutit then become surrounded with 
@ laver of manganese peroxide, and this layer and 
the manganese-permutit are said to oxidise and to 
arrest any soluble iron or manganese salt like ferrous 
carbonate, which would paes an ordinary filter. The 
manganere permutit is in uve in various water works 
at Birkenhead, and in other parts of the penin- 
sula of Wirral. We should mention that the firm does 
not now make its permutit by fusing feldspar, kaolin, 
and soda together and lixiviating the product, but by 
a chemical precipitation process, about which no 
information was given. 

The permutit process is not suited for very hard 
water, nor for water rich in free carbon dioxide, both 
of which can best, or most economically at any 
rate, be treated, or be treated in the first instance, 
by the soda-lime method. But the company advo- 
cates a combination of the two processes, which 
Bahrdt did not recommend. Combined Lassen-Hjort 
and permutit plants are at work, for instance, 
in the Longford Mills, of Minchinhampton, near 
Stroud, of Messrs. W. Playne and Co., woollen manu- 
facturers, who want thoroughly to purify their water 
of 15 deg. or 16 deg. of hardness. The Lamson Tijert 
plant reduces this hardnees to 4 deg. or 5 deg., and 
the subsequent permutit treatment eliminates the 
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PLANT FOR THE PERMUTIT PROCESS OF 
CONSTRUCTED BY THE UNITED WATER SOFTENERS, LIMITED, ENGINEERS, LONDON. 
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remaining 5 deg. of hardness entirely. We have seen 
the original log-sheets for December and January, 
1914-15, which substantiate this claim ; the water is 
tested three times daily at these works. 

Another combined plant has been installed in the 
works of Messrs. Woolcombers, Limited, of Bradford. 
There 7000 gallons of water of 30 deg. of hardness are 
treated her hour; the Lassen-Hjort process reduces 
the hardness to 7 deg. (and would reduce it further, if 
that were desired), after which the permutit treat- 
ment removes all hard salts. That thousands of 
pounds can be literally saved when the water in such 
works is absolutely soft will be understood ; such a 
saving would justify a somewhat expensive plant, and 
& combined plant is necessarily not inexpensive. We 
have not so far spoken of feed-water softening in 
particular. Generally speaking, a good soda-lime 
softener will be able to achieve what is required, at 
smaller cost than a permutit plant ; but when perfect 
softness is needed, a permutit plant will answer. 

We pass to the Lassen-Hjort process. That process 
has several times been illustrated in our columns, as, 
for instance, in our — of the excellent paper on 
‘* Water-Softening,” which Messrs. C. E. Stromeyer 
and W. B. Baron read before the Institution of 
Mechanical Engineers in December, 1903.* We 
should refer our readers to this r as to the general 
problems of water-softening and the best apparatus in 
use. The latest improvements of the Lassen-Hjort 
softeners, which are well known, were illustrated on 
page 784 of our issue of June 6, 1913, when those 
improvements were shown at the Mining Machinery 
Exhibition held at the Agricultural Hall, Islington. 
The modification concerned the adjustable positive 
chemical valve and the locking gear which prevents 
the oscillator from tipping before it contains the 
predetermined quantity of water. These two = 
are placed next to one another on the of the 
tank or cylinder, from the bottom of which the 


* See ENGINEERING, vol. Ixxvi., page 876. 
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heavy sludge should be removed once every day 
through the sludge-cocks, which have only to be 
o for about a minute or two for this purpose. 
The filtering material, the wood-wool, can serve for 
four or six weeks ; it is then removed and washed, 
and may hold out fora year. Sometimes an additional 
filter is placed on the top of the softener. The curves 
of Fig. 7 exemplify what the Lassen-Hjort softener 
will accomplish. The diagram concerns the water- 
softeners of the locomotive works of the Great Western 
Railway Company at Swindon. The plant can deal 
with 20,000 gallons of water per hour ; the usual hard- 
ness is 17 5 deg.; but the water comes from various 
sources, and the diagram shows how steadily and 
quickly the softener adapts itself to changes in the 
hardness. On the whole, the hardness was reduced 
to 2 deg. ; but when raw water of 20 deg. was bein, 
supplied, the remaining hardness rose to 3deg. Wi 
that the works were eatisfied ; otherwise a permutit 
plant might have been added, the two systems very 
well supplementing one another. 





Land SgTreeMENT IN AUSTRALIA.—According to a 
communication which has been sent us by the Hi ° 
missioner, Australia is well able to increase area 
under cultivation in order to produce larger quantities 
of com ities for which, as the result of the war, there 
is bound to bea great demand. Only a comparatively 
small area of the Commonwealth has so far been brought 
under cultivation, and by State assistance an attempt is 
now being made to augment very substantially the yields 
of various products. This means more workers and in- 
creased trade generally. One of the most promising sources 
of production, however, is probably connected with the 
irrigation schemes. Here from a limited area, with proper 
f — and an —— supply of ae it will = 
possible to w vy cro is good, the 
water pat and A is 9 doubt about the market. 
Many people with capital—and some without, but with 
experience—are successfully settling on the irrigated 
areas of both New South Wales and Victoria. Experts 
are at present visiting England to give full information 
concerning the o tion of these schemes and the oppor- 
tunities they afford. In connection with one scheme, 













































705 farms had been granted up to April of last year, 
622 of which had y occupied ; 98 town- 
ship blocks had ted; 205 miles of road con- 
structed ; 260 miles of reticulation channels and 147 miles 
of drains cut; 500 acres were planted for stone fruit, 200 
acres for vines and citrus, acres for lucerne, 8000 
acres for other fodder crops, and 200 acres for vegetables. 
Scorcn Pic-Inon Returns ror 1914.—The annual 
returns issued by the Scottish Iron-Masters for 1914 
—given below—show a general shrin both in produc- 
tion and consumption, and rather a heavy increase in 
stocks. The latter amounts to 42,839 tons. 
De- 
1914. 19138. orease. 
Production : Tons. Tone. Tons. 
As per makers’returns 1,140,354 1,877,747 237,898 
Consumption : 
In foundries .. ee 168,684 196,401 82,817 
In malleable iron and 
steel works .. - 735,156 842,987 107,781 
a 898,740 1,039,338 140,698 
oe ee 70,740 107,175 y 
Coastwise oe 120,670 152,198 $1,623 
Rail to England 7,365 8,716 1,851 
198,775 084 69,309 
Total consumptionand re ~~ 
exports .. .. 1,007,615 1,307,422 209,90 
Stocks as on December 31: 
De- In- 
1914, at ae 
In Connal’s stores 1,000 1,020 20 _ 
In makers’ yards 230,815 187,956 _ 42,859 
231,816 188,976 — 42,8389 
Furnaces : 1914. 1918. 
Number of furnaces in blast on 
Decem . ee se Se 73 67 
Average number of furnaces in blast 
for year .. ee ee os 86,429 
Summary. 
Total stock at December 31, 1918 188,976 
Add production for 1914 .. dé 1,140,854 
1,329,330 
Deduct total deliveries for 1914 .. 1,007,515 
Total stock at December 31 1914 231,815 
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INDUSTRIAL NOTES. 


Tux price of No. 3 Cleveland pig-iron for the months 
of October, November, and December was certified on 
the 7th inst. to have been 50s. 9.53d. per ton, as com- 
pared with 51s. 4.13d. per ton in the previous three 
months. 

This means a reduction in the blastfurnacemen’s 
wages of three-quarters of 1 per cent., which will 
bring the wages down from 24 per cent. above the 
standard to 23.25 per cent. above the standard. In 
the previous quarter there was an increase in wages 
of 0.25 per cent. 





A meeting of the Great Northern railwaymen of 
Doncaster was hell last Sunday evening, in the 
Co-operative Hall, with a view to consider the Con- 
ciliation Board question. Mr. William Pentney, vice- 
chairman of No. 2 Branch, presided. After the gather- 
ing had been addressed by Mr. James Holmes, organ- 
ising secretary of the National Union of Rsilwaymen, 
a resolution was adopted requesting the general secre- 
tary to convene a special meeting of the Executive 
Committee for the purpose of (1) terminating the 
truce with the railway companies ; (2) taking such 
steps to secure the completion of the conciliation 
machinery and its applicst’on to all railways at pre- 
sent standing out ; and (3) making arrangements for an 
early submission of the national programme to the 
com panies. 





In the report dated the 8th inst., issued by the 
Steam-Engine Makers’ S wiety, the following figures 
are given :—Membership, 17,400; branches, 170 ; 
capital, 140,000/ , equal to 8/, per member, Expended in 
benefits, 840,000/. Dnenptered, ten, «qual to 0.06 per 
cent. The report adds that ‘‘ the eight-hour day made 
good and sound progress during the past year, shap- 
ing itself on business-like and thoughtfu lines ; it 
was thoroughly discussed on its merits by a repre- 
sentative body of all the allied trades with the Engi- 
neering Employers’ Federation, the present disastrous 


war alone putting a stop to further action. We look 
forward eagerly to the time for —_ taking up this 
permanent retorm in workshop conditions.” 


According to Steel and Iron, Pittsburg, the United 
States’ steel industry, as a whole, was running at 35 
to 40 per cent. of the maximum capacity on Decem- 
ber 15, and increased this rate of operations materially 
during the week before Christmas, with the double 
purpose of finishing up orders and giving the men as 
substantial a Christmas pay as possible. The resump- 
tion immediately after January 1 promised to be on 
the basis of about 50 per cent. of the maximum 


a 
he same journal states that Mr. Gary, Chairman 
of the United States Steel Corporation, on Decem- 
ber 22, authorised the following announcement as to 
the Corporation’s wage policy at the opening of the 
New Year :—‘‘ After giving careful consideration to 
the subject, it has been decided to make no general 
reduction in the wages of the employees of the United 
States Steel Corporation at this time. There will 
robably be some readjustments in the amounts paid 
or skilled labour or piece-work, depending upon 
special conditions. In view of the general depression 
in business, which has been experienced for some 
time, decreases in the general wage scale have seemed 
inevitable and imminent, but it has been determined 
to continue the existing scale for the present at least, 
with the hope that improvement in business will be 
revliised. Already there are some evidences of a 
change for the better.” 


A conference of trade-unionists from all over the 
country, convened by the Parliamentary Committee 
of the Trades Union Congress and the Labour Party, 
was held at the Memorial Hall, London, a week ago, 
the object being to consider what action trade unions 
generally should take with regard to the financial 
assistance of the journal the Daily Citizen. 

The official resolution placed before the meeting 
stated:—‘:That this conference, representing the 
Trades Union Congress and the Labour Party, 
that in order to guarantee the continuation of the 
Daily Citizen as an asset of the Labour movement, the 
payment of a sum equivalent to 6d. per member per 
year towards its support should be made a condition 
of affiliation of trade-union and Socialist societies 
to both the national organisation: for at least three 
years.” 

The resolution, we understand, was defeated by an 
overwhelming majority. 





It may be that the war is responsible for the fact 
that the Daity Citizen requires financial assistance. 
It certainly is responsible for the unemployment 
which now prevails in general printing, bill-printing, 
and bill-posting. We find it stated in the Yorkshire 


Post that of the 1200 members of the Leeds Typo- 
pag Association, 95 have joined the colours, but 
or 90 are out of employment. These 


figures do 











not measure the amount of distress, as the remainder 
of the employees are for the most part earning small 
wages. In October there were 22,367 hours of short 
time. This number was reduced in November to 12,861. 
Although these figures point to a considerable improve- 
ment, the outlook is not altogether promising. Leeds, 
though an important centre of the printing trade, is 
not what is called a ‘‘ book” town, but a ‘‘commercial” 

rinting town, and it is that important branch of the 
industry which is very largely affected. A great 
amount of catalogue work has been held up by such 
firms as wholesale chemists, owing to the tremendous 
fluctuations in prices. Then the motor manufacturers, 
who have relied largely upon the very best class of 
catalogue for advertising, no longer issue catalogues, 
and are devoting their attention mainly to Govern- 
ment contracts; the same observation applies more 
or less to other engineering firms. Ona the other hand, 
firms doing business in Canada, India and South 
Africa have restarted issuing their catalogues. 

There is some hope that at least a portion of the 
trade hitherto done by Bavaria in Christmas and 
birthday cards, toy-books, and other specialised colour 
work of the kind may be captured by British firms; but 
the latter are cautious in expending capital in this direc- 
tion, since, while for the present the public may refrain 
from purchasing the German-made article, many manu- 
facturers hold that after the war is over it will soon 
once more be a case of ‘‘ value for money,” and that 
the Germans will continue to hold the market if they 
can continue to do work equal in quality to that of 
their English competitors and at a luwer price. The 
consideration is, however, a substantial one. There 
are hundreds of thousands of pounds’ worth of work 
drawn on stone and plates in Germany for reprint 
ordera. The reprints being not now available for the 
English printers, a striking opportunity is presented 
to Knglish printers to get in, and stay in. 

According to the estimate of a member of a well- 
known Leeds printing tirm, most printers consider 
themselves lucky if they are doing 75 per cent. of 
their ordinary business, and many are doing far less 
than that proportion. 





A somewhat more cheerful note than the above was 
struck at a meeting of the council of the Walsall and 
District Chamber of Commerce, which was held early 
last week, when the president, Mr. A. Ennals, in refer- 
ring to the trade outlook for the New Year, said it 


was to the lasting credit of the Government that the | pe' 


great problems of finance and commerce had been so 
successfully dealt with. Manufacturers must, how- 
ever, recollect that this country was fighting a rival 
whose annual export had been of the value of some- 
thing like 500 millions, and that the countries she had 
hitherto supplied would not wait for her, so that it 
was evident there was a big business to be done by some 
country. He suggested the Government might adopt 
a still more progressive policy by appointing a Minister 
of Commerce, and another desirable reform was that 
British interests in foreign countries shuuld be looked 
after by British subjecte. 

It was reported that correspondence had taken 
place with the War Office with regard to complaints 
of delay in the inspection of, and — for, stores 
supplied to that department by Wales | manufacturers. 
The War Office, in their reply, said the general 
allegation had been inquired into, and it could not be 
traced that any foundation existed for such state- 
ments. On the contrary, every effort had been made 
to om these transactions. If any particulars of 
specific instances of delay could be furnished, the 
matter would be fully and promptly investigated. 





A meeting between the representatives of the Cleve- 
land Ironstone Mineowners and the Cleveland Miners’ 
Association was held at Middlesbrough on Monday, 
the 11th inst., with a view to consider the wages to 
be paid to the miners during the ensuing quarter. 
Sir Hugh Bell, Bart., ocoupied the chair. 

It was agreed that a reduction of 0 75 per cent. in 
wages should take effect from Monday, the 25th inst. 





A meeting of the Executive Committee of the 
Waterways Association was held on Tuesday last at 
the Guildhall, London, Mr. Neville Chamberlain, Bir- 
mingham, occupying the chair. 

The report, whic: was read by the secretary, Mr. 
Frank Impey, stated that as unemployment was ex- 
pected immediately to follow hostilities, a suggestion 
was submitted to the Government by the Association 
to the effect that employment might be found on 
works which would yield remunerative investment 
for the nation, and that the Government should 
advance two million pounds for canal development. 
The proposal was favourably received, but the need 
for providing employment fortunately disappeared. 
It was suggested that the Board of Trade should 
be urged tw introduce in this session a general Bill 
enabling local authorities to contribute to the cost of 
or to promote canal development, but without becomi 
carriers. The year’s work had demonstrated that the 








country was ripe for the adoption of the recommenda- 
tions of the Royal Commission on Canals when the 
Government deemed it expedient to give the lead. 
The present serious congestion of traffic on our prin- 
cipal railway systems, with the consequent delay even 
to material urgently required for war p , served 
strongly to emphasise the absolute necessity for some 
alternative method of transport. 

The chairman, in moving the adoption of the report, 
said it showed that the principle of local contributions 
to the development of our waterways in the early part 
of the war received additional encou ment, & 
number of local authorities having expressed their 
approval. 

t was resolved that the Board of Trade should be 
approached again, and urged to bring in as soon as 
possible a Bill giving general powers to local authorities 
to contribute to the cost of canal development. 

The report was adopted. 


We referred on e 751 of our last volume to the 
dispute which had arisen in the West Yorkshire coal 
trade. We may here recall that the men applied to 
the chairman of the West Yorkshire District Board 
for an advance in the minimum wage psid to those of 
their number who fail to earn the wage under their 
contract. Judge Amphlett, the chairman of the Dis- 
trict Board, ted an advance of 4d. per day on the 
wage. The West Yorkshire colliery owners paid this 
advance, but immediately withdrew the payment of 
the three 5 percent. advances which had been granted 
by the Conciliation Board since the Minimum Wage 
Act was passed, and which were equal to 74d. per day, 
the owners claiming that Judge Amphlett’s award 
was in substitution of the three advances in question. 
The result was a loss to the men of 33d. per day. 
The men who fail to earn the minimum wage under 
their contract form only a small proportion of the 
total number of workmen employed, but the workmen 
thus affected vary from week to week. 

The Council of the Yorkshire Miners’ Association 

met at Barnsley, on Monday last, the 11th inst., when 
the following resolution was passed :—‘‘ That a ballot 
be taken in West Yorkshire in accordance with the 
resolution of the Miners’ Federation of January 7, 
1914, and this Council meeting recommends all the 
members i — in favour of tendering fourteen pw 8° 
notice unless the employers are prepared to w 
Amphlett’s recent omasa and the Conciliation Board 
reentages.” 
Mr. J. Wadsworth, M.P., the General Secretary, 
stated that the passing of this resolution meant that 
if the ballot secu & two-thirds majority of the 
West Yorkshire members of the Yorkshire Miners’ 
Association, notices would be tendered, and the men 
ateach West Yorkshire pit where the owners refused 
to pay the three 5 percentages would be brought out 
to enforce what had been secured from other coal- 
owners by conciliatory means through the Coal Con- 
ciliation Board. ‘‘We think it is a great pity,” he 
added, ‘‘that we should have to go into a matter of 
this kind, especially at the time of the present 
national crisis. We hope that the West Yorkshire 
coalowners will look at it from a different point fo 
view from what they have been taking, and pay the 
percentages and the back money the men are entitled 
to from the time Judge Amphlett made the award. 

‘*The pits where this is paid will be allowed to 
work. Iam of opinion myself that not many of the 
West Yorkshire coalowners will refuse to pay.” 








PropvucTION OF GRAPHITE IN THE UNITED StTaTEs.— 
In Paper II. : 14 of the United States aay ond Survey, 
Mr. ES. Bastin reviews the production of graphite in 
1913, giving information about all the graphite-mines in 
the United States, their mode of working, ies of 
the product, its uses, &c. The paper summarises what 
has been reported in previous years, and forms an accept- 
able monograpby on graphite in the United States, with 
some notes on the graphite industry of other countries. 
The domestic graphite industry of the United States is 
not in a satisfactory state, =, to the i” of the 
Ceylon graphite, the low cest of labour in Ceylon, and to 
the fact that in America the crystalline flakes of grapbite 
are disseminated throughout the schists, and difficult to 
separate from the mica in them. Hence there are more 
abandoned than prosperous graphite-mines in the United 
States, and only one firm, the Joseph Dixon Crucible 
Company, is said to be financially successful in separation, 
and in the manufacture of graphite paints, grease, &c. 
In 1913 the production of graphite in the United States 
amounted to 4775 short tons, valued at 293,756 dols., and 
6817 short tons of ean, valued at 973,397 dols., were 
manufactured, whilst 28,879 short tons, valued at 2,109,791 

were imported. The physical character of the 

ite is commercially of highimportance. The manu- 
factured graphite of the International Acheson Graphite 
Company, of Niagara Falls, is made in the eleotric furnace 
from apthracite coal or ind —_—, mixed 
with tar. According to A , the conversion requires 
the of certain impurities, silica, alumina, or iron 
em je, which form ge that are subsequently, at ew | 

ii temperatures, decomposed into graphite 

eae an but it is now believed that the nature 
of the original carbon is equally important. 
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EXPERIMENTAL PELTON 








WHEEL FOR THE REGENT-STREET POLYTECHNIC. 


CONSTRUCTED BY MR. PERCY PITMAN, ENGINEER, ACTON. 
























































7 


mod 








= Ci bihinend 


Ate amet 
Lega ee 





THE experimental Pelton wheel illustrated on this 


3, Wellcote-road, Acton, for the Regent-Street Poly- 
technic, London, and is used in the engineering labora- 
tory for carrying out tests on the efficiency of Pelton 
wheels. One special feature is the adjustable pitch of the 
buckets, Fig. 1, which enables the students quickly to 
alter the pitch or to put on buckets of other shapes 
or sizes. ‘his wheel is furnished with an improved 
adjustable needle-regulator, Fig. 2, ring-oiling bear- 
ings, water-cooled brake-drum, and plate-glass win- 
dows on each side to enable the action of the water 
on the buckets to be observed. The bed-plate is in 
tank form, with a central outlet for the exhaust water. 
An illustration of the weir tank is also shown in 
Fig. 3. If desired, the needle can be closed, and the 
small valve opened, thereby letting the water pass 
without disturbing the flow or interfering with tests 
being made on other turbines. A pressure-gauge is 
fitted showing the head in feet, and the equivalent 
pounds pressure per square inch, Fig. 4; also a tacho- 
meter showing the revolutions obtained with any 
particular nozzle- ing when the buckets are set at 
‘ any particular itch. A plant of this description is of 
the greatest value, as it enables tests to be made which 
show clearly the best shape and size of buckets to use, 
and the exact number to give the highest efficiency. 





GERMAN AND Bonemian Coat.—The State coal-mines 
at Zabrze, in Upper Silesia, have raised their prices for 
coal with the beginning of the new year. e quota- 
tions for Bohemian lignite and coal have been 
1 kr. to 1.20 kr. (10d. to 1s.) per ton, the rise having taken 
effect on January 1. 
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page has been constructed by Mr. Percy Pitman, of | 


_e Genio contains an article on gun-firing, which was 
| written both to demonstrate the advantage there is in 





of various experts in regard to the manufacture of 


| ammonium nitrate explosives, and, in general, all the 
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GUN-PRIMERS AND DETONATORS. 
A RECENT issue of the Italian Rivista di Artiglieria 


the use of black powder, instead of smokeless powder, 
for charging primers, and to put on record the work 


primers—an item which has acquired special import- 
ance since the adoption of smokeless powders. 

The explosives which deflagrate when they are 
lighted by a match in the open in small quantities, 
such, for example, as dynamite, nitrocellulose, the 


nitrated explosives, whether pure or mixed, require 
the use of a primer to develop their power. The 
explosives, on the other hand, which explode in con- 
tact with a flame, such as fulminate of mercury, nitride 
of lead, black powder, Berthollet powder (a potassium 
chlorate powder), only require a —_ firing medium, 
such as & quick-match, a slow-match, a friction-tube, 
or a metallic cap containing a substance which can be 
set alight by shock or by an electric spark. 

Priming at first resolved itself into the placing of 
powder in the pan ; this powder was set alight by the 
flint, and it fired the charge. The present-day primer, 
due to the uss of smokeless powders, has a different 
function, and may be considered as a device for 
governing the intensity of the initial shock and as o 
means to secure the complete explosion or detona- 
tion of the powder charge. There is therefore an 
intimate connection between modern explosives, the 
primers, and the substances contained in the latter. 











ae = 


with a mixture capable of being ignited by a shock, 
and of a priming charge ; this may be black powder 
or smokeless powder, and it causes the gun-charge to 
explode. According as black powder or smokeless 
powder is selected tor the priming charge, the func- 
tion of the cap varies, since black powder behaves 
quite differently from smokeless powder. The experi- 
ments carried out by Roux and Sarrau showed that 
most explosives, nitroglycerine, nitrocellulose, picric 
acid, &c., explode or detonate according to the 
method in which they have been treated, and 
that black powder, which is commonly granulated, 
always explodes, both under the action of a match 
or under that of acap of fulminate of peg A it 
can be made to detonate only with a primer of fulmi- 
nate and nitroglycerine, and by detonating its effects 
are considerably increased. 
At this point, the author of the article, Mr. Guido 
Finzi, Chief Chemist of the Italian Corps of Artillery 
and Engineers, explains the meaning of the terms 
‘* deflagration,” ‘‘ explosion,” and ‘‘detonation.” A de- 
a is a sharp reaction accompanied by a flame 
and @ strong concussion ; it is produced when a small 
amount of explosive, such as gun-cotton, ballistite, 
&c., is fired in the open by a flame. An explosion is 
violent reaction accompanied by a flame, and a sharp 
noise ; it occurs when black powders, or when smoke- 
less powders, are placed in a closed receptacle, or 
between partitions which can give way, and are 
lighted by a slow-match, a quick-match, or a flame. 
A detonation is the most violent explosion which 
can be obtained with a given explosive; it occurs 
when adding to the lighting medium—flame or electric 
spark—a suitable primer. Some experts, he adds, call 
a detonation an explosion of the first degree, and an 
explosion one of the second degree. 

hen using black powder for charging the primer, 
for exploding which « flame is sufficient, the function 
of the ey cap is reduced to that of a simple 
igniting agent. if, on the other hand, the priming 
charge consists of smokeless wder, for which a 
simple igniting agent is not sufficient, the function of 
the cap is that of a real primer, which has to cause the 
explosion of the priming charge, which latter, in this 
instance, transmits and multiplies the effects produced 
by the cap. The quality and the quantity of the 
fulminating mixture in the cap are of great import- 
ance when the charge in the primer is smokeless 
powder, since, if the fulminating composition is too 
weak, it will only promote the deflagration of the 
charge in the primer ; if too violent, it will promote 
ite detonation, and it has to be so regulated as to 
promote the entire explosion of the charge, # condition 
which is difficult to obtain in practice. 

The explosion of the gun-charge is produced by the 
shock and the pressure which the products dovelaped 
by the decomposition of the priming charge exert 
against it. The shock is due to the dynamic energy, 
or vis viva, which animates the new products formed, 
and is represented by the well-known formula, 4 m v*, 
whére m is the mass of the new products, and v their 
velocity. The ages is a static phenomenon due to 
the volume of the gases developed and to the great 
rise in temperature. In his étude on explosives, pub- 
lished in the Moniteur Scientifique for November, 
1906, Bickel demonstrated that the effects produced 
hy an explosion—i.c., the shock and pressure above 
referred to—do not act at one and the same time, 
there being between the two phases of the phenomenon 
an interval of ;$, second ; the shock effect acte first, fol- 
lowed by the pressure effect. The charge iv the primer 
being small, and the space in the powder-chamber 
of the gun being comparatively large, the effects of the 








Gun-primers consist of a copper or brass cap filled 





primer due to the pressure, which has a tendency to 
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decrease by loss of heat through the gases coming in 
contact with cold surfaces, may be considered very 
limited, if not nil, and the explosion of the gun- 
charge is due solely to the shock effects. The decom- 

ition of the charge in the primer gives rise to new 
Bodies of varied specific gravity, which transmit to 
the gun-charge shocks of more or less intensity, the 
component shock being the one represented by the 
above formula. 

The smokeless powders are transformed into gases 
and vapours, whilst black powder is transformed into 
gas and solid bodies. The solid bodies formed on the 
explosion of black powder— potassium carbonate, 
potassium monosulphide, and potassium sulphate— 
amount to 57 per cent. of the products of the decom- 
position, and have a specific gravity much above that 
of the gases and vapours formed on the explosion of 
smokeless powders. With primers charged with black 
powder there is therefore obtained (a) a more uniform 
firing of the gun-charge, and the avoidance, at the 
same time, of the risk of causing it to detonate or to 
explode incompletely ; (/)) the shock for exploding the 
gun-charge gives rise to much lower pressures and tem- 
peratures, and the risk of deforming the primer-case 
is decreased, thus eliminating the difficulty of un- 
screwing it after the round is fired, a difficulty which 
is encountered with most of the primers when primed 
with a smokeless powder ; and (c) the possibility of re- 
ducing to 8 minimum the strength of the fulminating 
mixture in the cap, this acting as a simple igniting 
device. 

Detonators are the very powerful primers used for 
firing the charge of bursting shells, mines, &c. 
quite recently, fulminate of mercury has been used 
exclusively for priming. This substance, whatever 
means be taken to promote its decomposition, deto- 
nates, both in a closed space or in the open, with such 
violence that, presumably, it decom before the 
new products formed, a B pe of which have a high 
specific gravity, have had time to dilate. By deto- 
nating, it produces a shock capable of causing the 
explosion or detonation, not only of gun-cotton, dyna- 
mite, &c., but also of bodies which, although they had 
been known for a long time, had hitherto been con- 
sidered inert substances, such, for example, as trinitro- 
pheno!, one of the most potent explosives of modern 
times. The maximum charge in detonators does not 
exceed 2 grammes. When this charge is not sufficient 
to obtain the required result, such, for example, as 
with large explosive shells, it is necessary to add to 
the detonators an intensifying medium, which is pro- 

rtioned to the quantity of explosive to be detonated. 

his medium consisted, at first, of dry cotton-powder, 
which, later on, was replaced by picric acid, as this is 
practically insensible to shocks ; picric acid is being, 
in its turn, replaced by trinitrotoluol, also called 
trotyle, trilite, and tolite, because this substance, 
while it has the quality of picric acid, also has the 
advantage of not giving rise to the formation of com- 

unds of a similar nature to picrates, which are 

angerous, owing to their great sensibility to shocks. 
The velocity of detonation of fulminate of mercury 
and of trotyle varies, according to different experi- 
mentalists, between 6500 and 7200 metres per second. 
The velocity of decomposition of ordinary explosives 
is much lower; it does not exceed generally 3000 
metres. That of gelatine, for example, is of about 
2000 metres per second. 

Fulminate of mercury is now being replaced for 
priming detonators by a new substance, a derivative 
of hydronitric acid (HN,), improperly called nitride of 
lead, the chemical formula of which is PbN,. Its sensi- 
bility to shocks may be considered equal to that of 
fulminate of mercury. On exploding it gives out an 
amount of gases less than does fulminate of mercury, 
but has a velocity of decomposition greater than the 
velocity of decomposition of fulminate. Its feature 
is that it detonates even when damp. Germany is 
studying the application of this substance for use in 
land warfare ; detonators charged with nitride of lead 
are available in France and Germany for mines. 





DesTROYERS FOR THE Unirep States Navy.—We 
read in International Marine Engineering, New York, 
that when the bids for the six new destroyers authorised 
ty the last Congress were opened on November 10, at the 

avy Department, it was found that an estimate sub- 
— the Mare Island Navy Yard, California, was 
about 200,000 dols. (41,000/.) less for each destro than 
the bids submitted by private :hipbuilding all If 
this could be considered as a strictly competitive bid, it 
would, of course, be most attractive; but past ex- 
perience with naval construction in Government Navy 
yards, adds our contemporary, has given —_ f 
that it is practically impossible for a navy to Build 
a warship as cheaply as a private chipyard ean build i, 
and, furthermore, the cost of repairs on Government- 
built vessels invariably amounts to a larger sum than the 
cost of repairs to a contract-built ship. Moreover, when 
a Government yard fails to complete the construction of 
a vessel within the appropriation made for it, it is pos- 
sible to obtain additional appropriations from 
to cover the extra ex ; while if euch aloss occurs in 
& private contract, contractor must suffer the loss. 
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SOME EXPERIMENTS WITH MODELS 
HAVING RADICAL VARIATIONS OF 
AFTER SECTIONS.* 

By Naval Constructor D. W. Taytor, U.S.N., Vice- 
President. 
WHEN we determine the form of a ship, there are two 
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| are, for given dimensions and displacement there is not 
| room for very large optional variations of sectional area 
| except near the extremities. The ey my” has a fairly 
| free hand, however, when it comes to the shapes of the 
| sections, particularly towards the extremities. There 
| are, of course, matters to be considered im connection 
with these shapes other than the question of resistance, 
such as seaworthiness, carrying capacity, &c.; but it 
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things which must be done in connection with every 
station or section. We must, by some fix the 
determine 


then ¢ » the form or shape to be given 
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. CURVES OF TOTAL RESISTANCE AND ESTIMATED FRICTIONAL RESISTANCE FOR 
Fig.7. 51% MODELS HAVING DIFFERENT STERNS WITH SAME SECTIONAL AREA CURVE 
AND SAME BOW FOR ALL STERNS. 


should be understood that in this Bo. questions of 
resistance only are taken up. 1 king, as 
regard the shape of sections, the acce practice is to 
approach the U-type forward and the V-type aft. From 
our experience at the United States Model Basin this 
practi i would appear fully 


ice, as regards resistance, L 
‘justified as to the how, the U-type of section being 
| nearly always desirable 


forward. Moreover, the resist- 
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ance seems to be more affected by changes forward than showing of stern F. Of course, this was ly due to 
ut it in another way, to | small wetted surface, but stern F shows Som 


by the changes aft; or, to 
depend more upon the forward form than upon the after 
form. 

Systematic variations of form of entrance generally 
result in systematically varying resistance, and allow 
definite conclusions to be drawn. When it comes to the 
run, however, we find it much harder to draw definite 
conclusions. Changes in the form of the after sections 
appear to affect the resistance less than do changes for- 
ward, and c of resistance for systematic changes | 
of after form are not always systematic. So, while we | 
feel that the standard practice is probably right, and 
that V-sections aft are desirable from the point of view 
of resistance, we do not feel that here we are upon such | 
firm ground as with regard to the U-sections forward. | 

In view of the difficulty of obtaining definite charac- | 
teristic results from comparatively small changes of 
shape aft, we have recently made some experiments with 
after forms of radically different shapes, and it is the 
object of this paper to put before the Society the results 


Fig. 8. CURVES OF RESIDUARY RESISTANCE FOR SIX MODELS HAVING DIFFERENT 
STERNS WITH SAME SECTIONAL AREA CURVE AND SAME BOW FOR ALL STERNS. 
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with the same fore body and all having the same curve of 
sectional areas. All models were 20 ft. long, in accord- 
ance with the standard practice at the United States 
Model Basin. The beam was 1.828 ft. ; draught, 1.179 ft. ; 
displacement, 2500 1b. in fresh water; midship section 
coefficient, 0.98; longitudinal coefficient, 0.6122 ; block 
coefficient, 0.60. 

Fig. 1 shows the original lines, including stern A and 
the curve of sectional areas for all models. This was 
one of the models tested last year, the results being in- 
cluded in my paper of last year on “‘ Relative Resistances 
of Some Mo els with Block Coefficient Constant and 
other Coefficients.”* Sterns B, C, D, E, and F are shown 
in Figs. 2, 3, 4, 5, and 6. Fig. 7 shows the curves of 
total*resistance and the estimated wetted surface resist- 
ances, and Fig. 8 shows the residuary resistances. D 

The underlying idea of stern B was a shape which 
would start the water up more quickly than in the stan- 
dard type. The idea of stern é was to carry right aft 
sections derived from the mid-ship section (98 per cent. 
coefficient), beam only being decreased ; in other words, 
to make a wall-sided model. Stern D was stern O dis- 
— horizontally instead of vertically. The beam was 

ept constant, and draught only was changed as we went 
aft, the sections having 98 per cent. coefficient ; in other 
words, stern D was an exaggeration of the flat-stern type. 
Stern E was a combination of sterns C and D, theattempt 
being made to combine them half and half as it were, and 
coax the water up along a bi diagonal. In stern F 
not only was the coefficient 0.98 retained for all sections, 
but they were made metrically similar to the mid- 
ship section, beam and draught both being decreased as 
necessary to obtain the required area. For sterns O, D, 
and F the sectional coefficient is constant—0. 98, as already 
stated. Fig. 9 shows how this constant sectional coefficient 
contrasts with the curves of sectional coefficient of A, B, 
and E. It is typical of V-sections that the sectional 
coefficients are below 0.5, but when we consider that in 
the conventional type the after sections include actual 
or virtual dead wood, it is evident that the numerical 
value of s, sectional coefficient aft has small significance as 
ee the nature of the form with which the water 

as ls 


The outstanding result of the experiments was the good 


* See ENGINEERING, vol. xcvii., page 66. 
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obtained. Six after bodies were tested for resistance, all | 


well in 
the curves of residuary resistance, indica that even 
with a conventional 


ead wood added need still be 
somewhat the best. 


Stern D, the exaggerated flat stern, undoubtedly makes 
the worst showing in Figs. 7 and 8, which is at first sight 
surprising in view of the fact that the wide flat stern is 
used with success on many fast boats. But the wide flat 
stern, as used, is usually of type somewhere between D 
and F, and Figs.7 and 8 do not up to torpedo-boat 
speed. For 20-ft. models, unelloents speeds corre- 
spond to 8 knots or more, and it is quite possible that at 
8 knots stern D would show the least resistance. The 
models used were not of high-speed type, having four or 
five times as much displacement for a given length as « 
high-s torpedo-boat model, and hence were not tested 
to high speeds. It is interesting to note that the exces- 
sive resistance of stern D at speeds a little below 5 knots 
is really due to a characteristic favourable to high speed. 
The virtual or effective length of model D is greater than 
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that of the others, and when the curves of the others are 
past the 44-knot hump and drop down into the succeed- 
ing hollow curve, D is still on the hump. 

Other conclusions might be drawn from the curves, but 
it would not be safe to spare from a few results. 
Bearing in mind that a ship of the displacement-length 
coefficient involved would not be powered in practice for 
speeds above 4 knots, the results ap to indicate that 
gain could be made at practical by departing from 
the conventional type of after-body, but that they would 
be comparatively small after all. They would be of the 
5 per cent. order—not 15 or 20 per cent. 





A TELEGRAPH AMALGAMATION.—An @ mation has 
been concluded between the Great North-Western Tele- 
ph Company and the Canadian Northern a 
Congens- The amalgamation took effect as from Janu- 
ary 1, 1915. The a ted undertaking is to be 
known as the Great North-Western T: aph Company. 
The lines and offices of the Western Union Telegra 
Company in the maritime provinces will be conducted 
the t a mpany, which will have the 
largest telegraph system in a, its wires covering 
the country — the Atlantic to the Pacific. The new 
company will have 1700 offices in Canada, and direct 
communication with 22,000 offices of the Western Union 
Telegraph Company in the United States, as well as with 
eight trans-Atlantic cables, six of which have landing 


HARDENING WITH AND WITHOUT 
MARTENSITIZATION.* 


By Professor Henry M. Hows, Columbia University, 
New York. 


I wouLpD emphasiseo ne specific way of hardening stee 
which differs from all but one of the others in lacking 
martensitization. These ways of hardewing are: (1) That 
of carbon steel by rapid “ae 3; (2) thato' vey hee an 
in late proportion of manganese or nic! y air or 
other moderately-slow cooling; (3) that of Maurer’s 
austenitic manganese steel by cautious reheating; (4) that 
of 25 per cent. nickel steel by liquid-air cooling. In 
addition (5) cold deformation of any ductile metal hardens 
it. This way of hardening in the case of manganiferous 
aud nickeliferous austenite (Hadfield’s manganese steel 
and 25 per cent. nickel steel) is accompanied by the 
acquisition of ferro-magnetism. The non-martensitizing 
way of hardening (6), which I emphasise, is holding man- 
ganiferous austenite shortly ow the transformation 
range, whether the cooling thence be fast or slow. Of 
these, all but (6) can be explained by the amorphous 
theory ; it is not yet clear that (6) can. 

The amorphous theory of the hardening of steel by 
rapid cooling refers it to the presence of a very greab 
proportion of iron made amorphous by the formation of 
inoumerable slip-bands,+ caused by the sudden expan- 
sion due to the | of the y-a transformation at in- 
numerable nuclei, and its arrest by the pressure thus 
caused. The surface of each of the innumerable particles 
which do transform must needs move relatively to the 
surface of its minute abutting neighbours, which, less 
prompt to start transforming, are prevented from starting 
thereafter by the pressure caused by the transformation, 
and hence expansion of their prompter neighbours, 
pressure always tending to prevent any transforma- 
tion accompanied by expansion. Only the prompter 
particles can capaleeen ; the tardiness of the tardy 
sauses their transformation to be blocked by the prior 
expansion of the prompt. This relative movement 
causes slip, and the innumerableness of the nuclei, and 
hence the intimacy of the mixture of the more prompt 
and transforming with the less prompt and untrans- 
forming particles, cause an enormous total quantity of 
slip, ond @ corresponding enormous total quantity of 
amorphous iron, and hence, in fine, very great hard- 
ness.[ The hardness exceeds that developed in the usual 
cold deformation of any metallic mass by wire-drawing, 
&c., because slip in this latter occurs along a relatively 
small number of internal surfaces, and rupture occurs, 
and prevents further deformation as soon as the suppiy 
of crystalline metal fails along some one internal surface 
unfavourably disposed towards the stresses from without. 
This explaias why it has thus far been impossible to 
increase the hardness of Hadfield’s manganese steel 
beyond 550 deg. by cold deformation.§ The extent of 
the internal surfaces along which amorphisation can be 
induced by mechanical cold deformation is much less than 
that of those along which it is caused in quenching. The 
great proportion of iron thus decrystallised in quenching 
remains amorphous because the temperature at which the 
de-crystallising occurs is too low to permit re-crystallisa- 
tion, or to permit it rapidly. 

The essential conditions here are: (1) The innumer- 
ableness of the nuclei where transformation starts, in- 
numerable because of the undercooling due to the rapid 
cooling ; (2) the low temperature of the transformation, 
preventing recrystallisation. — 

The amorphous iron explains the hardness ; the a state 
of the prompter particles which have transformed ex- 
plains the fe-ro-magnetism ; the presence of untransformed 
explains the increase of electric resistance ; the inti- 
mate interlocking of the maguetic a with the inert 
explains the retentivity. The martensitization tallies 
with the conception of the minuteness of the heterogene- 
ousness. This theory explains more or less readily 
cases (2), (3), and (4), because in each of these the trans- 
formation occurs at a temperature low enough to explain 


* Remarks contributed to the general discussion on 
‘*The Hardening of Metals,” at the Faraday Society, 
November 23, 1914. 

+ More probably slip-bands than twins. Twinning, as 
such, need not harden, because the two halves of every 
twin should dovetail perfectly, with no ungeometrical gus- 
sets incapable of being filled by the necessarily geometri- 
cally-shaped crystalline particles. During slip the slipping 
particles must be de-crystallised ; during twinning they 
need not Witness the unlessened brightness of the 
twinned face of Baumhauer’s artificially-twinned calcite 


t The objection raised that the movement, or strain, is 
too slight—e.g., in the hardening of a needle—to explain 
the creation of enough amorphous iron to account for the 
hardening, breaks down on examination. It is true thatin 
cold-working a metallic block a mane Saasee of strain is 
needed to generate a large degree of ness, and hence, 
a a large proportion of hous iron, and 

tin a needle no such quantity of strain can exist, the 
total distances available being too small. ? 

But this is fallacious. In cold-working a metallic block 
the direction of the strain is constant throughout the mass, 
so that the strains are additive, and result in a great 

of outer dimensions ; oy have a great resultant. 
But strains in the postulated slips in the hardening 
by ways (1) to (4) are not im constant, but in opposite, 
directions along different internal micro-surfaces, and 
ore offset each other, and yield no great 

resultant deformation of the mass as a whole. 

§ Hadfield and Hopkinson, Journal of the Iron and 
Steel Institute, 1914, No. 1, page 114; Encinegnine, 
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why the metal made amorphous by the internal slip does 
not recrystallise, Moreover, the martensitization which 
occurs in each of these cases tallies with the conception 
of innumerable a This theory, of course, explains 
in Beilby’s way the strengthening and_ embrittlement 
caused by mechanical cold deformation. It also explains 
the martensitization, the embrittlement, and the 
netisation of austenitic steels by cold deformation. This 
causes local tension at many internal surfaces, and this 
tension, by inciting the expansion which accompanies the 
transformation, causes the transformation to occur at 
these innumerable surfaces. Hence the a iron and the 
magnetism. The tension, further, causes slip, and this, 
in turn, decrystallises the abutting metal, and thereby 
hardens, embrittles, and martensitizes it. (6) But if 
Hadfield’s manganere steel is held long at temperatures 
below the transformation range—e.g., at 550 deg.—it is 
found to be hard after cooling, and its hardness is 
independent of the rate of cooling, as shown in 
Table I. Moreover, it is not martensitic.* I do not thus 
Tasux I.—Influcnce of the Rate of Cooling on the Hard- 

ness of Hadfield’s Manganese Steel after a Sojourn at 

Various High Temperatures. 

Specimens from 3 to 23 inclusive were held at 1100 deg. and 
quenched before the treatment here recorded. 





{ Brinell 
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As received (cast + sand-cooled) | 











-| ductile. If such a solution of 


— 23 deg. = 700 deg., as in quenched 0.90 per cent. 
carbon steel ; while austenite itself, as we know it in rich 


and nickel steels, undercooled by, say, 650 deg. | range 


— 23 deg. = 627 deg.,* is so extremely ductile? Second, 
Hadfield’s quench: ese Stee i 
20 to 25 per cent. of cementite in iron and is extremely 
lass-brittle cementite in 
ductile + iron is so ductile when thus undercooled by 
nearly 700 deg., why should the alleged y-a solution in 
quenched 0.90 carbon steel, undercooled by practically 
the same temperature interval, be perfectly brittle and 

lass-hard, seeing that it is a solution of very ductile a in 
Soctile 7? Both are solutions in y iron. Hadfield’s is 
very ductile, though the solute is the glass-brittle 
cementite ; quenched carbon steel is glass-brittle and 
hard, though the alleged solute is the ductileairon. Here 
changing from a solute of glass-brittleness to one of great 
ductility changes the solution from great ductility to 
glass-brittleness, the solution in each case having pro- 
perties the opposite of the alleged solute. This certainly 
is not a theory which I should like to administer to my 
students. : 

The f-iron theory refers the hardness and brittleness of 
the state intermediate between 7 and a to the presence 
of an alleged third allotropic modification, comparable 
and —- with the Reg a = ak In — 
cooling this state is passed through or skip) over, an 
the ra be reached. In the pe cooling of carbon steel 
mors or less iron is trapped in this intermediate f state, 
though the promptest particles transform as far as the a 
state, and the least prompt remain as +. : 

In the slow cooling of rich manganese and nickel steel, 
unless it is extremely slow, very little, if any, transforma- 
tion, even as far as 8, occurs, use of the sluggishness 
which the nickel or manganese induces. But the trans- 
formation can be started by a ong enon h holding at a 

ich, ti 


| | cementite 
temperature, say 550 deg., wh ough below Ae), and 
2|1100| 2 |Quenched (in aati ~ 1170.0 FR a ony therefore creating a tendency to transform towards a, is 
3| 800] 2 |) h | 265 \| also high enough to give the mobility needed to enable 
4} 800) 2 /f Quenched {335 } 245.0 Austenite. the transformation to P , a8 before, bringing the 
| | | | Austenite | promptest particles to the a state, and the intermediate 
° aoe | 2 | Furnace cooled pe | 302.0 Be ones to the § state, while leaving the least prompt in the 
ieee ” "| -y state. ni 
rao) 0 | memos |= oro, |7 Ee dng of ore es ting 
| ? + pro- 1 
s| 550| 2 eee { ase | 44.0 eu tectold nickel, or the equivalent, has a like intermediate effect, 
9; 550) 2 | | ‘ion ] “| ) cémentite| bringing much iron to the 8 state, and some to thea 
101 6so| 2 | | 870 | (needles. | state, and leaving some ¥. ; 
nu} ol 3 } Furnace cooled {3-2 372.5| Ditto. The martensitic markings goo not those of Bt on, but 
12| 550} 42 | 444 represent strains caused by the stresses of the 7-8 expan- 
13 | 560 | 42 | J Quenched (aaa p A440 sion. Because all plastic deformation hardens by decrys- 
4 660 | 43 } \ ee a6 444.0 ae the —- pte me the a —_ “4 
bu) 43 ? should contribute to the ening in all case3 in whic 
- = | { pa ) there is martensitization, as in cases (1) to (4) above. 
1s| 400| @ Quenched |} 998 [ 235.0 Austenite. In the rapid cooling of carbon steel on the § theory the 
19 400) 2° | 298 J taost prompt particles transform as far as a; the least 
21 | 400| 2 || ‘fer | Cokad Wowie dee tnnsummiios tense dieah te 
2 2 77 me f. 
22) 400) 2 | eceeciecnn ti i] woes pees ways (2), (3), (4), and (5) above. The § iron, reinforced 
28 | 400 ¥ 241 by the plastic deformation, explains the hardness and 





far see how the amorphous theory can explain this 
hardening, because at this high temperature any iron 
made amorphous ought to be able to re-crystallise, unless, 
indeed, it should be true that manganese includes under 
its general sluggardising effect sluggishness to re-crystal- 
lise even at 550 deg., or that this hardening is due to the 
precipitation of pro-eutectoid cementite during the stay 
at 550 deg. Iam about to test this last point by treat- 
ing carbon-free manganese steel. 

The y theory, that the martensite stage caused in ways 
(1) to (4), intermediate between y and a, is hard and 
brittle, because it is an undercooled solution of + in a, is 
based on Tammann’s observation} that the undercooling 
of liquids causes an increase of viscosity. It has been 
inferred that the curve of this increase, if exterpolated, 
would result in glass hardness at the room temperature. 
This theory meets with two obstacles. First, I do not 
see that Tammann shows that this increase of viscosity 
with undercooling is truer of solutions than of pure 
liquids. If it is not, then why should the undercooled 
7-2 solution, of which quenched carbon steel is alleged to 
consist, be glass-brittle when undercooled by 723 deg.t 


* The structure of such manganese steels after these 
hardening holdi below the transformation range has 
been reported to martensitic, but this, I believe, is 
an error. Such steels often contain needles, which indeed 
suggest martensite, but these needles blacken with 
sodium picrate, and therefore are of manganiferous 
cementite, and not of martensite. Moreover, in many 
fields these needles are replaced almost completely by a 
thick network separating the meshes and closely like the 
pre-eutectoid cementite network in other hyper-eutectoid 
steels. In a specimen of this steel quenched from 1100 deg. 
and then held for two hours at 575 deg. and quenched in 
water, the pro-eutectoid cementite is massed in the grain 
boundaries much as in any common byper-eutectoid 
carbon steel, though, of course, the pearlite which would 
— in such a steel is not resoluble in this manganese 
steel. 

+ Tammann, Arystallisieren und Schmelzen, 1903, p. 180. 

t The author, *‘Ae,, the Equilibrium Temperature for 
A, in Carbon Steel,” Transactions of the American In- 
stitution of as Engineers, to appear, Bulletin, June, 
1913, page 1067. here proposed the symbols Ae,, Aes, 
&o., to represent the tem ture at which the A, or the 
A; transformation would occur in the a of all 
hysteresis ; that is, under conditions of true equilibrium ; 
and I inferred from an analysis of the existing data that 
Ae, was about 723 deg. 23 deg. in this equation given 
above is taken roughly as the room temperature, that at 
which the glass-brittleness is commonly observed. 





brittleness, the a iron the ferro-magnetism ; its inter- 
locking with both § and + explains the retentivity ; the 
8 and + jointly explain the greater electric resistance. 
The y-8 transformation explains the marked retardation 
at about 760 deg. in steels as distinguished from pure 
iron. 

The objections to the § theory are, first, that the 
thermal} curves and those of dilatation§ and electric con- 


* Hadfield and ee Journal of the Iron and 
Steel Institute, 1914, No, 1, page 114. Here manganese 
evidently lowers the equilibrium temperature, Ae,, which 
is about 723 deg. in carbon steel, but at least as low as 
650 deg. in Hadtield’s manganese steel according to these 
investigators, who find that the a-y change begins heating 
at least as low as 650 deg. Hysteresis might make Ac,, 
which, they observed, occur above Ae,, but nothing can 
make it occur below Ae,. Hence Ae, is at least as low 
as 650 deg. in this steel, or about 75 deg. below that of 
carbon steel, with a fall of some 75 + 13.4 = 5.6 deg. for 
each per cent. of manganese on an average. This agrees 
roughly with the inference drawn by the author—‘ that 
manganese probably lowers Ae, and Ae;, but by a degree 
so small as often to be masked by its increasing the lag” 
(‘* Discussion of the Existing Data as to the Position of 
Ae;,” Bulletin of the American Institute of Mining Engi- 
neers, June, 1913, page 1134. Transactions, to appear.) 

+ With — A assistant, Mr. A. G. Levy, I find that hot 

etching nearly pure iron with hydrochloric acid in the 
8 range of temperature causes no martensitic markings, 
as foreshadowed by Baykoff (Revue de Metallurgie, 1909, 
vol. vi., page 829, and Metal/uryie, 1909, vol. vi., 
743). An objection to Baykoff’s evidence is that his steel 
contained 0.81 per cent. of carbon, and therefore has no 
range A» to As, in which § iron is alleged to exist. It 
therefore does not show that in this alleged § range the 
structure is not martensitic, but austenitic. Baykoff 
gives the carbon content of this steel as 0.5 to 0.8 per 
cent. carbon, but this seems to be a misprint for No. 3, 
0.81 per cent. carbon. 

In our tests steel of 0.02 per cent. carbon, kindly given 
by the American Rolling-Mill Company, and called by it 
“ingot iron,” was heated in hyd to 1000 deg. for 
14 hours to coarsen its structure, cooled in the hydr 
to 150 deg., held at 850 deg. for 15 minutes, then etched 
with hydrochloric acid for 10 seconds, held another hour 
still at this temperature, 850 deg., and then cooled in the 
furnace in a stream of hydrogen. 

+ Burgess and Crowe, Transactions of the American 
Institution of ae (to appear) ; Bulletin, 
October, 1913, page a 

§ Benedicks, Journal of the Iron and Steel Institute, 
1914, No. 1, 407. 


manganese steel is a solution of some | i 





ductivity* of very pure iron, which are just the curves 
which should disclose the alleged § state, show in the 8 
of temperature no break so marked as would natu- 
rally be ex to accompany a transformation of such 
importance as that from the ductile y to the alleged 
brittle 8 ; and, second, that such break as there is shows 
far less hysteresis than other transformations in solids do. 

Balance of Probabilities.—Each of these three theories 
has its difficulties. The + theory has difficulty in explain- 
ing either the hardness and brittleness of steel hardened 
in any of the six ways, or the considerable discontinuity 
at A, in the presence of carbon and other impurities. 
The 8 theory is forced to explain the slightness of the 
discontinuity in the dilatation and like curves by assum- 
ing that, in the absence of carbon and other impurities, 
the §8-a transformation is of a surprising me or of con- 
tinuity, somewhat after Benedicks’s Type IV.t The 
amorphous theory will have difficulty in explaining hard- 
ening No. 6 if this same hardening takes place in the 
absence of carbon. If it does not, then, so far as I see, 
this theory explains all the facts easily, except the 760 
deg. or A, retardation in the presence of carbon. If 
hardening No. 6 does take place in the absence of 
carbon, then at present the § theory would seem to me 
more credible than the amorphous, and both of them 
decidedly more credible than the + theory. é 

I acknowledge with great gratitude the very intelligent 
and zealous work of my assistant, Mr. Arthur G. Levy, 
B.Sc., F.1.C., in carrying out the experimental work on 
which the new evidence here offered 1s a 


Note to Table I.—The material treated was manganese 
steel kindly given by Mr. Knox Taylor, President of the 
Taylor-Wharton Iron and Steel Company. It contained 
about 12.50 per cent. of manganese and 1.25 per cenb. of 
carbon, and was closely like the steel used by Professor 
Sauveur for his paper, ‘‘ Manganese Steel and the Allo- 
tropic Theory ” (Bulletin of the American Institution of 
Mining Engineers, September, 1914, page 2439). Ib 
was in the form of cast bars about 12 in. long, 1 in. wide, 
by 4 in. thick. Each hardness determination was made 
on @ separate specimen. The surface was ground away 
before making the hardness determinations. It was found 
that the omission of this precaution lessened the apparent 
hardness. All such results were therefore rejected, 
though they were often concordant among themselves. 
The results agree in oo with those reached by Had- 
field, Hopkinson and Sauveur, and, in addition, show 
that after a long stay at 550 deg., or a short one at 400 deg., 
the hardness is independent of the rate of cooling. 

Specific results of interest are (1) that a bare heating to 
600 deg. increased the hardness only slightly, and left 
the structure austenitic, without visible pro-eutectoid 
cementite, showing the slugglishness of this steel ; (2) that 
after an 800 deg. sojourn, slow cooling gave greater hard- 
ness than quenching, which may be referred to the oppor- 
tunity for the formation of f iron or for the precipitation 
of pro-eutectoid cementite during the slow cooling. On 
the other hand, a 2 hours’ sojourn at 550 deg., followed 
4 furnace cooling, gave less hardness than quenching. 

his I cannot explain. It may represent the hetero- 
geneousness of the cast material, which was not only 
extremely dendritic, but also contained many cavities. 
The bar from which the specimens were cut, which showed 
this abnormally small hardness on furnace cooling, gave 
in general less concordant results than the others. The 
time allowed for preparing this paper for this meeting 
has not sufficed for investigating this anomaly. 





Tue CampseLt Gas-EnoiInE Company, Limirrp.—This 
company has issued a leaflet enumerating the employees 
of its Halifax works who have joined His Majesty’s Forces 
since the outbreak of the war. The leaflet contains 74 
names of men. the majority of whom are serving in the 
West Riding Regiment. 





Tue INsTITUOTION OF WaTER ENGINEERS.—Mr. F. W. 
M’Cullough, M. Inst. C.E., J.P., was unanimously 
elected President of the Institution of Water Engineers 
for the year 1915-16, at the winter meeting held in the 
Geological Society’s Rooms, Piccadilly, London, on 
Friday, the 11th ult. For the past eighteen yeass he 
has been the chief water-works engineer of the City of 
Belfast, and is now engaged in the preparation of the 
contract plans and specifications for the immediate 
construction of the extensive Silent Valley storage 
reservoir, to hold 3000 million gallons, in the Mourne 
Mountains, some 45 miles due south of the city. 





AMERICAN RAILROADS. — Amalgamation has become 
the order of the day with the American railroad interest. 
The latest ‘‘ consolidation,” as the Americans call it, is 
that of the New York Central and Hudson River and 
the Lake Shore and Michigan Southern. The two 
companies have united for good and all as from January 1, 
1915, under the title of the New York Central Railroad 
Company, which will have a system under one manage- 
ment extending from New York to Chicago. The Louis- 
ville and Nashville Railroad Company has reduced its 
latest common stock distribution from 7 per cent. per 
annum to 5 per cent. per annum. The Southern has 
decided to pay a half-yearly dividend of 2 per cent. in 
five-year-interest-bearing scrip upon its preferred stock, 
which for some time past has receiving regular 
half-yearly 24 per cent. cash dividends. The European 
War is telling upon American business; hence American 
railroad men are strictly enforcing what they term a 
** conservative ” policy. 


* Burgess and Kellberg, Journal of the Washington 
Aeademy of Sciences, 1914, vol. iv., No. 15 (September 19). 

+ Journal of the Iron and Steel Institute, 1912, No. 2, 
page 244 














JAN. 15, 1915. ] 


ENGINEERING. 


89 








NEW UNITED STATES NAVAL SHIPS. 


In the annual report of the Chief of the Bureau of 
Construction and Repair of the United States Navy 
(Mr. R. M. Watt, Chief Constructor), much interesting 
information is detailed regarding the progress of the 
warships and auxiliaries building for the United States 
Navy. Chief interest attaches to the F reen g of 
design of the new battleships California, Mississippi, and 
Tdaho, authorised last July. The first isto be builtat the 
Government works, and the others by contract. e 
general dimensions and features of these vessels are as 
follow :— 


Length on designed water-line ... 600 ft. 
Length over all -_ jee’ kes 624 ,, 
Breadth, extreme, to outside of ; 

plating ae ~ beet i eay 97 ft. 24 in. 
Breadth, extreme, to outside of 

armour ee int ae i en ee 
Mean trialdisplacement ... = 32,000 tons 
Mean draught to bottom of keel 

at trial displacement (about) ... 30 ft. 
Full supply of fuel oil ite ee 2200 tons 
Maximum stowage of fuel oil 3271 ,, 
Fuel oil carried on tri a 1467 ,, 
Feed-water carried on trial 209 ,, 
Speed on trial, not less than 21 knots 


Armament :— 


Main battery: Twelve 14-in. 50-calibre breech-load- 
ing guns ; four submerged torpedo-tubes. ’ 
Secondary battery : Twenty-two 5-in. 51-calibre rapid- 
fire guns; four 3-pounder saluting guns; two 1- 
pounder guns for boats; one 3-in. field-piece ; two 

0.30-calibre machine-guns. 


Bids for the construction of two of these vessels to be 
built by contract were opened at the Department, 
October 6, 1914. 


Proposals Received for the Construction of Two Battleships 
of Group Nos. 40-42, ‘* California,” ‘* Mississippi,” and 
** Idaho.” 

(Class I. : Hull and turbine propelling machinery in accordance 
with the Department’s plans. Class II. : Hull and equipment 
in accordance with the Department’s plans ; machinery, bidder's 














design.) 
oo 
| s3\- ‘| 
5 o 8!$8s)| Type of Propel- 
Bidder. | Class 1. wee EMEE ioe tenchieney. 
| |= 7) | 
| dols. dols. | | 

Fore River} — 7,440,000 36 | 21 |Curtis turbines 
Shipbuilding | | and reduction 
Corporation | | | gears with cast- 

steel drums ; four 
H shafts 
Ditto | _ | 7,540,000 36 | 21 |Same, with forged- 
| | steel drums. 

New York! 7,250,000* a 36 | 21 (Department's 
Shipbuilding | } | plans of turbine- 
Company | | propelling machi- 

nery and boilers ; 
| four shafts. 

Ditto | -- 7,350,000 | 36 | 21 |Curtis turbines 
with geared cruis- 
ing turbines; four 

| shafts. 
Ditto _ 7,175,000 | 36 | 21 | Parsons all-geared 
| | | turbines ; four 

| } | shafts. 

Newport News) 7,195,000 — | 36 | 21 Department’s 
Shipbuilding | | plan of turbine- 
and Dry Dock | propelling machi- 
Company | | nery and boilers ; 

| | four shafts. 
Ditto _ 7,150,000 | 36 | 21 \Curtis turbines ; 

| | four shafts. 
Ditto — 7,115,000*| 36 | 21 | Ditto 

Wm. Cramp & 7,625,000 _ | 36 | 21 |Department’s 
Sons, S. and } plan of turbine- 
E. B. Com propelling machi- 
pany nery and boilers ; 


} 


four shafts. 
| 


* Contract awarded. 
Nore.—All bids are for one vessel only. 
The general dimensions and features of the new torpedo- 
boat destroyers Nos. 63 to 68 are as follow :— 


Length on designed water-line ... 310 ft. 
» _ over al em = .. S15 ft. Sin. 
Breadth, moulded, extreme - a 
Mean trial displacement ... — 1110 tons 
Mean draught to bottom of keel ; 
at mean trial displacement 9 ft. 52 in. 
Total fuel-oil eapacity _... 290 tons 
Speed on trial, not less than 29} knots 


Battery : Four 4-in. rapid-fire guns (two aeroplane 
mounts); four 21-in. triple torpedo-tubes (deck). 
The Department decided that submarine No. 48 (L8) 
be constructed by the Government, and designated the 
navy yard, Portsmouth, N.H., as the place of building. 
This submarine is to be built from the shone approved for 


submarines L5, L6, and L 7, constructed by the Lake | T 


Torpedo-Boat Company, and an ment was entered 
into with the Lake Torpedo-Boat Company, covering the 
furnishing of the necessary plans, on June 29, 1914. 
Contracts for submarines Nos. 49 and 50(L9 and L 10) 
were signed with the Electric Boat Company, New York, 
N.Y., on March 14, 1914, at a price of 535,000 dols. each, 
to be completed within 24 and 25 months res ively. 
Contract for submarine No. 51 (L 11) was signed with the 
Electric Boat Company, New York, N.Y., on July 29, 
ps at . price of 523,000 dols., to be completed within 
months. 


Circulars defining the chief characteristics of submarine 


torpedo-boats Nos, 52, and 53 to 59, &c., authorised by 
Act of Congress, approved June 30, 1914, were signed by 
the Secretary of the Navy, July 17 and July 10, 1914, 
respectively, and issued to bidders upon request after 
August 15, 1914. Bids for the construction of these 
=— were to be opened at the Department, December 15, 
The general dimensions and features of the supply-shi 
No. 1, authorised in June, 1913, are as follow a — 


Length between perpendiculars ... 400 ft. 
Length over all os ki .. 422 ft. 11 in. 
Beam, moulded _... sles ait 55 fo. 
Depth of mid-length, at side, 

moulded... ee ae ae 38 ft. 6 in. 
Mean trial displacement ... ui 2500 tons 
Draught at mean trial displace- 

ment... mw sins ~ ve 20 ft. 8 in. 
Speed on trial, full load 14 knots 


Battery : 
Four 5-in. rapid-fire guns. 
The Department directed that supply-ship No. 1 be 
built at the Navy Yard, Boston, Mass., the tenders from 
firms ranging from 1,320,000 dols. to 1,419,000 dols. 


The general particulars of the transport No. 1 are as 
follow :— 


Length between perpendiculars ... 460 ft. 

» overall vei “a . 482 ft. 94 in. 
Beam, moulded “= vie piss - - 
Depth at mid-length, at side 

moulded... pea Be od , a 
Mean trial displacement ... ~ 10,000 tons 
Draught at mean trial displace- 

ment... i vas ie 19 ft. 104 in. 
Speed on trial 14 knows 
Battery : 

Eight 5-in. 5l-calibre rapid-fire guns; two 

3-pounder saluting-guns. 


This vessel also is to be built at the Navy yard at 
Philadelphia. 

Panama colliers Ulysses and Achilles were designed 
by the Navy Department, and the general dimensions 
of each vessel are as follow :— 


Length between perpendiculars ... 514 fo. 
Length over all rt “ aa 536 ,, 
Beam, moulded 65 ., 
Depth at side... ae 39 ft. 6 in. 
Mean trial displacement 19,585 tons 
Mean draught, full load 28 ft. Lin. 
Cargo coal capacity... 12,000 tons 
Bunker capacity... 1, a 
Speed, not less than 14 knots 


The contracts for these vessels were signed with the 
Maryland Steel Company, Sparrows Point, Md., at a 
price of 987,500 dols. each; to have the bidder’s design 
of reciprocating propelling machinery installed, and to 
be complete within sixteen months. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data, taken from the Board of 
Trade Jowrnal, concerning several colonial and foreign 
engineering projects. Further information on these 
projects can te obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, 
London, E.C. 





Straits Settlements: The Registrar of Imports and 
Exports at Singapore (the Board of Trade Correspondent 
for the Straits Settlements) reports that the estimates of 


| expenditure for 1915 for the Straits Settlements include 


provision for the purchase of two 8-ton steam rollers 
for Malacca, at a total cost of 11,000 dols., and one 8-ton 
| steam roller for the Rural Board of Singapore, at a cost of 
6000 dols. It is also proposed to spend 200,000 dols. on 
| the Penang Hill Railway, and 15,000 dols. for a revet- 
| ment wall to reclamation at Malacca; while 80,000 dols. 
is proposed to be set aside for the installation of a water- 
carriage sewerage system for municipal institutions at 
Singapore. The total amount to be spent on road, 
| street, and bridge construction throughout the Settle- 
ments is 161,360 dols., and on buildings and miscellaneous 
| works 1,637,000 dols. [Dollar = 2s. 4d.] 

| Netherlands: H.M. Minister at The Hague reports 
that a concession has been granted to the Province of 
Overijssel for the construction and exploitation of works 
| for the supply of electricity for power and lighting pur- 


Russia : The British Vice-Consul at Kharkov reports 
that a firm in that town, which has hitherto acted for 
| German firms, wishes to take up commission agencies of 
| United Kingdom manufacturers of machine-tools, oil- 
| engines, steam-turbines, brass and iron fittings, boring 
| tools, blocks and hitches, roller-bearings, &c. 
| Spain: The Gaceta publishes a law authorising the 
Spanish Government to invite tenders for the construc- 
| tion and a for a period of ninety-nine years, of a 
normal-gauge railway from Madrid to the portot Valencia. 
he State will guarantee to the concessionaire maximum 
interest at the rate of 5 per cent. per annum on the 
capital invested. The same issue of the Gaceta contains 
a decree authorising the Ministerio de Fomento to call 
for tenders for the carrying out of wharf and other improve- 
ment works at the port of Castellon, at an estimated 
cost of 1,080,247 pesetas (about 42,360/.). The Gaceta 
also publishes a notice to the effect that tenders will be 





opened at the Direccién General de Obras Puiblicas, 
Madrid, at noon on February 27, for the construc- 
tion and working, for a period of sixty years, of a 
steam tramway from the station of Santullano to the 
Moreda mines, The minimum rolling-stock cequired to 





work the line will be three locomotives, four brake- 
vans, and forty-five wagons for coal. An option on 
the concession is held by the Sociedad Industrial 
Asturiana. The (aceta further notifies that tenders are 
invited by the municipal authorities of Teruel, as follow : 
—{1) Up to April 20, for the installation and working of 
a drinking-water system for that town. The upset price 
of the installation must not exceed 400,000 pesetas (about 
15,6802. ), and the cost of working must not be more than 
15,000 pesetas (about 580/.) annually. (2) Up to Feb- 
ruary 10, for the installation of an electric lighting system 
at Teruel. Although the foregoing contracts will prob- 
ably be awarded to Spanish firms, nevertheless the carry- 
ing out of the works may involve the purchase of material 
outside Spain. The Gaceta also notifies that tenders for 
the ins tion of four electric cranes will be received by 
the Juntade Obras del Puerto de Valencia, Valencia, up 
to noon on February 10. Tenders must be accompanied 
by drawings and full particulars in Spanish ; prices must 
be quoted in pesetas, and weights and measures are to 
bein the metricsystem. A deposit of 9400 pesetas (about 
3701.) is required to qualify any tender. Local represen- 
tation is necessary. 

Morocco: H.M. Consul-General at Tangier reports 
that tenders are invited by the Special Committee of 
Public Works for (1) the construction of a roadway, 
526 m. (about 571 or long, between Laraiche and the 
Grand Sokko ; and (2) the improvement of the Ghadira 
road between the Grand Sokko and Nador, a distance of 
844 m. (about 920 yards). Tenders, accompanied bv cer- 
tificates of competency, will be received by M. le Prési- 
dent du Comité, Spécial des Travaux Publics, Dar- 
En-Niaba, Tangier, up to 11 a.m. on February 20. The 
estimated values of the contracts are placed at 34,577 
francs (1380/.) and 44,286 francs (1770/.) respectively, and 
to qualify any tender a deposit of 1000 francs (40/ ) is re- 
quired in the case of (1) and 400 francs (16/.) in the case 


of (2). The contractor must elect domicile in the neigh- 
ee of the works. 1 representation is desir- 
able. 


Siam: The Acting British Consul-General at Bangkok 
reports that tenders are invited by the Siamese Royal 
Railway Department, Broad Gauge (the name under 
which the Administration of the Siamese Northern 
Railway is now known), for the supply of forty bogies 
with axles and wheels, and twenty iron frames com- 
plete for twenty vehicles on bogies, together with spare 
parts. ed tenders, marked ‘*Tenders for Bogies 
and Frames,” wi!l be received by the Director-General, 
Royal Railway Department (Broad Gauge), Bangkok, 
up to 10 a.m. on June 1, at which office copies of the 
Sea, forms of tender, and drawings may be 
obtained on payment of 10 ticals (about 15s.) per set. 
Additional tender forms may aleo be obtained at a cost 
of 1 tical (about 1s. 6d.) per set. 

Argentina: The Boletin Oficial publishes a decree 
authorising the Direcc!én General de Obras Hidraulicas to 
make arrangements for wharf extension and other port 
improvements at Corrientes, at a total cost not ex ing 
1,344,280 pesos currency (about 117,6001. ). 





ADMIRALTY: MrcHANICAL TRANSPORT.—There are a 
number of vacancies for competent motor-lorry drivers, 
steam-tractor drivers, motor mechanics, fitters, turners, 
and smiths, between the ages of 19 and 38, in connection 
with various Admiralty vehicles. The pay is ab Army 
rate with allowances. Trained men are requested to 
send full particulars as to their experience and qualifica- 
tions, in writing, to Mr. Frederick G. Bristow, F.C I. A., 
Secretary, the Commercial Motor-Users’ Association, 
(Room 58), 83, Pall Mall, London, 8. W. 





Tue Norwecian [ron-Ork INDUSTRY AND THE WaR.— 
The Director of the large South Varanger iron-mining 
concern, to which reference has been made several times 
in the columns of this journal, has made an interesting 
statement about the position created by the war. This 
company intends, if at all possible, to keep the works 
going in the usual manner, but much depends upon getting 
the necessary supply of coal and other materials; the 
consumption of coal under ordinary conditions amounts 
to 8000 tons per month. At the same time it is difficult to 
dispose of the ore at remunerative prices. Iron ore has 
of late fallen considerably in price; the German market 
is practically closed and other markets are flooded with 
ore. Another adverse circumstance is the difficulty 
of obtaining shipping; the home tonnage can do so well 
elsewhere that the company cannot meet its charges. 
The company has now arranged for an extensive stor: 
of ore. Of concentrate they can store 200,000 to 300, 
tons, and thus keep the concern going for some time, 
even if there should be no export to speak of, and at 
the mines large quantities of raw ore can be stocked. 
Daring the present difficult situation the company pays 
its —_e with cheques, which at Kirkenes serve as 
what mig t be called | tender. The tradesmen accept 
them and can afterwards exchange them for a six-months’ 
bill. The local bank also receives these cheques as savings 
bank deposits, bearing interest after six months. At 
Christmas tbe men received most of their wages in cash. 
It takes a considerable amount of money to keep a con- 
cern like the South Varanger Company going, the monthly 
disbursements being about 33,000/. The minimum 
output of ore per year is 1,500,000 tons and the State 
receives a fee of 3 dre per ton, or not less than 2500/. 

annum. The company now employs about 1400 

ds. During 1913 the export amounted to 192,500 tons 
of briquettes and 243,500 tons of concentrate, altogether 
436,000 tons of export products, dry weight. The pro- 
duction is increasing, and at present new briquette works 
are being constructed, which means an increase in the 
capacity of about 15 per cent, 
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CATALOGUES. 


Grindstones.—An illustrated price-list of ‘‘ Paragon” 
and “Ixion” grindstones for belt, hand, and_foot- 
power has been issued by the Alldays and Onions Pneu- 
matic Engineering Company, Limited, of Great Western 
Works, Birmingham. 


Marine Motors.—Messrs. Smart and Brown, of Erith, 
Keut, bave sent us two pamphlets giving particulars of 
vil and petrol-engines and equipments for motor-boate. 
A number of fishing-boats, yachts, launches, and other 
craft on which these engines have m fitted are illus- 
trated, and tome testimonials from users are printed. 


Dynamos, Motors, and Electric Tools.— Messrs. les 
and Leach, 26-30, Artillery-lane, E.C., have sent us a 
copy of their latest list of electrical machinery in stock 
for immediate delivery. The list includes continuous- 
current motors ranging from 4 to 35 horse-power, single- 
phase motors, twc-phase and three-phase motors, dynamos, 
cinematograph sete, and portable electric drills and 
grinding-machines. 


Time-Recorders. — The International Time-Recording 
Company, Limited, 30-32, Farringdon-road, E.C.. have 
sent us a copy of their latest catalogue, giving full par- 
ticulars of the International and Rochester card re- 
corders, Bundy key recorders, and Dey time-registers, 
and explaining their use in connection with time-keeping 
and job-costing. This, it may be mentioned, is the first 
catalogue published by the gy since their amalga- 
mation with Dey Time-Registers, Limited. 

Centrifugal Pwmps.—A copy of their new catalogue of 
centrifugal pumps has reached us from Messrs. Clayton 
and Shuttleworth, Limited, of Stamp-End Works, Lin- 
coln. Clayton centrifugal pumps are built in two distinct 
series, known respectively as ‘* Triumph ” and “ Deluge” 
pumps. The former are designed for heavy work, and 
can be used against heads up to 75 ft., while the latter, 
which are intended for easier conditions, will work with 
a suction-lift not exceeding 15 ft. against a total head of 
35 ft. The catalogue contains specifications and tabu- 
lated data for both types of pumps. 


Elevating and Conveying Machinery, &c.—We have 
received from Messrs. EK. A. Reed and Co., Limited, 
14, Victoria-street, Westminster, S.W., a catalogue 
illustrating examples of chain elevators and conveyors, 
box-e'evators, shaking conveyors, slat conveyors, bottle- 
conveyors, sack-elevators, gravity-roller conveyors, push- 
plate conveyors, band conveyors, and other apparatus of 
this class manufactured by them. Some examples of 

1s-works plant, mining and contractors’ plant, steel 
Baitang, roof principals, and other steelwork are also 
included. 


Sugar Machinery.—Messrs. George Fletcher and Co., 
Limited, of Derby, whose London address is 21, Mincing- 
lane, E.C., have sent us a copy of the latest edition of 
their catalogue, Section D, which is devoted to con- 
centrating, crystallising, and curing plant for cane- 
sugar. The catalogue contains general descriptions and 
tabulated particulars of evaporators, vacuum-fans, air- 
pumps, condensers, —— centrifugals, and various 
accessories for use with this apparatus. It is very fully 
illustrated and conveniently arranged. Special attention 
has also been given to the coding arrangements, so that 
customers abroad can order a full complement of machi- 
nery by cabling a few words. 


Double-Helical Gearing.—We have received from 
Turbine Gears, Limited, of Newton, Hyde, a catalogue 
illustrating the design of their standard reduction-gears 
with double-helical wheels. These gears, which are made 
in twenty sizes, ranging from 1 to 1000 horse-power, are 
used for speed-increasing as well as speed-reducing, and 
are claimed to bave a very high efficiency. Both high- 
speed and low-speed gears are illustrated, the former 
being fitted with ball-bearings. One of the special 
features of these gears is that the hoods, or covers, can be 
removed when necessary without in any way affecting 
the alignment of the bearings. Some examples of open 
gears are also illustrated. 


Grinding-Machines, &c.—A catalogue of grinding- 
machines and other tools sold under the trade name 
. we) * ” has been issued by Messrs. C. J. Fish and 
Co., of Polygon Works, Wellingborough. Particulars are 

iven of double-ended disc-grinding machines with either 

ll-bearings or ring-oiled bearings, and similar machines 
with a ring-wheel in place of one of the discs are also 
listed. The catalogue also includes a combined grindin 
and polishing-machine worked by foot-power, twist-dril 
grinders, wet or dry tool-grinders, spindle-straightening 
—. and hand-power shapingand key -seating ines, 

he particulars given include weights, dimensions, and 
shipping specifications. 


Weighing-Machines and Weigh-Bridyes.— We have 
received from Measrs. S. Denison and Son, Limited, of 
Hunslet Foundry, Leeds, a copy of their latest catalogue 
of weighing-machines and weigh-brilges. The catalogue, 
which is fully illustrated, includes particulars of auto- 
matic weigh-bridges for cattle, looomotive-wheel balanc- 
ing-machines, weigh-bridges for railway-trucks and road- 
wagons, pit-bank waeng samen, stationary and 
portable weighing-machines for warehouses, &c., weigh- 
ing-machines for overhead runways and aerial ropeways, 
as well as scales, spring-balances, and euspented © weigh- 
ing-machines for use with cranes. Prices are stated for 
most of the machines dealt with. 


Sands.—Many people, we believe, would be rather 
surprised to learn that there were as many as 77 different 
kinds of sand used for various industrial a. This, 
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he assures us that these samples represent only a small 
selection from the total number of varieties he 1s able to 
supply for foundry work, glass manufacture, water filtra- 
tion, pottery work, and other purposes. Among the 
samples received are many suitable for iron and steel 
castings, brass and bronze casti malleable castings, 
cores, filter-beds and mechani filters, glass manu- 
facture, building work, cement-testing, sand-blast, and 
other purposes. Mr. Curtis also supplies al] kinds of 
clays and refractory materials, and he undertakes to 
advise users of these substances, as well as users of sand, 
on any points which may arise in connection with their 
employment. 

Re-Heating Furnaces, &c —Messrs. Wellman, Seaver 
and Head, Limit+d, of 47, Victoria-street, Westminster, 
S.W., have issued a booklet dealing with a new design of 
furnace, especially interesting to makers of guns and - 
jectiles. The designs for these furnaces have been evolved 

y the French firm, Messrs. C. M. Stein and Co., of Paris, 
but they are now constructed in this country by Messrs. 
Wellman, Seaver and Head. The furnaces are fired 
by producer-gas, and the system is applicable to furnaces 
for tempering guns and projectiles, muffle annealing fur- 
naces, armour-plate annealing furnaces, case-hardening 
furnaces, plate-heating furnaces, &c., examples of which 
are illustrated in the booklet. As to the special features 
of the design, it is mentioned that, owing to the arrange- 
ment of the gas and-air-ports, combustion takes P in 
separate chambers, and not over the bed of the furnace, 
thus giving an absolutely uniform temperature. The 
charge being heated is net exposed to the direct action of 
the flame, but is heated by radiation from the furnace-roof, 
which is of special shape in order to distribute the heat 
equally over all parts of the furnace-bed. By regulation it 
is possible to obtain a reducing flame at a pressure slightly 
above that of the atmosphere, so that the outside air is 
prevented from entering the furnace. Oxidation is thus 
prevented, and the surfaces of the heated material are 
wy, free from scale when withdrawn from the 

‘urnace. Other important advantages claimed are low 
fuel consumption and low cost of repairs. Special pro- 
vision is a for the rapid cleaning of all flues. 


Aluminium for Electrical Power Transmission.—The 
British Aluminium Company, Limited, of 109, Queen 
Victoria-street, E.C., have issued a new edition of their 
little treatise on the employment of aluminium for over- 

power transmission lines. The whole of the matter 
has been brought up to date and made to conform with 
the regulations — in various countries ; these regu- 
lations, it may be noted, differ very considerably. Among 
other things a table of safe currents for overhead alumi- 
nium conductors, calculated on a basis of temperature 
rise, has been , a8 alsohas new matter dealing with 
line-regulation, erection, scrap values, &c. Much pro- 
gress, it is stated, has been made in power transmission 
'y means of aluminium since the last issue of the treatise, 
one of the most noticeable instances being the Big Creek 
line. On this line, which delivers “wy at a pressure 
of 150,000 volts to a point 241 miles from its source, 
no less than 2678 tons of aluminium strand was employed. 
The book first a the properties of aluminium and 
copper, and then deals fully with the design of overhead 
lines. Much useful information relating to standards 
for overhead lines is included in this section. An interest- 
ing table, showing the cost per mile of overhead lines 
with copper and equivalent aluminium conductors, is 
also given. The cost has been calculated for five different 
spans, and we notice that, in most cases, the cost is least 
with spans of 700 ft. with copper conductors, and with 
8 of 600 ft. with aluminium conductors. In all 
the total cost of aluminium lines is considerably less than 
that of copper lines with equal capacities. 

Protecting Boilers, &c., from Corrosion.—We have 
received from the Cumberland Engineering Company, 
of 44, Charing Cross, S.W., a pamphlet containing a 
short description of the Cumberland electrical process 
for the protection of metals inst corrosion, together 
with a number of reports sad ectimenials from users 
of the system. In the Cumberland process, iron 
anodes are inserted in the water contained in the 
vessel to be protected (which may be a boiler, con- 
denser, or other piece of apparatus), the anodes being 
attached to the shell of the vessel, but electrically 
insulated from it. The anodes are connected to the 
positive pole of a small electric generator which su 
plies direct current at a pressure of from 6 to 10 volts; the 
negative pole of the generator is connected to the shell 
of the vessel. h anode is controlled by a separate 
resistance, so that the amount of current flowing through 
it can be regulated. The effect is, of course, to attract 
the destructive oxygen and acids present in the water to 
the anodes, and the protective ee to the shell of 
the boiler or other vessel, the result being 
are eventually destroyed and the shell preserved. The 
hydrogen liberated on the shell not only protects it from 
corrosion, but carries away all dirt, scale, or grease 
adhering thereto, so that troubles from corrosion and 
scale-formation are overcome simultaneously. The pro- 
cess is applicable to boilers, condensers, economisers, 
pumps, feed-water heaters, large water - mains, ship’s 
tanks, ~ stern-frames, tail-shafts, &c., and the 
pamphlet illustrates the method of carrying out most of 
the above-mentioned applications. 


Smoke-Helmets, Mine Rescue Apparatus, &c.—An inter- 
esting catalogue of yee to allow of respiration in 
noxious atmospheres has recently been issued by Messrs. 
Siebe, Gorman and Co., Limited, of 185 to 189, West- 
minster Bridge-road, S.E. Smoke-helmets and face- 
masks, to which air is supplied by bellows, or other 
means, through a rubber hose, are first dealt with. 
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The ‘ Proto” self-contained 
oxygen- thing apparatus, for rescue and recovery work 
in mines after explosions, is next illustrated and fully 
described. This apparatus, which is made under Fleuss- 
Davis patents, is now too well known to need description 
here. and its utility has often been demonstrated in colliery 
accidents in this country and abroad. Photographs of a 
number of rescue teams equipped with “‘ Proto” appa- 
ratus are reproduced, and numerous testimonials from 
users are printed in the catalogue. Full particulars are 
also nee of oxygen-making and compressing apparatus 
for charging the bottles with ‘‘ Proto” and other 
breathing apparatus. An interesting accessory for mine 
rescue work, dealt with in the catalogue, is an animal 
air-tester, designed to carry out the recommendations of 
Professor J. S. Haldane. It consists of an air-tight box 
constructed of aluminium, with mica windows, and pro- 
vided with a small cylinder of oxygen. A bird, or other 
small animal, is enclosed in the box, and when it is 
desired to test the air, the door is opened to admit the 
atmosphere, when, if any dangerous percentage of 
ay gas is present, the bird becomes insensible. 
e door is then closed, and a small quantity of oxygen 
is admitted to the box to revive the bird, which can then 
be used to test the air at any other point of the mine. 
Miners’ lamps, oxygen resuscitating apparatus, self- 
contained diving -dresses, asbestos suits, respirators, 
goggles, first-aid appliances, and apparatus for gas 
ysis, are also included in the catalogue, which gives 
full particulars and mentions prices in all cases. 


man supplying the air. 





Tue Bevctan CHAMBER OF CommERCE.—The Belgian 
Chamber of Commerce in London (Incorporated), 24, 
St. Dunstan’s Buildings, St. Dunstan’s Hill, E.C., appeals 
to the British manufacturers and merchants for support. 
It has rendered valuable services since 1890 to industries 
and commerce between the two countries. Since the 
beginning of the war their task has become much more 
arduous through all the various questions due to the diffi- 
culties of trade. After the cessation of hostilities they 
will have very important duties to perform in helpin 
the commerce of the two countries which are now honed 
up more than ever in ties of mutual trust and friendship 
by bringing together manufscturers and buyers of goods, 
and in many other ways. But they find great difficulties 
in carrying out their duties through lack of funds, as the 
call upon them has been greater than ever before, and 
their Belgian supporters are unable now to send their 
usual remittances. Applications for membership and 
contributions to be sent to the General Secretary, Mr. 
Hit her’ 24, St. Dunstan’s Buildings, St. Dunstan’s 





Tue Rep Srar Liner “ BevGENLtanpd.”—The Belgen- 
land, launched by Messrs. Harland and Wolff, Limited, 
Belfast, on December 31, is a triple-screw passenger 
steamer about 700 ft. long and 78 ft. beam, with a gross 
tonnage of approximately 27,000 tons, and a displace- 
ment of 33,000 tons. She has been constructed on the 
latest and most approved principles, the double bottom 
extending right fore and aft, and the water-tight bulk- 

carried up to the awning-deck. There are seven 

steel decks, besides the orlop deck and the bridge-deck. 
The Belgenland will have accommodation for 660 first- 
class, 350 second-class, and over 2000 third-class pas- 
sengers, the first-class accommodation including a 
number of cabins de luxe on the bridge- deck. In 
addition to the usval first-class dining- saloon and 
reception-room, reading and writing-room, lounge, and 
smoke-room, there will be a children’s saloon, room for 
maids and valets, gymnasium and children’s play-room, 
———- veranda, swimming-bath, and electric baths. 
he second-class accommodation will also be very superior, 
and will include =gueeeene. There is a large and very 
complete electri installation consisting of four main 
steam-driven engines and dynamos, having a combined 
output of 1200 kw., and one 75-kw. auxiliary Diesel 
oil - driven set, situated well above the water - line. 
The installation for ship-lighting consists of about 4500 
twenty - five - candle - power lamps, the cabins are elec- 
trically heated, and there is a complete system of warm- 
air ventilation and suction-fans, the control for all of 
which is ag a eg etber at a central point, enabling 
the air to be kept f and the temperature normal at all 
seasons. Among other electrical apparatus there are 
passenger elevators for convenience in getting from one 
deck to another, as also electrically-opera hoists in 
connection with the stores. The boat-winches are also 
electrically operated, and there are, in addition, a number 
of service machines in the galleys, bakeries, &c. The 
propelling machinery of the Belgenland consists of two 
sets of reciprocating engines driving the wing propellers, 
and one low-pressure turbine driving the centre propeller. 
he reciprocating engines are of the inverted direct- 
acting four-crank triple-expansion type, balanced on the 
Yarrow, Schlick, and Tweedy system, having four in- 
verted direct-acting cylinders in., 56 in., 64 in., and 
64 in. in diameter, with a 5-ft. stroke, and designed for a 
working pressure of 215 lb. per sq. in. The turbine is of 
the Parsons reaction type, and designed to operate in the 
ahead direction only, by exhaust steam from the recipro- 
cating engines. The condensers are pear-shaped, built of 
mild-s' plates, with cast-iron water-boxes, and are 
arranged with the steam-branches the full length of the 
tubes, and are so designed that the inlet circulating 
water enters the bottom and leaves at the top, the water 
being circulated by centrifugal ponee of the builders’ 
own make, and a ample capacity for obtaining 28 in. 
vacuum on service. There are ten double-ended boilers 
15 ft. 9 in. in diameter by 20 ft. long, each with six 


Morison fu the opposite furnaces leading into a 
common combustion-chamber. The working presaure i¢ 
sib | per eq. Tn, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
, RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, £c., 
of the Communicators are ep: in italics. 

Copies of Specifications may btained at the Patent Office, Sales 

ot A 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 6d. 

The date of the advertisement of the “7 ay of a Complete 
Specification is, in each case, given after abstract, unless the 
Fatent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
tos uslioa od the Fesent Oikos of eigeatiion to ti aad 

ive notice at ‘at °, ition of a 
Patent on any of the grounds AB om in the Act. 





ELECTRICAL APPARATUS. 


27,582/13. A. H. Railing and A. E. Angold, London. 
Electric Arc-Lamps. (2 Figs.) December 1, 1913.—This 
invention relates to improvements in electric arc-lamps more 
particularly of the magazine flame arc type, in which the carbons 
converge. In such lamps, when a new pair of carbons is being 
fed down, some of the white deposit which collects on the lamp 
hase is often displaced, and getting between the points of the 
carbons, insulates them from each other and prevents the lighting 
of the lamp. Because the carbons are pushed at even rates, the 
insulating material can remain between them altho: there is a 
considerable pressure exerted on it. The object of the invention 
is to provide improved means of imparting to the carbons an 
oscillatory movement relatively to each other with which to wear 
away any insulating matter in the known manner, and it con- 
sists in using the reserve of the force which drives the feeding 
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gear to impart a lateral oscillatory movement to one of the 
carbons. A represents the electro-magnet h which 
operates to effect the carbon-feeding. B shows a magazine con- 
taining carbons, one of which, O, is shown as being fed from the 
magazine ; a bell-crank lever D pivoted to the magazine at D! moves 
about the centre D2, and is linked by rod E to the lever F of the 
electro-magnetic mechanism. By this arrangement, with every 
stroke of the downward feeding motion the magazine B is caused 
to oscillate at right angles to the plane in which the two carbons 
normally stand. In applying this invention te the type of lamp 
which is controlled by a train of wheels or an escapement, a 
method is illustrated by Fig. 2, in which on one of the inter- 
mediate spindles, such as J, a crank motion K or an eccentric is 
arranged so as to operate a bell-crank lever L to impart a side 
oscillatory motion to the carbon C2. (Accepted October 14, 1914.) 


27,905/13. M. S. Conner, Salford. Telephones. 
(3 Figs.) December 4, 1913.—This invention relates to improve- 
ments in telephone-switching mechanism, and is applicable to 
cradle-switches in which certain switching operations are per- 
formed by the placing thereon, or removal therefrom, of appa- 
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ratus such as a receiver or a hand combination telephone. A 
telephone cradle-switching mechanism consists, ng to this 
invention, of two Lmepes telephone supporting-pieces, Habs 


pasa hateeg ait Lo ihe pane conetia Raed thera 





the cradle The invention consists in an nt embodying 
Sioa vertical pieces A, preferably stam: out of sheet- 
metal, which jointly form the cradle, each of which passes freely 
through a hole in case © associated with the apparatus, the 
holes being placed a suitable distance apart for the Y-shaped 
pieces to receive the telephone instrument D. These pieces are 
each pivoted to a link E, which in turn is pivoted to the case, or 
to a fixed support F therein, by - E!, and the links are rigidl 
neat oes er by a cross piece E2 which may be integral wi 
them. e linking of the Y shaped pieces A to the case O in this 
manner permite them a free w -down motion through the 
a. in — —_ — ee —_ of friction, which ~~ 
e nt on. ta D or springs are provided for 
lifting the cradle when the telephone instrument is removed, 
and switching members may be operated by the movements of 
the links or of the vertical Y-shaped pieces, as may be desired. 
(Accepted October 28, 1914.) 


ang: F. Coates, Cleadon, and A. Reyrolle 
Co., Limi Hebburn-on-Tyne. High-Tension 
Terminals. [ 8.) October 15, 1913.—Tnis invention 
relates to improvement in terminals for high-tension electric 
apparatus, by means of which certain advantages are obtained, 
and consists in the employment of a condenser in the socket- 
member of a terminal. 5 is the plug member of the terminal 
1 and 6 the socket member, 7 being the plug proper, and 8 the 
socket proper. In this case the plug is assumed to be passed 
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vertically upwards into the socket. 9 is the metallic sheath of 
the plug member, and 10 the metallic sheath of the socket 
member. 11 is the solid dielectric of the socket member of the 
terminal, consisting in this case of a condenser formed of alternate 
concentric tubes of conducting material 12 with tubes of insu- 
lating material 13 inte Preferably the conducting tubes 
are of different lengths, as shown, so as to proportion the 
distribution of potential in the fluid dielectric 4 and maintain 
it as uniform as possible. (Accepted October 21, 1914.) 


23,332/13. W. BR. Sykes Interlocking Signal Com- 
y, Limited, and R. W. Tarrant, London. Electric 

y. (2 Figs.) October 15, 1913. This invention relates 

to an electric relay of the kind comprising a so-called field 
electro-magnet and a so-called armature electro-magnet, the 
latter having a core which forms in effect a polarised armature 
for the field electro-magnet, and is so mounted as to tend to 
assume a position whence it is displaced by the influence of the 
magnetic flux only when the magnetic-fields produced by the 
respective electro-maznets are in syntony. e pole-pieces of 
the armature electro-magnet are, according to this invention, 
separately pivoted and independently movable relatively to the 
respective pole-pieces of the field electro-magnet and serve to 
govern separate electric switches; the arrangement is such 
that the said movable pole-pieces are caused to recede, and to 
remain apart, from the respective pole-pieces of the field electro- 
magnet so long only as the magnetic-field —— by the re- 
spective electro-magnets are in syntony. he improved relay 
comprises two electro-magnetic members 11, 12, each of horse- 
shoe form, with their respective poles placed in proximity to one 
another, the ae 18, 14 of the one member 11, which are 
pivoted or otherwise rendered capable of moving towards or 
from the pole-pieces 15, 16 of the other member 12 and tend 
to approach them under a. or spring pressure, serving to 
govern the position of switches 17, 18 inte: in the circuit 
to be controlled. In the example illustrated, the entire core of 











each coil of the member 11 is shown as poosins to the yoke 19 of 
the electro-magnet, the movable pier eces 13, 14 forming the 
extremities of the respective cores ing sha obliquely so as to 
tend to rest in contact or close proximity with the corresponding 
oblique pole-pieces 15, 16 of the other member 12. The switches 
17, 18 are shown as spring tongues connected together in series 
by a wire 20 and pectively adapted to make contact with 
terminals 21, 22, which are to be understood as ted to the 
respective poles of the circuit to be controlled, the arrangement 
being such that whereas this circuit is normally closed at both 
switches, any disturbance of the normal current conditions will 
result in the circuit being broken at one or both switches. The 
coils of the respective members 11, 12 are so wound that when 
the coils of both members are energised by current of the same 
larity, a condition of magnetic oppositi 8 brought about 
ore A each pair of adjacent — 13, 15 and 14, 16 respectively 
with the result that the movable 
from the stationary pole-pieces 15, 16 to which they are adjacent, 
the switches 17, 18 will be held in one position (i.¢., closed in the 
example illustrated), whereas, when the coils of both members 11, 
12 are not so energised, a condition of neutrality, or of magnetic 
attraction, is brought about between each peir of adjacent poles 
13, 15 and 14, 16 respectively, with the result that the movable pole- 
pieces 13, 14 now ap hing the stationary pole-pieces 15, 16. 
the switches 17, 18 will be bi t to their alternative position. 
Hence, so long as both members 11, 12 of the relay are energised 











pole-pieces 13, 14 being repelled 
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stated, with the result that the switches will close or open the 
controlled circuit (as the case may be), whereas when both members 
are not so ones —i.¢., are either de-energised, or energised 
by current of different frequency or different phase—the movable 

-pieces 13, 14 will approach the stationary eo ieces 15, 16, 
with the result that the condition of the controlled circuit will be 
reversed. (Accepted October 21, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


23,054/13. Babcock and Wilcox, Limited, London. 
(The Babcock and Wilcox Company, New York, U.S.A.) Hop- 
for Gas-Producers. (4 igs.) October 13, 1913.— 

is invention relates to a ae for furnaces—e.g., gas-pro- 
ducers, blast-furnaces, and the like, of the kind having two seat- 
ing surfaces and equipped with mechanism for actuating simul- 
taneously two vaives adapted to seat against said surfaces, the 
lower valve acting to ad the c The invention com- 
prises, in combination, a r having two seating surfaces, two 
valves adapted to seat nst said surfaces, the lower of the 
valves being constructed as a spreader-plate for spreading the 
charge, a EN peraio body of bell formation connecting the 
valves, such body being adapted to be guided in its vertical move- 
ments, and means for moving the body so as to open and close 
the valves simultaneously. 1 is the feed-hopper, preferably 
cylindrical, fitted with a cover 2 adapted to rotate on a vertical 
pivot 3. lower extension of the hopper is cast with an 
annular pocket for holding water to keep the valve-seat 4 cool, 
and with a downwardly projecting circular flange 5 on its outer 
circumference, which dips into the water held in the cast-iron 
top 6 of the producer, with which it forms a seal. The hopper is 
divided into two sections, into the upper of which the iuel is 
placed before it is discharged into the producer. The base of the 
upper section comprises a loose ring 7 of conical form supported 
on an internal circular projection 8 The central opening of this 
ring is adapted to be closed by a valve 9, to which is connected a 
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ey a nme lever 10 pivoted on a pin 11 passing through ribs 
cast in with the hopper. A slotted washer 12, aleo pivoted 
on the pin and surrounding the lever 10 at its entrance through 
the side wall of the hopper, forms a —_ joint to prevent the 
escape of gas. The valve 9 has a cylindrical extension 13, forming 
the of the bell, between which extension and the hopper the 
charge — to fall freely in a vertical direction when the 
valve 9 is lowered from its seat against the ring 7. To guide the 
bell centrally with the hopper, are three guides 14 cast on the 
lower end of the extension 13. 8 d to the extension 13, and 
forming the lower part of the bell adapted to close the lower sec- 
tion of the hopper, is a member 15 serving as a valve-disc and as a 
spreader-plate, the working surface of which is flared downwardly 
and outwardly. It is important that the spreader-plate 15 should 
make a gas-tight joint with its seat 4, and therefore the ring 7 
rests loosely on the projection 8 and may be raised therefrom by 
the counterweighted lever 10, if necessary. The water cooling will 
promote the deposit of tar at the joint of the valve-seeat 4 and the 
plate 15, and thus ensure a gas-tight joint at that point. In 
operation, the cover 2 is moved aside and coal is placed in the 
space above the ring 7. The cover is then replaced and the lever 10 
moved to lower the valve 9. The charge then falls through the 
central opening of the ring 7 and impinges against the spreader- 
plate 15, 80 that it leaves the latter with an initial horizontal 
velocity which carries it to a greater or less radial distance from 
the centre, depending on ite velocity due to the distance of its 
vertical fall and the angularity of the spreader-plate 15, and the 
distance from the spreader-plate to the top of the fuel bed below. 
(Accepted October 21, 1914.) 


MOTOR ROAD VEHICLES. 
27,702/13. The Wolseley Tool and Motor-Car Com- 
R Birmingha 


pany. Tamites, and A. A. } on, gham. 
otor Road Vehicles. (6 Figs.) wber 2, 1913.—This 
invention has for its object improved means of spring- — pony | 


bodies of vehicles from their axles in a manner whic give a 
quicker periodicity under rolling of the body in relation to the 
axle than when simply vertical movements of the body take 
place in relation to the axle, or a quicker periodicity under rolling 
than would be the case if the rolling were controlled simply by 
the spring system which controll the vertical oscillations. 
—- to this invention, a double spring-armed transverse 
member is employed, of which the spring-arms will each yield 
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each way from its mid-position. A semi-elliptic spring A, at each 
side of the vehfcle, which controls vertical movements of the 
body in relation to the axle B, is connected with the frame O by 
& pivot connection c! at one end with a bracket c of the frame, 
and at the other end, through the medium of a link or pair of links 
d, with a scroll-iron D (or it might be a C-spring) which is fixed 
to the frame. A transverse bar E, which is carried in bearings of 
the frame, has rigid therewith arms ¢, the outer ends of which 
project over the middles of the springs A respectively, and are 
there connected through the medium of links F with the axle. 


a SR AF apes Wale Aa aR Nal ae 






















ral wet 





92 


ENGINEERING. 


[JAN. 15, I9QI5. 








of the frame in relation to the axle, the bar E is free to turn, and 
the arms ¢ consequently exert no influence upon the spring sus- 
es, and the remaining portion of the spring snspension is 
eft perfectly free to elastically resist vertical movements of the 
frame in relation tothe axle; but if the ane 4 rolls, the arm ¢ at 
one side of the frame tends to yield u thereto, and the 
arm ¢at the other side of the frame tends to yield downwards in 
relation thereto, and thus their og action comes automatically 
into force and tends to resist rolling in addition to the tendency 
of the springs A to resist rolling. (Accepted October 28, 1914.) 


3769/14. Fodens, Limited, and E. R. F Sand- 
bach. Motor Road Vehicles. (2 Figs.) February 13, 
1914.—This invention relates to improvements in wheels for 
motor vehicles and the like, and more particularly to those 
for heavy motor wagonsand other road vehicles. Hitherto it has 
been customary in constructing such wheels to press or shrink 
the steel or other metal tyre on to the wooden or other felloe, and 
after a time the tyre works loose through shrinkage of the wooden 
felloe and “‘ rolling-out” or enlargement of the metal tyre, thus 
necessitating taking off the wheel and sending it to a press to be 
tightened up. Various devices have been proposed with the object 
of enabling the tightening up of the tyre to be effected quickly, 
easily, and without taking off the wheel. For example, in one 
arrangement the segment felloes have been forced outward against 
the tyre by the wedging action of movable inclined planes, whilst 
in others segmental rims have been expanded by various arrange- 
mente of screws and nuts. The present arrangement relates to 
the last-named type, in which the felloe is made in segments and 
the tightening up of the tyre is effected by the turning of nuts 
upon threaded portions of the spokes, and the invention consists 
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in the combination and arrangement of parts in which the seg- 
ments are provided with shanks upon which spokes are fitted, 
the other ends of the spokes screwing into or on to the hub of the 
wheel, 80 that by screwing the spokes in or out the segments can 
be expanded or contracted relatively to the metal tyre, a suitable 
means, such as lock-nuts, being employed to lock the spokes in 
position after adjustment. a designates the hub of the wheel, 
referally made of cast steel, with, say, eleven sockets a! screwed 

nternally, as shown, or it might be externally, and fitted with 
screwed tubular spokes ) locked in position by nuts ¢ provided 
with tommy-holes. At their outer ends the spokes } carry the 
shanks of cast steel or other metal segments d, upon which are 
ted the den or other segments e comprising the felloe. 

To these segments ¢ is secured the metal tyre f by means of 
countersunk bolts g. Tommy-holes or equivalent means are pro- 
vided by which the spokes can be screwed in or out of the sockets, 
thus expanding the segments ¢ to tighten up the tyre /, or con- 
tracting the segmente to enable the tyre to be taken off the wheel 
as and when required. After adjustment the spokes b are locked 
= Pp y jon by tightening up the nuts c. (Accepted October 28, 

914. 


PRINTING AND ALLIED MACHINERY. 


24,140/13. Tinetepe and Machinery, Limited, 
London, and T. R. G. Parker, Broadhea’ Printing 
Presses. ] October 24, 1918.—The present invention 
is an nn ip, or modification of, the invention described 
in Specification No. 10,540, of 1910. In the latter the forme or 
Sw ae te = has attached to it the usual aluminium or other 
ithographic plate, which extends around practically one-half of 
its circumference, and makes one complete revolution for each 
sheet printed, the co-operating offset and impression-cylinders, 
whose common diameter is only half that of the forme-cylinder, 
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making two revolutions each in the same time. Now, as only half 
the circurrference of the forme-cylinder is a printing surface, it 
follows that the other half is vacant. The object of the present 
invention is to make this press a perfecting one whenever it is 
desired so todo. The invention comprises a perfecting combina- 
tion, consisting of a plate or forme-cylinder having two opposite 
printing surfaces which are replicas of each other in all respects, 
a single offset cylinder of half the diameter of the plate or forme- 
cylinder and in direct Pape relationship therewith, and an 
impression-cylinder of the same diameter as the offset cylinder 





and in on ee relationship with the latter. 1 is the forme 
or plate-cylinder, 2 part of the base, and 3 part of a side-frame of 
the press, 4 the offset cylinder, 5 the impression-cylinder, 6 the 
damper, 7 the inker, 8 the feed-board, and 9 a part of the 
delivery mechanism, all exactly as described in the prior ifi- 
cation. 10 is the plate, and 11 the sheet-grippers, whicn the 
prior invention called for. 12 is the replica of the plate 10, 
which the present invention calls for. Both 10 and 12 are shown 
as aluminium plates held to the respective halves of the cir- 
cumference of the cylinder 1 by known means, but the re- 
plica 12 may be of any kind—lithographic, t phic, plano- 
graphic, or otherwise, provided that it is a replics of the plate 10. 
During the firet half-revolution of the cylinder 1, after both plates 
10 and 12 are ready for work, the plate 10 prints on and all the 
way round the blanket on the egtnder 4, and the latter offsets that 
impression on to the blanket on cylinder 5, the plates 10 and 12 
having changed places, and the cylinder 4 and 5 Levies assumed 
their origin: > During the second half-revolution of the 
cylinder 1, a sheet is fed to the grippers 11 and is taken between 

e cylinders 4 and 5. The inner face of this sheet takes the 
impression then on the blanket on the cylinder 5 and the outer 
face of it takes the impression printed on the blanket on the 
cylinder 4 by the plate 12. The perfected sheet is then delivered. 

hen either or both the — surfaces 10, 12 are non-litho- 
graphic, there are suitable means for putting the damper 6 out of 
action. (Accepted October 21, 1913.) 


21,128/13. A. H. Walker, London (Mergenthaler Lino- 
type Company, New York, U.S.A.) Linotype Machines. 
{4 Figs.) September 18, 1913.—This invention relates only to 
the regular founts which are stored in the respective channel’ of 
the magazines and pass through the same, and not to the extra 
fount, or so-called “‘ sorts matrices” which pass directly from the 
distributor into the “ sorts box” or “‘ sorts stacker.” It frequently 
happens during the operation of a typographical machine whose 
matrices or type-dies move through a cycle, as in the Mergen- 





thaler hi cially known under the trade-mark 
‘*Linotype,” that some of them become accidentally separated 
from the machine. The dropping of a matrix or a ty jie from 


the machine at any point in the cycle is one instance of such sepa- 
ration. The removal by the operator from the assembler of an 
above-mentioned Mergenthaler machine of a matrix accidentally 
com! in error is another. When the machine has only one 
magazine, it suffices for all the separated matrices or type-dies to 
be collected at the end of the job and inserted in the dis- 
tributor. But when the machine has a plurality of magazines, 
adjustable to locate any one of them in operative position with a 
single stationary distributor, the separated matrices or type-dies 
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must be divided into groups, and each group distributed to its 
own magazine. This must be done before the respective maga- 
zine is put out of operative position. The object of the present 
invention is to prevent the risk of distribution into the wrolt 
magazine, and to save the trouble of the previous sorting of the 
separated matrices according to fount, and consists in a matrix 
receptacle divided into as many compartments as there are maga- 
zines in the plurality, and in connecting the plurality of magazines 
with the cover or with the y of the receptacle in such a way 
that the magazines themselves trol the ptacl its 
cover, the location of the one in operative position relatively to 
the distributor, affording access to only the compartment allotted 
to that magazine, and simultaneously preventing access to all the 
other compartments. The keyboard B, the matrices X, the 
magazine-frame D, the magazines D!, D*%, D®, the assembler 

t , the bler-belt C1, the assembler C2, the single 
stationary distributor (not shown), the hand-wheel L, and the 
handle L! of the means for locating any one of the magazines in 
operative position, and the body M of the receptacle, so far 
as it as many uniform compartments M!], M2, M°, as 
the machine has magazines, together with the sliding cover N 
with ite one opening N} of the same area as a compartment, 











are as heretofore. Q, P is a linkage from the magazine- 
frame D to the outer end of one arm of a bell-crank lever O 
fulcrummed upon the front of the machine above and near 
to the rece le. As it is the cover N that slides, the receptacle 
body M is fixed. The former is connected to the outer end of the 
other arm of the lever O by a lug N? and a pin-and-slot device O!, 
the connection being such that when the frame D is adjusted to 

any one of the magazines D!, D2, or D%, in operative posi- 
tion, the cover N, througn the parts O, P, and Q will be moved 
relatively to the body M, in such manner as to bring the opening 
N1 therein into proper registration with one or another of the 
compartments M!, M2, M®, It is to be noted that each of the 
compartments corr: nds to one of the magazines, and that this 
compartment, and this one alone, will be available when the 
corresponding magazine is in operative position. Thus, for 
inst. , the tment M! corresponds to the magazine D!, 
and when the latter is in operative relation to the other ts, 
this compartment will be open and the others will be cl - In 
such circumstances, the operator will store any separa 
matrices X from the magazine D! in the compartment M! then 
open, and will transfer them to the distributing mechanism 
before shifting the magazine. In the event, however, of his 
failing to do this in the proper manner, the shifting of the maga- 
zine automatically closes the compartment, and thus prevents 
his delivering the matrices to the distributor until it again 
opened. Simultaneously with the closing of one compartment, 
another will be opened to him, corresponding to the next maga- 
zine brought into operative position, and so on throughout the 
series. (Accepted October 21, 1914.) 


TEXTILE MACHINERY. 


25,748/13. T. Holmes, Chorley. Damping Warp- 
Threads. (4 Figs.) November 11, 1913.—This invention relates 
to apparatus for damping or supplying the warp threads in a 
loom with moisture or liquid without raising the degree of 
humidity in the weaving-shed, in which the warp-threads are 
passed over an adjustable roller rotating in a trough of water 
and fitced with means for maintaining the water at a constant 
level. The present invention consists in the combination with a 
trough, of a roller therein and contacting with the w: threads, 
a fountain feed to maintain a constant level of liquid in the 
trough, and a drag device acting on the roller to control or regu- 
late the speed thereof. A trough A is mounted on the frame of 
the loom in front of the back bearer B, and the trough is sup- 
plied with water from a container which acts on the principle 
of a bird fountain, so that a constant level of water is maintained 
in the trough A. A drain-cock is also provided, so that the 
trough can be emptied when desired. A roller D is arranged in 
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the trough A and mounted in bearings carried on the bolts by 
which the back bearer B is affixed to the frame of the loom. The 
bearings are made adjustable, so that the roller can be raised or 
lowered in the trough. In order to put a drag on to the roller D, 
one or more leather straps F are passed over the roller and 
trough, the ends of each strap being connected together by a 
light spring Jf. Two rods L are arranged, one at each side of the 
roller D, to serve as a cover for the trough and prevent the accu- 
mulation of dust and fluff therein. The rods L may be made the 
length of the trough or they may be made in lengths and the 
trough provided with supports to carry each length. The warp- 
threads x, in passing from the back bearer B to the healds (not 
shown), over the upper surface of the roller D and cause 
the rotation thereof, at the same time taking up moisture from 
its surface. The amount of moisture on the surface of the roller 
D depends on the depth to which it is immersed in the water of 
the trough A, so that by raising and lowering the roller in the 
trough less or more moisture is supplied to the warp-threads as 
desired. (Accepted October 28, 1914.) 


MISCELLANEOUS. 


12,490/14. C. K. Sagar, St. Anne’s-on-Sea. Belt- 
Fasteners. (6 Figs.) May 21, 1914.—This invention relates 
to belt-fasteners constructed of two members hinged or pivoted 
together with a link (or links) to connect the two members, 
thereby forming adouble pivot between the two members. A 
belt-fastener, according to this invention, comprises two flat 
members stamped from sheet metal, with a lug turned up at each 
side, a link (or links) placed between the two flat members and 
between the lugs at the side thereof, and pins passing through the 
link and into the lugs to form a double articulated joint. The 
fastener is constructed of two flat members A and A! to lie upon 





the face of the belt, with lugs a stamped out of a blank and 
turned up at each side, and between these a link B is fitted upon 
pins, one of which passes through or into the lugs a of each 
member, thus forming a fastener with two articulated joints 
to give flexibility in any direction at the point where the belt ends 
meet. The members A, A! are stamped flat from aplate of sheet 
metal, and the lugs a turned up therefrom, one at each side. 
The pins b may be of steel, hide, metal, or other suitable 
materia’, and the link B may be of steel, iron, or other metal, 
and preferably case-hardened. Instead of a single link, two or 
more links may be placed side by side to make a wide fastener, 
(Accepted October 28, 1914.) 
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FOR THE GREAT CENTRAL RAILWAY. 


iGNs|of MR. JOHN G. ROBINSON, M. INST.C.E., CHIEF MECHANICAL ENGINEER. 
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THE INSTITUTE OF MARINE 
ENGINEERS. 


Tue new building on Tower Hill of the Institute 
of Marine Engineers, which is illustrated in Plates 
VII. to X., was inaugurated by the President 
of the year, Sir Archibald Denny, Bart., on 
Wednesday last. The location of the new building 
is most convenient, as it is contiguous to the ter- 
mini of railways having connection with the docks 
as wellas with the manufacturing centres and ports 
in the North, and a study of the plans in associa- 
tion with the description which we propose to give 
will show thst the arrangements el = by the archi- 
tect, Mr. Victor Wilkins, admirably suit the re- 
quirements of the Institute. The Institute fills a 
most serviceable place among technical organisa- 
tions, differing materially from most others in the 
country, as it aims to include within its fold 
primarily sea-going engineers, and, secondarily, 
engineers whose work may be directly influenced 
by those responsible for the driving of war and 
merchant vessels. As Sir Archibald Denny pointed 
out in his inaugural address, the influence of con- 
tact between the two classes of engineers can be of 
far-reaching benefit, since the revelation of experi- 
ence atsea should have a direct bearing on details 
of design. No doubt general questions are, toa 
large extent, determined, especially in recent years, 
by the more or less inexorable laws of science ; but 
the sound practical sense of the experienced sea- 
going engineer should always be utilised in designing 
details. On the other hand, the marine engineer 
can profit by association with the designing and 
constructive engineer, because by this means there 
may be disclosed the aims of the latter, without 
the full knowledge of which the former may not 
succeed in their full realisation. 

The possibility of improved economy in ship pro- 
pulsion becomes more and more difficult with each 
advance, and consequently there must be a close 
sympathy between the constructor and the operator 
in order that the best use may be made of the 
machinery. It is idle to introduce precision and 
refinements unless these are continuously taken 
advantage of in order to add to efficiency, and the 
Institute of Marine Engineers forms an admirable 
vantage ground from which the influence of the 
knowledge and experience of both types of engi- 
neers may act and react. We are glad that Sir 
Archibald Denny enforced this view, because there 
can be no doubt that as years we must move 
from the methods of the old school, and realise 
that in the working of marine engines there is 
opportunity for capturing that last unit of economy 
which makes the difference between profit and 
loss in a long voyage, irrespective of the rate of 
freight prevailing. Leakage losses, too high a 
temperature of the waste gases, the operation of 
auxiliaries at a power disproportionate to the needs 
of the moment, are only three of the directions in 
which vigilance and experience can ensure improved 
economy. Sir Archibald Denny urged that the 
Institute should take up asa study how information 
might best be gathered and transmitted to the de- 
signers ; in order that such information may be of 
use, it should be as accurate as possible. Tests are 
made at official trials of fuel and water consump- 
tion per hour per indicated horse-power, data 
being recorded by a staff of highly-trained observers, 
and with great accuracy. With the limited staff 
at the command of a chief engineer he cannot 
attain to similar accuracy, and it is desirable that 
the Institute should draw up suggestions as to how 
such trials should be made and as to what limit 
of accuracy should be attempted. Forms should 
be prepared to guide engineers as to the precise 
nature of the information to be noted, so as to 
transmit in the best possible form the data desired 
by the designers of marine engines. The first 
item necessary for the use of engine-designers in 
reports of sea results is the actual indicated horse- 
power averaged with stated revolutions. This, 
with accurate data as to the total revolutions per 
day and notification of a slowing down temporarily, 
would go far to show the economy cf the machinery 
under service conditions. With the help of pro- 
gressive speed results on builders’ trials, some 
correction could then be made of log speeds and a 
close approximation be made of the fuel consump- 
tion per ton-mile—the true test for cargo-carrying 
ships. Technical education, as the President said, 
is spreading in all branches of the maritime ser- 
vice, and we can look forward hopefully, with the 
assistance of the Institute, to get accurate informa- 








tion for the future use of designers. At the same 
time he realised that an owner who has been accus- 
tomed to have reports that his triple-expansion 
150-lb. engine is working at 1} lb. per indicated 
horse-power per hour may be a little disappointed 
if he finds his chief engineer reporting to the 
Institute, for scientific purposes, that the coal con- 
sumption was 1.6lb. It only needs a inning, 
however, with some bold spirit to lead the way, 
and the Institute may by its powerful influence 
back up the efforts of the really scientific chief to 
have accurate returns made which will be most 
useful to the designer. 

If the public and private discussion of such 
subjects at the Institute ensures a fuller realisa- 
tion of the importance of attention to all detail, 
then good must accrue. We have advisedly spoken 
of private as well as public discussion of pro- 
blems and practice. Many men, with invaluable 
experience, shrink from the ordeal of public ex- 
pression of opinion, and even from writing their 


thoughts and ideas in a form intended for publica- 
tion. However much this may be regretted, it has 
ever been a characteristic of many, and particularly 


of men who go down to the sea in ships. And 
yet such men are perhaps better able to assist their 
fellows than those who have greater readiness in 
expressing themselves publicly. They ought, there- 
fore, to be encouraged to contribute of their know- 
ledge to the common stock. So convinced is Sir 
Archibald Denny of the value of short memoirs on 
sea experience, especially in regard to reports of 
sea trials properly carried out, of difficulties over- 
come, and of breakdown repairs, that he made 
the gratifying announcement that he proposed to 
put at the disposal of the Council a sum of money, 
the interest on which will enable them to distribute 
prizes for the best memoirs on these subjects each 


year. 

The Institute will do well to continue to develop 
largely the social side of their work. The Institute 
buildings have been designed with this end in view. 
As Sir Archibald Denny pointed out, engineering 
is sure to be the topic where two or three sea-going 
engineers are gathered together, and at such con- 
claves dodges ihtroduced to overcome difficulties or 
to add to the sweetness of the working of marine 
engines or to increase economy are sure to be dis- 
closed in conversation, as readily in the smoking- 
room or the billiard-room as in the library and 
reading-room of the Institute, with immense 
benefit to all, but especially so to young engineers. 

The public discussions at the Institute have long 
ago justified its formation. The meeting which 
gave rise to the Institute was held on November 9, 
1888, and the beginnings were naturally modest. 
Of the organising committee then formed there still 
remain Messrs James Adamson—who was the 
organising secretary and has throughout been 
honorary secretary of the Institute— W. J. 
Craig, J. W. Domony, D. Greer, J. G. Haw- 
thorn, Robert Leslie, G. W. Manuel and 
F. W. Shorey. In July of the following year a 
certificate of incorporation was granted by the 
Board of Trade, the membership being about 250. 
From the outset the idea of identifying the Insti- 
tute with the sea-going engineer was kept in the 
forefront, the first qualifications for membership 
being the possession of a first-class Board of Trade 
engineer’s certificate or the holding of a responsible 
position in connection with the design and con- 
struction of machinery. A second-class Board of 
Trade certificate is similarly a qualification for 
associate membership. The associates and graduates 
are those identified with marine engineering. 
The Institute, too, has had a jealous regard to 
the status of the sea-going engineer, and through 
its representative on the advisory committee of 
the Board of Trade and other institutions has done 
invaluable service in this direction. We should 
like to believe, because of the status of the 
Institute, that our leading steamship companies 
recognise as a necessary qualification for employ- 
ment in the engine-room a direct connection with 
the Institute. This should be the more easily 
realised since the chairmen of so many of the 
steamship companies have occupied the presiden- 
tial chair of the Institute, which is open on 
alternate years to a leading shipowner in turn 
with a leading marine constructor. The papers 
read are, for the most part, of a practical 
nature, having a direct bearing upon the work- 
ing of ships at sea. The Institute members 
have been fortunate, too, in the financial support 
that they have had, enabling them not only to 


accumulate a fair financial reserve, but to endow 
awards for papers read, the most notable being 
the Denny Gold Medal, founded by the late Dr. 
Peter Denny, the father of this year’s president, 
and the Stephen award for contributions by asso- 
ciate members and associates, derived from a legacy 
of 1001. from one of the early members of the Insti- 
tute. At the same time they encourage the student 
and graduate. Indeed, in the early years they had 
classes in mathematics, mechanical drawing, and 
electrical engineering, with special reference to the 
requirements of the profession ; but when technical 
institutes were opened it was found unnecessary 
to continue these classes. They have also been 
enabled to grant scholarships, the most important 
being two of the value of 501. per annum, tenable 
for two years, granted through a liberal contri- 
bution by the Committee of Lloyd’s Registry of 
Shipping. The library, too, is well stocked with 
gg ao books ; and on the benevolent side, 
the Institute has been able to gain influence 
at several of the orphanage and other asylums 
in London. Perhaps one of the most highly 
appreciated works in this connection was the insti- 
tution of the ‘‘ Titanic Engineering Staff Memo- 
rial Fund.” The Institute co-operated with the 
Southampton Committee, and made a special grant 
from the General Fund of the Institute. The result 
was the erection of a memorial at Southampton, the 
provision of a memorial tablet in the new building, 
and the institution of a fund to assist widows and 
orphans of members of the engineering staff of any 
steamer requiring “7 An arrangement has been 
further ade with the MerchantSeamen’s Orphanage 
to take into the orphanage one child each year on 
the nomination of the Institute. Help has been 
accorded to many since the formation of the Insti- 
tute through the instrumentality of the Royal 
Scottish Corporation and the Royal Caledonian 
Orphanage. 

e membership, as we have said, was at the 
outset 250, aud in eight years exceeded 1000. 
Now it numbers nearly 1500. It was folt that, with 
the increasing number of members located in 
various parts of the country, a more central build- 
ing was desirable than that hitherto occupied at 
Romford-road, Stratford, which was purchased in 
1892, and has served the needs of the Institute 
most satisfactorily hitherto. In 1910 the In- 
stitute organised a representative committee to 
consider the whole matter, the Chairman of this 
being Mr. Robert Leslie, R.N.R., of the P. 
and O. Company, with Mr. J. T. Milton, of 
Lloyd’s, as Vice-Chairman, Mr. Joseph Hallett, 
this year’s Chairman of the Council of the Institute, 
as Honorary Treasurer, and Mr. A. H. Mather as 
Honorary Secretary. This Committee has done 
splendid work in collecting a large fund, and they 
were fortunate in securing a site for the building 
on Tower Hill. It was anticipated that the cost of 
the building would be about .» but inevitable 
developments have brought this up to something 
approaching 10,000). Over 80001. has n 
subscribed, and all will hope that before long 
the building will be absolutely free of debt. 
Approval of the recommendation of Mr. Leslie’s 
Committee was given by the Institute in June, 
1912, and work on the building soon afterwards 
commenced, the foundation stone being laid by the 
Lord Mayor on October 29, 1913. 

‘The building occupies an island site leased from 
the City Corporation, and near to the new offices of 
the Port of London Authority. A pleasant out- 
look is obtained from the principal rooms over the 
gardens adjoining the Tower, and ample light and 
air is available in every part. The main elevations, 
which are illustrated by Figs. 1 to 3, on Plates 
VIL. and VIII., are in Portland stone carried out 
in the style of the Renaissance, appropriate carving 
being introduced in some of the panels ; Westmor- 
land green slates have been used on the roof. 

The main entrance (Figs. 1, 7 and 9), approached 
through a circular stone porch, gives access to the 
raised ground floor. On passing through the glazed 
teak doors the visitor finds himself in a spacious 
hall, with the principal staircase in front. Here 
there is placed the memorial in memory of the 
engineers who lost their lives in the Titanic 
disaster, already referred to. Another feature is a 
beautiful stained-glass window of James Watt, pre- 
sented to the Institute by Mr. John Irving, Dum- 
barton. Along a wide corridor, access is obtained 
to the library, smoking-room, and secretary’s office, 





as shown on the plan, Fig. 7, on Plate IX. Oak 
polished bookcases line the walls of the library, 
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with lounge settees in front of the windows. A 
handsome marble chimney-piece and canopy interior 
add both character and comfort to the room. The 
smoking-room is large and convenient, with some 
of the Institute models arranged round the walls. 

Ascending the main staircase to the first floor 
(Fig. 6), the entrance to the lecture-room imme- 
diately faces the visitor, while on the left is the 
writing-room, and on the right the retiring-room 
for lecturers and Council on special nights. 

The lecture hall, part of which is shown in the 
perspective view, Fig. 12, on Plate X., being the 
rincipal apartment in the building, has come in 
for special architectural treatment. The shape of 
the site, which might have proved a serious deter- 
rent to artistic effect, has been most happily masked 
by the formation of alcoves, fitted with lounge 
settees, as shown on the plan, Fig. 6. An elliptical 
barrel ceiling, with groined vaults over the windows 
(Fig. 5), enriched with delicate plaster treatment, 
produces an effect restrained and beautiful. The 
hall will give accommodation for a company of 180, 
with a raised platform at one end, in addition, for 
the speakers and Council at professional meetings. 
The floor is executed in pitch-pine blocks, and the 
walls are finished in French grey. A screen has 
been provided over the platform for lantern lec- 
tures, with a gallery over the main entrance dcors 
at the opposite end for the lantern. 

The front portion of the building is carried up 
to form second and third floors (Fig. 9), the 
billiard-room being placed on the second floor 
(Fig. 5), and the caretaker’s quarters on the third- 
floor (Fig. 4). In the billiard-room, of which a 
perspective view is given in Fig. 13, on Plate X., 
there is to be one table, which has been kindly 
presented by Messrs. Oyril and George Beldam, 
sons of the first President, Mr. Asplan Beldam. 
The room, with its polished oak chimney-piece, 
raised ingle-nook and dais, seen in Fig. 13, will 
not fail to attract members in search of an hour’s 
relaxation. 

From the housekeeper’s quarters on the third 
floor a distinct fire-escape staircase has been pro- 
vided down to the street-level, and this can be also 
made use of by the members for escape from the 
lower floors if necessary. On all the principal 
floors special attention has been paid to the 
lavatory accommodation, and this will be found to 
be ample on the most crowded occasions. The 
sub-ground floor (Fig. 8) has been arranged to be 
let off for offices, and has a separate entrance from 
Tower Hill. 

The building is fireproof throughout. The floors 
are finished in Mosaic and pitch-pine wood blocks. 
The doors to the rooms are in polished teak, with 
fire-resisting glazed panels. Double windows for 
noise-preventing purposes have been provided to 
all the rooms on the ground floor. It may be 
added that the builders were Messrs. Higgs and 
Hill, Limited, Crown Works, South Lambeth. 

This forward move on the part of the Council, 
resulting, as it has, in the acquisition of a com- 
manding site and imposing building, is calculated 
to draw attention to the Institute of Marine 
Engineers, and safeguard the legitimate position it 
has won in the ranks of kindred scientific societies. 
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Water : its Purification and Use in the Industries. By 

Witiiam Wattace Curistiz. London: Constable 

and Oo., Limited. [Price 8s. 6d. net. | 
Tue title chosen by the author of this work is some- 
what misleading, as the book deals mainly with the 
clarification and chemical treatment of water for 
use in special industries, and the machines which 
are more particularly described by the author, 
though useful for the treatment of comparatively 
je quantities of water for industrial purposes, 
are hardly suitable for the general and bacterio- 
logical purification of water “or town supplies. In 
this country, at any rate, the term ‘‘ purification,” 
as applied to water, is understood to mean its treat- 
ment in such a manner as to render it free from all 
suspended matters, harmful solutions and organisms 
of animal diseases. 

The three principal methods adopted in the 
treatment of water for potable purposes—storage, 
filtration, and sterilisation—are dealt with very 
lightly. 

‘i ‘the notes on storage the author deals only 
with loss by leakage and evaporation, and no refer- 


ence whatever is made to the results of clarification 
by sedimentation or purification by the nitrifying 
agency of bacteria brought about by the storage of 
water in bulk. 

Dealing with filtration, the author states that the 
cost of sand and mechanical filtration in America 
is about the same. The capital cost of mechanical 
filters is given as from 30001. to 36501. per million 
imperial gallons, and the working cost of slow 
sand filtration at 35s. per million imperial gallons. 
It is stated that the head requi when mecha- 
nical filters are used is from 4 ft. to 32 ft., accord- 
ing to the state of the sand. This would appear 
to add considerably to pumping charges when this 
type of filter is adopted. e use of the United 
States gallon throughout the book is somewhat 
coafusing to an English reader ; but, on the other 
hand, the excellent tables at the end of the book 
will be found useful for reference when studying 
works on water supply by American authors. 

From the statement that ‘‘sand filters as an 
engineering construction were built under Mr. 
James Kirkwood as early as 1874” (page 134), the 
author would appear to claim an American origin 
for such filters. Sand filters were first adopted 
in England in 1829, by Mr. James Simpson. In 
1864 Mr. Kirkwood visited Europe for the purpose 
of studying European practice in water supply ; his 
report to the United States Government, issued in 
1868, contains many references to Simpson’s filters. 

Details are given of some ordinary forms of 
pressure and gravity filters of the American type, 
though the author is not enthusiastic as to their 
merits, and from the following quotation it may be 
inferred that he does not regard rapid filtration as 
affording a sufficient safeguard against water-borne 
diseases: ‘‘ Since the inauguration of such modern 
and up-to-date filtration plants as those at Wash- 
ington and Philadelphia more typhoid fever has 
prevailed in these cities than before.” The speeds 
of filtration, both with sand and mechanical filters, 
stated by the author to be in accordance with good 
American open are, however, considerably in 
excess of the average speeds adopted in Europe. 

The chapter on ‘‘ Sterilisation ” contains details, 
with illustrations, of heat sterilisers and distilling 
apparatus. There is also a reference to ozone 
treatment ; but although chemical treatment and 
the application of ultra-violet light are referred to, 
no details are given of the methods of application 
of these and other modern systems of sterilisation. 

Chapters II. and III. contain much valuable 
information on the subject of water-softening, and 
the illustrations and descriptions of the various 
types of apparatus used in the process are alike 
excellent, and details are given of a large variety of 
appliances for the automatic supply of chemicals 
for softening and coagulation. 

The reproduction of detailed working drawings 
has been avoided, and the use of shaded sectional 
drawings (some in colours) of various types of 
apparatus renders clear the full description given 
of a large number of machines. 

Oil-filters for use in steam plants are dealt with 
in another chapter, and the methods adopted for 
nage water both in small quantities and on a 
large scale are fully described. The illustrations 
of meters of various types are excellent. 

The book should be of great value to all con- 
sumers of water for manufacturing or industrial 
purposes. 





THE ASSESSMENT OF DAMAGE TO 
MARITIME WORKS. 


By Ernest Latuam, Assoc. M. Inst. C.E., 
A.M.I. Mech. E. 
(Concluded from page 38.) 

2. Harbour Works, Docks, d:c.—Stress of weather 
is, without doubt, chiefly responsible for damage to 
harbour works, if the term ‘‘harbour works” is 
taken to include breakwaters, moles, training 
works, &c., and not works forming, or supplemen- 
tary to, floating basins and graving docks. 

The Government works at Port Patrick* were 
finally abandoned in 1870, after their construction 
had been commenced in 1863, owing to the con- 
stantly-recurring damage caused to the works by 
heavy seas sweeping over the breakwaters ; 500 lineal 
feet of the south pier and 300 lineal feet of the 
north pier were destroyed in this manner. The 





* A. E. Carey, M. Inst. C.E., on *‘ Fishery Harbours 


piers were constructed with rubble hearting, pro- 
tected by ashlar masonry faces. The cost of the 
south pier alone and its adjacent works was 
approximately 60,000/., and the port is now en- 
tirely derelict. The fishing port of Mevagissey* 
in Cornwall suffered severely in 1891 from stress of 
weather, and involved the construction of new 
piers at a cost of 32,000/.; while the harbour 
works at Wick have suffered severely from time to 
time by the onslaught of the sea. 

The above are examples of actual damage to 
artificial works projected into the sea. There is 
another and equally serious aspect in connection 
with works of this character—viz., the liability to 
silting up of the entrance channels or the oblitera- 
tion of the works by rapid accretion on the adjacent 
coast line. Where this phenomenon is slow, it is 
of academic interest only, and the subject has been 
extensively dealt with in technical literature ; the 
ancient or partially-derelict harbours of Sandwich, 
Pembrey, Tone ne, Rye, &c., are examples of this 
class. en, however, this phenomenon is rapid, 
it may well come within the purview of the engi- 
neer to deal with, and information is frequently 
called for as to the exact nature and estimated cost 
of works (if any) which it is desirable to undertake. 
Fig. 13 is a plan of a small harbour where difficul- 
ties were experienced with the sanding up of the 
entrance channel in December, 1912. Marine 
surveys of considerable extent were undertaken 
by the author during the year 1913 and the early 

rt of the present year. From the many observed 
evels the author has taken one case as an example. 
The line A B, shown in Fig. 13, represents in plan 
the location of a cross-section on the foreshore, 
originally taken in February, 1913, and repeated in 
July, 1913, November, 1913, February, 1914, and 
May, 1914. Fig. 12 shows the profile of these 
observed levels. The data obtained from the five 
sections taken show that there was an average 
accretion on the foreshore representing a rise in 
level of about 4 ft. over a length of 1600 ft. This 
fact, combined with a series of similar sections 
taken to the east and west of the example quoted, 
made it possible to estimate the rate of accretion, 
which worked out to about 50,000 cubic yards a 

ear. Dredging would in this case have Soon of 
doubtful utility, and, at any rate, would have been 
a constant maintenance charge, amounting to 13501. 
per annum, on a basis of 6d. per cubic — dredged. 
In the case of the harbour works in question this 
would have been altogether too heavy a burden, 
and the author therefore advised an expenditure 
on permanent works at an estimated cost of 
15,0001.. which, capitalised at 5 per cent., repre- 
sented the reduced figure of 7501. per annum. e 
blockage of the entrance channel by sand, after the 
first instance, was threatened again in February, 
1913, and in February, 1914, while from levels, 
tidal, and current observations taken in the vicinity, 
there is little doubt that if remedial works are not 
undertaken the traffic of the harbour will come to 
an end. 

An instance, and perhaps an exceptional one, of 
serious damage occurring to harbour works during 
construction, was that of the collision between the 
8.8. Olaus Ollsen and the falseworks of the South 
Breakwater, Dover Admiralty Harbour, in 1906. 
These falseworks consisted essentially of gantries 
on either side of the breakwater site ; they were 
constructed in deep water of 16 in. by 16 in. blue- 

m piles. Each pile cluster consisted of six piles 

raced together at the top, with the centres of 
the clusters 55 ft. apart longitudinally and 100 ft. 
laterally. The gantry decks, Goliath and service 
roads, were carried on a system of mild-steel lattice- 
girders, and the weight of the plant was consider- 
able. The total weight of the Goliath cranes was 
350 tons each, and they were each capable of lifting 
and transporting 40-ton blocks. The vessel collided 
with the seawards gantry near its western extremity. 
The actual impact of the collision was apparently not 
very great, but the level at which the ship struck 
happened to approximate to that at which the 
main piles of the gantry were scarfed. The scarfing 
was effected by the usual form of joint, strengthened 





by means of two mild-steel plates bolted through 
the piles and carried for some distance above and 
below the joint itself. The plates corresponded 
| in alignment with the direction of the gantries, and 
| were therefore parallel to the centre line of the 
| 





* A. E. Carey, M. Inst.C.E., on ‘* Fishery Harbours 
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breakwater (i.e., at right angles to the probable 
direction of impact in collision), and in the position 
of least resistauce to bending. Calculation indi- 
cated that had the plates been placed cat right 
angles to their pore « position, their resistance to 
bending would have been at least twenty times 
as great. Three bays of the seawards gantry were 
destroyed by this collision, and the plant and 





by means of electrical detonators. Great caution 
had to be used in securing the complete severance 
of the wreckage from the sound portions of the 
gantry without damaging the latter. The wreckage 
was ultimately removed by cutting the — 
members with dynamite charges and lifting the 
component parts from the sea-bed. The claim 
against the insurers in this case exceeded the sum | 


in cases where her liability is specially determined 
by Act of Parliament. 
caused to docks, this 


With reference to 

is to be found principally in connection with 
caissons and dock gates ; such damage is of frequent 
occurrence, and occasionally involves large amounts. 
One of the most interesting cases with which the 


author was connected was an accident at Jarrow-on- 
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girders thrown to the sea-bed. The weight of the 
wrecked plant at its northern end was thrown 
against the landwards gantry, as shown in the 
photograph, Fig. 14, thereby fracturing many of 
the piles close to the pn The wreckage was 
ultimately entirely dropped to the sea-bed by sever- 
ing the blue-gum piles at ground-level, for which 

urpose blasting-gelatine was used, the charges 
ing tamped to the piles by divers and discharged 





of 27,0001., or approximately 1861. per lineal foot of 
the falseworks damaged. e greater part of the 
cost of reparation of these falseworks devolved 
ultimately upon the insurance companies, as the 
amount in question was greatly in excess of the 
statutory liability of the vessel. It is interesting 
to note that the maximum amount which can be 
/recovered from any vessel for damage caused by 
' collision is 81. per ton on her gross register, except 
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Tyne. The collision in this case was the result of 
the launch of the s.s. Patris, 2500 tons displace- 
ment, on December 23, 1908. This vessel was 
launched from the yard of the Northumberland 
Shipping Company, Howden. After taking the 
water, the vessel got out of control owing to the 
severance of a cable and the consequent fracture 
of a drag-box shackle. O ite the site of the 
launch, and on the other side of the River Tyne, 
is one of the dry docks owned by the Mercantile 
Dry Dock Company, and the s.s. Patris, as a 
result of the mishap, fouled the gates of this dock 
stern on, penetrating some distance into the dock. 
It was a fortunate circumstance that the dock had 
been flooded some 10 minutes before the accident 
took place. The accident involved the complete 
demolition of one leaf of the dock gate and the 
severe straining of the other leaf; damage also 
resulted to the greenheart cill of the dock, and 
slight damage to the stern of a ship lying therein. 
The estimated extent of damage to works was 
75001., and a further claim substantially in excess of 
this figure was put forward in respect of consequen- 
tial damages, loss of trade, &c. In the amount 
covering damage to works had to be included the 
cost of establishing, maintaining, and removing a 
timber cofferdam erected outside the dock entrance, 
inside which the gates were re-erected. A general 
plan and cross-section of the cofferdam in question 
are shown in Figs. 15 and 16, for permission to 
reproduce which the author is indebted to Mr. 
J. Mitchell Moncrief, M. Inst. C.E., the engineer 
= for the reparation works, 

sa contrast to this case of extensive damage 
may be cited the collision between the s.s. Teeswood 
and the west leaf of the inner gates of the lock 
of King’s Dock, Swansea, in 1913. Being late 
for the tide, the vessel was coming down the dock 
to tie up near the entrance and, over-running her 
mark, struck the dock gates. Owing to the Tees- 
wood having a cut-water stem, she crushed the 
deck-way, brackets, and the steel plates of the 
dock gate nearly down to water-line ; the damage, 
however, was not, as in the previous case, of suf- 
ficient extent to render the gates useless, and 
traffic was therefore not seriously interrupted. 

3. Sea and River Walls.—Sea-Walls in masonry 
and concrete of the type met with at seaside resorts 
are subject to failure in two ways, either from pres- 
sure from behind or by the onslaught of the sea.* 
Reparation of damaged structures of this class 
almost invariably pecessitates a departure from the 
original design, and, therefore, it is difficult to give 
specific data of any value in the preparation of 





* Vide “‘The Maintenance of Foreshores,” Messrs 
oe and Sons, pages 43 and 44. “‘Sea- 
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estimates, as each case merits special consideration ; 
if the damage is at all extensive, the reparation 
contract is, in many — comparable to a 
contract involving new works. Considerable infor- 
mation as to the cost of construction of mass con- 
Taste II.—Sea- Walls and Groynes : Costs of Construction. 


Site. Structure. 











| 
Sewerby Timber sea-wall 
| | 
| Engineers, vol. clix., 


65 
Scar- Sea - wall (Marine 73 3 0 atthews on ‘* Coast 
borough omen Concrete Erosion and Protec- 


ocks and mass| tion,” page 58 
concrete 
Lowestott Sea-wall. Masscon-| 511 6 Proceedings of the 
crete on steel piles! Institution of Civil En- 
| gineers, vol. clxxxv., 
| page 106 


Bridling- Alexandra sea-wall., 16 12 9 Proceedings of the 
ton Mass concrete | | Institution of Civil 
Engineers, vol. clix., 

65 


8o0uth-Timbergroynes ..| 4 4 0 |Carey on “The Protec- 





wold tion of Sea Shores 
| from Erosion,” 23 
Hornsea.. Sea-wall. Reinforced 39 0 0 Proceed of the 
concrete | Institution of Civil En- 
gineers, vol. cxxxv., 

| page 151 
Withern- Timber groynes ..| 3 7 6 |Proceedings of the 
eea | | Institution of Civil 


| Engineers, vol. clix., 


page 78 
Lowestoft Timbermaingroynes 22 1 3 Proceedings of the 
(North Denes) Institution of Civil En- 
gineers, vol. clxxxv., 
| pace 106 
Bridling- Low timber groynes 214 0 Matthews on ‘‘ Coast 
ton | | Erosion and Protec- 
| tion,” page 115 


Level of Top of Wall 18-00 0.D. 





a <*e 






Fig.19. 





breaching of such embankments by high tides or 
wave-impact is a fruitful source of destruction. 
Figs. 17 and 18 show a foreshore section and plan of a 
breach in such an embankment on the River Deben, 
Fig.17. SECTION A.B. 
tei Formati 





sarily involved by such a scheme of works. The 
average width of the breach in question was 65 ft., 
and the lowest tender 6501. This breach is only one 
example of many which exist on the rivers and 
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Figs. 17 anp 18. Reparr or BREACH OF 


Fig.20. CROSS SECTION.1. 





(4142.0.) 


Fie. 19. Sgorron or an Essex EMBANKMENT. 


crete and masonry sea-walls is given in Mr. E. R. 
Matthews’ valuable text-book recently issued, 
which contains useful data as to costs, profiles, and 
general design of sea-walls of this character.* 

The marine drive, Scarborough, recently suffered 
extensive damage during construction, and the con- 
tinual depredation of the sea at Bexhill is becoming 
almost historic. The reconstruction and mainten- 
ance of such sea-walls and parades are, however, 
matters which in general are dealt with by the per- 
manent officials of, those municipal or urban bodies 
responsible, and it is only when the wreckage to 
the sea-front has been considerable that an expert 
report is called for, and the report then generally 
includes a recommendation to undertake new pro- 
tective works combined with a system of groyning. 
The only useful information in assessment cases of 
this character is, therefore, the tabulation of 
actual costs per lineal yard involved in the con- 
struction of sea-walls and groynes. A few examples 
of interest in this respect are given in Table II. 
It is not, of course, possible within the scope of 
this article to give detailed sections or quantities 
of works of this character ; but, as in the case of 
sea-walls, the conditions as to exposure, nature of 
foundations, rise and fall of tide, &c., are so vari- 
able that unit prices are useless without a know- 
ledge of the type and leading dimensions. Refer- 
ence is therefore given in the table to the source 
from which the information was obtained, where 
full particulars may be found. 

The sea and river defences of low-lying lands in 
general outside the control of municipal authorities 
represent an enormous mileage in this country—a 
fact not generally appreciated. Such river sea 
defences are peculiarly liable to damage. The 





* Vide ‘* Coast Erosion and Protection,” by Ernest R. 
Matthews, Assoc. M. Inst. C.K. Messrs. Charles Griffin 
and Co. Chapters IV. to VII. inclusive. 


Re + 12-50 O.D. (T.H.W.) 
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Frio, 22. Retmrorcep REVETMENT ON THE De Muratt System. 


in Suffolk. Theauthor, who was asked to advise in 
this matter, prepared plans for the closing of the 
breach, and, at the request of the landowner, 
obtained tenders for executing the works. The 
ror it was proposed to adopt consisted of the 

iving of a timber coffer-dam of horse-shoe shape 
in plan on the foreshore outside the breach, and of 
reconstructing the embankment on the new align- 
ment. In breaches of this character one invariably 
finds that a deep pot-hole has been cut in the 
centre of the breach by the action of the tide, which 
renders new works on the old alignment prohibitive, 
owing to the expensive nature of the design neces- 





estuaries of the East Coast, and the cost of repara- 
tion of such breaches would therefore appear to be 
about 101. per lineal foot, the site in question pre- 
senting the average difficulties of reparation which 
exist in breaches of this class. This figure, how- 
ever, is a speculative one, unless the greatest pre- 
cautions are taken in the execution of the work. 
Fig. 19 is a typical illustration of the profile of 
an Essex embankment. The maintenance of such 
embankments is of great importance in assess- 
ment. In obtaining evidence for a recent arbitra- 
tion, the author had occasion to investigate this 
point. The only information which it appeared 
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DAMAGE TO MARITIME WORKS. 








































To TA rT 
Fig.25. 1 | i it 

4 — . u — . Z 

aj Baisting Piles—+ 3 ExistingPile?. s age 
\e-—-2:6°—- cal ---=- 4! 0°-------- Al = ee 4! 0°-------- ee —- 
K-—- $9" gt fe +» Iw 
| ° i . 
{incon | | iw? _ at ZN ji 
a See LEN erred 





eS Me Ue? 


| | __o 1 


(4142.7) Lad 





Fics. 24 anp 25. Eroprep Tor or Watt at Frinton, anno Remrorcev-Concrete 
Apron to Protect Ir. 











ible to obtain would seem to point to the 
act that clay embankments of this character, 
protected either by stone pitching or a light 


TasLe III. — Maintenance Rates on Earthen Embank- 




















lo - Saxon Petroleum 
pany. Sea a, | 
Thames Haven 1912-13, 2 88 0 1,100) 4.14 
River Embankment, | Alde- 
a Ss River Alde. Hurts | | 
Hal - ee - 1910-12; 8 27 10 608) 3.71 


ments. 
| sé |S oa ss 
| | = 2 = ag 
| -r | ¢ | : | Hf 33 
| i | E \gaalgaelge 
4 & s.\vards.; d. 
Embankment, South Level) jvenre| ni 
| (East Section). Fobbing 
| ea Commissioners .. —— 3 (492 0)11,400) 4.34* 
} 


|. * Information supplied by Mr. A. E. Carey, M. Inet. C. Ez, 
| Engineer to the Fobbing Level Commissioners. 


Taste 1V.—Schedules of Repairs to River Embankment, 
River Alde, Suffolk. 





{4 | Stak 

§ i. Work Necessary. ise qi: 

z | Se | Bae E 
WS; Dee ; je@ ge a 


Nil - Nil 
|Pick up and re-pitch 270) 54 5 0) 1310 0 
| eq. yds. of chalk pitching 
Ill. | 287 |Make up face with _ 237 138 6 16919 6 
| earthwork. 14 cub. nh Ae 
~ run. Re-pitch } 
© yard run. 
New oitohing 2 eq. yds. 
| per yard run } 
IV. | 398 |As per section III. --| 73 |18 6| 49 6 
IV. — ((@) Pitching in rough con-| — - 30 0 
| dition. Allow for re- 
pitching and making up | 
toe 


oo 


IV. — |(6) Re-set coping stones} — — 500 
| and point up brickwork 
| of sluice 

Vv. | 727 \Make up toe. leub. yd. of} 100 9 6 4710 0 

earthwork per yard run, 

28q. yds. new pitching 


per yard run 
VI. | 217 |Patch up earthwork | — - 56 00 
VII. | 610 Natural boundary of) — _ Nil. 
| shingle ridges | 
VIIL | 210 orm bank with addi-| 210 — 10 0 0 
| tional earthwork 


1X. | 400 Re-pitch 1 sq. yd. pen reve 
forward. New pitching 
te yd. per yard for- 


vard| 200 | 5 0| 50 0 0 


X. | 603 18 pends par oub, yd. new|/ 171 14 6/12019 6 
| earthwork per yard for- 
ward; 3 eq. yds. new 

pitching per yard for- 








war 
X. | — Patchupearthworkonface| — - 10 0 0 
where required 

In _bdidition to above, Ses and ae 
1 lineal yds. of embankment 6 8015 6 
| 682 0 0 

Add for gets on maritime work| 
15 per cent. . -| | 87 6 0 
| | en 6 0 
Supervision, 5 percent. .. ae : ~ bwaere 
Total estimated cost of work 702 15 ‘ 


reinforced-concrete revetment, cost about 4.1d. 
per lineal yard per annum to maintain. The 
examples given in Table III. are actual cases of 
maintenance charges taken over short iods. 
In these figures no abnormal charges for new 
works were included, and it must be remem- 
bered that they only hold in cases where 
embankments are in normal repair. It is fre- 
quently necessary to prepare estimates as to the 
cost of putting such defences into an efficient state. 
| Table fy. is an actual estimate supplied by the 
author in respect of some property recently 
| acquired by the Government on the River Alde. 
| The schedule i is of interest as giving unit rates for 
| repair work of this character. Figs. 20 and 21 give 
two average cross-sections of the walls referred to in 
the estimate, which sections show seriously-eroded 
profiles, and are typical of the condition of many 
existing clay te Reet in Kent, Essex, Suffolk, 
and Norfolk. The condition of protective works 
of this nature has a most important bearing upon 
the values of the properties Hf defend, and, apart 
from the question of damage to cro and deprecia- 
tion in the agricultural value of caused by flood- 
ing, is the liability which most walls of this character 
have to be breached. There is, in the author's 
opinion, no question but that some specific sum 
| in addition to the annual cost of maintenance should 
be set aside each year to meet such extraordinary 
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44 out in January, 1913. The revetment has a 

ese eee Sa... J Bes = hed sven I slope of 1? to i, and varies from 4 to 5 yards in 
| toor 8 Adviso Cost of depth. It is 394 yards long, and was constructed 

Nature site N*| Date. | Colliding Vessel. | Cause of Accident. “OF Works | Engineer." | Reparation. | for a total cost of 17671. Whereas the initial cost 
| Flor. i aeieee Chem inf ‘1a. E. Oarey, M.| 150%. (estimate). | 1 low, the maintenance charges of such work in 

natty. Dagenham |Peb.- ery $00 tons rt titled 0 aveld| crete ~ trac.| Inst. O.E. + ee exposed positions are likely to be high. In the 
| 1911 r. y| H.M.8. Taunderer| tured at junction| case in question a sum of approximately 300/. has 

—e [Dee been spent to date in maintenance, which approxi- 

alongside jetty ap-| mates to the sum of 7s. 6d. per wey yard per 

sages ; annum. It is interesting to note that the present 

ae Gen | tat ‘Mone barton wn Gondaas arte Tana ae pn a 801. (contract). | estimate for permanent works on this site exceeds 


j 


| cnoving face | } 
Falseworks (timber Oct., 19063.S. Olaus Ollsen Vessel collided with Demoli' ion of three|A. E. Carey, M./'27,000I. (claim, ap- 


and mild steel) and, (1200 tons register) ow when mak-) bays of gantry and) Inst. C.E.t+ proximate). 
lant, Admiralty, ng entrance to wrec of con-| 
arbour Works,| | harbour in fog | siderable plant 
| } | 
Timber pier-head,|Feb., 1914 _ _- | Natural Decay of The author 6501. 
Olacton | | | Memel - fir les. 
} | | Twelve rep 


nuous iron} June 19, |S.S. Wandle, 889| Vessel navigating at\One main columnjA. E. Carey, M.| 42471. (claim). 
Siaies rder road; 1912 ; | tons (gross) slow qpeed in foggy, fractured and dis-| Inst. C.E.t+ 
bridge, Wandsworth weather in tideway| placed 5 ft. 6 in. at, H. Wilson Holman, 
Bri when approaching) and severance .N.A. 
over river on piers berth above bridge | of cross-girder con-|The author 
each consisting of nections. 
two ht-iron 


columns filled with 
concrete. Built 1873 


Jarrah and pitch-| 1911 7816 tons (gross) _ 14201. (contract). 
ne timber jetty, of course | fractu oor- Other claims for 
a through jetty ap-| ings and buoys cut consequential 
proach on top of} adrift. Approach to damage. 
| tide at night | jetty completely 


River defences, _ -- Neglected condition The author 7001. (and 1300/. 
King’s Marshes, | of 3231 lineal aes capitalisation as 
Orfordness | of clay embank- to future main- 
| ments protecting} tenance) 
site of Aviation 
ite Heath pny H. Wil Hol 1.  (Sontract 
Iron Swing Bridge,|March 6,/5.S. White Heather, -- amage piling} H. ison ol- 71. Jon 
Poole - 1908 | 383 tons (gross) supporting swing-| man, M.I.N.A. and disburse- 
| ing span and pro- ments) 
tectivedolphinsand 
fendering. Sever- 


Reinforced - concrete} 
deep-water jetty, 
Dagenham Dock 


April, 
1907. 


ine timber 
rfleet 


Pitch - 


jetty, March 
1908 


Timber face of tidal 
wharf, Surrey Com- 
mercial Docks 


March, 
1907 


Steel caisson dock 
tes; dry dock, 
iver Tyne 


Dec. 
1908 


Reinforced - concrete 
jetty, River Thames 


Dec. 
1907 





Clay 
River De 


Reinforced- concrete 


1913 
apron, Frinton — | 


embankment, | April, 1914 
ben | 


§.8. Goorkha, 6300|Fogg 


tons gross 


4.30 a.m.,|8.8. Harrovian, $307| Failure 


5,| tons gross 


S.S. Narva: length, Vessel aground at,/Wharf face driven A. E. Carey, 
276 ft. ; beam, 55 fc. | 


2.80 p.m.,/S.S. Patris, 2500 tons 


28, (displacement) 


1912 | 4241 tons gross | FogRy weather ; ves-|One reinforced-con- 
| se 


8, |3.8. 


| 
| 
| 


by ii 
Liansannor, Failure of screw-|Slight dam 
2307 tons register 





| to short length of, | 


| with six cast-iron, 
| columns and mild-| 
| steel girders 





Doubtful. Vessel out| Twelve main piles 





| severed. Five bays’ 
| | of 15 ft. span demo- 
| | lished ; four bays of 
15 ft. span strained 





ance of gasmain | 
, weather ;|Partial severance of 
vened reported to| jetty approach. De-| 
| have been delibe-| molition of one bay) 
| rately put ashoreto| and fracture of| 
avoid collision with) most struts and) | 
small steamer | bracings in two| 
| adjacent bays } | 
of steering-| Three 7-ft. baya and H. Wilson Holman, | 11001. (settlement). 
| gear while vessel| up - stream nose, M.LN.A.; A. E. 
| was proceeding) severely stressed Carey, M. 
| down river on ebb) and set over 2 ft. at) C.E.+ 
| tide deck level 


A. E. Carey, M. 


1600. (estimated). 
Inst. O.E.+ 








Inst. 


M. |50. (estimated). 

low water ; ‘‘mud-| inwards by impact, Inst. C.E.+ 

sucked” on rising) and camp sheeting 

tide; snapped cables| fractured 

| and surged stem-on 

| against wharf face | 

Accidental severance| Complete demolition J. Mitchell Mon- 
ofcableand fracture! of one leaf of dock crieff. Inst. 
of drag-box shackle| gate, and_ slight O.E.; A. E.Carey, 
during launch of} straining of other M. Inst. C.E.t 
vessel from opposite) leaf ; e to 

| bay of river dock cill and to 

steamer in dock | 





75001. (settlement 
as to works), and 
claim for conse- 
quential damazes 





27001. (contract). 
proceeding up-| crete 5-ft. diameter 
| stream off her) column, fractured 
| course and to the) about 10 ft. above 
north of the tair-| low water; pene- 
way | tration of decking 
| and superstructure 
| for 17 ft. ; several 
| reinforced- concrete 
| columns cracked 
| mear bed of river, 
mpact 
age toA. E. Carey, M. 
mooring when sub- dock-wal!l and Inst., C.E.+ 
jected to shock by steamer Corn Ex- 
ship’s cables part- chan, 
| ing, due to wind 
| re on free- 
} of ship lying | 
| to buoys in open } 
dock 


About 8001. (claim) 


ge 


+ 





| 
\Breach in embank-| The author 6504. (tender) 
ment : Average | 
width, 65 ft. 
Toe of stone -pro-A. E. Oarey, M. 450/. (approx.) 
tected earthen em-| Inst., 0.E.{ 
| bankment damaged e author } 
| by sea for distance 
of 200 yards 





* These references are restricted to those engineers acting tor ome or other of the principals concerned who have supplied 


information for the present 


article. 


To whom the author was chief t. 





expenditure as might accrue in any one year, due to 
the recurrence of a breach in the embankments.. 
This can only be arrived at by ascertaining the his- 
torical record of neighbouring embankments. In 
the case quoted above, breaches had occurred in 
adjacent walls ip 1877 and 1897, and a fair assess- 
ment in this case appeared to be the sum of 201. 
per annum,* over a total length of 3231 yards of | 








* Vide Arbitra 


and Secretary 
of State for War, 1914. 


Lord Rendlesham 
Question 1897. 





river embankment. Embankments of this class, 
more especially where they abut on the coast 
or an exposed — are frequently subject 
to scour at the toe. Fig. 22, on page 96, is a 
ho ph illustrating such a type of defence. 
n this case the protected saltings in front of 
the bank had become eroded by scour, and 
it was necessary to protect the face in order 
to maintain the stability of the bank. To this 
end a reinforced revetment on the De Muralt 


12,0001. ; and, in spite of the somewhat heavy 
maintenance charges, such alight revetment would, 
therefore, seem to be of use where regular inspec- 
tion of the work is possible, but the cost of main- 
tenance, referred to above, must always be borne 
in mind when dealing with assessment questions. 
Fig. 23, on page 97, illustrates a similar rein- 
forced-concrete revetment on the banks of the 
Medway at Chatham. This revetment protects a 
length of 90 yards of bank between two wharves, 
and was constructed in 1913 for an inclusive cost 
of 71. 15s. 5d. per lineal yard. 
Fig. 24, on page 97, is a photograph showing the 
condition at the bottom of a stone pitched wall at 
Frinton, on the East Coast, where the undermining 
effect caused by the sea is apparent. To protect 
this embankment a ve Tone 5 noe apron was 
constructed, a cross-section of which is shown in 
Fig. 25. The work was completed early last year. 
It extends for a distance of 200 yards, and the 
construction has cost approximately 2/. 5s. per 
lineal yard. 
The author has prepared a general summary of 
selected assessment cases dealt with since the year 
1906, which may be of use as a general reference ; 
this summary is given in Table V. In cases where 
damage was caused by a colliding vessel, the ton- 
nage is quoted in column 3 from data which was 
obtained at the time of the accident. In this respect, 
in dealing with such assessment cases, it is vital to 
avoid any confusion between ‘‘tons burthen,” 
‘*tons register,” and ‘‘tons displacement.” The 
two former are only of value as giving some indi- 
cation of the size of the ship ; the latter, together 
with the dead-weight of cargo carried, is, of course, 
the figure upon which all impact calculations must 
be based, measurement tonnage being in most cases 
extremely misleading. R 

The author is indebted to his former chief, Mr. 
A. E. Carey, M. Inst. C.E., for permission to quote 
data obtained whilst in his service ; the specific 
cases so dealt with will be clear from the references 
in column 6, Table V.; also to Mr. H. Wilson 
Holman, M.I.N.A., of the firm of C. M. Burls 
and Partners, consulting engineers and naval 
architects, for permission to record several instances 
of damage caused by colliding vessels, notably the 
case of the accident to Poole Swing Bridge in 1908. 





THE USE OF LIQUID AIR IN 
INDUSTRY. 

Tuart the liquefaction of air is no longer a mere 
laboratory achievement is far from being generally 
realised. Many, even accomplished engineers, are 
astonished when informed that it is now an impor- 
tant industrial process. Yet it is certain that, 
from the plants already in existence on the Linde 
and Claude systems, there must be produced well 
over 30,000 gallons of liquid air hourly. Of this 
output, by far the greater part is utilised in the 
production of pure oxygen. But a rapidly increas- 
ing number of installations are being put down for 
the manufacture of nitrogen, while the neon which 
is readily extracted as a by-product, is finding a 
useful application in industrial lighting. Experi- 
ments, giving good results, have also been made 
with liquid oxygen explosives ; and a number of 
liquid-air plants have been put down for the pro- 
duction of hydrogen. L 

The separation of the oxygen and nitrogen, as 
will be explained later, is effected by liquefying 
the air and re-evaporating it slowly. The differ- 
ence in the boiling points of the oxygen and 
nitrogen causes most of the nitrogen to come off 
as a gas, and most of the oxygen to remain behind 
as liquid. A special form of rectifying tower 
enables the separation to be completed. 

In the manufacture of oxygen, the liquid-air 
process has superseded almost all others, chiefly 
owing to the low cost of production which it 

mits. 

The old barium oxide process—a purely chemical 





system was employed. The work was carried 


one—may now be regarded as extinct; and the 
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only rival to the liquid-air method is the method 
depending on the electrolysis of water. For small 
plants the latter process is convenient, and where 
the hydrogen produced can be sold, it may be 
accounted a rival of liquid air. Frequently, for 
example, pure hydrogen is demanded for the con- 
version of oils into fats in the manufacture of soap, 
margarine, &c. In such cases oxygen can be 
produced very cheaply as a by-product. But, if 
there is no market for the hydrogen (or if it also 
is being produced by means of liquid air), the cost 
of production of the oxygen, which is then more 
than five times as high as with liquid air. renders 
the process commercially impracticable. Even the 
smaller plants, now that oxygen can be bought so 
cheaply from the large factories, are falling into 
disuse. On the electrolytic process the cost of 
producing 1000 cub. ft. of oxygen is about 16s. for 
power (on a basis of 0.35d. per brake-horse-power 
hour), and the total cost, including all other direct 
charges, except depreciation and interest on capital, 
and assuming no hydrogen to be sold, is abut 
18s. 4d. With the liquid-air process on the same 
basis, the total cost is only 3s. 6d.; a plant to 
produce 40,000 cub. ft. of oxygen per twenty-four 
hours would require 100 brake at me and 
the initial cost of such a plant, including the 
motive-power and gas-holder, is about 75001. 

In view of these figures, it is not surprising that 
the liquid-air process, except in special cases, is 
ousting the other, and since it has a rapidly- 
increasing oxygen market to supply, there seems 
every prospect of a further great development for 
it in the future. The increase in the consumption 
of oxygen is almost entirely due to the successful 
application of the oxy-acetylene blow-pipe for 
welding and cutting metals. In 1911 the consump- 
tion of oxygen in Germany was 150,000,000 cub. ft., 
in France 100,000,000 cub. ft., and in England 
about two-thirds of that amount, and it is esti- 
mated that at least 90 per cent. of these totals was 
used for oxy-acetylene work, about one-half of 
this amount for welding and one-half for cutting. 
There are, it is stated, some fifty liquid-air oxygen 
plants at work on the Continent of Europe, and the 
British Oxygen Company in this country has all of 
its eight factories equipped in this fashion. But in 
the United States only five liquid-air oxygen plants 
had until recently been put down, although there 
are in operation at least two electrolytic installa- 
tions. The oxy-acetylene blow-pipe, it is interest- 
ing to note, is also used for melting silicon, and for 
exactly imitating rubies, sapphires, and topazes by 
fusing appropriate mixtures of alumina and metallic 
oxides. 

Besides the blow-pipe, pure oxygen is required 
for a number of other p One of the most 
interesting is the super-oxygenising of the air for 
blast-furnaces.* Experiments made on a 100-ton 
furnace at the Ougrée-Marihaye Works, in Belgium, 
show that by increasing the percentage of oxygen 
in the air, only from 21 to 23 per cent., a saving 
of over 1 cwt. of coke is effected in smelting 
1 ton of iron, and at the same time the output 
of the furnace is increased by from 10 to 15 per 
cent. The cast-iron ultimately obtained is of 
excellent quality, and is very rich in silicon. At 
present the plant, which is on the Claude system, 
and cost originally, with all accessories, some 
20,0001., consists of three units, each with a 
capacity of 200 cub. m. of oxygen per hour, but 
it is understood that considerable extensions are 
contemplated. Experiments are also being tried 
on a smaller furnace fed with pure oxygen. 

The market for nitrogen among makers of artificial 
manures is a large and growing one, and in supplying 
it liquid-air plants seem destined to be brought more 
and more into use. At present the world’s consump- 
tion of nitrogenous fertilisers is upwards of 4,000,000 
tons annually, and it appears certain that this 
figure, as virgin soils become exhausted, and the 
natural sources of supply in Chili diminish, will be 
greatly exceeded. Even as it is, liquid-air plants 
are in existence whose combined capacity will 
produce enough nitrogen to make 250, tons of 
calcium cyanamide yearly. 

Formerly the nitrogen for this process was all 
supplied from the Birkeland and Eyde plants, 
which extract it from the air by electrical deposit. 
The efficiency and cost of working of the Birkeland 
and Eyde process, however, com very unfavour- 
ably with those of liquid air. The cyanamide, as is 

well known, is made on the Frank-Caro principle, by 





passing pure gaseous nitrogen through retorts con- 
taining calcium carbide, heated to about 800 deg. 
Cent.* For this purpose a purity of 0.997 is de- 
manded, and a purity of 0.998 and over has, on the 
Claude and Linde processes, been obtained. On 
the Claude system nitrogen selling at 1 franc can 
be produced for 50 to 60 centimes per kilogramme. 
Liquid air is also used indirectly in connection 
with at least two other nitrogen processes, in which 
it is necessary, or at least advantageous, to use an 
excess of oxygen. The more important of these is 
the Birkeland and Eyde method of extracting the 
nitrogen from the atmosphere by electrical deposit. 
In this process it has been found that if, instead of 
air, a mixture of nitrogen and oxygen in equal 
volumes is used, a yield may be expected of at least 
625 kg. of nitric acid per kilowatt-year, instead of 
only 500 as at present. The increase involves the 
supply of 270 cub. m. of oxygen, costing at the 
outside 12s.; but since the additional 125 kg. of 
nitric acid obtained contain 30 kg. of nitrogen, 
which would sell for 36s., it is clear that it pays to 
add the oxygen. The objection in the way of ) wae 
so is that only 3 per cent. of the gases arriving 
at the Birkeland and Eyde apparatus combine, so 
that, unless the apparatus is made gas-tight, it 
would be folly to ppl when 97 per cent. of 
it would be wasted. If the plant can be made 
tight, however, a closed circuit can be established, 
and the same gases circulated repeatedly without 
loss. At present experiments are being made in 
this direction which bid fair to be successful. 

The other process, due to Haeusser, depends on 
the fact that after combustion at a high tempera- 
ture—by an explosion of gas, for example—a part 
of the nitrogen in the air burns, and remains 
oxidised, if the explosion is instantaneously followed 
by rapid cooling. In this process also it has been 
found that an excess of oxygen in the air has 
large effects on the yield to be expected. In fact, 
in one test it was found that, even by increasing the 
proportion of oxygen to no more than 26 per cent., 
the yield in oxides of nitrogen could be brought 
from 82 grammes per cubic metre of gas up to 130. 
An experimental Linde plant, with a capacity of 
60 cub. m. of oxygen per hour, has recently been 
put down in the Wendel factory, to enable further 
investigations of the value of this improvement to 
be made. By treating 5000 cub. m. of coke-gases 
per day, it is hoped to turn out one ton of nitric 


third of a cubic metre of oxygen to each cubic 
metre of coke-gas will give a yield in these propor- 
tions. 

Finally, nitrogen made by the liquid-air appa- 
ratus has feund a use in the manufacture of 
aluminium nitride from bauxite (Al,0,). The 
nitrogen is passed over a mixture of three volumes 
of charcoal to one of bauxite, heated to whiteness, 
and the nitride and carbon monoxide are produced. 
For supplying the nitrogen for this process a Claude 
plant, with a capacity of 300 cub. m. per hour, 
has recently been put down in France. 

In the manufacture of hydrogen the liquid air 
does not, of course, form the raw material, but is 
used externally. The raw material is water-gas, the 
composition of which is 48 to 54 per cent. hydrogen, 
42 to 44 per cent. carbon monoxide, 2 to 5 per 
cent. carbon dioxide, 3 to 5 per cent. nitrogen. 
Carbon dioxide is easily removed by absorption in 
lime, and since, of the remaining constituents, 
hydrogen has by far the lowest boiling point 
( — 253 deg. Cent.), it can easily be se ted by 
liquefying the other gases with liquid air, and 
allouing the hydrogen to escape as a gas into a 
suitable holder. The liquefied mixture, which is 
mainly carbon monoxide, is conveyed to an internal- 
combustion engine, and thus serves to develop the 
mechanical power necessary to drive the installa- 
tion. Suitable interchangers are provided, as in 
the liquid-air —_ presently to be described, for 
economising the cooling effect. The process is due 
to Messrs. Linde, Frank and Caro. 

The outlet for the 2 yy is chiefly that 
already mentioned—namely, for the conversion of 
oils into the fats required in soap and margarine 
making, &c. It is also employed for inflating 
balloons, and, in the manufacture of metallic-fila- 
ment lamps, for the envelopment of the filament 
during its preparation and reduction ; and recently 








* In ENGINEERING, October 2, 1914, page 406, we pub- 
lished an account of the process as carried on at the Odda 
works of the Nitrogen Products and Carbide Company 





* See ENGINEERING, September 12, 1913, page 374. 


acid, and it is expected that the addition of one- | 845° 


a Linde plant, with a capacity of 2000 cub. m. per 
hour, has been put down by the Badische Anilin 
for use in the manufacture of synthetic ammonia. 
An advantage of the liquid air over the electro- 
lytic process is that excess hydrogen passed 
through the oils, and thereby rendered impure, 
and hydrogen that has become diluted with air in 
balloon work, can be returned to the apparatus and 
readily purified by condensation of the foreign 
matters. In addition to hydrogen, nitrogen has 
been used extensively for the envelopment of the 
metallic filaments during their manufacture, but it 
is expected that both of these gases will be replaced 
by argon, which can readily be produced from the 
liquid-air apparatus as a by-product. Argon may 
even be utilised in lighting tubes, similar to the 
neon tubes about to be described. 

Nitrogen and — are naturally the two prin- 
cipal products of the liquid-air process, but neon— 
once as a rare gas—is produced as a 
residuum from the Claude apparatus in no incon- 
siderable quantities. In fact, from a plant with a 
capacity of 50 cub. m. of oxygen per hour, about 
100 litres are produced per day, the proportion 
present in the atmosphere being 1 in 66,000. It is 
well known from the experiments of Ramsay and 
Collie that neon offers an exceptionally small resist- 
ance to the passage of the electric discharge, This 
property inspi M. Claude with the idea of 
using the gas obtained from his apparatus in lamps, 
similar to the Moore nitrogen tubes, and after some 
difficulties he has met with a fair measure of 
success. Neon lamps made by him were used to 
illuminate the colonnade of the Grand Palais des 
Champs Elysées on the occasion of the Automobile 
Exhibition in 1910, and fifty of his neon tubes, 
each 6 metres long, decorated the church of St. 
Ouen at Rouen during the fétes of the Norman 
Millenary. 

The chief difficulty in the making of the tubes 
lies in the extreme sensibility of neon to the 
presence of foreign gases. Unless it is in a high 
state of purity, it produces no illumination, and, 
indeed, so sensitive is it that the minute quantities 
of nitrogen and other which are occluded in 
the electrodes and in the glass of the tube itself 
are sufficient to destroy its usefulness completely. 
This disadvantage M. Claude has ingeniously over- 
come by utilising the property which week char- 
coal at a low temperature for absorbing 
. The charcoal appears to act somewhat after 
the fashion of a catalytic, having a greater effect on 
the more easily liquefiable gases than on others. It 
follows that, if the neon tube is connected to another 
immersed in a bath of liquid air, and containing 
charcoal, the foreign gases, which are all more 
easily liquefied than neon, will be absorbed, and the 
neon, except for a very small a taken up 
by the charcoal, will remain. is device was com- 
pletely successful, and although some difficulty was 
afterwards experienced with the absorption of the 
neon in the copper of the electrodes, it was easily 
overcome by increasing the surface of copper em- 
ployed, until the current density was reduced to 
1 ampere per square decimetre. The only other 
objection to the lamps was their glaring red colour, 
which caused all blue objects to appear black, but, 
by using correcting-tubes filled with mercury vapour, 
it was found that this undesirable 
eliminated. The mercury-tubes, of the Cooper- 
Hewitt type, take low-tension direct current, but 
high-tension alternating current: must be used for 
neon. On the score of economy the lamps show up 
very favourably, the consumption of electricity 
being only 0.6 watts per candle-power. Since the 
luminosity is also four times greater than in the 
ease of nitrogen, shorter tubes can be employed, 
and, as the difference of potential is only = ewe 
one-third, the tubesare more reliable. The current 
intensity for 45 mm. tubes is kept at 1 ampere, 
independent of the length. 

e use of liquid oo in explosives, already 
referred to, promises to be considerably developed 
in the future. In the early experiments of Linde, 
the liquid containing 50 per cent. of oxygen, which 
was obtained from his original ap tus, was 
pry on to fragments of wood cneeal m 

mm. to 4mm. in size. The f ents were kept 
from scattering, as the liquid boiled, by making 
them into a sponge with one-third their weight of 
cotton-wool. In more recent experiments, at the 
cutting of the Simplon Tunnel, a mixture in equal 
proportions of carbon and petroleum, which took 
up eight parte of liquid oxygen, was used with 


ity was 





at Hardanger Fjord, Norway. 


some success, and lately excellent results have been 
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obtained by MM. Claude and D’Arsonval working 
in collaboration for the French Government. The 
chief object of their investigations was to produce 
an explosive which gave rise to no injurious gases. 
For this purpose a mixture of powdered aluminium, 
with an excess of liquid oxygen, was tried, with a 
very encouraging success, and the explosive was 
found to be equal to twice its weight of gunpowder. 
Further experiments by the same investigators 
with carbon-oxygen explosives show that these 
have the same power as dynamite, and, as the cost 
of each of the constituents is less than a 1d. per 
pound, it is predicted that the new explosive will, 
as soon as further experiments are completed, be 
widely used. The principal difficulty in the way of 
its adoption is the transportation of the liquid 
oxygen, but this, it is hoped, will shortly be over- 
come. 
(To be continued.) 





MULTIPLE TAPPING-MACHINE. 

Ir frequently happens in the manufacture of 
scientific instraments, typewriters, electrical appara- 
tus, motor-car parts and accessories, and other work 
of this class, that parts having several tapped holes in 
& comparatively small area are required in large quan- 
tities. If each hole has to be tapped separately, the 
operation is a long and tedious one, and consequently 
it adds considerably to the cost of production. 

The accompanying illustrations, Figs. 1 and 2, show 
a machine constructed by the Langelier Manufacturing 
Company, of Providence, R.I., U.S8.A., to reduce the 
cost of such work by enabling practically any number 
of holes, arranged on almost any lay-out within a 
5-in. circle, to be tapped in a single operation, which 
takes only as long as is usually required to tapasingle 
hole. The machine is semi-automatic in action, and 
requires no more skilled attention than is necessary 
for a single-spindle tapping-machine. The operator 
has merely to start the machine, place the parts in a 
holder, and remove them when tapped. Fig. 3 illus- 
trates a few examples of the class ot work i which 
the machine is an pene Its output, of course, depends 
upon the material used, the depth of penetration of 
the taps, and the pitch of the thread ; but a good idea 
of ite capabilities will be gained if we mention that 
the small automobile part shown in the top left-hand 
corner of Fig. 3 was tapped at the rate of twelve per 
minute. This part was of brass, 4 in. thick, and two 
No. 8 taps and one No. 14 tap, both having thirty- 
two threads per inch, were used; the diameters of 
these taps at the tops of the threads would be 0.164 in. 
and 0.242 in. respectively. 

An inspection of Figs. 1 and 2, which are reproduced 
from photographs of the machine, will show that it 
consists of a very rigid cast-iron column of (J-section, 
mounted on a table having flanged edges, and sup- 
ported on a pair of ‘A-shaped legs. The column 
carries the main vertical spindle, which drives the 
multiple tapping-head, the distance between the centre 
line of the spindle and the front face of the column 
being 34in. A work-table, on which the to be 
tapped are placed in a special fixture, is also carried 
on ®& knee which slides on the front of the column as 
shown. This table rises and falls when the machine 
is working, motion being imparted to it by means of a 
face-cam, visible in both figures. The table moves at 
@ speed corresponding to the pitch of the taps and 
their speed of rotation, so that the work is more or 
less we eg and no complex clamps or jigs are 
required to hold it in the fixture ; a small spring-finger 
is sufficient to keep the ts in position. To facili- 
tate the operation of changing the taps, the knee 
aes the table can be lowered and afterwards 
repl in its correct position as determined by 
graduation marks provided for the pu \. 

The multiple tapping-nead, which is the most 
important part of the machine, can be made with any 
reasonable number of tapping-spindles. The latter 
are of the crank type, and are driven from a common 
driving-plate without employing toothed gearing ; 
they are said to work with practically no noise, and 
with no perceptible vibration. The spindles are 
machined from a solid alloy-steel bar, hardened, heat- 
treated, and ground to size. They are each accurately 
located on fixed centres, and run in hard phosphor- 
bronze bearings. A compensating device is provided 
on the spindles to allow each tap to follow ite own 
lead independently of the others, so that the holes 
are all tapped with clean-cut threads, free from drag 
or stripping, even when working with small taps in 
wer thin, soft brass. This feature also allows 
with different pitches to be used simultaneously, and, 
moreover, ensures uniformly accurate and _inter- 
changeable work. Clamped round the multiple head 
is an oil-casing, which is ren from the reservoir 
clearly visible in Figs. 1 and 2 on the right-hand 


side of the machine-head. Small openings in the 
bottom of the casing allow a thin film of oil to 
run down the taps, so that each is efficiently 
lubricated. The chucks, which are of the firm’s own 











MULTIPLE TAPPING-MACHINE. 
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design, are made to take taps of the straight-shank | seen in Fig. 2. The pulleys are 9 in. in diameter, and 
od = are grooved to take a riveted leather belt of circular 

he main spindle is driven through spiral and | section, } in. in diameter ; an idle pulley is provided 
spur gearing by a set of three grooved pulleys placed | for the pu of adjusting the tension of the belt. 
near the top of the machine, at the back, as is best | Ciroular belts have been adopted because they give 6 
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ROLLING OF SHIPS. 





APPARENT WAVE PERIODS CAUSED BY VARIATIONSIN THE ANGLE BETWEEN THE DIRECTION OF THE WAVES AND THE COURSE OF THE SHIP 
CALCULATED FOR WAVE LENGTHS OF 50,100, /50,& 200 METRES, AND FOR SPEEDS OF SHIP OF FROM 10TO 22:5 KNOTS. 


A. 50 METRE WAVE. 














very rapid and easy reverse to the taps, and also 
because they enable much narrower pulleys to be used 


than would be ible with flat belts ; this, of course, 
considerabl uces the floor space required for the 
machine. Of the three pulleys, the centre one, on 
which the belt is placed in Fig. 2, is loose, while the 
inner and outer pulleys drive the spindle in opposite 
directions. When the operator depresses the pedal, 
shown in both Figs, 1 and 2, the Belt is shifted on 
to the inner pulley. The taps then rotate, and 
the table rises at the proper speed according to the 
pitch of the taps, so that the latter enter the work. 
When the tapping is completed, the belt is auto- 
matically shifted on to the outer pulley, which re- 
verses the direction of rotation of the taps and lowers 
the table; this part of the operation takes place at 
twice the speed of tapping. he table then stops for 
a short interval, which gives the operator just suffi- 
cient time to take out the tapped part.and replace it 
by a fresh blank. This cycle of operations, which is 
timed to secure the highest possible tapping speed and 
to reduce unproductive time to a minimum, is then 
repeated automatically, the belt being shifted by a 
pilot gear, which derives its motion from change-gears 
on the left-hand side of the machine, shown in Fig. 1. 
The belt-shifting fork is operated by adjustable do 
mounted in T slots. One of the dogs shifts the belt 
on to the loose pulley and stops the machine, while 
the other one shifts the belt to the outer pulley, thus 
reversing the direction of rotation of the taps and 
lowering the table. When the operator starts the 
machine, the movement of the pedal places the belt- 
shifter in position to engage with the reversing dog, 
80 as to shift the belt to the reversing pulley at the 
proper moment. The position of the —e dog 
must, of course, be adjusted according to the thickness 
of material to be tapped. Adjustable stops are also 
employed to control the movements of the table and 
prevent loss of time from over-travel. 

The machine illustrated is driven by a }-horse-power 
motor mounted on the cast-iron frames, but it can also 
be supplied with a countershaft for overhead belt- 
drive. The motor, which is of the apr ye ee 
type, runs at 1750 revolutions per minute, and is fitted 
with @ varying grooved pulley 5} in. in diameter. It 
is sufficiently powerful to drive the equivalent of 
sixteen }-in. taps in cast iron. The total height of 
the machine is 5 ft. 1 in., and the floor space occupied 
is 1 ft. 10in. by 1ft.8in. The size of the table 
usually furnished is 8 in. by 5in., and the vertical 
distance between the chucks and the table, when the 
latter is in its lowest position, is 5 in.; these dimen- 
sions can, however, be varied to suit special require- 
ments. Any number of extra multiple heads, with 
different arrangements of spindles, can be supplied 
for use on the machine, so that it can be employed 
for tapping different parte if the number required of 
any Oue part is not sufficient to keep it fully occupied. 





ROLLING OF SHIPS. 

Ir is a well-known fact that when synchronism takes 
place between the wave period and that of the ship, 
the amplitudes of roll increase considerably. This 
synchronism may take place with nearly all wave 


B.100METRE WAVE. 








C.150 METRE WA 





periods, if the course and the speed of the ship have 
appropriate values. 
his statement may be illustrated by the above 
diagrams, representing the apparent periods of waves 
meeting ships of various speeds under various angles 
of course. The investigations have been made for 
waves of 50, 100, 150, and 200 metres in length, 
the individual period of which corresponds to 5.65, 
8, 9.80, and 11.30 seconds (compare the well-known 
formula T = 0.8 VL). 
These waves show their individual period only when 


meeting the ship exactly broadside on ; otherwise the’ 


effective period varies with the angle between course of 
ship and direction of waves, following the formula :— 
T,= ‘ 
v — csina 

where— 

T, = apparent period of the waves in seconds. 

L = real length of the waves in metres. 

v =real speed of the wave in metres per second 

= 4/1561 x L. 

ce = speed of the ship in metres per second. 

For example, if the speed of a ship is 10 knots, 
meeting waves 100 metres in le at 45 deg. from 
aft, the apparent period of the wave is 11.2 seconds, 
so that synchronism takes place if the ship’s period is 
11.2 seconds, or 5.35 double oscillations per minute 
(see diagram B). Similarly, the values of T, are calcu- 
lated for angular intervals of 15 deg., speeds of ship 
advancing by 2.5 knots, and the waves above given 
(50, 100, 150, and 200 metres). Therefore, with the 
aid of such diagrams, one may determine :— 

1. For a ship with given speed and period the angle 
of course on which given waves may produce synchro- 
nism between the periods of ship and wave. 

2. For a ship a tome period and waves of given 
length and direction, the speed of ship at which 
synchronism takes place. 

3. What kind of waves (length or period) will pro- 
duce synchronism when the ship’s and period 
and the direction of waves are given. 





Ture German Navy.—According to the Rivista Marit- 
tima, there were in construction in 
commencement of the war three battleships and two 
armoured cruisers, as follows :—Ersatz Worth and battle- 
ship T, of the 1913 Pay anne the first at the Schichau 
Yard, Danzig, and second at the Howaldt Yard, Kiel, 
both armed with eight 380-mm. (15-in.) )» sixteen 
150-mm. (5.9-in.) guns, and twelve 88-mm. (3.5-in.) guns. 
The ships were laid on the stocks in the middle of 1913. 
Some authorities give the displacement as being 29,000 

i of 27, tons. The Ersatz Friedrich III., of 
the 1914 programme, is in construction at the Germania 
Yard, her keel having been laid in the summer of 1914. 
She is to uo enue wee orgs 0 wee. - —f ee 
150-mm. guns. same experts give the ~ yang | 
this latter ship as 30,000 tons instead of 27,000 tons. The 
two arm cruisers are the Ersatz Hertha, of the 1913 

mme, the keel of which was laid in. June, 1913, at 
ilhelmshafen ; she is armed with eight 305-mm. (12-in.) 

ns, twelve 150-mm. (5.9-in.) guns, and twelve 88-mm. 

3.5-in.) guns ; the speed is given as 28.5 knots, and the 
displacement 28,000 tons. T 
the 1914 programme, was laid on the stocks last summer. 
The place of her construction, her armament and dis- 
placement are unknown. 
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c&.- ~~ 





History OF THE INSTITUTION OF MINING ENGINEERS. — 
The Council of this Institution having had under con- 
sideration for many years the question of a ing for a 
Royal ¥ yd that, in view of its objects, its 

its . its position amongst ineer- 
ing socicies, together with the fact that within the last 
twelve months its constituent institutes had generously 
raised over 15,000/. as an endowment fund, the moment 
had come when it should do so. A _ petition to His 
Majesty the King for the grant of a Royal Charter of 
Inéorporation was, therefor , ted to the Privy 
Council on March 12, 1914 @ are now informed that 
His Majesty has been pl ased to approve the t. 
The possession of a Royal Charter undoubtedly be 
the means of enabling the Institution to achieve more 
fully the objects it bas in view, and to maintain the high 
standard of proficiency and professional conduct am 
its members, so essential to the safe working of - 
mines. We may mention that His Grace the Duke of 
Northumberland, K.G., P.C., is the President of the 
Institution for the current year. 





Tue Escape or THE British Steamer “ SovurHport.” 
—An interesting account of the of the Southport 
has been received by the Imperial Merchant Service 
ptain A. Olopet and the officers of the 


Guild from Ca 
ship. The Southport left Auckland on June 12 last 
load at Nauru. Here the 


to a of phos; 
ca) was faloemed that he would have a consider- 
6 time to wait, and he decided for the sake of 
economy to lie at anchor in the shelter of one of the 
islands. While at Kusai of the islands, 
ae ee = and the South 
a on scene, port was ‘*‘ cap- 
tured.” The captain (who was ashore at the time) on 
coming on board was informed that war had broken out 
between Britain and Germany, and was called upon to 


hand over the mals poy from the man-of- 
war were sent on po ee ae Saas The four 
eccentrics of the medium-pressure high-pressure 
engines and other parts therewith, and also 
the intermediate stop-valve, were removed. The captain 
of the Southport a a gehen ay a the shi 
when he would henceforth be oT ‘or her to 
Germans. The Geier and Tsintau left shortly afterwards. 


— their outs ca) ; a aon wm the 
ief engineer as to the possibility of fixing up the engines 
SS auth semen an ta anakie Gam te to 


sea, 
engineer ex the opinion that this could 
be done, and at once set about he work. On Septem- 
ber 15.the engines were ready, and, steam’ having been 
got up, it was decided to give the engines a trial spin that 
night. After two attempts they were started, and after 
stew revolutions had been obtained, the chief engineer 
- —_ as being satisfied Lae ype —_ 
at eve was as as ex 
Ey PEE 
comment. engineers 

two eccentrics for the low-pressure engine. One of these 
was placed in position on the ahead sheave of the high- 
[ereese enaten, the other being utilised for ahead on the 
ow- - engine. tage the neers were an an 
wale engines on com princi 

could only move in one direction—that oy 


~~ s nny get on the 


centre. 


the engines started. 
was on September 18 at 3.15 p.m., when they took their 


departure from Kusai, and Brisbane was reached on 
the 30th. 
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INDUSTRIAL NOTES. 


Tuer Director of the Department of Labour Statis- 
tics in an article on the ‘‘ State of the Labour Market 
in December,” which appears in the Board of Trade 
Labour Gazette, reports that employment, which 
usually shows some decline in December, was more 
active than in the previous month. In several indus- 
tries a shortage of male labour, especially of skilled 
men, was reported. 

Trades affected by war contracts, such as engineer- 
ing, shipbuilding, cutlery, woollen, worsted, hosiery, 
boot, saddlery, and wholesale men’s clothing, con- 
tiaued very busy, with much overtime. 

The cotton trade showed a further improvement, 
and there was also an upward movement in the other 
textiles, and in the coal-mining and iron and steel 
industries. The building trades were, on the whole, 
well employed for the time of the year, especially 
carpenters, plumbers, and labourers. There was little 
change in the pig-iron, tin-plate, printing, furnishing, 
pottery, and glass trades. The bespoke tailoring, 
dressmaking, and hat trades continued to be adversely 
affected. 

Compared with a year ago, when employment was 
good generally, there was an improvement in the 
building, engineering, shipbuilding, boot, woollen and 
weastele hosiery, and wholesale men’s-clothing trades 
—all of which were more or less busy on Government 
orders. The cotton, lace, linen, tin-plate, pottery, 
brick, and slate trades showed a marked decline. 

The changes in rates of wages reported as takin 
effect in December were all increases, and amoun 
to nearly 3700/. per week on the wages of 50,000 work- 
people. The most important changes affected 5500 
coal-miners in the Forest of Dean, 20,000 iron-workers 
in the Midlands, 17,000 workpeople in engineerin 
works at Birmingham and Leicester. and 3800 
labourers, &c., in ship-repairing establishments at 
Cardiff, Barry, and Penarth. 

The number of disputes beginning in December was 
17, and the total number of workpeople involved in 
all disputes in progress during the month was 3065, 
compared with 1 in November, 1914, and 59,026 
in December, 1913. The estimated total aggregate 
duration of all disputes in progress during the month 
was 49,200 working days, compared with 84,500 in 
November, 1914, and 907,700 in December, 1913. 

Cases dealt with during the month included cotton 
operatives, Lancashire ; boot and shoe operatives, 
Kettering ; iron fitters, Falkirk; armature winders, 
London County Council Tramways ; and tinsmiths, 
Edinburgh. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the four weeks ended 
December 11, 1914, was 32,088, as compared with 
31,932 in the previous four weeks, and with 22,147 in 
the four weeks ended December 12, 1913. The 
average weekly numbers of vacancies filled for the 
same periods were 23,822, 24,220, and 17,168 respec- 
tively. 





In its issue for the 16th inst., the American Ma- 
chinist states that it is a simple matter to buy safety 
devices ; money isall that is necessary. But when it 
comes to getting men to use them, it is another 
story. There is a certain vein of recklessness or 
bravado, often mistaken for bravery, that tempts men 
to take their lives in their hands when there is no 
occasion for it. Taking chances seems to be a fixed 
part of our myo 8 Just what excitement there 
is in having a thumb knocked off by an unprotected 
lathe-dog, or sawn off by a naked buzz-saw, we do not 
know, but it is the universal shop experience that 
safety devices are of more value as a means of putting 
the blame for accidents where it belongs than in re- 
ducing the number of accidents. 


Another aspect of the same problem in regard to 
mining work is reviewed in the issue for the 2ad inst. 
of the American journal Mining and Engineering 
World, It states that the past year was notable for 
the serious consideration given to the cause of con- 
servation of human life. The United States Bureau 
of Mines was unusually active in this respect. 
The conservation of human life is, on the whole, the 
most important phase of conservation that can be 
applied to mining. Mining will always be more or 
less dangerous. From the very nature of mining, it 
will be impossible to make it absolutely safe, but it 
can be made safer than it is. It has been too 
common to blame the mine management for accidents 
that occur. While the mine m ment is some- 
times negligent, it will be found that the mine- 
workers themselves are more often at fault. The 
trouble is that familiarity with danger breeds con- 
tempt for it. Danger is something that should 
not be trifled with, but it seems to be human 
nature to play with it. Some men like to take 
chances. ey probably think that they are smarter 
than others, and will not fet hurt; but sooner or 
later their time comes, and they help to swell the roll 
of dead or injured. The great problem now in the 





prevention of loss of life in mines is to get the co- 
operation of the mine-workers. The training of the 
mine-workers in the matter of safety is a work that 
must be followed up if accidents in mines are to be 
kept to the lowest possible limit. 





The following paragraph is taken from The 
Colliery Engineer, Scranton, Pa., for the present 
month :—‘‘ Mine disasters are given prominent dis- 
play in the newspapers, and this has given rise to the 
erroneous impression that mining is the most dangerous 
of all occupations. A recent study of the casualty 
record of the coal-mines, railroads, and steel mills in 
this country revealed that mining was the least 
dangerous occupation of the three. In 1911, the latest 
year for which there are official figures in the three 
industries, 31,334 of the 729,279 coal-miners were 
injured, 126,039 of the 1,669,809 railroad re. 
and 35,764 of the 158,604 steel employees. reduc- 
tion of these figures to a common basis brings out the 
fact that for each 1000 men employed, 225.48 were 
hurt in the steel mills, 75.48 on the railroads, and 
42.96 in the coal-mines.” 


Mr. Brownlie, president of the Amalgamated Society 
of Engineers, speaking at Saddleworth on Saturday, 
the 16th inst., reviewed the present situation in 
regard to the pressure caused by the work on arma- 
ments, and said that it rested with the members of 
the society to find the munitions with which to carry 
the present war to a successful issue. The task was, 
he added, a gigantic one. Under ordinary cir- 
cumstances they had less than half a million men to 
provide for ; now they were called upon to provide 
munitions for three millions, as well as for the armies 
of France, Russia, and Serbia. The employers were 
wanting 15,000 more men. That was the problem 
they were called upon to face. The country could 
not run the risk of shor of ammunition. That 
was an aspect of the problem they had to face. He had 
no boys of his own at the front, but he could gauge 
the feelings of those who had. The men’s officials had 
met the employers on three occasions, but no agree- 
ment had yet been come to. Their position was this: 
they ound not agree to the employers’ proposals until 
all unemployed members of their Society had been 
found work, and until men at present engaged in 
peaceful pursuits had been put upon Army work. The 
Government ought to commandescr everything they 
needed at such a juncture. If these two courses were 
tried and were then insufficient, the executive would 
consider the advisability of agreeing to the employers’ 
request, subject to an undertaking, backed by the 
Gov .rnment, that when the need was over, the Amal- 
gamated Society of Engineers should not suffer any 
lors. The men’s position, like that of the nation, was 
just. They were standing for ideals. They were 
determined to crush militarism, and at the same time 
bring about such a condition of things in this country 
that labour would be able to take its place in the 
counsels of the world. 








” 


The rate of pay of coastwise ‘‘ weekly boats” sail- 
ing out of the ene yee ay the Booteh, Irish, 
and Bristol Channel ts—has nm under the con- 
sideration of the employers’ committee and the men’s 
representatives for some time past, and an agreement 
has now been reached under which the standard rate 
of pay for men on weekly wage in the port of Liver- 
pool shall be 38s. 6d. during the war. The actual 
wage has been fixed at 33s. 6d., and the additional 
5s. is for “‘ war risks.” This increase is for the period 
of the war only. When hostilities are over a con- 
ference will be held to adjust the wages question. 





The seamen’s wazes were again increased on the 
Tyne on Saturday last, the 16th inst., as the result of 
mine danger in the North Sea and a scarcity of sea- 
men. Therate of pay had for some time been 7/. 10s. 
a month, this being the highest ever given on the 
North-East Coast. The Glasgow steamer Kingsdyke, 
requiring a crew of twenty-two men at South Shields, 
could not find men even at this rate ; the men stood 
out for a farther advance, contending that they were 
entitled to another 103. in view of the remunerative 
fieights and the mine risk inthe North Sea. Eventu- 
ally they were engaged at 8/. a month. Before the 
war the monthly wage on the Tyne collier steamers 
was 5/. 103s. The men, in addition, have their food 
provided. 





The annual report for 1914, recently issued by the 
Ashton-under-Lyne and District Weavers’ Association, 
states that the year under review was financially the 
worst the society has ever experienced. The pay- 
ments for stoppage-pay alone amounted to close upon 
9000/., which constituted a record. The Association, 
however, hoped that with a strict adherence to rules 
and a return to trade the deficit might soon be 
wiped off. The report adds that there does not appear 
to be any visible sign of improvement in the cotton 
trade, as the financial situation is not very satisfac- 
tory, but expresses the hope that when the finances 





of the country have been adjusted there will no doubt 
be a boom in trade. ‘‘ We must not forget,” the 
report further states, ‘‘ that the employers, as well as 
the operatives, have suffered financially, and it will 
eventually resolve itself into a question as to how the 
employers are going to recoup themselves.” The 
Association have obtained a cheque for 1094/. from the 
Board of Trade emergency grants. 


The Cotton Factory Times deals with the employ- 
ment of Belgian retugees in the Lancashire cotton- 
mills. It is surmised that the Lancashire operatives 
will not object to work with Belgians if the 
latter are paid the standard rate of wages, and if 
they join the unions and contribute their share. 
Our contemporary mentions a report to the effect 
that Belgian trade-unionists have generally remained 
at home, while non-unionists have left their country ; 
but ‘‘circumstances altogether apart from trade- 
unionism have drawn the dividing-line between those 
who have remained at home and those who have been 
obliged to flee.” It is proposed to hold a conference 
between representatives of the various employers’ and 
operatives’ associations in order to agree upon a 
common policy. A number of Belgians are donndy 
employed in the Yorkshire mills, and the difficulty, it 
would appear, is not so much to find them work as 
housing accommodation. A difficulty lies in the 
relation of the money earned by the refugees to the 

ts that are being made. 1t is a problem that is 
ing partly solved all over the country, and the con- 
sideration in the minds of most of those who are 
concerned is that a repatriation fund is most desirable. 
‘*At Huddersfield,” according to the Cotton Factory 
Times, ‘‘it is proposed to place 50 per cent. of a 
workman’s earnings in the bank to his credit, 25 per 
cent. likewise to the credit of the women and children 
comprised within the household, the remaining 25 per 
cent. being allowed for pocket-money and personal 
expenses. ” 

According to a statement which comes from the 
German Western district, employment in the German 
iron and mining industries is on the increase. The 
blast-furnaces especially have had the benefit of large 
war contracts, and the foundries are exclusively 
employed in the manufacture of shells; the require- 
ments have increased from month to month, and the 
January orders of the pig-iron union are likely to 
be equal to those in times of peace. The steel 
works have received more specifications, and mer- 
chants seem to look upon the present time as well 
suited for completing their stocks. They would 
be doing still better were it not for shortage of 
labour. The calling up of additional forces to the 
Army affects especially the coal-mining industry. 
The Coal Syndicate has at present in hand much larger 
orders than they are able to fulfil, and for weeks 
they have not been in a position to satisfy their 
customers. Under these circumstances the cost of 
production increases materially, and the rise in 
prices, which has been decided upon, but which 
takes effect on April 1 only, is almost entirely 
counterbalanced by this increased cost. A higher 
cost of production may be said to rule in practically 
the entire iron and steel industry. Thus the blast- 
furnaces suffer by dearer transport of ore from 
Sweden, resulting from higher freights and war 
insurance, and by the working cost of the mines in 
Lorraine being raised by higher wages and reduced 
production. This increase in the price of raw material 
and in the cost of manufacture compels the large 
concerns to seek compensation to some extent in higher 
prices for steel goods, especially bars, plates, and 
wire. The price of these commodities already rose by 
at least 2 to 3 marks per ton during the last week of 
the old year. Prices, it is thought, are likely to further 
stiffen, inasmuch as the requirements fully tax the 
present capacity of the works. In addition to the 
home demand a fair volume of trade has of late been 
done with the neutral countries, and also over-sea, .to 
the Dutch colonies. 





The Engineering Record, New York, 9th inst., con- 
tains the following paragraph, which speaks for itself : 
—**‘ Dr. Karl Imhoff, inventor of the two-storey sewage 
settling-tank which bears his name, is still alive after 
four months’ active service in the European War. In 
a letter to Rudolph Hering, consulting engineer, of 
New York, dated mber 4, he writes that he is now 
serving as Captain of Engineers in the German Army, 
and sends greetings to his American friends. He left 
home to join the army on August 2, and spent about a 
month at the front—first in Belgium and then in 
France. Falling sick, he had to leave his battalion and 
spend some time in a hospital. Since then, and for six 
weeks, he has been stationed at Cleve, Germany, near 
the Holland border, in training a new battalion, and 
expected to be with his own regiment at the front 
after Christmas. 

“He writes that about half the battalion were 
Socialists, and that all of them were enthusiastic 
patriote. He had never been with a better set of 
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fellows, all of whom were both intelligent and 
courageous.” 


No change is reported in the position in the West 
Yorkshire mining controversy in connection with the 
minimum-wage award. The miners’ officials have 
addressed meetings at the collieries affected in West 
Yorkshire. Mr. H. Smith, president, and Mr. 8. 
Roebuck, Junr., secretary of the Yorkshire Miners’ 
Association, stated that the men unanimously favour 
the tendering of notices. 

According to Mr. Smith, the question is now in the 
hands of the Miners’ Federation, and any settlement 
would have to be by the consent of the Federation. 
The result of the ballot will probably be known to- 
morrow. Assuming that it provides the necessary 
two-thirds majority, notices will be given. 





An industrial agreement to operate on the Western 
Australian State saw-mills, and to continue in force 
for the two years from November 26, has been made 
between the Western Australian Minister for Works 
and the Federated Engine-Drivers’ and Firemen’s 


Association. The wages fixed are as follow :— 
Minimum 
per Hour. 

s. d. 
Locomotive-engine drivers... oi 1 8 
Locomotive firemen (of less than one 
year’s service) ... ban an pes 1 1s 
Locomotive firemen (of more than one 
year’s service) ... ne. mt am 1 3 
Locomotive firemen (with locomotive 
engine-driver’s certificate) ... os 1 4 
Per Shift 
of 8 Hours. 
Locomotive cleaner—first year 6 6 
* ne second year 7 0 
“- “ third year 2 7 6 
s * fourth year and 
fifth year 8 0 
Traction-engine drivers... die “a 12 6 
Stationary-engine drivers on engines 
where certificated engine-driver is 
required by law wa a 12 4 
ill firemen ‘ 9 0 
per hour. 
s. d. 
Log-landing winchmen ... 1 3 





Tur MERCHANT VENTURERS’ TECHNICAL COLLEGE AND 
THE WaR.—At the end of last month the Merchant Ven- 
turers’ Technical College published a preliminary list of 
present and former members of the College who are 
serving with the Army or Navy, and who have volunteered 
for service ; 362 names were included, but since the list 
was printed additional names have been received daily, 
and the total now amounts to 416. Among those whose 
names appear in the list there are 26 naval officers and 
36 officers holding commissions in the Army. Perha 
the best-known name amongst the former students who 
appear in the list is that of Squadron-Commander E. F. 
Briggs, who received his engineering training in the Col- 
lege, commanded the aerial raid on the Zeppelin factory 
at Friedrichshafen, and was wounded and captured there 
in November last. 





_Tron anp Iron Onk IN Germany.—The demand con- 
tinues lively for all kinds of iron ore, but in spite of 
the difficulties caused by the war, the blast - furnaces 
are able to satisfy the Gunnin. The output for Dec- 
ember is reckoned to av 60 to 65 per cent. of 
the normal, which shows an improvement of some 7 per 
cent. as compared with the previous month. far there 
has been no rise in the prices for ore for the first quarter 
of the new year, and quotations for the second quarter 
are still under consideration, pending the chances of pro- 
duction and the question of cost. All iron ores are 
likely to keep very firm, and a rise in price is not unlikely. 
In the meantime no orders have been booked for the 
second quarter of 1915. Prime foundry pig-iron is in 
strong demand, with very limited supplies. Prices rule 
from 81 to 85 marks, against 74 to 75 marks for January, 
1914. Hematite pig-iron is again higher, owing to its 
dependence upon foreign ore ; the quotations are 89 to 93 
marks, against 78 to 79 marks at the beginning of 1914. 





_ Traian Commerce anp InpusTRY.—An article in the 
issue of the 5th inst. of the Rasseyna dei Lavori Pubblici 
¢ delle Strade Ferrate deplores the present unsatisfactory 
situation of Italian commerce, and traces it to the bank- 
ing policy followed by the Government during the past 
quarter of a century, a policy which allowed foreign 
banking establishments to be formed in the country. 
These establishments have absorbed the greater part of 
Italian savings, utilising barely one-third in Italy, two- 
thirds bens capuayes in the countries of the promoters. 
Italian establishments, such as the Banca Generale and the 
Banca Mobiliare, were left without support and allowed 
to fall in the period of crisis from 1889 to 1896, when only 
aslight aid would have emabled them to live and to render 
great service to Italy. As soon as Germany had placed 
herself at the head of the cruel con tion which she 
had prepared and desired, she ceased all her 
foreign countries, whilst loudly imi financial 
force. The pseudo-Italian Pp Italy in 
great difficulty, and the duty of the Italian Government 


is to work for the setting aside of foreign financial sub- | ha 


jJugation. 


UNIFICATION OF AUSTRALIAN RAILWAY 
GAUGES. 
To THe Epitos or ENGINEERING. 

Srr,—In EncIneerine, May 30, 1913, page 749, a letter 
by myself was published criticising the unexplainedly 
and unexplicably high costs of the unification of Aus- 
tralian railway gauges as estimated by a commission of 
State railway officers. ENnGingeRine, July 18, page 87, 
and subsequently, has arrived at parallel conclusions. 
The estimates were not arrived at upon a common 
plan. They were founded upon heterogeneous materi 
submitted by individual States, and could not be con- 
sidered free from the governmental and departmental 
biases, predilections, and prejudice of those Governments 
and departments. The finding of last year was to the 
effect that the cost of converting all Australian lines to 
5 ft. 3 in. would be about 51,000,000/., whilst the cost of 
conversion to 4 ft. 84 in. would be 19,000,000/. 
the greater part of the difference being attributed to 
costs in New South Wales. The whole consideration of 
the matter by the Commonwealth has been based, not 
upon inherent gauge merits, or the necessities of a 
future long-haul reticulation of a continent, or the ex- 
perience of older States, but upon the alleged lower pre- 
sent cost. The same figures were submitted to an abortive 
conference of State Premiers, convened by the Federal 
Prime Minieter, last week, to deal finally with the gauge 
question. No result was arrived at, and a further meet- 
ing is to be held early next year. 

n view of these facts it is interesting to consider the 

resent views of the chairman and convener of the 1913 

mmaission, the then Engineer-in-Chief of the Common- 
wealth Railways. Mr. Deane’s present views have 
appeared in the conclusion to a series of articles by him 
in the Australian Statesman and Mining Review, for 


December 3 feoP7 enclosed), the last of which an 
just after the above-mentioned Premiers’ conference. 
Subjoined are quotations :— 
**Tt will be seen that the difficulty of converting one 
eange to another must have been very much rated.” 
“Tt is said that the Great Western Railway, in 
England which probably included in 1892 about 3000 


miles of line, cost 1,000,000/. to convert from 7 ft. to the 
4-ft. 8}-in. gauge, which is only a fraction of what is 
anticipated as the ex for Victoria or New South 
Wales. Why should there be such an enormous differ- 
ence?” 

The Commission’s estimate, fully concurred in and 
supported by the chairman, was about, as stated, 
51,000,000/. for some 24,000 track-miles, much of it 
pioneer lines through the easiest country. 

It is clear that the Commonwealth can no longer logi- 
cally consider those figures basic or sacrosanct, or that it 
can refuse to reconsider them. It is clear, also, that no 
decision can accepted as impartial and conclusive 
in respect to inh t gauge merits, future potentialities, 
and the best coherent general plan for conversion 
harmoniously continuative until completion, and at a 
minimum of cost, unless it be the decision of a commission 
comprising the world’s leading experts in all branches of 
railway oa = economics, and entirely inde- 
pendent of all the Governments and States concerned. 

Nineteen years have spent in inconclusive 
wrangling over a matter obviously only to be settled by 
specialists of the type referred to. Meanwhile the in- 
evitable cost is increasing by millions. It would seem 
that there has been no sincere desire to arrive at finality, 
and that the possibility of nome finding divergent lay 
views in respect to highly technical matters has been 
used to keep the issue indeterminate, thus absolving suc- 
cessive Governments from the responsibility of decidi 
when the work shall be undertaken, by whom it sh 
be undertaken, and how costs shall be allocated. 

Yours very truly, 


Jas. ALEX. Smita. 
Melbourne, December 10, 1914. 








MECHANICAL TRANSPORT. 
To THE Eprtor OF ENGINEERING. 

S1z,—Mechanical transport has admittedly played 
such an important par? in the war so far, and is destined 
to play an even more important part, as much larger 
armies have to be supplied, that the conditions under 
which the technical side of the question are being 
organised is of the first importance, and I sag that 
the matter is one which a journal with your influence 
should take up. 

It is not the time to consider whether the schemes which 
were worked out for mechanical transport by the War 
Office prior to the war were right or wrong. en the 
war came there was practically no mechanical transport 


pce oe to the War Office, and very few of the special 
subsidised type in the users’ hands. Vehicles had to be 
im , and the makers who were making the most 
suitable vehicles were all instructed to give their whole 


output to the War Department. 
xperience at the Front shows that where vehicles are 
handled by competent officers, and peepee road discipline 
is main they have performed their services excel- 
lently. The difficulty has been that there were so few 
Army Service Corps officers who had any experience of 
mechanical transport, and any mechanical knowledge at 
all. Realising this in the first few days of the war, the 
authorities took the sensible course of ting er 
a large number of civilians who had great experience in 
running vehicles and managin ape ee and gave them 
commissions as Army Service , Aas officers and 1 
with honorary rank. Those responsible will be the first 
to admit that without their assistance the results which 
The obtai would have been quite impossible. 
e 





less, | or three water-carts or perha’ 


Corps are perhaps now 
still this branch of the Service is not looked upon in the 
right way by the other branches, and is perhaps rather 
considered as in the same position with regard to the 
other branches as the engineering branch in the Navy 
was formerly with regard to the executive side. Now 
that mechanical trans: has become of such great im- 
portance, and is y an engineering job, this com- 
parison is even more accurate. The engineers were 
wanted in the old days to make the —_ go, but other- 
wise were looked upon as a nuisance, they and their 
machinery could be pushed aside in any corner. 

If a visit is paid to the large dépéts and camps about 
the country, the motor transport, consisting of ceveral 
hundred vehicles, will be found parked in some out-of- 
the-way corner, which was formerly waste or no-man’s 
land, and half-a-dozen parade-grounds, with hard 
bottom, will be found either vacant or occupied by two 
, a couple of guns. 

_In the earliest days of m ical transport, the trac- 
tion engines and wagons to the Royal Engi- 
neers, who, as one of the leading branches of the Service, 
always succeeded in getting good accommodation for 
their vehicles, and generally were able to insist on the 
needs of motor transport a ly considered. As 
the mechanical transport deve Cod into such a big thing, 
it was natural that it should be taken over to the supply 
branch; but the difficulty is that the supply beeneh do 
not seem to have the power to get the consideration they 
deserve, and, in addition, they themselves have not ae 
the requisite technical training to know what is y 


necessary. 

As has already been stated, a number of highly-skilled 
men have been taken into the Service temporarily, but 
the best use is not being made of them. Men of middle 

, of great experience, who have volunteered to serve 
their country, are classed as second lieutenants or lieu- 
tenants, —'f while in the rush at the beginning of the 
war they were able to help the muddle through, they now 
have to take orders from very young Arm Sersies Corps 
subalterns and others, with no knowl 
mechanical transport, and in many cases are mein — 
storekeepers’ clerks’ work at the different depéts 


Your journal having done so much in the past for the 
mechanical branches in the Navy, I s t that it is well 
worth while to urge the importance of the status of the 
mechanical engineers in the Army. 


ours truly 
Moror- Wagon. 
London, 8.W., January 13, 1915. 


whatever of 





Tue Enorngerine Stanparps Commitrax.—We have 
received from this Committee an interim report, which it 
has now issued, on British Standard Sizes of -— 
Ball-Journal Bearings for Automobiles (CO. L. ). The 
Committee is dealing with the question of specifying 
suitable tolerances to be allowed, and a complete report 
will be issued at a later date; but in deference to the 
wishes of the Society of Motor Manufacturers and 
Traders, with which body the Committee is closely co- 
ame it has been decided to publish the figures for 
the standard sizes of single-row ball-journal bearings in 
advance of the issue of the fuller report. 





Grepers in Germany. — Several German firms are 
apperentiy in preparations for the manufacture 
of girders in’ ed to compete against girders made on 
the Grey system, the patent rights for which have been 
acqui' by the German-Luxemburg Company. Thus 
the Rombacher Works are preparing to make girders on 
the Sack system, which can be used for sizes up to 
600 mm. deep ; — the ro od this Bam se is not 
ready yet. e Thyssen Wor in Hage’ » make 
jane bs kind of broad-flanged girder in all postion, from 
180 mm. to 750 mm. deep; the same works also make « 
lighter girder. Finally, the Gelsenkirchen Adolf Emil 
Iron Works, at Esch, are engaged in the making of broad- 
irders, and are further developing the manufac- 
he Differdingen Works are understood to have 
their manufacture of Grey girders by additional 


ture. 
guarded 
patents. 





Tue INsTITUTION OF AUTOMOBILE ENGINEERS.—The 
fourth meeting of the session of the Institution of Auto- 
mobile ineers was held on Wedneeday, the 13th inst., 
when Mr. Thos. Clarkson read an interesting paper on 
** Steel Wheels.” The paper dealt chiefly with the built- 
up wheel known as the “*O.M.,” though other types were 
also referred to. The principal claim put forward by 
Mr. Clarkson for this wheel was that, though its first cost 
em gem it is lighter and more resilient than the cast 
w , and this saving in unsprung weight results ina 
considerably in mileage being obtained with the 
tyres, so that the extra first cost is soon paid for. The 

iscussion centred y round the question of stan- 
dardisation, and some very interesting information was 
forthcoming as to the work done in America in this direc- 
tion. The diameters of wheels have there been reduced to 
only four, and the hope was ex that in a very short 
time it would be found possible to do without even some 
of these. Meantime the recommendations in this country 
cover six different diameters. The Crompton Medal for 
the best paper read before the Institution during the 
session 191304 was awarded to Mr. L. H. Pomeroy for 
his paper on ‘‘ The Elements of High-S Automobile- 
Engine Design,” read before the N of England and 
Midland Centres. In spite of the many disappointments 
rendered almost unavoidable by the war, a strong pro- 
gramme has been the remainder of the 


Mr. F. W. 





the very important duties of the Army Service 





for ler Oo} 
session, including two im t papers by 
Lanchester srenbasuiedl adder 
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AUTOMATICALLY-CONTROLLED VALVE-GEAR FOR WINDING-ENGINES. 
CONSTRUCTED BY MESSRS. WORTH, MACKENZIE AND ©O., LIMITED, ENGINEERS, STOCKTON-ON-TEES. 


Fig.t. 


An interesting arrangement of valve-gear, intended 
primarily for use on winding-engines, is illustrated on 
the present and opposite pages. Before describing it, 
it will be well to briefly review the working condi- 
tions a winding-engine has to deal with, and the usual 
methods by which they are met. This will make the 
description of the gear more easy to follow. Neglect- 
ing, for the moment, the occasional runs lifting or 
lowering men, or lowering materials, the load on a 
winding-engine at the beginning of a wind consists of 
a number of full tubs coming up and the same number 
of empties going down. The load is thus the weight of 
the mineral in the tubs plus the weight of the rope in 
the shaft, and the power to be developed is that re- 
quired to lift that load plus that necessary to accelerate 
the whole moving system. Near the end of the wind, 
the load consists of the mineral in the tubs minus the 
unbalanced weight of the rope of the descending cage, 
while the power to be developed by the engine is 
reduced by the momentum c= up by the weights in 
motion as the load is being brought to rest at the end 
of the run. 

This state of affairs results in unequal loads on the 
engine at different parts of the wind. Various 
methods are in use to cope with this unequal loading. 
Sometimes a tail rope is used under the cages, but the 
inertia of the extra weight at starting, and its 
momentum towards the end of the wind, do much to 
neutralise any benefit due to the balancing it effects, 
except at very slow spéeds of winding. An ideal 
way of meeting the conditions would ap to be 
by means of a conical drum, but in gusciibe ch a 
drum is so heavy that the extra — largely 
neutralises the gain. A common generally 
approved method is to use a partially-coned drum, in 
which the rope takes a few turns ia a small diameter, 
then 2} to 3 turns on a cone, and the remainder on 
a large diameter. A large amount of balancing can 
be got by this meane, but an equal load cannot be 
obtained throughout the wind, especially if the speed 


is high enough for the inertia of the moving parts to | and 


eo of the load. . 
It will ieee Ged nb tos strokes of a winding- 
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Height trom Floor to C.L.of Crank Shaft 


engine are taken under precisely the same load, | 
and it is a fact that no two consecutive revo- 
lutions are at exactly the same speed. The ideal 

ment would appear, therefore, to be one in 


which the valve-gear is so arranged that the cut-off at 
each stroke can be set to suit the load, and the 
exhaust and compression ean be set to suit the speed. 
These conditions are carried out by the valve-gear 
with which this article is consemned. We may now 
tarn to its details as shown in Figs. 1 to 5, annexed. 
The gear there shown is arranged for a single- 
cylinder engine, but it is adaptable for two-cylinder 
engines. Briefly the arrangement consists of a pair 
of discs driven from the engine crank-shaft, and 
making a little less than one complete revolution per 
wind. The discs have continuous cam-grooves formed 
on their faces, and rollers working in these grooves 
actuate the valves through a lever motion. The cam- 
grooves, which are clearly shown in Fig. 1, are made 
up of a series of steps which move the rollers back- 
wards and forwards, and so work the valves. The 
various steps are not uniform throughout the circum- 
ference, but vary each from the next, so that the 
lead, cut-off and pre-opening of the exhaust are dif- 
ferent vob = — and can be —— what 
is requi or the increasing s ecreasi! 
load which occur durin roe Ae ta Bs 
We may now follow thecagh the arrangement of the 
gear in rather more detail. One of the carrying 
the cam-paths oan be clearly seen at A, in Fig. 1, while 
the end view of the two discs.can be seen in Fig, 2. 
One disc is in use during the forward direction of run- 
ning of the engine, and the other during reverse. The 
a - — ae —~s shaft which _ driven 
rom the crank-shaft through gearing. shaft 
carries a spur-wheel, which can be seen at the right- 
hand side of Fig. 2. This geen with a pinion above 
it, the spindle of which is driven by a pos mage from 
a vertical spindle operated by gearing from the crank: 
shaft. The inner cam-path B controls the steam-valves, 
the outer one, C, the exhaust-valves. The two 
levers G, G, shown in Fig. 1, carry the rollera which 
work in the cam-paths. The levers are pivoted at 












lever 

















their top ends, and are connected up by links at their 
lower ends to arms on weigh-bars. e weigh-bars 
are shown at H and J, in Fig. 2, the arms connecting 
to the levers G, G being shown at the right-hand side 
of the figure. The to-and-fro motion of the levers 
G, G, following the movements of their rollers in the 
cam-paths, rocks the weigh-bars, and these in turn 
= and close the steam and exhaust-valves by means 
of the links, which are indicated by broken lines in 


Fig. 1. 

The cam-paths are not carried completely round 
the discs, but end at the point at which the engine- 
man ought to begin to shut off steam. After this 
point the valves all remain closed and the engine 
automatically comes to rest, unless the engineman 
gives it a little more steam by hand to complete the 
wind. On the back of the disc, skown te the left in 
Fig. 2, there is mounted a roller, which can be seen in 
Fig. 5, where it eupesss to the right-hand side, as this 
figure is a view looking at the gear from the o ite 
end. This roller, marked D, is also shown in Fig. 4, 
which is a back view of this disc. This view shows the 
method by which the discs are secured to their shaft, 
being bolted to a spider mounted on the latter. Fig. 3 
is a view of the _— side of the from that 
shown in Fig. 1. e roller D, to which we have just 
referred, actuates the reversing-handle at the end of a 
wind, and carries the levers G, G into a mid-position 
between the two discs A, A, so that their rollers are 
out of contact with the cam-paths in either disc. 

Details of the operating mechanism by which the 
levers G,G are moved into their mid-position are 
shown in Figs. 3 to 5. Pivoted on the framework 
there is a double-ended catch E, the pivot of which is 
connected up to the lever mechanism shown in Figs. 3 
to5 During the last revolution of each wind the roller 
D comes in contact with the catch E and moves it into 
its mid-position, as shown in Fig. 4. The effect of this 
isto operate the bell-crank lever and vertical link, 
shown to the left. of Fig, 3, through the horizontal 
link .connecting, the. catch-arm with the bell-crank 
. The, operation of the vertical link. moves the 


levers G, G into their mid-position through the erank- 
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arm and gear shown to the right-hand side of Fig. 5. | 
The operation of the catch E by the roller D also 
throws the reversing lever F into its mid-position 
through the link and crank-arm mechanism shown to 
the right of Fig. 3. The position of this reversing 
lever F in relation to the rest of the gear can be seen 
in Fig. 2, in which it is shown at the left-hand side. 
The sha 
roller D has moved it into its mid-position and shifted 
the levers G, G it is impossible for the engineman to 
move it back again into the same position as before. 
All he can do is to move it over into the opposite 
position. The result of this is that he cannot start 
the engine in the wrong direction after the stop at 
the end of a wind. 

As we have already made clear, for starting and 
finishing a wind the engine has to be controlled b 
hand. To enable this to be done there is a hand. 
lever, shown at L in Fig. 1, which runs loose on the 
steam-valve weigh-bar H, and is connected by a link 
to an arm keyed to the exhaust weigh-bar J. On the 
weigh-bar H there is keyed a quadrant K. These 
arrangements are shown in Fig. 1. The hand-lever L 
can be connected to the quadrant K by the hand- 
operated detent M, and when the two are 80 
connected the movement of the hand-lever controls 
the two steam and two exhaust-valves. This enables 
the — to be operated by hand at the beginning 
and end of the winds, and at the same time enables it 
to be so controlled at any part of the wind, if neces- 
sary, for moving multiple-deck cages from deck to 
deck, or for other purposes. To control by hand during 
the wind it is, of course, necessary to first move the 
levers G, G out of contact with the cam-discs. This is 
done by bringing them into the mid-position by means 
of the lever F. 

This gear, which is constructed by Messrs. Worth, 
Mackenzie and Oo., Limited, of Phenix Works, 
Stockton-on-Tees, and patented in the joint names of 
Mr. R. J. Worth Worth, Mackenzie and Co., 
Limited, has had its practical working well tested, as 
it has been in operation for five years on a winding- 
engine atan important colliery in Durham. The engine 
has a single vertical cylinder 454 in. in diameter, with 
a 72-in. stroke. It works at 30 Ib. pressure condensing, 
and makes 13% revolutions per wind. The engine is 
about seventy-five years old, and the maker’s name is 
not known. Three characteristic di 8 from the top 
end of the cylinder are reproduced in Figs. 6 to 8. 
‘These were taken with steam at 30 1b. and a 27-in. 
vacuum. They show the steam distribution at the first, 
fifth, and eleventh revolutions, and clearly illustrate 
the automatic control of the valves in terms of the 
load which the gear gives. The cam-paths are made of 
chilled cast iron, and the rollers which work in them 
of — steel. The wear has proved to be inappre- 
cla ° 

The gear is very handy and easily operated, the 
whole of the control being obtained by the manipula- 
tion of two levers. For a double-cylinder engine 
there are two sets of rollers, working in each set of 
cams, a quarter of a turn of the engine a One 
set of ro! drives the valves for one cylinder, and 
the second those of the other cylinder, the crank of 


of the catch E is such that when the/| f 





which is at right angles to that of the first. 
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VALVE-GEAR FOR WINDING-ENGINES 


Pig.6. N°. Top of tinder. 
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AVERY’S AUTOMATIC GRAIN-WEIGHING 
MACHINE. 


WE give illustrations on page 108 of the latest type 
of automatic grain-weighing machine, designed and 
made by Messrs. W. and T. Avery, Limited, Soho 
Foundry, Birmingham, and in use at, or under order 
or, granaries at Glasgow, Manchester, Hull, and 
other harbours. The drawings reproduced show the 
dimensions and construction of a 4000-lb. machine, as 
fitted at the new granary at Glasgow, recently illus- 
trated and cescribed by us ; the perspective view is of 
a similar machine, but with a hopper of slightly dif- 
ferent shape. 

The fundamental principle of these, as of all 
Avery automatic grain scales, is that of the long, 
equal-armed, free-swinging beam, carrying a hopper 
and closed weight-box, each supported we on the 
beam _knife-edges and without sliding-guides. The 
flow of grain, controlled by a pivoted gate, is reduced 
to a dribble towards the termination of each weighing, 
and compensation is introduced for the grain caught 
in suspension between the gate and the hopper, at 
the instant of cut-off, It is in connection with this 
compensating gear that one notable improvement has 
been introduced recently by Messrs. Avery. On con- 
sideration, it will be seen that since this grain caught 
in suspension is added after the turn of the beam, it 
tends to make every weighing too heavy. In the 
ordinary way the compensator consists of a lever 
resting on an arm projecting from the hopper, carrying 
a weight adjustable in position, by means of which a 
suitable pressure can be brought to bear on the hopper, 
tending to make the beam turn earlier than it would 
do otherwise. 

The actual weight of this added grain is not, how- 
ever, a constant quantity, but will obviously vary 
with any change in the specific gravity of the grain. 
It is therefore necessary to alter the pressure exerted 
on the hopper by the compensating lever when 
changing from one sort of in to another having a 
different specific gravity: This was formerly done by 
hand, by altering the position of the weight on the 
compensating lever, and making one or two trial 
weighings. In the Avery patent automatic com- 
pensator the weight is replaced by a small bucket, 
placed under the main gate, where it is filled by the 
main feed, and discharged and refilled at the com- 
mencement of every weighing. The ne gee mS 
pressure exerted by this device depends on weight 
of the contents of the bucket, which, in turn, depends 
on the specific gravity of the grain, since the volumetric 
capacity of the bucket is constant. This capacity is 
designed so that it ag automatically the 5 aay =: 
vary pressure on the hopper to compensate for 
pean tap any specific gravity. In this way all hand 
adjustment is elimi 

The other principal recent innovation is the Avery 


feed-control gear, which prevents the machine start- | ° 


ing to work until there is sufficient grain in the 


garner to make a full weighing. The advantages = 
i ‘ It increases the | 4. 


secured —— 04 are — ny 
accuracy of weighing by ensuring always a smooth 
flow of grain as efinite velocity through the feed- 
gate, which is of great importance as regards accuracy. 














Fig.8. Nu 
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It also considerably reduces the amount of dust which 
would otherwise be caused by a thin scattered flow. 
Another beneficial effect of the same apparatus is the 
elimination of wear on the top garner, caused by the 
grain falling from the elevators, as there is always 6 
cushion of grain present to prevent this. It may be 
thought that this is a small point, and that the wearing 
effect would be quite unimportant ; on the con +a 
case came to our notice recently in which a steel plate, 
i in. thick, was worn completely through in three 
months by a stream of falling grain. This feed- 
control gear can instantly be put out of action when 
it is desired to empty the garner at the end of a 


cargo. 

Other important auxiliary attachments on these 
machines are the Avery residue-weigher and the Avery 
printing counter. The former is provided for the pur- 
pose of ascertaining the exact weight of the residue, less 
than one complete automatic weighing, left over at the 
end of each cargo, and which otherwise would have to 
be estimated or weighed on the automatic scale by the 
very slow and laborious method of removing weight 
from the weight-box until a balance was obtained. 
Instead, the weight-box is lifted, by means of hand 
or power-operated » until it can be coupled up 
to a steelyard weigher fixed above the weight-box. 
This steelyard shows the difference in weight between 
the weights in the box and the grain in the hopper. 
The residue-weighers on the G w machines are 
also fitted with the Avery patent ticket - printing 
mechanism, which prints the direct weight of the 
residue on a ticket by pulling a handle. The lift- 
ing- gear on these mach is electrically operated, 
as may be seen from the drawing reproduced, and 
indicating - is provided to show the position of 
the weight-box and mark the limits of movement. It 
is to be noted that the are residue-weigher is 
the only one eyes the Weights and Measures 
authorities. e printing counter prints the numbers 
(not weights, in this case) on a ticket by the pulling 
ofa e, the finishing number being above the com- 
a numter conveniently for the subtraction to 

made. 

It may be added that these automatic scales have 
been specially examined and certified by the Stan- 
dards Department of the Board of Trade ; consequently 
they are stamped by the inspectors of weights and 
measures under the new Act, a sufficient proof of 
their accuracy. 





Enoinger Recavits WanTep.—We learn that the 4th 
Home Counties (Howitzer) Brigade, R.F.A., is now much 
in want of recruits who have had penn be psn | 
works. Many of the original non-commissioned officers 
this brigade were men who had been employed at the 
Erith works of Messrs. Vickers, but, suena Se weeny 
of Government contracts, these men les to 

us are 


bers of prof ~Ao an “tbe, esas 
‘ession in’ oin ‘orces 
who would like to connected with work. 


i made, either personally or in 
writing, to the Adjutant, Captain G. B. R. Taverner, 4th 
Home Counties (Howitzer) Brigade, R.F.A., Sitting- 
bourne, Kent. 
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AGRICULTURAL MAOHINES FOR RUSSIA. 


One field among many which it would, no doubt, 
be well worth the while of English manufacturers to 
cultivate at present with increased energy and atten- 
tion is that of equiestineel machinery and implements. 
Germany had in this direction worked up 4 very large 
and comprehensive international trade in many instances 
at the expense of British manufacturers, and amongst 
Germany’s foreign markets that of Russia, naturally, 
had become an important one. The exports from 
Austria and Germany having c»mpletely stopped, and 
imports from the United States having been consider- 
ably interfered with by the war, Russia, no doubt, 
will prove a good market for makers in other countries. 
The Tewten Department for Agriculture some little 
time ago appointed a committee to investigate the 
question, and ascertain the probable requirements which 
had to be filled from other channels, and it will 
appear from the subjoined list that it is a question of 
very considerable quantities. 

Of the well-known Sacks make or construction of 
ploughs 120,000 to 150,000 may be wanted. 

Of cultivators and spring-harrows, the number re- 
quired of these is put at 7000. Disc-harrows and 
other harrows are also wanted in fair numbers, but 
the quantities, which when stated are an average over 
several years, have not been ascertained in some in- 
stances. Jollers are likewise wanted. Grass-sowing 
machines are also required, but not sowing-machines 
for corn, as the home makers are able to supply the 
demand. 

Of manure-spreaders, the types used are princi- 
pally German (Westphalia), from Kuzmann, and a 
Danish make. Thrashing-machines for hand-power 
with ball-bearings, of the type known as St. Lanz, 
Mannheim, are estimated to be needed to the extent 
of 2000 to 4000 per annum. Also a few clover-seed 
thrashers will be wanted. 

There is a demand for horse-rakes ; those most 
used are of the Osborn system, made in America, and 
the requirements are estimated at from 15,000 to 20,000 
rakes. The demand for screens on the Rihr system is 
put at 6000 to 8000, and that for trieurs at 1500 to 2000. 

The annual requirements of different kinds of 
secythes amount to 6,000,000. Of this, about one- 
third may be reckoned upon as being manufactured 
within the country. The Novo-Willjski Zavod, near 
Wilna, produces rather more than half of this quan- 
tity. About 4,000,000 will thus have to be obtained 
from abroad ; the type varies in the different parts of 
the country. Of spades and shovels, which are paid 
for according to weight, about 500 tons are likely to 
be wanted, and of hayforks some 500,000 to 600,000. 

Steel-plates, ball-bearings, and several other more 
or less finished materials and parts are also wanted. 

The Department for Agriculture, which renders its 
assistance to the agricultural societies in this matter, 
recommends that the purchases be made direct from 
the manufacturers. far, the bulk of the business 
in agricultural machinery and implements has been 
transacted through the medium of private firms and 
companies or through the various manufacturers’ branch 
establishments within the country. There is reason 
to believe that the wishes of the Department for Agri- 
culture will not bring about any great change in this 
system. Manufacturers desirous of securing a por- 
tion of the business, which unquestionably will ensue 
in the specialities enumera above, must therefore 
study the matter preferably on the spot by means of 
representatives familiar with the Russian language. 
Competent commercial representation on the different 
markets has been one of Germany’s most potent levers 
in working up her foreign trade, and if English manu- 
facturers want to secure an increased turnover with 
other countries, the sooner they make up their minds 
to send out capable commercial travellers on a much 
increased scale the better. They will have the satis- 
faction that their representatives almost everywhere, 
without exception, will be received with more 
pn re than the German can reckon with, even in 
absolutely neutral countries. 





Curtery.—The ex of cutlery from the United 
Kingdom experi rather a sharp decline last year, 
having fallen to 39,135 cwt., as aes with 50,344 owt. 
in 1913, and 56,922 owt. in 1912. e United States of 
America are the principal foreign importers of British 
cutlery, having en 4636 cwt. .asb year, as compared 
with 4601 cwt. and 4616 cwt. The Colonial demand is, 
however, the mainstay of British cutlery exports. 


“Tae Trcounicat Journa..” — We have received a 
copy of the current issue of The Technical Journal. which 
is the organ of the association of teachers on technical 
institutions. r other interesting matter we note 
a detailed description of the famous Massachuretts 
Institate of Technology contributed by Dr. 5 bow and 
Professor R. O. Maclaurin, the latter being the President 
of the College. The Journal also announces competitions 
for teachers of building subjects in the one case for the 
best syllabus of laboratory experiments for a well- 

ui building school, and in the other for the best 
pila for a si school, where equipment is limited. 








NOTES FROM THE UNITED STATES. 
PuILapveLPuta, January 6, 1915. 

Tur volume of steel orders placed during the past 
two weeks exceeds all known records. The spurt 
was unexpected, but, like other unusual happenings, 
is susceptible of reasonable explanation. The preci- 
pitation early in Decemb2r of orders for 2,500,000 
tons of pig-iron was a warning. Production of pig- 
iron fell from 1913 to 1914 in the proportion of 30 to 
23. The Pe.nsylvania Kailroad will want 200,000 
tons of rails, and the inquiry comes three months 
somer than usual. Many other svstems are largely 
influenced by the action of the Pennsylvania line, 
for about 400,000 tons of rails additional are now 
pissing through. Some railroads are putting on more 
men. The Westinghouse interests have put on 3000 
workers. Re-employment has begun to set in. Tool- 
makers and machinists are in better demand, and 
engineering plants are booking new business. Prices 
for iron and steel are lower than ever in the history of 
the trade. The feature of much current business is 
that it is anticipating orders. Prices certainly can 
go no lower, and they must go higher. Consumers 
must order, and that heavily. Car-builders have been 
omg og! activethisweek. Implement manufacturers 

nd that the increase in the wheat area is 4,125,000 
acres. Chicago meat-packers are ordering heavi'y of 
tin-plate. One concern ordered 200,000 boxer; several 
ordered between 50,000 and 75,000 boxes at 3.15 dols. 
and 3 20dols. Shapes, bars, angles, and malleable iron 
are all more active thisweek. New life has been put 
into the market. Export orders are considerable, but, 
as usual, are surrounded with great secrecy. Southern 
farmers are largely turning to wheat, and restricting 
cotton. Itis uncertain as to the momentum of the 
present demand, but as prices must harden, it is 
widely believed that large interests will anticipate 
requirements liberally. 








BaitisH Locomotive Exports. — As we anticipated 
would be the cise, 19:4 snag year for British locomo- 
tive exports, although December exhibited less favourable 
results, especially as regards shipments to the Argentine 
Republic, which bave been almost brought to a close 
through extreme depression in current Argentine busi- 
ness. The value of the exports for the seven years 
ended with 1914 inclusive was as follows :— 


Year. Value. Year. Value. 
£ £ 
1908 .. .. 2,729,965 1912 .. .. 2,137,198 
1909 .. - 2,881,145 1913 .. .. 2,781,856 
1910 .. «» 1,707,747 1914 .. .. 8,838,582 
wll . 2,307,620 


Last year was, oye the best in the list, and it 
would have been still better but for the check which 
railway development has experienced in Argentina, which 
imported, however, Duilich Secntnetives in 1914 to the 
value of 611,769/., as compared with 695,643/. in 1913 and 
540,828/. in 1912. The colonial demand for British 
locomotives during the last three years was represented 
by the following values :— 


Colonial Group. te ow _ 
British South Africa .. 376,894 193,529 171,156 
British India -- 1,725,077 1,011,269 447,887 
Australia .. oe ee 465,486 267,401 384,741 


It will be seen that last year’s figures were very materially 
helped up by larger exports to British India an 
Australia ; and the hold which British locomotive firms 
have obtained in those quarters is certainly highly 
encouraging. 





Simpson’s Navat Constructor.—Perhaps in no 
science is the correct estimation of the relative values 
of throry and practice more essential and more difficult 
than in the sciercs of naval architecture, and for this 
reason the vast amount of information contained in the 
Naval Constructor, by Mr. George Simpson, M.I.N.A., 
of which a third edition has just been issued, renders it 
peculiarly useful to the shipowner, draughtman and 
student. The essential calculations for successful 
design, together with notes on the practical applica- 
tion of the results obtained, are a feature which, 
together with the chapters dealing with ship construc- 
tion, strengths of beams, cranes, shaft brackets, &c., 
will appeal strongly to the designer and the student. 


The notes on rudders might have been extended to| j,. 


embrace the form and strength calculations fer the type 
of rudder usually associated with the now common 
“cruiser” form of stern, which calculations involve 
the use of the formula tor combined bending and twisting 
stresses. The author’s remark that the cambering of 
beams adds nothing to the strength of the vessel will not 
commend itself to many authorities, as the fact that the 
per ¢ of beams necessarily raises such important 
structural items as deck-plating and deck-girders farther 
from the neutral axis cannot be overlooked in strength 
calculations. The value of the results obtained from 
the ing - moment calculation would bably be 
greater to designer, who had no available data Toom 

viousl lee similar ships, if the deduction for rivet- 

les in the tension member of the girder were indicated. 
The sketches and diagrams are throughout excellent, 
while the information regarding such practical details as 
equipment, blocks, ropes, &c., is most complete, and 
arranged in such form as. to be readily available for the 


use of shipowners, ny pa mg and o who general] 
fight shy poet ormule. ¥ 





NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone, and 2000 tons 
of Cleveland warrants were done at 55s. cash, and from 
55s. 9d. to 55s. 8d. three months. At the close sellers 

uoted 54s. 114d. cash, 553. 3d. one month, and 55s. 84d. 
three months. In the afternoon Cleveland -varrants were 
firmer, and 3000 tons were put through at 55s. cash and 
eight days, and from 55s. 83d. to 55s. 94d. three months. 
The closing quotations were 55s. O}d. cash, 55s. 4d. one 
month, and 553. 10d. three months sellers. On Friday 
morning & strong tone prevailed, and Cleveland warrants 
marked an advance of about 2d. per ton. The turnover 
amounted to 4000 tons at 55s. 1d. and 55s. 14d. cash, 
53s. 6d. one month, and at 55s. 104d. and 55s. 11d. three 
months, and sellers’ closing prices were 55s. 24d. cash, 
55s. 6d. one month, and 55. 114d. three months. In the 
afternoon the market became stronger and prices ad- 
vanced sharply, Cleveland warrants being done at 55s. 6d. 
cash, 553. 4d seven days, from 55s. 74d. to 55s. 10d. one 
month, and at 56s. 5d. three months. The business 
totalled 5000 tons, and at the close sellers named 55s. 74d. 
exwsh, 553. 104d. one month, and 56s. 54d. three months. On 
Monday morning the market was active, and Cleveland 
warrants amounting to 6000 tons were dealt in at from 56s. 
to 56s. 24d. cash, 56s. to 56s. 3d. eleven days, 56s. 44d. to 
563. 6d. one month, and at 57s. ld. three months. The 
closing quotations were 56:. 3d. cash, 56s. 64d. one month, 
and 57s. 14d. three months sellers. e@ afternoon 
session was noteworthy from the fact that the presence 
of buyers was the ciuse of Cleveland warrants jumping 
up from ls. 1d. to 1s. 3d. perton. The dealings consisted of 
6000 tons at 563. 104d. cash, 56s. 74d. four days, 57s. 44d. 
seven davs, from 56s. 114d. to 57s. 1d. one month, and at 
58s. April 15 and three months, and closing sellers quoted 
57s. 44d. cash, 57s. 74d. one month, and 58s. 44d. three 
months. On Tuesday morning a reaction took place, and 
4500 tons of Cleveland warrants were done at 57s. cash, 
57s. 04d. six days, 57s. 1d. twelve days, from 57s. 6d. to 
57s. 414. one month, and from 583. to 57s. 104d. three 
months. At the close there were cash buyers over at 
57s., and sellers at 57s. 1d. cash, 57s. 44d. one month, 
and 57s. 11d. three months. In the afternoon there 
was another fall away in values for cash and one 
month, but the three months position was fairly 
steady. The business amounted to 4500 tons of Cleve- 
land warrants at 56s. $4d. cash, and from 57s. 10d. to 
57s. 94d. three months, with closing sellers at 563. 10d. 
cash, 57s. 2d. one month, and 57s. 103. three months. 
Buyers of hematite offered 80;.one month. When the 
market opened to-day (Wednesday) the reaction was 
again in evidence and 6000 tons of Cleveland warrants 
were done at from 563. 94. to 56s. 44d. cash, at 56s. 8d. 
nine days, 563. 104d. fourteen days, and 57s. 5d. three 
months. At the close sellers named 563. 5d. cash, 563. 84d. 
one month, and 57s. 5d. three months. The afternoon 
tone was stronger, and Cleveland warrants amounting to 
3000 tons were put through at 56s. 7d. and 56s. 64d. cash, 
and 57s. 64d. and 57s. 7d. three months. Theclose cams 
with sellers quoting 563. 7d. cash, 56s. 10}d. one month, 
and 57s. 7d. three months. 


Sulphate of Ammonia.—The sulphate of ammonia 
market has maintained its strong position, and a good 
demand still exists for prompt parcels. The current price 
for the latter is from 13/. 7s. 6d. to 13/. 10s. per ton, 

lasgow or Leith, and the forward quotation is also 
stronger. 


_ Scotch Steel Trade.—The state of the Scotch steel 
industry is practically unchanged, and rolling-mills are 


q | being kept running at top speed. The demand for all 


kinds of material continues, and even shows an in- 
crease in some departments, and a hardening tendency 
is again noticeable in prices. These are already fairly 
high, but when the extra cost of production is remem- 
bered, and the high price of hematite and other raw 
materials is taken into account, it can then be seen 
that the maker has not gob anything excessive in 
the way of a margin for himself. If steel has 
advanced, so has everything else, and in the ab- 
normal times through which we are passing we can- 
not expect otherwise than that prices all round will 
rule high. Specifications against contracts are plenti- 
ful, and new business will only be considered on 
special terms. Shipbuilding yards are busy, and 
plates are in great uest, while for structural mate- 
rial there is an excellent demand. The black - sheet 
trade has shared in the improvement which recently set 
in, and makers are exceedingly busy. Charges are, of 
course, much higher, and an increase of 5s. per ton was 
tely made in prices. The export trade is in a pecn- 
liar state at the moment, owing to the difficulty 
of securing tonnage on reasonable terms, as so many 
steamersare in the service of the Government. Inquiries 
are more satisfactory, but the high freights are re- 
tarding i and many people are of opinion that 
it is time the Government ste in and gave some 
ruling on the point. I is doubtful if such will be done, 
and it would certainly be looked upon with disfavour in 
some quarters, and taken as unwarranted interference by 
the State. Things will right themselves in time, and the 
probability is that shipowners will make concessions, 
where possible, to save our overseas le. The current 
prices are :—Ship-plates, 8/. per ton ; boiler-plates, 8/. 10s. 
per ton ; angles, 7/. 15s. per ton—all less 5 per cent. 
for Clyae or equal delivery. 


Scotch Pig-Iron. Trade, — Active conditions are the 
general rule the Scotch pig-iron makers at the 
t time, and the special brands are in great demand. 

i are heavy both for local requirements and on 
English account, but export business is being hampered 
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AUTOMATIC GRAIN-WEIGHING MACHINE. 
CONSTRUCTED BY MESSRS. W. AND T. AVERY, LIMITED, ENGINEERS, BIRMINGHAM. 
(For Description, see Page 105.) 
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Tae Late Mr. Joun Francis Sykes Goopay.—We 
regret to have to record the death, which occurred on 
Saturday last, the 16th inst., at 15, Argyll-road, Ken- 
sington, W., of Mr. John Francis — Gooday. Mr. 
Gooday, who was in his sixty-eighth year, was born in 
Suffolk, and commenced his career in November, 1863, 
with the Great Rasvern Railway. and after taking charge 
of the company’s agencies in Yorkshire, and serving in 
the goods manager’s office, he held for many years (from 
1877 to 1898) the post of Continental traffic manager of 
that company. In the latter year he was appointed 

meral manager of the, London, Brighton, and South 

Railway, a position which he occupied for one 
ear. In 1 the position of general manager of the 
reat Eastern Railway became vacant; it was ‘offered 
to Mr. Gooday, who accepted and held it down to 
the year 1910. At the time of his death he was a 
director of both companies. Mr, Gooday was a Knight 
of several Continental orders, a Commander of the order 
of Leopold, Belgium, and an ex -lieuvenant- colonel of 
the Railway Volunteer Staff Corps. 





Tae Junior InstireTion or ENGINgERS: BRIDGE 
Construction In Bouivia.—At a meeting of the Junior 
Institution of ~~ held recently, Mr. Charles W. 
Glover, Jun., e upon the subject of ‘‘ Bridge Con- 
struction in Bolivia.” The districts through which the 
railways pass are very mountainous, and very often the 
only negotiable route passes along the banks of the rivers. 
This necessitates frequent crossings over the many tribu- 
pena which, during the floods, bring down large quanti- 
ties of mud, loose rock, trees, and often ruined houses. 
If the rains are local, the main river is often low, and 
quite unable to with all this material. An accumu- 
lation results, and the mou'h of the tributary spreads 
out and levels itself up into a h a? bank of 
mud some 8 or 10 metres deep. Whea properly drained 
and sun-dried, these ‘“‘ mazamorras” are quite bard, and 
present foundations which are apparently quite firm ; but 
a 10 minutes’ rain-storm is often quite sufficient to render 
each a huge moving mire, which will cafry away any 
bridgework unwarily constructed upon it in the dry 
season. Owing to the “heaping up” effect described 
above, ‘‘ mazamorras” will often completely bury bridges 
constructed to span them. Under-bridges have in many 
cases been substituted by over-bridges, or timber chutes, 
butall have proved inadequate to cope with the enormous 


carry the railway through the “‘ mazamorra.” 


Fig.?2. 
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at 8 p.m., “Standardisation of Pi 
by John Dewrance, Member, of 


“| Dr. F. 


yo . But for a war of so many nations and of 
prolongation, requiring such unprecedented] 
e forces, not one of the Allies was pre 
Moreover, the intensity of the fighting by i antry 
and by cavalry, and the immense amount of ammuni- 
tion and shot used, involves a wastage of guns, rifles, 
munitions, transport vehicles, and all the machinery 
*|of modern warfare far exceeding the most exagger- 
;| ated estimates. The struggle develops more and 
more into one of endurance. It is no disparagement 
to the skill of the strategist, the vigilance of the 
tactician, and the courage of the rank and file, to 
say that victory will rest with that side which can 
maintain the combat most vigorously and for the 
greatest period. This requires that the necessa 
material shall be available when and where wan 
with a reserve for a superhuman effort when the 
of the fight requires it, This applies 
alike to the navies as to the armies. It is true 
that the Fleet has done its work of ensuring 
sea supremacy silently, with the minimum of 
wastage, either of material or men. But this is 
due to a cause—the tactics of the German High 
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tween individual ships and between small squadrons 
clearly establish that anticipations in will be 
realised—that a “ victory cannot Soe won with- 
be | Out the loss of s This demands that there 
shall be eetheoning new ships, in order to main- 
tain our sea fleet at ea force. It must be remem- 
bered, too, that we are allies with other nations, 
not only for co-operation in combat, but also for 
sharing in all the responsibilities of assisting them 
in every conceivable way to win a lastin and 
freedom for the expansion of international good- 





oneien, Toate ot Serene, Ai se ame Bot aad bs ised that the soldiers and 
ice of Nerve” (Lecture anuary r. sho recogni e soldiers an 
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January 9 , at r. 30 d foe 8 as tt Bt. Bride’ ; 1 towitate, Bride the supply of shot and shell, guns and gear, ships 


and engines, armour and armaments are not main- 
tained in the fullest measure. And yet there are 
many complaints of thoughtlessness on the 


German aupediartey of Business Methods” will be further dis- 


a East Coast InstiruTion OF ENGINEERS AND SHIPBUILDERS. 


\aanPs Philoso a je agg mene onl dmg > ie ng of some classes of workmen. We prefer to think 
pont Ne Dee &, eas eo he 4 in Li this is the explanation, and not callous indifference 
Geuineate uanail when on Genk Stoney, Fk F-R.S., will give | © the terrible nature of the situation. Because of 


these complaints we have requested from a la 4 
number of firms engaged on all classes of work for t 
Navy and Army throughout the kingdom, details of 
their experience. Most of them recognised that the 
strain put on their men by the necessities of the 
situation are great. That, however, is only in- 
evitable with a life-and-death struggle such as we 
are to-day experiencing. Every man should accept 
the duty that is laid u him. From Lord Fisher 
at the Admiralty, and Lord Kitchener at the War 
Office, every combatant in the Navy and Army has 
to endure great stress, most of them great hard- 
ship ; the managers and staffs of industrial works 
are working fifteen or sixteen hours on each of the 
seven days of the week. Surely the great majority 
of the men can do more than in normal times. 

But many of the men are not doing much more 
than’usual. Every reply received indicates that 
there is slackness in many of the trades. Be it 
remembered that high wages can be earned ; for 
relatively unskilled, although somewhat arduous 
work, 30s. per day can be earned. Time and 
a quarter to time and a half is paid for Saturday 
afternoon work, and double time for Sunday work. 
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“WORKMEN AND WAR MUNITIONS. 


Ear.ty in the war Lord Kitchener announced, 
through employers, to workmen engaged in the 
manufacture of war material that ‘‘it is a 
recognised that they, in carrying out bor 
work of supplying munitions of war, cing 
their duty for their King and country equally wil 


mend ne Most men could earn from 71. to 101. per week—and 
The Institute of Marine Notes from Cleveland and those who have joined the Army for actice service| pay no income-tax. There is thus the monetary 
Wa aerated + 2 = = : py A ny 49 107 | in the field.” Developments since that time have| incentive to work, but iron-workers in a typical 
The Assessment of Damave ||. West... :....2:++ecsseee 1 ly tended to accentuate the truth of this view, | shipyard are returned as losing now 20 per cent. of 
> Bn ag Works (/i-' || Workmen and War Muni ad _ it yb ie own beams bee, - bo the . WE Noy the es a same 
6 -ebisececeec.~ SOE. Sle cb deocpocedenddedd se in ently e si ion e future is a loss o r cent. n ne de 
> ~ | peal — || Searchlights haga = bt io iio fra of the Allied Forces is vitally dependent oral the loss suai from*2 per on. to a 
Multiple Tapping: -Machine ote spemeyune Voug Oration it upon the workmen of this country. At thesame/14 per cent. Men will work on Saturday me 
Ralling of Ships (1llus.) * °. i Some interertingaod sna re ue 19 sstestetl who Leg dt roy acy per Th when —_ ot ees = a will 
ndu eusssses vee ro on ma ou absent themselves on other or 0 8. 
Reliway Gouges ....... ‘pe — ee Inve the fal cosente of nr part in the life-and-| Here we have a measure of the Tatrictiam of these 
Mechanical Transport 108|| A Carburetor Experiment + sleortigs, phy recognised by some classes of our | workers, who can ensure success or involve failure 
we ar = eeci alae tn. Shipbuliding 1 sor lees t is therefore | important that the situa-| in the greatest and most righteous effort ever put 
Engines (/Uustrated) ©. 104|| and Marine Engineering 117 | tion should be reviewed honestly and co y|forth by a nation. The head of a firm, who 
— — vapies 105| Cees os Se in en hope that ey agen my pt apne ehown a splendid a - his work, and is most 
A me A worker realise the gravity o e on to wor states in his repl 
russia no dhee shinee be 106 mt dlustree “ee a 118 | which he is helping to intensify. asi to us: ‘* Our trouble is principally with the = 
ay ~ from the United 106|| Exoutanine Patent Heoord 1 We were unprepared for any war. That may be/| workers, especially riveters, appear to have a 
Notes trom the North. .-::: 106|| (/Uustrated) ..........:. 123| counted for national righteousness. The equip- | definite standard of living, and who regulate their 


With Four One-Page Plates of the NEW BUILDING ON 
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ment of our Army, even on its peace footing, was 


wages accordingly ; they seem to aim at poceny be 3l. 
bably inadequate. The time has not come to 
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per week ; if they can make this in four days, Fas 
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investigate whether there was imprudence ip this|and well; but if they can make it in three 
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better still... . The average working man of | After setting forth a brief résumé of the main geolo- 
to-day does not wish to earn more money, and put | gical features of the country under consideration, 
by something for a‘rainy day,’ but is quite con-| and pointing out that practically all the petroleum 
tent to live from hand to mouth so long as he has | discovered there has its origin in the cretaceous 





as easy a time as possible.” |formation, the author gave some interesting par- 


The chairman of another company says: ‘‘One | ticulars of what has been done in the Athabaska 


of the important societies here has for years been | 


entirely dominated by the Socialists, and they have 
been most troublesome. At the outbreak of the 
war they were the one society who refused to touch 
the Government work without receiving large 
advances in their rate of pay. They refuse to work 
with labourers where an ordinary labourer would 





district, in the north of Alberta. In this dis- 
trict, oil-sands of great thickness are well exposed 
on the Athabaska River, from above Fort 
McMurray to below Fort McKay, and extend over 
thousands of square miles to east and west. The 
thickness exposed reaches as much as 200 ft., 
and seepages of heavy oil are very frequent along 


be quite efficient to assist, and demand a fully-|the river banks, while, in some places, gas is 
trained mechanic to help another workman. It evolved briskly from the bed of the river. 


would be an excellent thing for the country if some | 
drastic action were taken to meet the situation.” | 
To sum up, out of detailed returns received by | 
us embracing 10,505 workmen, exclusively engaged 
in manufacturing war munitions of almost every | 
kind :—In a recent week the normal working time | 
aggregated 63,027 days, and the firms arranged | 
for a total of 4524 days of overtime—of course, at | 
increased rates of pay. Thus the aggregate pos- | 
sible time became 67.551 days, but the time) 
actually worked was 56,252 days, there being an | 
aggregate in this one week of 11,299 days of idle | 
time, equal to 164 per cent. of the possible total. | 
Needless to say, all the overtime was worked, as 
for it extra pay was got, For every day of over. | 
time worked the men remained idle for nearly | 
three days of ordinary time, 
So many classes of workers are involved in the 
manufacture of most productions that the thought- 
less idleness of one class delays the completion of 
the ship or the gun, or the projectile, and thus it 
comes that every one has his individual responsi- 
bility in the war whether he is engaged in the 
factory or in the trench. There is a wide dif- 
ference. The factory hand’s monetary reward 
is proportionate to his efforts, and a little 
fortune can be accumulated, as a nest-egg, by 
only following conscientiously the dictates of 
triotism. The soldier in the trench, as we have said, 
as discomforts, dangers, and death ever present, 
with a very meagre monetary gain, and with the 
threatened addition that the protection of the Navy 
commanding the high seas, and the field guns in 
his immediate rear, may some time fail, owing to 
stoppage of supplies by the thoughtless or callous 
idleness of his old mates in the shops. The only 
reward vouchsafed to the soldier and sailor on active 
service is the war-meda], which is always a proud 
possession. Could not some form of efficient or 
diligent-service medal be given to workers who 
have done all they could to meet the demands of 
the Admiralty and War Office during the war? It 
may be that such au incentive would ensure a much 
smaller proportion of idle time, if the winning of 
such a meda! were contingent on good time keeping. 
There is another phase to which brief refer- 
ence may be made. Owing to the great demands 
made on the machine-shops to keep up the sup- 
— to the front there is need for more men. 
any machines are so efficient that they can 
be tended by unskilled labour when the machine 
has been set by a skilled machine man. Surely 
in the present crisis the rules of trade unions 
might be relaxed, during the currency of the 
war, to allow of some arrangement whereby the 
best could be got from available means. On all 
sides sacrifices have had to be made, laws have 
had to be moditied, privileges have had to be for- 
feited, while the last ounce of energy is patriotic- 
ally given in order that, as a nation, we shall 
be worthy of our high traditions and ideals, 
protecting those for whose inviolability we have 
become responsible, and ensuring for all the right 
to work for their advancement in material and 
— prosperity with the friendly respect of 
their neighbouring nations. Every worker, with- 
out exception, should fall into line., The strain of 
long hours may be great, but the need is greater. 
The straggie may be superhuman, bat the end is a 
great fre.d m to be won. 





OIL IN WESTERN CANADA. 
Tue obvious necessity for developing as far as 
ible all the sources of petroleum within the 
British Empire attaches especial interest and im- 
rtance to a paper presented last night to the 
Tstitation of Petroleum Technologists by Mr. 





E. H. Cunningham Craig, B.A., F.G.S., and entitled 
**The Pro:pective Oil-Fields of Western Canada.” 


Excellent geological sections can be studied in 
the deep channel cut by the river in an almost flat 
plateau, but as the surface of the plateau itself is 
covered with pine forest and muskeg, the stream 
sections are the only evidence available. From 
this it has been deduced that the structure is prac- 
tically horizontal, though some broad and gentle 
undulations, and a few purely local disturbances, 
have been discovered. 

Difficulties of transport and the severe winter 
weather conditions have greatly impeded the work 
of well-drilling. Five wells have, however, been 
drilled below Fort McKay, and from all of these 
oil has been obtained from the ‘‘tar-sands,” as they 
are called. The oil is heavy and sluggish in its 
flow, but in some cases has yielded as much as 
60 per cent. of light oils on distillation. The 
author points out that the disadvantages of the 
Athabaska field are that the oil-rocks are too much 
exposed, and that structures of sufficient size to 
concentrate petroleum in quantity are wanting. 
On the other hand, wells can be drilled very 
quickly and cheaply, so that ifa small, steady yield 
can be obtained from each, a reasonable profit will 
be ensured. Working conditions will, of course, 
be vastly improved when the railway reaches the 
district, but the author thinks that it will probably 
be found more profitable to excavate the tar-sands, 
and extract the oil by one of the new low-tempera- 
ture processes. 

Some drilling work has been carried out on the 
Flathead River, in British Columbia, and on 
Pincher Creek, in Alberta, and although oil has 
been encountered in both places, geologists have no 
great hopes of a paying oil-field being proved. 
Active development work is, however, in progress 
in the Pincher Creek region, and new discoveries 
may produce a more favourable impression. 

Much more encouraging results have been 
obtained in the eastern foot-hills of the Rocky 
Mountains, in what may be called the Calgary 
field. In the autumn of 1913 a well, drilled by the 
Calgary Petroleum Products Company, and now 
known as the Dingman well, struck a remarkably 
light oil, containmg 70 to 80 per cent. of petrol, 
and accompanied by very strong gas. The average 
production of the well is about 10 barrels a day, 
and a specimen sent to London for analysis con- 
tained 72 per cent. of benzine, 20.2 per cent. of 
kerosene, and 2.5 per cent. of solid paraffin. It is 
almost as clear as water, and is considered either 
to be a filtered product, or to have been naturally 
distilled from some other source. The author states 
that he has used the crude oil in a motor-car 
engine with remarkably good results, the engine 
giving more power than could be obtained from 
it with its normal fuel. A very large proportion 
of the development work in the Calgary field is 
condemned as useless by the author, but, at the 
same time, geologists regard the heavy gas and 
light oil already found as evidence of the existence 
of a body of heavier oil somewhere in the neigh- 
bourhood, but as yet undiscovered. 

Some 20 miles further north, in a well drilled by 
the Moore Mountain Oil Company, a very good 
showing of oil has been obtained at a depth of 
about 1600 ft. This oil is dark-brown in colour, 
with a green fluorescence, and is of very 
quality. It is of paraffin base, and yields 20.6 per 
cent. of light oils, 34.8 per cent. of illuminating oils, 
37 per cant. of lubricating oils, and 5 per cent. of 
pitch. If present in sufficient quantity, this oil 
should give good profits on distillation. The author 
points out that this may be the parent oil from 
which the light oil struck in the Dingman well has 
been derived. 

In British Columbia, near Vancouver, prospect- 
ing work has been going on, and though no 
important discoveries Gos yet been made, it is 
possible that a field may be opened up in this 





direction. Anyway, with all the very widespread 
indications of petroleum, either as gas-wells, oil- 
seepages, outcrops of bituminous strata, or show- 
ings in drilled wells, the author thinks that there 
cannot fail to be a paying oil-field waiting for 
development somewhere between the far north and 
the international boundary, and he is further of 
the opinion that it will be discovered and worked 
profitably at no very distant date. 





SEARCHLIGHTS. 

Discussions like the discussion on ‘‘ Search- 
lights,” held by the Illuminating Engineering 
Society in the lecture-theatre of the Society of Arts 
on Tuesday last, are both opportune and inopportune 
at the present time. Opportune, because search- 
light beams can now be seen sweeping the sky and 
country every night ; and inopportune, because the 
dissemination of practical information is not desir- 
able during war-time. The discussion with which we 
are dealing suffered from the restriction of the 
opportunity. The chairman, Mr. A. P. Trotter, 
indeed, asked members to refrain from critical 
comments on matters naval or military. 

The discussion was introduced by Mr. P. G. 
Ledger. He pointed out that a distinction should 
be drawn between beacons, intended to be visible 
from great distance and to serve as guides, and 
searchlights, intended to illuminate and to reveal 
distant objects. The distinction was sharply defined 
in the case of motor-car head-lights and side-lights, 
while intermediate conditions existed as regards 
coast-lights. The chief essentials in a searchlight 
were a source of great intrinsic brilliancy and 
small dimensions. Strictly speaking, a point- 
source should be used to secure a parallel beam ; in 
practice beams of less than 2 deg. or 3 deg. diverg- 
ence were undesirable, because it would take too 
long otherwise to search a certain area. These 
conditions almost restricted searchlights to the use 
of the electric arc ; for locomotives and motor-cars 
and for kinematographs bundled glow-lamps were 
used, however, and oxy-acetylene lamps and other 
brilliant sources of light had also to be considered. 
The arc was generally placed in the focus of the 
mirror, the positive crater which emitted the main 
portion of the light facing the mirror in the modern 
arrangement which favoured horizontal carbons. 
In the earlier t the carbons had been inclined, 
and this was still the practice with some small 
patterns of searchlights. 

Passing to historical notes, Mr. Ledger remarked 
that searchlights were first used about fifty 
years ago, during the Franco-German war of 
1870-71, by both belligerents. A parallel beam 
required a parabolic mirror of glass or metal. 
Mangin had replaced that mirror by grinding the 
two glass surfaces to different radii; the unequal 
thickness of glass had made those mirrors liable to 
crack, however, and had introduced prismatic 
colours into the beam. At present machinery was 
available for grinding parabolic mirrors at moderate 
cost. That was the principal improvement in the 
construction of searchlights. The adoption of iris 
shutters enabled the lamp to be made invisible with- 
out interrupting the arc. The candle-power was 
very difficult to determine, for various reasons ; 
the beam was not parallel, and the arc fluctuated 
and its colour changed as the carbons were con- 
sumed. The candle-power was, moreover, not 
theoretically a definite quantity, and the total 
flux of light should be determined. The range of 
a projector is even a less definite quantity than 
its candle-power. In the Mediterranean the range 
is much greater than during clear nights in this 
country. People, moreover, have peculiar notions, 
expecting to see small objects with the aid of a 
searchlight which the human eye could not possibly 
distinguish at great distances. Roughly, a 150- 
ampere searchlight should carry 10,000 yards. 
According to the formulz of Nerz, the radius of 
action of a searchlight was proportional to the 
square root of the mirror diameter, and to the 
fourth root of the intrinsic brilliancy. 

Until recently searchlights had only been wanted 
to sweep horizontally or through a small vertical 
angle. The coming of aircraft had called for search- 
lights to project vertically upward or downward. 
For upward projection the projector barrel should 
be capable of any desired inclination, in which case 
falling particles of glowing carbon might damage 
the mirror. That could be obviated by replacing the 
mirror behind the arc by a lens in front of it. The 
beam might also be reflected from a large mirror 

















JAN. 22, 1915. ] 


ENGINEERING. 


II! 








inclined at 45 deg. and capable of rotation in any 
lane. 

The atmospheric absorption being particularly 
strong for blue light, the beam was sometimes made 
yellow or red. This could be effected by using a 
red mirror or a red screen in front of the light, or 
by using impregnated carbons. Further improve- 
ments were chiefly to be realised by increasing the 
brilliancy of the arc; but there was a limit to 
securing increased candle-power by increased cur- 
rent. to about 5 kw. the candle-power did 
show such an increase with increased current, but 
above 5 kw. the gain became very small, as Mr. 
Ledger showed by a curve. The negative carbon 
obstructed the light emission from the positive 
crater, especially with the customary long arc, and 
the negative carbon was, for this and other reasons, 
made thinner, the carbon diameters being for 100- 
ampere lamps about 13 mm. and 27 mm. The arc 
was steadied by means of a magnetic blow-pipe and 
by making the negative carbon thin, which was 
possible when a copper core was used. The most 
recent improvements concerned chiefly the quick 
erection and dismantling of the projector and the 
facility of its operation. The operation should be 
controllable from a distance, to prevent dazzling of 
the eye ; for this reason a telescope was generally 
joined to the projector, and the officer made his 
observations through the telescope. Types of 
portable and other searchlights were shown. 

In the discussion, Mr. Justus Eck drew attention 
to a type of searchlight which was tested last year 
(see Electrical World, July 21, 1914) by the United 
States Navy. The carbons of this Beck lamp were 
15 mm. and 11 mm. in diameter for 150-ampere 
lamps (which otherwise would require carbons of 
38 mm. and 16 mm.), and they were placed at an 
obtuse angle and constantly rotated by levers from 
the motor working the projector. The arc was 
cooled by vapours of methylated spirit, generated 
in a kind of carburettor heated by the current feed- 
ing the lamp ; the positive crater could exactly be 
centred by means of a lever, and the light inten- 
sity of the flame of burning spirit, which formed a 
luminous cloud above the crater, was too weak to 
disturb the focussing of the arc crater. The carbons 
were protected exvept at the ends, and the negative 
carbon burned off less quickly than in other arcs ; 
in the case of the positive carbon up to 250 mm. 
burned off per hour, but that carbon could be re- 
placed in afewseconds. Polar-candle-power curves 
taken at distances of 6800 ft. and 27,550 ft. showed 
that 4.2 and 5.2 times the illumination obtainable 
with ordinary searchlights were secured by the new 
lamp at those distances. 

Mr. Mordey remarked that he had, years ago, 
been much impressed with the Rapieff lamp, which 
had two inclined carbons, and he thought such 
lamps ought to answer also for searchlights. There 
would be two sources of light, as the carbon ends 
were free. That appeared awkward ; but with the 
horizontal arrangement the negative carbon not 
only obstructed the light from the positive crater, 
but its own light (20 per cent. of the total) was lost 
altogether. Cooling of the arc, and of the mirror 
‘and barrel, should be tried. Mr. Lyon agreed 
with Mr. Ledger that the candle-power specifica- 
tion was foolish ; he would like to standardise the 
range. For small searchlights, the oxy-petrol 
lamps were very useful. He showed several lamps 
of this kind, for aeroplanes, &c.; one of these, a 
signalling lamp, which fitted complete into a 
portmanteau, could be used over 11 miles; the 
Stevens- Lyon projector was provided with a 
sphero-paraboloid reflector and a dioptric lens. 

Mr. Ritchie also regretted the ee of any 
standardisation in searchlights. The diameter of 
the mirror was not that of the barrel, the crater 
diameter not that of the carbon, and those 
dimensions were important. Mr. —_— kilo- 
watt/candle-power curve was very old, he added. 
With vapour-cooled arcs 20 candles per watt 
(instead of 6) could be secured; it should be re- 
membered that the colour of the are changed with 
the temperature of the carbons, justas the metallic 
Pree now in use made the less hot old — 
filaments ap yellow. Impregnated carbons 
could be used with cooled mx al with very hot 

ares. Some small searchlights with cooled arcs, 
photographs and diagrams of which he showed, 
had proved very useful in the fire-brigade service ; 
the angle of dispersion could be as large as 90 deg., 
so that a large area was illuminated. 
Mr. Willcox referred to the question of glow- 


searchlights ; they were now preferred to arec- 
lamps on the Pennsylvania Railroad. Mr. Harold 
Smith rather tired the meeting by long quotations 
from the account of the ‘Tests of Searchlight 
Carbons,” which were conducted by Captain John 
C. Ohnstad and described by him in the Journal 
of the United States Artillery (September. O-tober, 
1914, vol. xlii., pages 129 to 185). Some of Mr. 
Smith’s points were too well known to require 
emphasis ; but there is certainly a great deal of 
interest in this monograph. Captain Ohnstad 
points out, for instance, that the carbons should 
orginally be given something like the shape which 
they assume while burning. 
Professor Blondel, of Paris, had sent a communi- 
cation, giving tables on atmospheric absorption, 
and reflecting power of various substances, and 
pains out that, when the illumination was too 
rilliant, or fell below a certain minimum value, 
the eye no longer saw normally. It was often over- 
looked also in estimates that observations were not 
made with the naked eye, but with the aid of spec- 
tacles, telesco &c. Blue rays should be blotted 
out, he thought, as they gave rise to a haze, and as 
the eye was more short-sighted to blue than red. 
Mr. Chalmers also raised some theoretical objec- 
tions. The formule of Nerz did not distinguish 
between objects of large and of small area, which 
ought to be done, unless observations were made 
with the aid of the telescope. The time during 
which an observation was continued was also an 
important factor ; if the beam travelled too quickly, 
the object was misjudged. Greater divergence of 
the beam could be secured by shortening the focus. 
Mrs. Ayrton dwelt upon the necessity of keeping 
the arc stable. For that purpose some 15 or 20 
volts should be at disposal ‘‘to play with ;” it was 
a mistake to work a 60-volt projector lamp with a 
65-volt dynamo. She would recommend arcs of 
70 volts and 120 amperes. As regards tho shape 
of the carbons, on which Ohnstad had experi- 
mented, she had made suggestions to the Admiralty 
in 1908. 
Mr. Trotter remarked that at this stage the 
operator should no more be troubled about the 
theory of the searchlight than a chauffeur was 
bothered about the theory of the internal-com- 
bustion engine. The operator could easily learn 
what he required to know. The theory was 
too little advanced, moreover. There was no 
such thing as the candle-power of a searchlight ; 
ove could only talk of the flux of light. He 
had recently been asked why a 150 ampere beam 
would not burn a hole into a haystack half a mile 
away. It oughtto, Mr. Trotter said, if the source 
of light were a point. But a crater of 32 mm. 
diameter subtended a different angle at different 
parts of the mirror, so that divergent beams were 
sent out from different points of the reflector, and 
in the case of his calculation the haystack would 
be illuminated by a disc of light 150 ft. in diameter, 
which could not be expected to set fire to the hay. 
The lateness of the hour prevented further com- 
ments by the Chairman, and did not allow Mr. 
Ledger to reply to the discussion. 








THE THOMAS YOUNG ORATION. 

Tue subject of this year’s Thomas Young 
Oration, delivered before the Optical Society last 
Wednesday, Janu 20, by Sir James Crichton 
Browne, .D., LL.D., F.R.S., was Thomas 
Young himself : ‘‘a man”—as the inscription on: 
the slab beneath his medallion by Chantrey in 
Westminster Abbey affirms—‘‘alike eminent in 
every department of human learning, patient of 
unintermitted labour, endowed with the faculty 
of intuitive ception, who, bringing an equal 
mastery to the most abstruse investigations of 
letters and of science, first established the undu- 
latory theory of light, and first penetrated the 
obscurity which had veiled for ages the hiero- 


lyphics of pt.” After making this quotation 
oes the estminster Abbey medallion, the 
lecturer continued :—‘‘ And yet this t man of 


surpassing’ genius and originality, this explorer, 
this discoverer, who has cee to om some 
of the hidden truths of Nature of the deepest 
import, this accomplished echolar, who has 
led us through one of the labyrinths of history, 
has not yet received one tithe of the praise to 
which he is entitled, and beyond scientific circles 
he is comparatively unknown.” The pompous 
rhetoric of past decades apparently appeals strongly 





lamps with spirally-coiled filaments for locomotive 





The oration was not an epitome of Young's 
biography. Those who did not remember when 
and where Young was born—at Milverton, in 
Somersetshire, June 13, 1773—were not reminded 
of the date. The first point which appealed to the 
lecturer’s psychological interest was the extraordi- 
nary mental precocity which Young shared with 
‘Macaulay, and others, such as John Stuart Mill, with- 
out having the tutorial advantages and stimulating 
home influences of the latter. Young was brought 
jy in his grandfather's house, in the pure atmosphere 
of a home of the Society of Friends; but he worked 
out his own education with little assistance. At 
two years of age he could read ; the boy of four 
had read the Bible twice through ; at six he learnt 
Goldsmith’s ‘‘ Deserted Village” by heart as a 
holiday task. This solitary self-education had the 
disadvantage of leaving him ‘‘ throughout his 
life unsympathetic in style and lacking in intellec- 
tual condescension and plasticity. His statements 
were so condensed that they were often unintel- 
ligible even to well-educated people, and they were 
unrelieved by any sparks of humour and literary 
ornament.” Young believed that all minds were 
originally of equal capacity, and he attributed suc- 
cess to industry ; of education by others he thought 
very little. Like many precocious youths, he 
suffered from pulmonary turbercles when fifteen 
years of age ; but he recovered under—or in spite 
of ’—a treatment of bleeding and confinement to 
bed, with a diet of milk, buttermilk, eggs, vege- 
tables, and weak broth. 
By that time his intellectual isolation had 
already ceased. As a classical tutor, at fourteen 
years of age, he came in contact with the distin- 
guished men of his time, who treated him as 
their equal, while he studied Hebrew, Chaldee, 
Arabic, Syriac, Persian, French, Italian, without 
neglecting mathematics. A book on botany made 
him yearn for the construction of a microscope 
and other optical apparatus after Benjamin 
Martin (the author of the book), and his zeal for 
botany was soon replaced by a fondness for optics 
and for turning on his lathe. He dissected the 
eye of an ox, and, observing its fibrous structure 
(noticed by Leuwenhoek and Pemberton already), 
he fancied he had discovered in the arrangement 
and attachment of these fibres distinct evidences of 
muscularity. He was wrong, Sir James said, as to 
the histological character of those fibres; but he 
rightly ascribed the power of the eye to accommo- 
date itself to distances to changes in the shape of 
the lens, though he misunderstood the modus 
operandi, His ‘‘Memoir on the Lens”—he was 
then a student, twenty years of age, at St. 
Bartholomew's Hospital, in London — procured 
him, in 1793, a Fellowship of the Royal Society ; 
but it also involved him in a controversy with his 
t senior in optical and modical science, John 
unter, who claimed the discovery as his own, but 
died before he could substantiate his refutation of 
Young's views as to the modus ndi. This was 
afterwards done, on Hunter's behalf, by Everard 
Home and Ramsden in the Croonian Lecture. 
Young had meanwhile gone to Edinburgh, which 
he found preferable to Oxford and Cambridge as 
— the study of physics, and little inferior in 
other respects. There he heard of the Croonian 
Lecture, and he was at first inclined to accept Home’s 
view, that accommodation was due to a change of 
the curvature of the cornea, not of the lens, as 
Young had maintained. But further experiments, 
descri in his ‘‘Mechanism of the Eye,” con- 
firmed his conviction that accommodatiou really 
depended upon the lens ; his opinion did not meet 
with general acceptance till 1848, however. 
Young’s optical work belonged to two periods, 
the first beginning with a memoir on ‘‘ The Struc- 
ture of the Lens” (1793) and ending abruptly in 
1804 with Brougham’s attack, to be mentioned 
later on; and the second beginning with the 
publication of Fresnel’s memoir on diffraction in 
1816, and ending with his letters to Fresnel in 
1824. His famous researches on the wave theory 
opened with two communications to the Royal 
Society, ‘‘ Outlines and Experiments Respecting 
Sound and Light” (January, 1800), and ‘The 
Theory of Light and Colours” (Bakerian Lecture, 
1801), dealing, in the first instance, with experi- 
ments on interference of sound waves and 
of light waves. Young took up Huygens’ notion 
that the sensation of light was produced by the 
impact of minute waves against the retina. 
These researches, which, it is well known, did 
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not by any means find ready recognition by the 
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werful school of Newtonians, helped Young, 
in 1801, to the appointment of first Professor 
of Natural Philosophy to the og Institution, 
which had been founded in 1800 by Rumford, in 
conjunction with Sir Joseph Banks, President of 
the Royal Society ; Ywung was offered a very fair 
salary, 3001. a year. Though practising as a phy- 
sician in Welbeck-street at the same time, Young 
delivered sixty most remarkable lectures in the 
Royal Institution within two years, which were 
published (by the Royal Institution) under the 
title ‘‘A Course of Lectures on Natural Philo- 
sophy and the Mechanical Arts.” The publication 
comprised two quarto volumes, each of about 750 

es, with many plates and original diagrams. 
he lectures, Sir James remarked, were probably 
incomprehensible to his audience, being compressed 
to sofeanien, but formed mines of wealth to the 
student of to-day. Among new apparatus described 
was the optometer, the ursor of the ophthalmo- 
meter; and there was reference to astigmatism. 
Young’s new mechanical term “‘ energy ” was intro- 
duced in the eighth lecture on collision ; what was 
now known as the Young-Helmholtz theory was 
outlined in the third lecture; elastic resilience, 
the cohesion of fluids, the measure and nature 
of heat (conceived as a mode of motion), were 
subjects of other lectures, and there were lying 
perdu, Sir James said, in all these lectures, for those 
who could detect, marvellous foreshadowings of 
scientific discoveries, since made or still to be made. 
Réntgen rays and electrons were foreshadowed ; 
** besides the possibility of a luminiferous ether 
rvading the substance of all material bodies as 
Neaky as wind passes through a grove of trees, 
there is room for the supposition that even the 
ultimate particles of matter may be permeable to 
the causes of attraction of various kinds, especially 
if these causes are immaterial ; nor is there any- 
thing that can induce us to doubt the existence of 
immaterial substance. . . .” 

If these lectures and memoirs brought Young 
fame in later days, they immediately drew upon 
him some scathing attacks in the Edinburgh Review 
by @ young barrister, subsequently known as Lord 
Brovgham, who had himself contributed a paper on 
**Some New Phenomena of Light and Colours” to 
the Royal Society, and who petitioned that Society not 
to publish the trifles and fashionable theories that 
Young offered to the ladies at the Roval Institution. 
Undignified squabbles between Fellows of the 
Royal Society were then common enough. Young 
felt the sting ; he retaliated, but his voice was not 
heard until Arago and Fresnel resuscitated his 
researches on light. His retirement from the 
Royal Institution had nothing to do with these 
quarrels, and was quite voluntary, however ; he 
wished to devote himself to his medical profession, 
to physic rather than to physics, and for some time 
his scientific publications appeared anonymously. 

Want of means was not the reason of his relying 
on his profession either, Thanks to his great-grand- 
uncle, Dr. Brocklesby, Young not only had been 
introduced into the best scientific circles when 
studying in London and Edinburgh, but also had 
been able to live in ease and comfort there, and 
subsequently at Groningen, where he continued his 
medical studies. In fact, Young, having discarded 
the external observances of the Society of Friends, 
became a society man, and appeared at a Brunswick 
Court festival in the character of a harlequin. His 
uncle left him 10,000. in 1797. Young took his 
Cambridge M.B. in 1803, married in 1804, and lived 
as a fashionable doctor in London and Worthing 
till his retirement in 1820, holding some of his 
many public scientific appointments till his death 
in 1829. His lecture-classes at the Middlesex 
Hospital were not well attended, but he had the 
eeeen of curing more patients than his col- 

ues, 

oung wrote largely and with remarkable ability 
and breadth on medical subjects. His ‘‘ Treatise 
on Consumptive Diseases” Sir James styled a 
**pot boiler,” and Young’s least well-known book, 
his treatise on ‘* Insanity,’ was written, the 
lecturer thought, not without the ulterior view of 
acquiring the appointment of Visiter under the 
Court of Chancery. In this treatise Young recom- 
mended corporal punishment of the insane, dark 
rooms, the strait waistcoat, &.; he had no 
personal experience of the subject. Sir James did 
not consider that Young’s name was connected with 
any notable advance in medical science. Yet he 
regards him as one of the greatest medical men of 
his, transition, period ; his works were full of sug- 





gestions, he watched fevers with the aid of the 
thermometer, and studied tubercular expectoration 
under the microscope. 

In his introduction Sir James Crichton Browne 
said that Young came as near to omniscience 
as it is given to a mortal to attain. He then 
mentioned his = in age soa» DRM ii 

mics, hy: raphy, physics, entomology, 

omar, ag &c. Of aed aoe Egyptology he 
spoke in his conclusion, ascribing (with Flinders 
etrie) to Young the deciphering of the famous 
Rosetta stone. Of his plgeleal and mechanical 
work he said very little more than we have quoted ; 
Young’s modulus was not even alluded to. Alto- 
gee the engineer and physicist may feel that the 
omas Young Oration has hardly brought.the great 
master mind of Thomas Young any nearer to them. 





NOTES. ; 
Tue Iron-Orze Deposits or Baszy anp Lonewy. 
Tue fortunes of war have temporarily placed 
these vast deposits, which are situated close to the 
an frontier, and calculated to contain some 
3,000,000,000 tons, under German management. 
The working of the Briey deposits dates from com- 
paratively recent years, from 1893, although the 
earliest concession is from 1884. In addition to 
these deposits those at Longwy are also situated 
in the Arrondisement of Briey, and, like the former, 
under German management for the time being. 
The importance of these vast minette ore deposits 
in French, as well as in German, Lorraine will only 
be a a as the phosphorus containing iron 
ores, thanks to the growth of the Thomas process, 
become a more necessary raw material. The rapid 
increase in the demand for these ores entailed 
some difficulties, which had to be overcome; in the 
first instance the establishment of means of trans- 
te and, secondly, the obtainment of sufficient 
bour, most of which had to be drawn from abroad. 
In the year 1912 there were 100,525 inhabitants in 
Briey, and of these more than half, or 57,098, were 
foreigners, of whom, again, 32,069 were Italians. 
The output increased at a rapid rate, even more 
med than in German Lorraine, the production 
ing :— 
. German Lorraine. 


1900 © bd ue ; aap 7,740,000 
1905 Sa eid a ; .. 11,970,000 
1910 = Ss sks : 16,650,000 
111 e i a és .. 17.540,000 
1912 _ = on oe ... 20,080,000 
French Lerraine, 
1900 be ; ; é a 4,450,000 
1905 a ‘ . ; si 6,300 000 
1910 ae ; = ; a 13,200,000 
1911 Pa i = ... 15,050,000 
1912 cad s hb: es) .. 17,240,000 
1913 19,810,000 


Of the latter quantity, 15,150,000 tons came 
from Briey, 2,470,000 tons from Longwy, and 
1,910,000 tons from Nancy. France has quadrupled 
her production of iron ore since the year 1900, and 
has year by year gained upon Germany. Since 
the beginning of the present century the percentage 
of Lorraine’s production of iron ore, as against that 
of the whole of France, has risen from 80 to 90 per 
cent., and the increase in France’s production of 
iron ore in that period comes to a ve eat extent 
from the Briey deposits. The establishment of a 
number of iron works followed in the wake of the 
— of the mining industry, and out of the 159 

last-furnaces in France in 1913, 89 were in this 
district, and their production of iron was, in 1912, 
more than half, and that of steel exactly half, of 
the total output of the country, the figures being 
respectively 3,410,000 tons, against an aggregate 
of 4,950,000 tons, and 2,210,000 tons against 
4,400,000 tons. Much of the coal needed here 
comes from Rhineland, Westphalia, and Belgium, 
and the French industry has also secured an 
interest in the coal districts in question, amounting, 
it is eaid, to about 100,000,000 francs. On the other 
hand, a number of German iron-works have 
obtained concessions and interest in the minette 
mines in French Lorraine, amongst them the 
Differdinger Hiitte, the Thyssen concern, the 
German-Luxemburg Mining Company, the Phcenix 
on aay eg Gelsenkirchener Mining Company, the 
Hasper Iron and Steel Company, &c. The ome 
consumption, within the Meurthe and Moselle 
district, has been steadily increasing, now amount- 
ing to more than half, 38 per cent. heing exported 
in 1912, 13 per cent. going to Germany, and 





22 per cent. to Belgium. The war, naturally, 
has greatly interfe: with the working of the 
French Lorraine mines. 


Exectric SteeLt-MAKING AND CASTING. 


Two papers on electric steel furnaces were dis- 
cussed by the twenty-fifth meeting of the Ameri- 
can Electrochemical Society, held at New York. 
The one, by Mr. E. B. Clarke, President of the 
Buchanan Electric Steel Company, Michigan, 
was a general recommendation of electric steel 
furnaces by a critical advocate of those furnaces. 
Mr. Clarke did not claim any mysterious merit 
for electric steel furnaces, which, metallurgi- 
cally speaking, he said. did not offer anything 
which the open-hearth did not offer. The second 
paper, on ‘‘ Electric Steel Castings,” was by Mr. 
C. A. Hansen, of the Treadwell Engineering Com- 
pany, of Easton, Pennsylvania. That company, 
Mr. Hansen stated, had previously operated the 
crucible steel casting foundry of the Lebanon Steel 
Castings Company, and had in the summer of 1911 
installed, in their new foundry, a 2-ton three- 

hase arc furnace, which had since that time alone 

nm worked, there being no spare furnace to 
_ against failures of the one-unit equipment. 

e current, supplied at 2200 volts and 
60 cycles, was stepped down to 85 volts by means 
of two 200-k.v.a. transformers, connected in open 
delta ; a 5-kw. motor-generator and also continu- 
ous-current motors were installed for regulating 
the brushes, and the plant, comprising trans- 
formers, switchboards, and furnace, together with 
a pair of bottom-pour ladles and a heating-ring for 
them, and with working space, occupied a floor area 
not exceeding 300 sq. ft. The cost of melted meta! 
from the electric furnace was somewhat less than 
half that of the metal from the old oil-heated 
crucible furnace. The cost of working the electric 
furnace increased rapidly as the carbon content of 
the product was brought down, and it was not 
economical, though possible, to turn out 0.10 carbon- 
steel castings. But it was economical to cast 0.20 
carbon-steel, which could be melted in crucible as 
well; but in the latter case the product could not 
be run into light-section castings. These 0.20 per 
cent. castings could be machined, whilst higher 
carbon castings required annealing, which was not 
favoured in America. As regards continuous opera- 
tion versus day-shift operation, Mr. Hansen re- 
marked that some 10 or 15 per cent. in the cost 
of molten steel might, indeed, be saved by con- 
tinuous operation ; that would be done, however, 
at a much heavier loss, caused by the decreased 
efficiency of the night-shifts on the moulding- 
floor, in the cleaning-room, &c. It might also 
be possible to take twelve heats from cold 
scrap in 24 hours ; but the furnace would have to 
be rebuilt three times a week. Their own practice 
was to operate the foundry on day-shifts only, and 
to take about fifteen heats per week ; the average 
current consumption of 9('0 kw.-hours per 2000 lb. 
of steel was high, because Mr. M. H. Treadwell was 
a firm believer in pouring extremely hot steel. 
The first heat of a day occupied 7 hours; when 
business warranted it, two more heats of 44 hours: 
each might follow ; the power consumption then 
went down from 1050 kw. to 640 kw. per ton. Keep- 
ing the furnace hot overnight by means of oil or 
current did not materially decreas~ the maintenance 
cost, but increased the cost of production. Tv 
charge the furnace directly with molten cupola 
metal to be refined had not proved advantageous. 
Mr. Hansen reckoned 1.30 dols. for repair costs 
and 2.15 dols. for electrode cost per 2000 lb. of 
steel ; reckoning a dollar. roughly, at 4s., that 
would be about 5s. and 8s. 6d., and the latter 
item in particular is much higher than the ‘‘ guaran- 
teed ” cust of certain prospectuses. Mr. Hansen 
also mentioned that they had no trouble with their 
load-curves, which were smooth and of a high power 
factor. ~ 


Boron in Street anv Iron. 


In a recent issue The Iron Aye gives publicity 
to a report contained in Stahl und Eisen of 
September 24, concerning the influence of boron 
on soft steel and cast iron; the report is from 
the Bitterfeld Electrochemical Works, Germany. 
For purposes of the tests, a quantity of ferro- 
boron was made in the electric furnace out of 
boracite. As a high-grade material of this kind 
involves difficulties in application, boron being 
rather sparsely soluble in iron, a low percentage 
alloy was aimed at. The analysis gave the fcllow- 
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ing rough percentages :—Boron, 15 per cent. ; iron, 
81 per cent.; carbon, 0.7 per cent.; and small 
quantities of silicon and aluminium. In the tests 
with steel, the best grade of soft steel was used, 
and the alloy added in calculated quantities ; 
melting was done in crucibles, and ingots cast. The 
ingot of remelted soft steel, without boron addition, 
was readily forged, whilst the ingots containing 
boron became brittle in proportion as the per- 
centage of boron rose. Piping also became more 
pronounced, and for 0.80 per cent. boron in the 
ingot it was 45 per cent. ter than in the ingot 
with no boron. Even with 0.20 per cent. of boron 
it was impossible to draw the ingot down for 
making test-pieces. The first blows with the 


hammer developed cracks. Bending tests were | Ei 


useless, as cracks formed immediately. Heat 
treatment improved this evil somewhat, but the 
indications were that for practical purposes boron 
additions to soft steels were of no value. Whilst 
the hardness obtained was in itself an advantage, 
the brittleness accompanying it precluded the use 
of boron for high-grade steels. In the case of cast 
iron, hardness and brittleness were also observed in 
rising proportions as the percentage of boron 
increased. With 0.85 percentage of boron even the 
hardest file would no longer touch the metal, and 
from a good, close-grained iron in the remelt free 
from boron, all evidence of a cape structure had 
disappeared in the piece with the high percentage. 
It had become practically a white iron. The 
following analyses were given in the report :— 











Boron | Boron Combined 
Added. | Found. Bilicon. | Graphite. Iron. 

per cent. | per cent. | per cent. | per cent. | per cent. 
No. 1 aa 0.00 0.00 2.48 2.38 0.94 
No. 2 0.25 0.20 2.42 1.67 1.45 
No. 3 0.50 0.40 2.44 1.95 1.96 
No. 4 1.00 0.85 2.30 114 2.17 








Boron evidently had the effect of throwing carbon 
into the combined form very readily, as with a 
silicon content of 2.30, so high a combined carbon 
content as 2.17 is exceptional. Further tests 
showed that boron did not prove valuable for im- 
proving the quality of cast iron or increasing its 
resistance to acid attack. While some good effects 
were obtained in this respect, the bad effects on the 
mechanical properties outbalanced them greatly. 
Further tests with alkalies indicated a heavy corro- 
sive action ; hence even here the use of boron was 
not of value. ‘‘This information is given,” concluded 
the report, ‘‘so that useless further work may not 
be undertaken with this element in connection with 
iron.” We may add that the effect of boron has 
been several times reviewed before the Iron and 
Steel Institute. Amongst the papers on the sub- 
ject presented to the Institute we may mention 
the one by Dr. Léon Guillet, Paris (Journal of the 
Iron and Steel Institute, vol. ii., 1907); one of Dr. 
Guillet’s conclusions was to the effect that ‘* this 
special constituent is always injurious to the 
mechanical properties of the metal... It does not 
greatly diminish the-elongation when it is present 
in small quantities, but it always confers an ex- 
treme degree of brittleness to the steel.” 


Lire-Savine arTteR Nava Disasters. 


It is a remarkable fact that practically all the 
British naval ships which have been lost during the 
past five months of the war had reached the obso- 
lescent stage, and had only the minimum fighting 
value. The regret, therefore, at the loss of the 
vessels was almost entirely associated with the loss 
of valuable life, and consequently public interest is 
quickened in all means for the saving of officers 
and men after their ship has beenlost. The recent 
case of the Formidable showed the great difficulty 
of getting the boats away owing to the storm pre- 
vailing ; while in other instances—notably in the 
cases of the Oressy, Aboukir, and Hogue—the 
difficulty of the men keeping afloat until help could 
be got was most pathetic. With lifebuoys and 
other such appliances for accomplishing this end 
the difficulty 1s that the men on board ship cannot 
always have them handy, and disaster comes so 
quickly that there is not always time to find them. 
Ihe same applies to the Navy collar, and there 
have been cases where its efticiency has not been 
marked. Mr. A. F. Yarrow has been studying the 
best way to reduce the loss of life consequent upon 
naval disasters, and the result is the ** Miranda” 
waistcoat, which can be had at many of the large 
emporiums. He laid it down as an essential condition 


suitable to be always worn, by day and by night, b 
all on board, and yet that it should not in a — 
interfere with the work of the officers or men. 
order to ensure that the garment will always be 
worn, Mr. Yarrow determined that it should not 
have the appearance of a life-saving device. From 
the practical point of view the essential condition 
was that it should have a buoyancy in salt water of 
not less than 14 lb., as, after numerous experi- 
ments, he found this was quite sufficient. He 
determined therefore on a waistcoat as the most 
suitable form of life-saving device, and chose as 
the medjum for ensuring buoyancy a padding of 
kapok, a vegetable material of the silk-cotton 
family (botanically known as Ceiba Pentranda, or 
Y ron anfractuosum) found in the East 
Indies, Java, and the Philippine Islands. Kapok is 
impregnated with a vegetable oil, so that it does 
not absorb water readily. The fibres are very fine, 
and cling closely together, and the surface tension 
of the water around them ensures a compression 
of the air sufficient to give the buoyancy desired. 
The ‘‘ Miranda ” waistcoat is of the knitted i 
type, without sleeves, and except that it buttons 
rather higher than the normal waistcoat, and is of 
considerable thickness, suggesting slightly increased 
body-bulk, it does = ~~ = wearer an unusual 
appearance ; on ip those wearing them 
would not be distinguished from the normal type of 
rotund, seafaring man. Mr. Yarrow has studied 
the blem from every point of view, and the 
conditions laid down in respect to details, parti- 
cularly the distribution of the kapok, ensure 
that under all conditions the person wearing the 
waistcoat will be supported in a vertical position. 
The standard size is quite suited for any person, 
and we can fancy no more appropriate gift to an 
officer or sailor than a buoyant waistcoat of this 
type. Indeed, we understand that over 1500 have 
been privately distributed amongst several vessels 
of the British Fleet, and these are always worn by 
the officers and men, so that there is a prospect 
that in such cases the disaster due to mines and 
torpedoes may not involve the serious loss of life 
that has attended some of the earlier catastrophes, 
especially if oil be rubbed on the body to ward off 
the discomforts of immersion in cold water. It may 
be added that Mr. Yarrow is a strong advocate of 
the application of oil to the limbs, so that when 
immersed the effect of the cold water will not be 
felt so seriously. Indeed, his friend, Mr. Marriner, 
has made a number of most interesting experiments 
as to the effect of immersion in cold water, estab- 
lishing great advantage where animal oil or natural 
filtered petroleum jelly has been well rubbed 
into the surface of the body. This idea is worth 
carrying out, even by the troops at the front, 
use an abnormal number of cases of breakdown 
on the part of the men is due to frost-bite. If 
friends would send a supply of oil or petroleum 
jelly to the soldiers, and this were applied from 
time to time to legs and feet, there weal not only 
be greater comfort, but an appreciable reduction of 
frost-bite. We know of cases where these results 
followed upon such a use of oil. 





Tue Mica Marker.—In their report, dated the 16th 
inst., Messrs. Baker and Startin, 19, Sv. Dunstan’s-hill, 
E.C., rare that by A reg Ma of war stocks in —— 
were. » an © su uent temporary cessation o 
mining in India has enabled the market to absorb the 
arrivals without any very material alterations of rates. 
The war has naturally caused a decrease in the volume of 
business for the past year, as the Continental trade has 
—— ceased for the present. ‘here are no new 

iscoveriés of importance to report, and, in view of 
the present limited market, the shipments from India 
are still considerably restricted. Reports are as follow 
on the various qualities. Oalcutta:—Values gradually 
declined during the first six months, and only moderate 
supplies have this year come forward. Present demand 
is somewhat weak, although rates are fairly steady. Best 
clear, however, is in constant request. Madras :—Prices 
for some special sizes have been fairly well maintained, 
and a moderate, although irregular, ousiness has been 
done throughout the year. Splittings:— Extra fine 
qualities have been rather more cone after, whilst 
medium to common qualities of both Nos. 5 and 6 have 
been, and are still, difficult of sale. Amber :—Very 
little movement to record, with values unaltered. 
following figures are compiled from the returns of the 
London warehouses : — 


Total Ware- 
Arrivals. Deliveries. house Stocks, 
Dec. 31, 1914. 
Cases (about 100 Ib. each), 1914 22,718 24,406 17,718" 
» ascompared with 1913 40,174 30,115 19,405* 
1912 «= «31,315 =. «-29, 411 9,346" 





of a life-saving appliance that it should be a garment 





SOME INTERESTING AND USEFUL 
CURVES. 
By Aveusts Esnovur, A.O.G.I. 
Tue present paper does not presume to revo- 
lutionise the kingdom of mathematics—nay, not 
even the province of curve-plotting ; it simply 


purports to place before the reader the outcome 
of writer's strenuous effort to bring within the 
easiest ible reach, in the shape of graphs, cer- 


tain ionships which are rather intricate when 
ex braicall . Curves are not herein 
dealt with in the light of interesting themes for 
mathematical speculation ; they are solely examined 
in view of their adaptability for use as time- 
saving appliances for the engineer; and in this 
connection it has been deemed that the properties 
considered could not be more clearly demonstrated 
than by retracing the writer’s steps in his systematic 
search for handy graphical tools. 

Having had of late to design several stanchions, 
the writer determined, after consultation with his 
friend Mr. J. Coutanceau, A.C.G.I., to adopt Pro- 
fessor Claxton Fidler’s formule, as being the most 
reliable within their own knowledge. 

Those formule are expressed as follow :— 
f+R— J (f+ RP- 24fR ‘ 
Seo 


P 


where 

p =orippling stress persquare inch on stanchions, 
4 f a rm crushing stress of material, 

an 


R=E ne . Gb) 


where again 
E = Young’s modulus for material. 


r = least radius of gyration of stanchion. 
i = length of on, if free at both ends. 


If A is the area of cross-section of column, the 
crippling load W is fe 
W=Ap . (iii.) 
In order to find the safe load, W,, W must be 
divided by a certain factor of safety, 8, su that 


W, =~ . (iv.) 


3B 
and it is advisable to determine that factor of 
safety in compliance with Shaler Smith’s equation, 


8 =4+0.055 . ) 
where d = least transverse dimension of the column 


considered. 

It will be admitted that the repeated use of 
these equations involves a considerable amount 
of tedious labour. At any rate, such was the 
author’s experience, and as he was intolerant of 
anything connected with waste of time, he at once 
determined to look out for a short cut across 
Claxton Fidler’s and Shaler Smith’s formulz, from 
a stanchion of known dimensions to the load it can 
safely carry. : 

On examining the set of equations, the first 
thing to be noticed is that, when we have chosen 
the material of our column, E and f are constants 
known to us, and, therefore, in equation (i.) the 
only two variables are p and R, so that p is a 
function of R ; similarly, in equation (ii.) the _ 
variable quantities are R, |, and r, 980 that 


is a function of + » and consequently p is also a 


function of . 


That means, of course, that the crippling stress 
p is the same for all columns that have the same 
ratio of r tol irrespective of the absolute values of 
r and l. 

Now suppose two orthogonal axes be taken and 
plotting points be laid down, such that their abscissx 
x and ordinates y are respectively proportional to 
the lengths / and the least radius of gyration r of a 
number of columns. 

If there happen to be in the lot two or more 


columns such that their ratio ? is the same, the 


The | points obtained with the I's aud the 1’s of those 


columns as abscisse and ordinates respectively 
(which we shall hereafter call the points corre- 
8 ing to the columns, for the sake of brevity) 
wil! all lie on a straight line passing through the . 


origin 0, since for all those points ¥ = constant. 
We further know that all columns having that 





* Including goods sold but uncleared. 
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same ratio ? shall give us corresponding points on 


that straight line (OA, Fig. 1), so that, ina certain 
sense, that straight line O A may be imagined as 
representing a set of columns, all of which have the 


same ratio of * , viz., ". 
We have seen that all columns having the same 
ratio : are crippled by the same crushing stress p,. 


1 
Let that straight line O A cut at point K any 
reference line, sueh as K L M (Fig. 1), arbitrarily 
chosen, the only restriction being that O A inter- 
sects it in only one point—viz., K. We may mark 
K on line K LM as corresponding to a crippling 
stress p,, for it is clear that if the point correspond- 


ing to any column having a ratio 7 = r is plotted, 


1 
the straight line through the origin and that point 
will meet K LM in K, showing that the crippling 
stress for such a column is p,. 

Any number of similar straight lines OB, 
OC, &c., may be drawn for sets of columns 


r 
having the ratio r= a ie &c., respectively, and 


crippled by stresses p., p,, &c. 

t OB, OC, &c., cut the chosen curve K L M 
at points LM, &c., which will be marked 
at p.. ps, &c., on the said curve. Values of p, 


2 


Least 


(34548) 


Length (tl) 
corresponding to values of 7° intermediate between 


is and 5 may be estimated by interpolation 
1 2 
between K and M, the intersection of the inter- 


mediate ; straight line with the curve having been 


determined. 

On Fig. 2 the values of p are determined, as 
above explained, for steel and cast-iron columns 
respectively, the reference lines being a circular 
are for the former, and, for the latter material, a 
curve so designed that equal lengths on it corre- 
spond to equal differences of p. 

In order to obtain from such curves p for a given 
column (say, 4 cast-iron column, 94 in. long, and 
having + = 4.38 in.), mark out the point P (Fig. 2) 
corresponding to its r and 1; for instance, by 
sticking a pin or needle at the required point. 
Get a straight-edge to pass tarough O and P, and 
read off or estimate the value of p at point Q on 
the reference curve (31.1 tons per sq. in.). 

This is an appreciable result, but the line of 
reasoning which we have followed up to now 
cannot take us a step further ; and, as not a word 


has yet been said concerning equations (iii.), (iv.), | ¢ 


and (v.), we had better retrace our steps for a 
little distance backwards and start on some other 
more promising path. 

Suppose, for instance, that instead of bringing 
straight line OA of Fig. 2 to intersect a certain 
reference line, we had chosen to mark on it a 











point Q (Fig. 3) such that its distance from a 
given datum (e.g., the axisO X) is proportional 
to p; let us repeat the same process for straight | 
lines O B, OC, marking thereon points S, T, the! 
ordinates of which are proportional to p,, p, re- | 
spectively. A nice curve can be drawn through all 
such points Q, 8S, T, &. 


YI 
Fig 


Ps 














a-Least Transverse Dimension 


700 0 
(90840) 


And now, if we require the crippling stress on 


a column having a ratio ? intermediate between 
2 


? and : , We can very easily get at it by deter- 
1 3 
mining the position of a point Z, such that its 
abscissa = |, and its ordinate = r,, then getting 
a straight-edge to pass through O and Z, and 
reading the ordinate of the curve at the point V 
where the straight-edge intersects it. 

Fig. 4 shows two such curves, determined for 
mild steel and cast iron respectively. 

The working out of the series of values p cor- 


responding to a given 5 would be a laborious pro- 


cess if equations (i.) and (ii.) were used as written 


down. Itis much more convenient to rewrite them 
as follows :— 
i. : R = pf — 06 P) ‘ 
” G9) 
. -. ov JR 
(iia): ” = ~ or (ii.b) r=l —. 
7 JE wr /E 


For the purpose of plotting the curves, we may 
X upon some stan land find out the corre- 
sponding r’s for successive values of p. 

Let us take! = 100. 
Equation (ii.b) becomes 





Taking E = 12,900 tons per sq. in. for steel and 
ae tons per sq. in. for cast iron, equation (ii.b) 
8 :— 


r = 0.28 JR for steel, 
and 


r = 0.408 4/R for cast iron. 


Fig.8. 























un Tons. 


Safe 


Sg 


Z- 


Substituting from equation (i.a), 
= @ P (f - 0.6 P) for steel ; 
r 28/ =p) ors 
r=0. 403, / pu ?) for cast iron. 


The following Table I. gives the correspondence 
between r and p for steel and cast iron, when] = 
100, f being taken = 28 tons per sq. in. for steel, 
and 35 tons per sq. in. for cast iron. 


TasiLe I.—Connection between p (Crippling Stress in Tons 
per Square Inch) and r (Least ius of Gyration) for 
Columns 100 Units Long and Free at Both Ends. 














| | 
r. | r | rT. 

Pp. Reed rye? re 67 se REE p. | 

Mild | Cast | Mild | Cast Mild | Cast 

Steel. | Iron. Steel. Iron. Steel. | Iron. 
0.5} 0.199 | 0.340 | 10/| 0.980 1.383 240) 2.53 2.72 
1.0] 0.287 | 0.409 | 11) 1052 1.468 (25.0/ 292 | 2.865 
1.5| 0.347 | 0.508 | 12/ 1.106 | 1.548 26.0) 3.59 | 3.04 
2.0} 0.402 | 0.581 | 13) 1.171 | 1.630 27.0} 5.00 | 3.24 
25) 0.451 | 0.660 | 14) 1.240 1.714 (27.5) 8.20 ~ 
3.0) 0.496 | 0.717 | 15) 1.313 | 1.80 280) — 3.465 
3.5) 0.688 | 0.775 | 16) 1.889 1.88 (29.0) — 3.74 
4.0| 0.579 | 0.834 | 17) 1470 1.965 (20.0) — 4.06 
4.5| 0.616 | 3.886 | 18) 1.560 | 2.065 31.0) — 4.575 
5.0) 0.654 | 0.987 | 19| 1.651 | 215 (320) — 5.29 
6.0/ 0.722 | 1.088 | 20) 1.775 | 2245 33.0) — 6.42 
7.0} 0.788 | 1.180 | 21| 1.904 | 2.35 (83.5) — 7.42 
8.0/ 0.853 | 1.217 | 22| 2062 247 340) — 9.05 
9.0; 0.918 | 1308 | 23) 2270 | 2595 84.5) — | 12.79 











It is not necessary to stop at the crippling stress. 
We may inquire from the curve whether it will tell 





us the crippling load straight off. 
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This it certainly will do, provided wé mark off 
along O X a suitable scale of areas, and agree to 
use a load scale numerically identical with the stress 
scale. After all, the crippling stress is simply the 
crippling load on a column having a cross-section 
measuring one unit area. 

Let a needle be taken and stuck into the paper 
at a point H (Fig. 3), having abscissa = 1 on area 
scale, and ordinate = p, (previously found), aud let 
the straight-edge rest against the needle and another 
one fixed at 0. 

On the load scale the ordinate of the point K may 
be read on line O H, whose abscissa is equal (on 
the area scale) to the cross-section area A, of the 
column. Clearly this reading gives the crippling 
load W, on the column, for it bears to p, the same 
ratio as A, to 1; i.¢., it is equal to p, x A, = W,. 

Next, we have to consider Shaler Smith’s equa- 
tion and the factor of safety obtained there- 
from. 

‘We first observe in equation (v.) that Sis a 


function of o so that it is the same for all columns 


having the same ratio : Following the line of 


reasoning that applied in the case of p, which i® 
a function of - , we may show that, if d instead of 


r is taken as an ordinate, a straight line through O 
represents, in a certain sense, such a set of columns, 
and the value of S for that set may be recorded 
either at the intersection of the corresponding 
straight line with any chosen curve, or by marking 
on that straight line a point whose distance from a 
fixed datum 1s proportional to 8. 

In either case, by recording points for successive 
sets of columns, curves are obtained. The first 
process yields a curve like the one shown in Fig. 2, 
which is useful for the direct determination of S, 
but does not lend itself to be combined with the 
results already obtained ‘concerning p and W ; 
by the second method, and taking the axis O Y 
as the fixed datum, we get the curve shown in 
Fig. 4, and to which the reader’s attention is now 
called. 

The curve is very simply plotted from the data 
of Table IT :— 


TaB_Ee II.—Connection between s (Factor of Safety) and d 
(Least Transverse Di ion) for Col 8 100 Units Long. 








6.0 | 2.50 |5.4 | 3,57 |4.90/5.55/4.60) 8.33 4.30) 16.67 |4.12| 41.67 
5.9 2.63 |5.3 | 3.84 |4.85/5.90/4.55 9.07 |4.25/ 20.00 |4.10| 50.00 
5.8 2.78 5.2 | 4.16 |4.80)6.25| 4.50) 10.00 |4.20, 25.00 |4.08 | 62.5 
5.7 2.94 |5.1 | 4.55 |4.75|3.67| 4.45) 11.06 |4.18) 27.75 la.08 83.33 
5.6 3.12 |5.0 | 5.00 |4.70}7.12|4.40! 12.50 |4.16) 31.25 | — | — 
5.5 8.33 4.95) 5.27 |4.65]7.70 ant 14.30 = 35.67/— | — 





The factor of safety S is the ratio of the crippling 
to the safe stress; but it may be looked at in 
another light. 

Suppose we have got a column the cross-section 
of which has 8 units of area, if p = crippling stress, 
crippling load for that column = ps, and safe 


load = > = p, units of load (not of stress). We 


may, therefore, say that S expresses, in units of 
area, the cross-section which a column, that would 
be crippled by stress p, must have in order that p 
may ise express, in unite of load, the load that it 
can safely carry. 

So that, if in plotting the factor of safety curve, 
the scale of S has been taken identical with the area 
scale, the abscissze of the S curve not only show 
the value of the factor of safety, but they also give 
the number of units of area which a column must 
have, in cross-section, in order to carry a safe load 
numerically expressed by p (crippling stress per 
unit area). The scales have been so adjusted in 


Fig. 4. Now let a needle be fixed at a point such | &c. 


that its abscissa is = | and its ordinate = d (the 
least transverse dimension of the column con- 
sidered). Set the straight-edge through O and the 
needle, and notice where it intersects the S curve ; 
the abscissa of that point (L) gives S (factor of 
safety) ; and also the area of the column for which 
the safe load is p. Then let the needle be shifted 
to a point K, having abscissa = S and ordinate = p, 
= a straight-edge be rotated to pass through O 
and K, 

The safe load W, is now easily read on the load- 
scale, being the ordinate of the point on straight 
line O K, having ordinate = A; for, evidently, 
that ordinate bears to p the same ratio as A to S, 





so that it is equal to 
Le ee 
ae: 

Ere we leave this subject, it must be remembered 
that Jin Claxton Fidler’s equation refers to the 
length of a column free at both ends ; should the 
condition of the ends be otherwise, we must be 
cautious to apply a correction, considering / in 
the equation as a theoretical length ; if l’ = actual 
length of column, we must take 1 = 0.61’ for a 
column with both ends fixed, and | = 0.751’ for 
a column with one end fixed and the other end 
free. 

Cast-iron and mild-steel columns having now 
been fully dealt with, it may not be irrelevant to 
demonstrate with the help of a practical example 
the method of using the curves. 

= a steel column, fixed at both ends, and for 
which— 


= W). 


l’ = 90 in. (so, 2 = 90 x 0.6 = 54 in.). 
r =1.1in. 
d = 5.6 in. 
a = 2.8 in. 


Fix a needle at O ; set another at a point A having 
abscissa =1, (54) ordinate=r (1.1); bring a straight - 
edge to touch both needles. Then remove the second 
needle and set it at the point where the straight- 
edge intersects the crippling-stress curve at B. 
Take a third needle and set it at a point C 
having abscissa = |’, (90) ordinate = d (5.6), bring 
the straight-edge to touch the last set needle and 
the one through O ; remove the former from C, 


and, starting from the point of intersection of T 


the straight-edge aud factor of safety curve, at D 
move the needle vertically until it has reached the 
point E, on same level as the needle still standing 
on the stress curve at B, which now remove. 

Rotate the straight-edge about O until it touches 
the needle in its new position, E. Then read the 
area (2.8) of the column on the axis of O X, and the 
corresponding ordinate to the straight-edge (at F) 
gives the safe load—viz., 12.7 tons.* 


(To be continued.) 





Tue Execrric Vexicixe Commitrer.—A meeting of the 
Committee was held in London under the chairmanship 
of Mr. R. A. Chattock, on eyo 8. In regard to 
standardisation of wheel rims for solid tyres, the Com- 
mittee had before them the sizes standardised by the 
Engineering Standards Committee at the instance of the 
Society of Motor Manufacturers and Traders, and 
decided to recommend purchasers of electric vehicles to 
insist upon having these standard rims fitted. 





Tue Cuinesk Navy.—We read in the Rivista Marit- 
tima that the order for three cruisers by China from the 
Nunfalcone yard, Austria-Hungary, was financed by the 
Kreditanstalt, the Linderbank, and the Niederdéster- 
reichische Escompte Gesellschaft, which together provided 
a credit of about 1,200,000/. Each cruiser is to carry ten 
4-in. guns, to be manufactured by the Skoda Works, 
Pilsen, and two torpedo-launching tubes. The boilers 
are to be of the Yarrow type, to burn coal and liquid 
fuel ; and the machinery of 30,000-horse-power, 
turbines, to give the ships a speed of 32 knots. 





GerMAN Execrrica, Inpustrizs.—The Siemens- 
Schuckert concerns have all reduced their dividends for 
the last financial year. Siemens and Halske, from 12 per 
cent. to 10 per cent.; Si Schuckert, from 10 per 
cent. to 74 per cent.; and Schuckertand Uo., Nuremberg, 
from 8 per cent. to 64 per cent. The report states that 
the electrical industry naturally suffers from the war, 
and so far as the first-mentioned company is concerned, 
orders fell considerably short of those of the previous 
year, military contracts, however, to some extent, making 
up for the deficiency. The reduced number of workpeople 
are fairly well employed. Should the present condition 
of affairs not vary, the prospect for the current year might 
be pronounced as tolerably satisfactory. The Siemens- 
Schuckert Company’s report further says that the 
past year proved a better one than was at first 
anticipated. During the year 128,267 machines, motors, 
and transformers, with an aggregate capacity of 
2,849,552 kw., were built, as against 132,800 machines, 

» With a capacity of 2,991,272 kw., in the pre- 
vious year. Present orders did not fall short of those 
of the preceding year. The active business between the 
company and the kindred concerns in England, Russia, 
and France had, of course, come toa close, The — 
tant oversea business was ina very difficult position. The 
company, however, anticipate a renewed activity in the 
oversea business ‘‘ after the victorious ending of the war.” 
During the past year there was a decline in this oversea 
business, the reasons of which were decreased influx of 
European capital, disturbed political conditions, indus- 
trial and financial failures, inferior harvests, &c. 








* The writer meg petiogs be allowed to state that he 
has designed a specially modified slide-rule that gives the 
safe | on mild-steel and cast-iron columns ; patents 
have now been obtained to protect this invention, to 
which the name of ‘‘ Struttograph” has been given. 


Parsons | the: 





BOILER EXPLOSION AT BENNIWORTH. 


A FORMAL investigation, under the Boiler Explosions 
Act, 1882, has been conducted by the Board of ead 
the Guildhall, Lincoln, as to the cause and circum- 
stances of an explosion which occurred on Sen 1, 1913, 
on the premises of Messrs, Frearson and Bartholomew, at 
Belmont Farm, Benniworth, Lincolnshire. 

The Commissioners were Mr. F. Syms Williams, LL.B., 
K.C. (presiding), and Mr. J. Melrose, C.B., R.N., engi- 
neer. r. G. C. Vaux conduc ne pesteding on 
behalf of the Board of Trade; Mr. A Williams, 
barrister, appeared for the Vulcan Boiler and General 
Insurance pany, ter ; and Mr. ©. R. Scorer, 
Lincoln, represented Messrs. Frearson and Bartholmew, 
the owners of the boiler which exploded. Mr. Walter 
Jackson, of Messrs. Jackson and Sons, engineers, Chelms- 
ford, who were T pgoner to the meer, appeared in person. 

In opening the proceedings, Mr. Vaux stated that the 
boiler formed part of a steam ploughing-engine, and was 
made by Messrs. Fowler, of Leeds, in 1876, for a worki 
pressure of 100 lb. per square inch. Passing in detai 
over its history, it appeared, from Mr. Vaux’s statement, 
that in 1908 the boiler and ine were purchased by an 
Essex firm for about 300/. arious repairs were then 
effected, and steam was raised to 130 lb. per sq. in., but 
the boiler did not appear to have been carefully examined 
or tested by hydraulic pressure. During the following 

ear the safety-valves were seb at 120 per sq. in., 

ut the engineer concerned did not appear to have 
made any calculation as to the real strength of the 
boiler. From July to December, 1909, the boiler worked 
satisfactorily at a pressure of 120 lb. In April, 1912, 
the machine, ——s the boiler and engine, came 
into the possession of Messrs. Freareon and Bartholomew, 
who, in the following March, had new tubes put into the 
boiler. The engine was taken to Belmont Farm, belong- 
ing to the firm named, for the purpose of doing some 
cultivating work on the ar farm of Mr. William 

harratt, and on August 1, while it was drawing a 
“*drag” across what was described.as ‘‘ sandy wold land,” 
some strands of the wire haulage-rope snap In. con- 
sequence of this, the engine was stopped while the rope 
was being repaired, and it was while this work was being 
proceeded with that the boiler exploded. Just before the 
explosion occu , the pressure on steam-gauge was 
noticed to be 1101b. The explosion was of a very violent 
character, Ly of the boiler and engine being scat- 
tered in all directions. Three men, Thomas Blanchard 
ee foreman), Harry Marshall (the engine-driver), and 

erbert Lowiss (the drag-man), who were working neer 
at the time, were severely injured. They were con- 
veyed, in the first instance, to Belmont farmhouse, where 
they received medical attention, and remained there for 
three ee when they were removed to the Lincoln 
County Hospital. Blanchard, unfortunately, died from 
his injuries, but the other two men recovered. 

Mr. Vaux then called a number of witnesses, and a con- 
siderable amount of evidence was taken in connection 
with the history of the boiler, its general treatment and 
repairs, and as to whether there had been any thorough 
examination of the boiler made during the years in which 
it had been under different owners. 

Am the witnesses called was Mr. Albert Daniel 
Byrne, Engineer-Surveyor to the Board of Trade, who 
had conducted the minary inquiry as to the cause of 
the explosion, and made a thorough examination of 
the various portions of the exploded boiler. In the course 
of his investigation, he said, he found a crack or 
fracture through one of the plates, and this crack, in his 
opinion, had existed for some considerable time, perbaps 
some years, before the explosion. This crack had 
gradually developed, and was 1 ft. 10 in. in length, and 
re was evidence that it had actually extended to 
2ft.6in. He was not, however, pane convinced of 
the accuracy of the latter figure, but was sure that the 
least length of the crack was1ft.10in. For a length of 
8 in. it went completely through the plate, this being 
evidenced by the oxidisation of the plate and the deposits 
of chloride of lime and other impurities from the feed- 
water left on the two surfaces of the plate in the vicinity 
of the crack. 

Other evidence dealt with the question of the inspec- 
tion and insurance of the boiler, and this matter, ther 
with the circumstances under which the boiler bad been 
sold to its various owners, the nature of the measures for 
securing safety, and the steps taken by the various parties 
to ensure that the boiler was safe to work, were subse- 
quently fully dealt with by the presiding Commissioner 
when delivering the judgment of the Court. 

Mr. Vaux presented a list of questions to the Court on 
behalf of the Board of Trade, on which he requested 
judgment, the last two being as to the cause of the explo- 
sion, and whether the insurance company and their 
inspector, and Messrs. Frearson and Bartholomew, the 
owners, were, either or any of them, to blame for the 
explosion, and whether any, and which, of them should 
pay the costs of the inquiry. 

On the third day of the investigation the Commissioners 
met to declare their judgment. On the Court assembling, 
Mr. Scorer pointed out that Messrs. Frearson and 
Bartholomew, the owners of the boiler, had already been 
put to much expense and trouble in connection with this 

ttable —- There bad been paid, under the 
Workmen's mpensation Act, in respect of the acci- 
dent, 1867. 16s. to the dependants of the man, Thomas 
Blanchard, who had been killed, while the other two 
men who had been injured had received the full amount 
of compensation to which they were entitled so pon | 
as they were incapacitated. Messrs. Frearson an 
Bartholomew had themselves paid the doctors’ bills in 
regard to all the three men, and be (Mr. Scorer) also 
said he wished to add that they had lost the whole pur- 
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ey A aad of the boiler, &e., which cost something 
ike . 

In reply to counsel’s argument, the presiding Com- 
missioner pointed out that someone had to pay tne costs 
of these inquiries, and if the parties who were found to 
be in fault did not contribute, the whole expense fell 
upon the public. 

_ Mr. jon 3 stated a. 4 estimated pred cost that 
inquiry by the Board © approximately at . 

Mr. F. Syms Williams, the presiding Commissioner, 
then summed up at considerable | and gave the 
decision of the Uourt. He traced the complete history 
of the boiler from the time of its construction down to 
the day of itsexplosion, dealing fully with the questions 
of change of ownership, and of its inspection or non- 
inspection. From the evidence T atney by the engineer- 
surveyor to the Board of Trade, there was no doubt, he 
said, that the explosion was caused by the plates of the 
boiler shell aye 4 of insufficient strength to withstand a 
pressure of 120 lb. per sq. in.; there had been a crack of 
about 26 in. in length along the line of the rivets. The 
Commissioners found that the insurance company who 
had examined the boiler some two years ae. 
fixed the permissible working pressure at 120 lb. per sq. 
in., subject to several in the fire-box being 
made good, some of the tubes removed for cleaning, &c., 
and certain recomm: being followed to allow 
greater access to the boiler for a complete internal in- 
spection. This was certainly not a safe working pressure 
av that time, butit was only fair tosay that the insurance 
company pointed out that the boiler was v: old, and 
that it should be tested by water pressure i 
every year. In the opinion of the Board of Trade 
neither the insurance company nor the inspector 
was to blame for the explosion, which took place 
more than two years after that inspection, which 
was made in June, 1911. The Board of Trade could 
not, the presiding Commissioner said, hold the 
owners free from blame for the ae. although 
the Court acknowledged that both Mr. Frearson and Mr. 
Bartholomew had rendered every possible assistance in 
— to the conduct of the inquiry, and had also 
behaved very fairly to the men who had been so unfor- 
tunate as to suffer such severe injuries. Steam boilers 


were very dangerous things unless properly attended to, 
and it was the duty of those who them to take all 
possible precautions to prevent being injured by 


explosions. In the present case the owners were by no 
means f from responsibility by holding a policy for 
insurance, which had expired some time ago ; . in the 
opinion of the Court, they were to blame, for the follow- 
ing reasons:—From April, 1912, when they purchased 
the boiler, which was then thirty-five years old, it had 
never been examined by a competent person, nor had it 
ever been tested by hydraulic | ee ; further, after the 
insurance policy expired in June, 1912, and up to the 
time of the explosion, the owners, Messrs. Frearson and 
Bartholomew, took no measures to ensure that the boiler 
could continue to be safely used at a working pressure 
of 120 lb. per sq. in. A thorough examination of the 
barrel of the boiler, and a waver test of, say, 180 lb. 

sq. in., would have undoubtedly disclosed the fact that 
there was a dangerous crack along the line of rivets. 
Boiler explosions were nearly always due to preventible 
causes, and certainly, in the present case, it was no 
unavoidable accident that had occurred. Com- 
missioners trusted that farmers using ploughing hi 
would hear of the case, and take due warning in good 
time. Boiler explosions, unfortunately, were still fre- 
quent, and often caused fatal consequences, not only to 
those whose duty it was to attend to the boilers, but 
also to passers-by. Even children Goons in their 
beds, or playing in the fields, had been killed on the spot 
or maimed for life by the flying fragments of an ex- 
ploded boiler, a boiler which ought not to have been 
allowed to explode. 

_ With to the liability of the owners in the present 
instance, the Commissioners considered that the justice 
of the case would be met by ordering them to pay 50/. to 
the Board of Trade towards the costs and expenses of the 
investigation, and this they ordered them to do, Mr. T. E. 
— and Mr. F. Bartholomew each paying the sum 
0 . 

In closing their inquiry, the iding Commissioner 
said that the Court considered that it would be a good 
thing if distinct) marks were put on the boilers of plough- 
ing-machines, showing the pressure for which they were 
constructed. 








Tue Prussian State Rat.ways AND THE War.—As 
was to be expected, the war, more ially in its early 
part, has materially interfered with the receipts of 
the Prussian State railways. Matters, however, are 
steadily mending, but it is, perhaps, rather to be won- 
—_ oo ed eg nee bate more map = it is. 

Jompared with the corres: ing months of the : 
ing year, for each of which the receipts are hated we -—* 
the receipts for the latter portion of 1914 were as under : 


Passenger Goods 
Traffic. Traffic. 


Per Cent. Per Cent. 
August 66.51 41.26 
Sepvember .. 49.59 68.73 
October 61.80 79.67 
November .. 75.36 81.41 


The above figures include the receipts from military 
transports, but the marked improvement during the 
more recent months cannot be attributable to such tran- 
sports, which have grown ually smaller, and in 
November, for instance, y ted 8 per cent. of 


represen 
the revenue from passenger traffic, and only a trifle above 
4.12 per cent. for the goods traffic. 





A CARBURETTOR EXPERIMENT. 
By F. J. Kean, B.So. (Lond.), M.I.M.E. 

In most modern carburettors the throttle is placed 
above the petrol-jet, so that the suction effect on the jet 
is small at low engine s and increases as the 
throttle is opened until it reaches a higher limiting 
value, depending orn the suction in the — 
cylinder. In the White and Poppe carburettor, how- 
ever, the suction on the jet is greatest at low engine 
speeds, and falls off rapidly as the speed increases, 
until it reaches a lower limiting value to all intents 


and equal to the suction in the engine- 
ro) tinder. This will be understood b referring to the 
jagrams (Figs. 1 and 2), from which it will be seen 


Fig.1. [oe 
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that when the air-throttle A is full open the diameter 
of the opening —— the carburettor is equal to the 
diameter of the inlet pipe to the engine; in this 
position also the jet aperture is fully uncovered. As 
the air-throttle is closed the size of the jet aperture is 
reduced simultaneously; but owing to the fact that the 
throttle forms a hollow cylinder, the size of the air- 
passege is reduced in front of the jet as well as behind 
it. e following observations were made on a No. 30 
White and Poppe carburettor fitted to a single- 
cylinder White and Poppe engine (at the Polytechnic 
in Regent-street, London) by the writer, assisted by 
Mr. E. D. Jennings :— 

The of the engine was varied by varying the 
amount of throttle opening, the ignition being kept 
fixed. The curves shown in Fig. 3 indicate how very 
rapidly the suction on the jet off as the throttle 
is operas . From the slowest steady-running speed 
up to the 
ulation of petrol consumption to 


. th 
maximum speed, the graph aos. . They ine 





line, which means that a given increase in revolutions 
is obtained by a proportional increase in petrol con- 
sumption at any speed over this range. The results were: 





Suction, Inches of Suction Pressure, 
Mercury. 














= | Pounds per Square Inch. 
-5| Ses ae 
5em | Inthe In the 
So.| Seel wo Over the - Over the 
Ind Induction 
eek pe! Pipe, | Petrol Jet. | Dine” | Petrol Jet. 
1.85 490 | 1.95 | 1.08 0.908 0.504 
229 732 | 1.99 1.05 0.976 0.514 
2.44 | 865 1.85 1.02 0.908 4 
ae 
2ss|i95 | 137 | og . ’ 
3.18 1430 | 0.95 | 0.68 0.466 0.309 


A second series of observations were made under 
entirely different conditions, and gave results as 
follows (Fig. 4) :— 




















af | 2% | suction, Inchesof | Suction Pressure, 
8z Fy “a | ercury. Pounds per Square Inch. 
at 
Bee oe. Inthe | over the In the er the 
4 Induction | petrol Jet. | Mduction | petrol Jet. 
-¥ & 6 D 4 Pipe. | pe. 
2.29) 812| 0.797 0.586 | 0.391 | 0.288 
2.74! 964/| 0.857 0.594 0.421 | 0,292 
2.88 | 1130 0.798 0.664 | 0.888 | 0.895 
3.15 | 1830 0.826 0.780 | . 405 0.382 
8.25 | 1450 0.913 0.790 0.447 | 0.887 





In this case the engine was started, as usual, with 
the ignition well retarded, and then it was carefully 
nursed until it would run steadily with the throttle 
wide open. ae succeeded in doing this, and 
making a series of observations, the ignition was 
advanced step by step until finally the maximum 
attained was the same as before. It will be observed 
that the petrol-consumption graph is no longer a 
straight line except when the speed has exceeded 
1000 revolutions per minute. At speeds below this 
the engine would pop back occasionally, showing the 
mixture to be too weak, which is also verified by the 
rapid tailing-off in the petrol-consumption curve. 
Another point of interest is that, under these condi- 
tions, the suction on the jet increases as the engine 
_— increases in the usual manner, as shown in 

ig. 4. 





Royat Mergoro.osicat Socrety.—The annual general 
meeting of this Society was held on Wednesday evening, 
the 20th inst., at the Surveyors’ Institution, Great George- 
street, Westminster. The Council in their report referred 
to the various investigations and work carried on by the 
Society, including the researches in the upper atmo- 
sphere, the collection and discussion of phenological 
observations,. the ents for the preparation of a 
climatological atlas of the British Isles, and the sa 
of popular lectures on meteorology. i? H. G. 
Lyons, F.R.S., was elected president, and Mr. F. Cam 
bell Bayard and Commander W. F. Caborne, O.B., 
secretaries for the ensuing year. The new members of 
Council are: Mr. J. S. Dines, M,A., Mr. A. P. Jenkin, 
F.S8.1,, and Sir J. W. Moore, M.D. 





Tue Cost or a Rounp or Gun-Fire.—The followi 
figures, showing the cost of a round fired from guns o 
different sizes, 1s published by Machinery on the authority 


of officials of the United States Ordnance Department :— 
Type of Gun. Cost of — 
3-in. field ae 10.00 
4.7-in. gun es 28.00 
Sin. 15-pounder 15.00 
. 15+ er . 
6-in. gun oe 60.00 
12-in. ,, 500.00 
12-in, mortar 300.00 
14-in. gun 800.60 
16-in. ;, oe o0 oe os 1200.00 
A torpedo, it is added, costs 8500 dols., the explosive 


charge being worth 350 dols. 


UaNnaDIAN Coat.—The total production of coal in 
Canada in 1913 was 15,012,178 tons, valued at 37,334,940 
dols., or an average of 24 dols. perton. This production 
was effected by 227 companies, employing an average of 
27,917 men at wages amounting to an te of 
22,065,141 dols. In 1912 the production was 14,512,829 
tons, of an aggregate value of 36,019,044 dols. The 
exports of domestic coal from Canada in 1913 were 
1,562,020 tons, of an aggregate value of 3,961,351 dols. ; 
the corresponding exports in 1912 were 2,127,133 tons, 
valued at 5,821,593 dols.. The total imports of coal into 
Canada in 1913 were 18,201,593 tons, valued at 47,949,119 
dols., as compared with 14,595,810 tons, valued at 
39,478,037 dols., in 1912. The total consumption of coal 
in Canada in 1913 was accordingly 31,651,751 tons. An 
increased use of oil-fuel for locomotives in British 
Columbia and for coast vessels has reduced to a slight 
extent the market for coal in Western Canada. ‘he 
consumption of oil in 1913 was equivalent to about 310,000 
tons of Nanaimo coal. The -fields of Canada occur 
principally in the coast provinces, and in Alberta; the 

+ central provinces of Ontario and Quebec, in which 
So an or portion of Se ee has accumu- 
lated, have not at present developed any coal-fields. 
import, in consequence, coal from ennsylvapia 
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PROGRESS IN SHIPBUILDING AND 
MARINE ENGINEERING. 


In his address at the inauguration cf the new buildings 
of the Institute of Marine Engineers, described in 
another part of this issue, Sir Archibald Denny, Part., 
the President, referred not only to the functions and 
success of the Institute—a subject dealt with in our 
article on the Institute and their new building on page 93 
—but reviewed the p: in shipbuilding and marine 
engineering since Sir Thomas Sutherland opened the 
Institute’s ptemises at Stratford. Sir Archibald said :— 

Sir Thomas Sutherland in his able address in 1894 
spoke of the growth and improvement of steam naviga- 
tion at that time, and I think it will be quite suitable if 
I continue his review of progress in shipbuilding and 
marine engineering during the last twenty years. He 
referred to the speed of steamers, and mentioned that 
the new cunarder Lucania had completed nine consecu- 
tive voyages from New York to Queenstown at an 
average speed of 214 knots. Hesaid: “‘I presume that 
this is a unique record, although we know that it has 
been approximated by other steamers on the same ocean 
voyage. This represents an advance of fully 50 per cent. 
on the speed which obtained on the Atlantic some fifteen 
years ago.” Now we find that the Cunard Company are 
again at the top of the list with their steamers Lusitania 
and Mauretania. Through the kindness of one of your 
members, I have the result of three sets of nine consecu- 
tive voyages of these two steamers, out and home- 
wards, and the average speed of these vessels is within 
a few hundredths of 254 knots. The ~ = average 
speed for one eps 4 out and home is similarly within a 
few hundredths of 26 knots, showing not only an exceed- 
ingly high speed, but a perfectly wonderful regularity in 
consecutive voyages. © increase is not, however, 
50 per cent. in twenty years, as before; itis, in fact, barely 
20 per cent., thus bearing out, what we all know from 
practical experience, that it is much more difficult to 
get knots on 214 than 7. 14. Still the advance is 
exceedingly marked, and [ think we may say that i 
is rey y due to the introduction of the Parsons steam- 
turbine. 

The advance in speed in all directions has been con- 
siderable, and in that branch of building of which, 

rhaps, I know most—namely, cross-Channel v 
lon give you a very good example. In 1888 (the year 
of your conception) my firm built’the Princess Josephine, 
a et pea 300 3 by 38 ft., ae 
compoun ines, which on trial gave a 5) 
of 2 wort This vessel was fitted with what was called 
the Admiralty type of “‘straight through” boiler, a v 
light and efficient boiler so far as steam production is 
concerned. Last year my firm delivered the Paris, a 
twin-screw geared-turbine steamer. Her length was 
exactly the same as the Josephine’s, her beam was 
35 ft. 6 in., but her draught of water was greater. Her 
speed was roughly 25 knots; she was fitted with Yarrow 
boilers. Both vessels were coal-fired and both worked 
under forced draught. 

When we come to cargo vessels, apart altogether from 
their increase m size, there has been a marked change in 
design. About twenty years ago, 
vessel had developed into the pure ‘‘ beast of burden, 
the block coefficient was more often over than under 0.8, 
and the sea speeds were 8 and 9:knots in favourable 
weather, while in bad weather they frequently stood 
still, or even went backwards. The owners persisted in 
this for a considerable number of years, until practical 
experience showed them that the fetish of cheap first cost 
nd ton dead weight was a misleading one, now the 

lock coefficients are more in the region of 0.76, and the 
8 have risen to 11 and 12knots. One owner told me 
that in the old days he never knew when his ships would 
arrive in port ; now he knows toa day when to expectthem ; 
and the saving in time compensates for the loss in absolute 
lead weight. The next change in cargo vessels seems to be 
vowards geared turbines. You will remember that Sir 
tir Charles Parsons proved the efficiency of this com- 
bination in the Vespasian, where he showed that keeping 
the same shafting and propeller, and changing the 
ngines only, he was able to get a considerable gain in 
oal consumption, and that with an old converted 
steamer. Already some of these geared-turbine 
vessels have been built, and some have even adopted the 
‘ruiser stern ; but whether the cruiser stern has come to 
stay or not, time will prove. I think engineers are 
ndebted to the builders ct tramp vessels for considerable 
refinements in engine design which lead to economy. 
Some of the most economical engines, triple and quad- 
ruple, have been fitted in plain tramp steamers, and now 
one of your past-presidents, Mr. Summers Hunter, is 
developing the use of superheated steam in these steamers 
with, fon informed, the most gratifying results. 

Sir pa ne a. in his ~~ 4 the ae. 
stant advance le by engineers in the development o 
machinery, and the time which has elapsed since 1894 
had been just as fruitful. He said: ‘‘Nor does one 
imagine that the limit of —_ has been reached.” We 
seem to be little nearer the limit of speed to-day than we 
were in the time referred to in his address. He also 
said: ‘* We are always on the alert tosurpass our rivals,” 
and that still holds true. He then dealt with ‘‘Safety of 
Life at Sea,” which he treated mostly from the statistical 
point of view, showing how loss of life was always 
decreasing. I hap to be a member of the Load-Line 
Committee, which is at present dealing with that subject ; 
but that Committee’s report is not yet published, other- 
wise I might give you some interesting figures. I may 
remind you, however, that, as a result of the Titanic 
disaster, the Board of Trade appointed a Committee 


the ordinary tramp sim 


to be the chairman. The first report of that Committee* 
has just been published, dealing with the subdivision 
of over-sea vessels. In my opinion, a very 
great step has taken towards the increase of 
safety of life at sea by the Conference which sat in 
December, 1913, and January, 1914, and the report of 
my Committee gives full details upon this important 
question. We have still to report on home-trade and 
cargo vessels, but I am not able to deal with that to-night. 
The whole tendency, however, of shipping legislation is 
towards the safety of life and property at sea. This, of 
course, can only be attained at considerable expense, which 
must reflect upon passenger fares and freight rates, unless 
naval architects and marine ineers succeed in so per- 
fecting their designs and in discovering new means of 
economy that the extra expense due to legislation towards 
the safety is neutralised. 

The next point Sir Thomas dealt with was ‘‘ Capacity 
and Economy of Steamers.” I cannot add much to what 
he said on that head, but those who study the annual 
return published by Lloyd’s Register will see how the 
size of vessels is increasing, not only in liners, but in all 
types of vessels. The Secretary of Lloyd’s has kindly 
sent me at my request several very interesting tables, 
two of which I embody here :—(a) The average size of 
steamers classed by Lloyd’s Register; (b) steamers in 
existence, and entered in Lloyd’s Register Book as having 
been built in the United Kingdom. 


Average Size of Steamers Classed by Lloyd’s Register. 
During 1894 (excluding vessels of less than 200 tons) 2219 tons 
gross. 

During 1904 (excluding vessels of less than 500 tons) 2040 tons 
During 1913 (excluding vessels of less than 600 tons) 4309 tons 
gross. 


Steamers in Existence and Entered in Lloyd’s Register 
Book as having been Built in the United Kingdom. 
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From the first ib will be seen how rapidly the average 
has i in the last ten years in vessels over 


tonnage 
ery | 500 tons, and this necessarily takes in many vessels which 


must be small for the pu of trade. The second 
table is exceedingly interesting, as showing the very rapid 
growth of the larger vessel in actual number. 

Mr. Foster King, of the British Corporation for the 

Survey and Registry of Shipping, read a paper before 
the Twelfth International of Navigation at 
Philadelphia, in 1912, on ‘‘ The bable Dimensions of 
Sea-Going Vessels of the Future in Relation to Dimen- 
sions to be Given to Maritime Canals.” As the result 
of an enormous amount of labour, embodied in a few 
imple diagrams, he showed that for passenger vessels, 
uding the North Atlantic service, the lengths of the 
longest passenger vessels might be represented by a 
straight line rising at the rate of 50 ft. in ten years; 
that in cargo veseels the longest cargo steamer is about 
25 per cent. shorter than the corresponding average for 
the ~~ passenger vessel at the same date. Here, 
again, the rate of increase is quite constant. 
Mr. King’s paper would well repay a study, and 
at my request he has presented a copy to your In- 
stituve. Mr. King is exceedingly cautious, and does 
not venture to ow that this average rise will 
continue ; but, if it does, then the longest and broadest 
ship of her day in 1970 would be 1100 ft. by 128 ft. 
He points out, however, that in the Atlantic trade 
there has been a break-away, and that the largest 
vessels there have increased more rapidly in length 
than in any other trade. If this break-away continues 
at the same average rate, then in 1970 the largest 
were Sang he — ft. by 220 | he, Mr, King was 
8 ing to an International of Navigation, 
and dealing with the dimensions of maritime canals, 
the value of the paper to the members of that —— 
is = obvious, but it is also interesting to us who have 
to do with the construction and propulsion of steam- 
vessels. 

Sir Thomas mentioned that the opening of the Suez 
Canal and the application’ of the compound engine gave 
& very great impetus to trade. We are on the eve of the 
opening of another important canal, and we have just 
—- the 5 are in process of developing 
the oil-engine. Will acting together form another 
jumping-off point for further advancement ? 

As to the durability of ships and machinery, Sir 
Thomas was doubtful whether steel would last as a 
iron. I think we may now say that it does not, u 
greater care is taken. There is this to be said, however : 
— it may a be oo ry = Nepe oehen poom last — 

g, 28, without to their i state, y 
become obsolete quite as soon as they become useless 
through decay. He also mentioned that the t care 
exercised in construction and upkeep of boi prac- 
tically made them everlasting. he old Scotch boiler 
has served us well, but there are signs that for many 
purposes the water-tube boiler, either of the small-tube 
or large-tube iyPe, is now coming into greater use. It 
is quite possible that from an actual coal-consumption 
point of view per hour when running these water-tube 








on Subdivision of Vessels, of whith I have the honour 


boilers may not be quite as efficient at the present 
moment as the Scotch boiler; but there are other com- 
peanies advantages, and in any case they seem, after 
ving been under a cloud for seme years, to be now 
taking their place in regular use in ial vessels. 
Finally, Sir Thomas dealt with the training, education 
and position of the marine engineer, and referred to the 
advance in all these three directions, which he noted at 
the time he spoke. This advance has likewise continued 
at even a greater rate since no apene, as with university 
education, continuation and mical schools, no young 
en r can now plead lack of opportunity fur becoming 
1 ly well-educated man, and your Institute has 
been one of the leaders in this way. You have done 
good work in that direction. This new building my 
am sure, increase the number of your members; 
beauty and convenience of these rooms cannot fail to 
attract every engineer whe trades in and out of the Port 
of London. I have no doubt that as you go on you will 
follow the lead of other institutions of like kind in in- 
creasing the severity of your tests for suitability of 
membership, and that it will be looked upon more and 
more as an honour and distinction to belong to your 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


qucien Soatentinn mataan tke ieee ie eed a 
enginee: projects, en © Board o 
Trade. Jouve. Velee information on these es 
Board of Tred ie Basinghall og a E. 
8, -street, on, E.C. 
Australia: The Sydney office of H.M. Trade Com- 
missioner notifies that tenders are invited by the Metro- 
politan — = Water Supply and Sewerage for the 
su elivery at the pumping-station at Ryde, 
New. of a steam-turbine with condenser, ole-giime, 
&c., and spares. Copies of the specification and form of 
— ; waey ae — by of the Metro- 
politan of Water Supply and Sewerage, 341, Pitt- 
street, Sydney, at which 7. sealed tenders will be 
— up to me = = February 15. _~— tender must 
accompani y a deposit, varyi rom 5. to 50/., 
according to the value of the offer. "the Board of Trade 
have received a copy of a recent Act of the South 
Australian Government which makes provision for the 
extension of the Paringa Railway across the River Murray 
to Renmark. The gauge of the line will be 5 ft. 3 in., and 
the rails used in its construction must weigh at least 
60 lb. to the yard. 

Straits Settlements : Zee Reghtee of Imports and 
Exports at Singapore (the of Trade Correspondent 
for the Straits Settlements) reports that the Singapore 
municipal estimates for 1915 include the following appro- 
priations by the Municipal Commissioners out at the 
4 per cent. 1913 loan :—Sewerage scheme, 220,200 dols. ; 

works, 73,800 dols.; new markets and extensions, 
£0,000 dols. ; and new incinerators, 12,000 dols. Other 
items classed as ‘‘ special expenditure” in the annual 
estimates are :—Motor-ambulance purchase and peng 
6000 dols. ; two motor conservancy wagons, 17,000 dols. ; 
motor-wagons for collection of refuse, 15,000 dols. ; pump- 
ing-station economiser, 5000 dols. ; distributing-mains, 
renewals and extensions, 60,000 dols.; water-meters, 
15,000 dols.; renewal of electric mains, 10,000 dols. ; 
meter services and new mains, 50,000 dols. ; carbonisi 
t and oonenn Ss oP works, 20,000 dols. The 
enang Municipa mmissioners are appropriating the 
following amounte for the 1915 loan —iee water-mains, 
100,000 dois. ; destructor, 50,000 dols.; and tramways, 
20,000 dols. Also the following “‘ special services” :— 
Motor-vans for Conservancy Department, 3000 dols. ; 
water-meters, 30,000 dols.; and Fi ing, fitti &e., 
20,000 dols. (Straits Settlements dollar = 2s. 4d. ] 

Spain: The Gucets de Madrid conta:ns the list, pub- 
lished annually, of the various classes of material which 
— | be required by Spanish Goventment Departments, 
and in the supply of which foreign competition will be 

itted during 1915. The most important items are :— 
oreign timbers ; bitumen; crude petroleum ; coal for 
naval popes including anthracite ; specified kinds of 
manufactured steel and wire; steel rails, exceeding 
50 kg. per lineal metré; metal chains; tubes and cables ; 
anchors; tin, nickel, aluminium, platinum, bronze, and 
copper goods ; steam-turbines ; tives ; gas-engi 
exceeding 300 horse-power; steam-boilers; dredgers ; 
tools ; Pg - testing — yy i machines’ connec’ 
with tobacco, inting, lithographic, quarrying, 
&c., industries ; weidhiepennbhanes sca pent en 
laboratory apparatus; electrical measuring - instru- 
ments ; h and hone appliances ; electric 
searchlights ; submarine cables; electrio-lighting acces- 
a . ‘ myc Nea me rati pave od oe 
ig iances for railway-carriages ; fire-ex - 
ing aint titanciag applianasss munitions of war, such as 
explosives, shells, ammunition, pistols, as well as arsenal 
machinery ; aeroplanes; scientific instruments; maps 
and Ey jones = models ; marble and 
glass; sanitary rainage appliances ; ven- 
sheting and disinfecting apparatus ; Sodioal and surgical 
appliances ; lighthouse accessories; chemical products ; 
linoleum ; and musical instruments. 

Greece (Crete): H.M. Vice-Oonsul at Canea reports 
that the Cretan Government is calling for tenders for 
the dredging of the harbour and the repair of the break- 
water ut Canea. The total esti cost of the works 
ete atte least cee eae 

tenderer rebate (percentage) on 
this estimate. Sesled ee oor be sent to the 
Préfecture de la Canéo, Canea, by February 4, and m 
be accompanied by a certificate showing the deposit of 


a 





* See page 49 ante. 





guaranwe of 29,000 francs (1160/.) at the Bank of Cre 
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also by a certificate of competency. Local tation 
i ial, as there is only one copy of the voluminous 


is essen 
conditions of tender, and that is available for inspection 
at the Public Works Department in Canea. nited 


Kingdom contractors interested may obtain the name of 
a Cretan contractor who would be prepared to act on 
behalf of United Kingdom firms tendering for the above- 
mentioned works, on application to the Commercial 
Intelligence Branch. e 

ile: The Diario Oficial, Santiago. notifies that ten- 
ders are invited by the Chilean State Railways Adminis- 
tration for the supply of ten locomotives, of metre gauge, 
to be delivered at the t of Coquimbo ready for ser- 
vice. Plans and specifications, &c., may be obtained 
from the Departamento de Materiales y Almacenes 
(Estacion Alameda), Ferrocarriles del Estado, Santiago, 
at which address, also, tenders will be received up to 
10 a.m. on February 27. The Diario publishes a Decree, 
dated October 28, approving the project presented by 
Don Federico Baechler for the installation of an electric- 
lighting system in the town of Puente Alto, in the 
Department of La Victoria. Work must be commenced 
within a period of six months from the date of the 
Decree, and completed within a further twelve months. 





RE-FUELING WARSHIPS AT SEA.* 
By Spencer Miiier, Member. 
(Concluded from page 70.) 


Sea Trials—U.S. Collier ** Cyclops” Coaling the U.S.S. 
‘‘South Carolina.” —The otticial test of the marine cableway 
on the U.S. collier Cyclops, used in coaling the U.S.S. 
South Carolina, took place on April 12, 1913. The Trial 
Board was com of Captain omas Snowden, in 
command of the South Carolina; Naval Constructor 
L. B. McBride, of the Bureau of Construction and 
Repair ; and Lieutenant Halsey Powell, of the U.S.S. 
South Carolina. The contract of the Navy Department 
called for a delivery of 480 tons of coal in a period of 
eight hours. The cableway was operated for six hours 
under most unfavourable conditions of sea and weather, 
and was stopped because of darkness. After the trial 
was started, a driving rainstorm developed, and continued 
throughout the afternoon of the test. The cableway was 
set up, and the automatic-tension engines performed their 
functions for six consecutive hours, and coal was trans- 
ported for four hours. 

Details of the Sea Trial.—10.48 a.m.—Buoy was 
dropped from the collier. 10.50 a.m.—Buoy was picked 
up by the battleship. 11 a.m.—The two tow-lines were 
made fast. Thus twelve minutes were uired to pass 
and make fast the tow-lines. 11.05 a.m.—The main cable 
had been over and made fast. This showed that 
it required only five minutes to set up the main cable. 
11.09 a.m.—The tail-block was made fast. 11.12 a.m.— 
All gear was made fast on the battleship. 

This indicated that after the tow-lines were only 
twelve minutes are requi to set up the entire appa- 
ratus. 11,19 a.m. —The marine cableway was entirely set 
up and ready to operate. Thus only nineteen minutes 
were required to set up the marine cableway after one ship 
has taken the other in tow. Coaling was pos ed until 
after dinner, was begun at 12.45 p.m., continued 
until stopped by darkness. During the trials no one was 
hurt, no — were lost overboard, nothing was carried 
away, no damage was caused to anything, and no sto 
were made for adjustment, excepting the block on the 
lowering device on the battleship. A large part of the 
time the collier rolled 20 deg. 

During the last hour 83 tons of coal were delivered in 
52 loads, and in that hour, because of lack of organisa- 
tion on the battleship, the load-carriage was held at the 
battleship end for the return of empty bags a total of 
94 minutes, clearly indicating that if the empty bags 
were returned —— = loads would have been 
dropped in one hour. loads were dropped with 
only fifty seconds’ interval. hen naval officers and sea- 
men become familiar with the o tion of the marine 
cableway, especially if they have a few hours’ drill, 
the capacity of the marine cableway will be materiall 
in . A great deal depends upon the efficient work 
at the warship terminal in taking away the loaded bags 
from the platform, and the hooking on of the empty bags 
without delay to the travelling carriage. Drill and 
practice of only a few hours un the collier at the loading 
station, will materially the capacity of the 
cableway. 

Naval officers witnessing this test freely expressed the 
opinion that with drill and practice the cableway was 
-equal to transporting 100 tons of coal hour. The 
cableway made 200 trips and delivered 312 tons, showing 
that the load averaged 3495 lb. With the prompt return 
of oy bags, the cableway will make 60 trips per hour. 
If each bag had carried an average of 50 Ib. more coal, the 
result would have been 100 tons per hour. Sixty loads of 
> each equals 100 tons per hour, which is clearly 
possible. 

gging and Transporting Coal cn Collier.—Colliers of 
the Jason and Cyclops type, equipped with coaling-at-sea 
apparatus, should use their own clamshell buckets for 
digging coal in the hold and delivering it to a hopper 
located on deck, Ooal from the hopper should be fed to 
coal bags on trucks. In this way one man will fill as 
many bags as nine men in the hold. These trucks should 
run on tracks attached to the deck. An inclined port- 
able section of track should be provided between the poo 
deck and the main deck for passing trucks from one dec 
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* Paper read at the twenty-second 
the Society of Naval Architects and 
New York, December 10 and 11, 1914. 


to another. A winch and ay leading around the bags 
resting on the truck will safely transport the loaded truck 


until it reaches the guarter-deck. 
Here the track should make a circle around to the 


two 800-lb. bags, may 
point chocks will be necessary to hold the trucks until 
their load has been taken. The flanges of the wheels will 


the collier. 
Automatic Tension Engine versus Sea Anchor. —The 
author’s first drawing of a cableway for coaling ships at 


up the incline. The truck may then be pushed by hand | 


opposite side of the collier with two short side tracks, one | 
on each side of the collier. Thus three trucks, each with | ) 
be assembled abreast, when the six | required. _ eng 
can be taken by the cableway carriage. Abt this | taking in slack even faster than it is given by the motion 


keep the trucks in line, moving forward and aft, but the . 
instant they reach a point directly at the loading-station, | makes no pretence of doing so. 
they will have to be controlled as against the rolling of | 


In the automatic tension engine, which had to be 
created for this special purpose, the instant the main 
cable slackens, the steam pressure is immediately raised, 
and the engine responds to restore the tension by winding 
in the main cable. Conversely, the instant the tension in 
the main cable is increased, the steam pressure is imme- 
diately lowered and the engine yields and pays out as 
The automatic tension engine is capable of 


of a collier and a battleship operating in a heavy sea- 
way. The automatic tension engine keeps practically a 
uniform tension in the line, while the towing-engine 


The sea anchor, which formed an important part of all the 
earlier installations of the marine cableway, was employed 
simply because the automatic tension engine had not been 
invented. The sea anchor, as a device for maintaining 
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sea, dated October 30, 1893, showed a ‘‘ Compensating 
Tow-line Engine.” None of the manufacturers of towing- 
engines would undertake to build an engine or winch that 
would perform the functions required. In a towing- 
engine a considerable slackening of the tow-line causes 
the towing-engine to operate its winding-drum, and thus 
coil in the sla*kened tow-line. The revolutions of the 
drum are geared to « steam valve, and the pressure of the 
steam is thereby reduced. eng wd an overstrain in 
the tow-line pulls the engine kwards, because it 
carried a low steam pressure. Again, the drum in 
unwinding through its connecting gear raises the steam 
pressure, thus leaving the towing-engine in a position to 
act again to wind in the slackened cable. Towing-engines 
are heavily compound geared. They are very slow in 





taking up the slack. 








Fic. 8. Cross-Section or Spring Drum or Smatt Automatic Tension ENGINE, SHOWING 
LevER CONNECTIONS BETWEEN DRUM AND PRESSURE CONTROLLER VALVE. 


the tension in the main trackway cable of a cableway, 
was condemned by every Trial Board at every test em- 
ploying it. It was adhered to by the author because its 

rst cost was low and its weight and bulk very slight. 
It required too much skill and practice to launch it 
before coaling at sea, and to recover it after the operation 
was over. 

_When the U.S. Navy Department refused further to 
give the sea anchor any consideration, the automatic- 
tension engine was invented, designed, and constructed 
to take its place. The first main cable tension engine 
built was established on the British collier Muriel. It 
contained a huge slipping-drum. During the coaling 
operations the engine ran continuously, the drum floating 
backward and forward under the influence of the slipping 
friction. The heat developed, and the wear of the slip- 
ping elements was terrific. The operation was successful, 

t the machine impracticable for general adoption. 
The British Admiralty refused to adoptit. The author 
had nothing at the time to offer as a substitute. This 
machine, however, had the virtue of being a self-con- 
tained unit. 

The Automatic Tension Engine—a New Marine Im- 
plement.—The automatic tension engine is a self-contained 
unit. It has two steam cylinders driving a common 
crank-shaft. A pinion on the crank-shaft drives a gear 
firmly keyed to the drum shaft. The drum mounted on 
the drum-shaft is connected to it by huge coil springs, 
allowing 8 limited rotation of the drum on the shaft. 
C in tension in the rope causes the drum to rotate 
slightly on its shaft. This motion of the drum on its 
shaft is transmitted to controlling valves, and raises and 
lowers the steam pressure as required. This spring-drum 
construction, therefore, is a feeler or detector of tension 

e steam for operating the engine is intro- 
d into the cylinders through a novel form of control- 
ling-valve. This valve regulates the amount and pres- 
sure of the steam supplied to the cylinders. Suitable 
lever connections between the drum and this valve couple 
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Fic. 11. Marn-Caste Tension ENGINE WITH Suiprine Friction Drum USED ON THE 
Cotuzer ** MorreL” in British EXreRIMENTS. 











Fic. 12. Tue Travian Coruer ‘' Srerore” petiverinc Coa To THE IraLiAN CRuiser 
*‘TrquriA” In A SEA IN WHICH THE SCREW OF THE CRUISER COULD FREQUENTLY BE 
SEEN ON THE COLLIER. 








these two elements ther in such a way that the steam 
supplied to the cylinders bears a definite relation to the 
tension in the rope. 

Fig. 8, page 118, shows a cross-section of the spring- 
drum of 3 small automatic tension engine, indicating the 
threaded hub and running nut, together with the control- 
lever and its connection to the pressure-controller valve. 
A slight increase in the tension of the cable uces a 
reduction of the steam pressure, permitting the rope to 
overhaul the engine and restore the tension to normal. 
A reduction of tension produces an increase of steam 
—— causing the engine to act as a take-up to 
restore the tension to normal. The tension develo by 
this engine in apn fg is slightly less than the resist- 
ance set up in the cable to overhauling, but for all prac- 
tical purposes the tension is uniform and constant. Ex- 
periments at the testing-station have been made in an 
endeavour to determine the interval of time between the 
slackening of the cable and the starting of the engine. 
No one has been able to measure the interval. To all 
intents and purposes it is instantaneous. 

In addition to the automatic control, the tension 
fluctuations, the engine is provided with means for manu- 
ally hyn | the tension. The hand-wheel shown in 
Fig. 5, ante, and in Fig. 8, serves to control the 
amount of tension in the main cable. The top moved in 
one way increases the tension, and in the other wa 
decreases it. In practice, therefore, after the main cable 
has been secured to the battleship, the operator turns this 
wheel by degrees, oo, increasing the working ten- 
sion of the main cable. An indicator on the engine shows 
what tension is being maintained at the time. 

Uses of the Automatic Tension Engine.—Some of the 
military uses of the automatic tension engine are as 
follow :—(1) Ip connection with the marine cableway for 
coaling warships in a seaway. (2) Supporting an oil-hose 
between two ships fuel-bunkering at sea. (3) In con- 
nection with the marine breeches-buoy apparatus for life- 
saving at sea. (4) aa work. (5) Landing guns 
ashore (see Fig. 9, page 118). 

Coaling at Sea in Half a Gale of Wind.—The author's 
paper before this Society in 1904 dealt with the marine 
cableway experiments by the British Admiralty (Figs. 10 
and 11, annexed). Of these trials the London 7¥mes in 
March, 1902, said :—**Oaptain A. R. Wonham, who is in 
rey + of the experiments, yesterday reported results to 
the Admiralty, and further trials will now one mm be 
ordered, the practicability of coaling at sea having Seon 
fully demonstrated. . . . During the experiments 
with the Empress of India, there was a moderate sea and 
a wind of force five; and the result was regarded as 
highly satisfactory. . . . Ata speed of about 10 knots 
the course was altered several times to test the strain on 
the cableway, and then coaling began. During this 
operation, the squadron of 17 ships, in two lines, passed 
on either side of the Trafalgar and Muriel to afford the 
officers an opportunity of witnessing the work, and in a 
few days the experiment was repeated.” 

The British Admiralty was the first to invite a pro- 
posal for a trial marine cableway after the first marine 
cableway succeeded in coaling the U.S.8. Massachusetts 
at sea. The British Admiralty said they required a 
coaling-at-sea gear for a battleship. They wished to coal 
at sea from c red colliers. e@ British Admiralty 
owns only one collier, the Mercedes, 9900 tons. The 
British Admiralty installed the first marine cableway 
upon the collier Muriel for experimental purposes. 

The publicity given to this experiment started several 
English engineers upon the same problem. The Ad- 
miralty were overwhelmed with many coaling-at-sea in- 
ventions. The promoters promised greater capacity, 
lower first cost, less weight, and less complication. One 
of the most promising of these was an ap ous in- 
vented by Engineer-Commander Metcalfe. or several 
years the Saeneeay expermenae’ with varicus coaling- 
at-sea apparatus of Metcalfe’s design. It is understood 
that these were manufactured in Government dockyards. 
His apparatus was not adopted. _ . 

The Metcalfe apparatus comprised a continuously- 
moving endless rope for supporting and transporting 
bags of coal from collier to warship. This endless rope 
was propelled by a winch. A movable pulley was intro- 
duced to form a bight in the endless rope, which, in con- 
nection with a steam piston or ram, was intended to 
maintain a uniform tension in the endless rope, and to 
act asa take-up and sy: device to compensate for the 
motion of the shi he play of the piston was neces- 
sarily limited. Should the ships approach one another, 
the head of the piston might crash up against the head of 
the steam cylinder. And, again, should the tow-line slip 
or part, the piston might collide with the opposite end of 
the cylinder with disastrous results. 

Up to the present time the only successful compensator 
introduced for the purpose of maintaining a uniform ten- 
sion in the cableway or ge has been in the form of 
a winding apparatus. e automatic eating engine, 
heretofore described, represents one such device, and the 
tensioning winch of Adam, which is an essential part of 
the ap tus adopted by Germany, is another. A vast 
sum of money was expended in Germany by the backers 
of Engineer Leue, who had a corresponding apparatus 
with the piston compensator used in connection with a 
block and fall ; but the friction of this block and fall in- 
troduced difficulties which made it impossible to maintain 
a uniform tension. A 3 

In a heavy sea, where the tension is not uniform, the 
lashing of the loaded strand of the endless rope in the 
Leue apparatus served to dish the bags in transit 
between collier and ~<a * Even =» o piston 
compensator would give an adequate amount of compen- 
pews ny which, in the author’s opinion, should be not less 
than 200 ft., nevertheless it is clear that any movable 
pulley in a bigho of the endless rope could not have a 
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travel of 200 ft. on board any ship of war; or, at any 
ce such a range of compensation would be impracti- 
ca 

Coaling a Cruiser at a Speed of 12 Knots in a Seaway. 
—Fig. 12, page 119, shows the Italian cruiser Liguria 
towing the Italian collier Sverope at a speed of 12 knots 
in « sew rough enough for the screws of the cruiser to be 
seen from the forecastle of the collier. The Liguria isa 
third-class cruiser of only 2280 tons. The marine cable- 
way for the collier Sterope was constructed in England 
by the Temperley Transporter ye The sea trials 
of this equipment took place in the fall of 1906. The dis- 
tance between the ships was 400 fo. is marine cable- 
way was supplied under a guarantee to tranship 40 tons 
of coal per hour. In the trials 60 tons per r were 


actually transported, and the Trial Board reported that | too 


the demonstrated capacity of the machine was from 70 to 
80 tons, This experiment is of interest, because in the 
United States there have been no attempts to coal light 
cruisers with the marine cableway. Furthermore, in 
none of the experiments in the United States has the 
towing speed been as high as 12 knots. I» is also of in- 
terest to show that 60 tons per hour can be taken on 
board a light cruiser and dis of. 

The author will not attempt to describe the Sterope’s 
equipment beyond saying that the operating machinery 
was too complicated for general adoption. It has since 
been greatly simplified. No sea anchor was used in 
Se ae, the entire equipment being carried on the 
collier. 

Oil-Bunkcring under Headway at Sea. — The British 
Admiralty require a towing speed of at least 10 knots 
while re-fueling at sea. They coaled at sea in 1906 ata 
8 of 11 knots. The British Admiralty’s tank steamer 

‘etrolium transhipped oil at sea at towing speeds above 
12 knots. The method they employ is practicable when 
the sea is smooth, and is illustrated in Fig. 13, annexed. 
Shipping Illustrated, November 2, 1912, says:—* The 
operation of bunkering at sea while steaming at a rapid 
rate is regularly carried out by way of training. . . . 
Other nations have now adopted this method, which is 
very effective, but needs great care in seamanship and no 
little practice.” : : 

The British battleships tow the oil-tank ship. Oae 
hawser tows, and a secondary line supports the oil-hose 
by hangers at frequent intervals. This plan was tested 
by United States ships with a small hose. The tank- 
steamer Petrolium carries 900 ft. of 6-in. diameter 
flexible bronze hose, weighing 9 1b, to the lineal foot, a 
total of 8100 lb. The distance between ships is about 
600 ft. The greater portion of the hose drags in loops in 
the sea. This results in great longitudinal strains, which 
damage the hose. The loops gather down against the 
bow of the towed ship, which affects the towing. They 
form many sharp bends, which shorten the lite of the 
hose. Eighty tons of oil per hour are thus trans- 
shipped. ‘The United States Trial Board, testing this 
method between the fuel ship Areshusa and the destroyer 
Warrington, used a 24-in. hose. They reported the diffi- 
sy bp ree as ae above. - 

ig. 14 indicates diagrammatically an improved arrange- 
ment for supporting the oil-hose while transhipp 
oil at sea. he same sized automatic tension engine an 
carrying cable used in the marine cableway are required 
for a proper support of the oil-hose free of the sea. An 
oil-hose supported in this manner permits oil-bunkering 
to be carried on in heavy seas. ‘The automatic tension 
engine furnishes the necessary elastic medium for paying 
out and taking in the aupeis cable as deman: by 
the motion of the ships. [t maintains a uniform tension 
on the supporting line, and prevents any lashing or whip- 
ping of the hose while the operation is being carried on 
in a heavy sea. The weight of the 5-in. metal hose and 
the oil to be supported by the suspended cable is double 
x At a 7. the carriage and ane of the og med 
cableway. The tension in the supporting li 
would be the same in both instances. oil-hose is a 
uniformly distributed load ; the bags of coal a concen- 
trated load frequently in the centre of the span. 

The automatic tension ine now installed on the 
collier Cyclops will develop a tension of 18,000 Ib., and 
will sustain a 5-in. flexible bronze hose and a 1-in. diameter 
steel-wire rope on a span of 600 ft., with a deflection of 
about 58 ft. The rear mast of to Cyclops, with its heavy 
pulley-block secured to the mast-head for coaling at sea, 
is needed for oil-bunkering at sea. The collier Cyclops 
carries oil-fuel and coal. Many of our battleships burn 
both kinds of fuel. The Cyclops can deliver ei fuel 
if B too with a suitable oil-hose, reel, and oil-pumps. 
Oil-bunkeriug at sea by this method can be carried on in 


a heavy sea, the time required for setting up and taking 
down the hose would be reduced, and ali damaging 


strains in the line eliminated. 

Assuming the United States at War.—The United 
States at war with a first-class Power during the next 
few years would be defended almost entirely by coal- 
burning ships, omitting destroyers and submarines, 
a mma as follow :— 

hirteen first-class battleships, 10 burning coal; 23 
second-class battleships, all burning coal; 10 armoured 
cruisers, ‘all coal ; five first-class cruisers, all 
rae | coal ; four second-class cruisers, all burning coal ; 
15 third-ciass cruisers, all burning coal ; being a total of 
67 coal-burning ships and three oil-burning ships. 

Should our enemy send a flee’ inaluding Dreadnoughta, 
across the Atlantic, doubtless their first step would be to 


seize & This base might be the harbour of an 
island belonging to a neutral Power. The United States 
fleet would probably attempt to bottle up the enemy with 


ly wig wn he position of the United States fleet 
id then become similar to the British in the North 
Sea, except that there might be no suitable harbours 
for our Dreadnoughts to be anchored and protected from 


to spare, 
and ht need every ship to remain where it could strike 
when the enemy came out. This blockading fleet would 
need to be maintained at ite highest possible efficiency. 
The im ce of maintaining the entire fleet on block- 
ade duty, ready to fight the enemy the instant they came 
out from the harbour, is self-evident. This could be 
accompli by catguing axe iy now seein oem, 
Orion, Neptune, Cyclops, Proteus, Nereus, and Jupiter, 
fully equipped with marine cableways for delivering coal 
and oil to every ship at sea, when the sea and weather 
would not permit their coaling alongside. One of these 
colliers alongside the Wyoming, in a smooth sea, could 
give the Wyoming 1000 tons of coal in 5 hours, using ite 
clamshell buckets ; while if the sea was mederate, or not 
h, it could give the Wyoming 600 tons 
hours with the marine cableway, This latter could be 
accomplished under the eye cf the admiral while the 
Wyoming was steaming at a speed safe from submarine 
attack, holding her place constantly with the fleet. 

The marine cableway now on the — has demon- 
strated to the satisfaction of a of naval officers 


submarine attack. We might not havea ship 


in 10} 


in displacement from 4500 tons to 7387 tons, and have a 
bunker ca . § 850 tons (Chicago) to 1525 tons 
(Columbia). Olympia, one of these second-class 
cruisers, cost nearly — dols. Patrolling on 
blockade, they would probably burn 45 tons per day, and 
would probably coal every ten days. 

The fifteen third-class cruisers are all coal-burners. 
They range from 2212 tons displacement (Marblehead) to 
4687 tons (Chester, Salem, Birmingham). The bunker 
capacity of these shins varies very much, 428 tons 
(Boston) to 1400 tons (Birmingham and Salem). These 
vessels cost about 2,000,000 dols. each. At 10 knots speed 
the Chester burns 40.44 tons per day, the Salem 53.85 tons 
per day, and the Birmingham 21.74 tons per day. These 
vessels, pa ing on blockade, would doubtless average 
40 tons per day, and would probably coal every seven 


days. 

The problem of maintaining the fifteen third - class 
| cruisers continuously on blockade would not be a simple 
;one. More than half of these carry approximately 700 
| tons. When consuming 40 tons per day the id be 
| mearly empty in two weeks. Prudence would indicate 
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that it will deliver 600 tons in 10 hours, and it is the 
ex opinion of eminent United States naval 
rs) that under stress of war conditions 100 tons of 
coal per hour could ea: ily be ‘ 

_ United States Second-Line Battleships.—The 23 second- 
line battleships include the Massachusetts, Iowa, Indiana, 


and ih were on blockade before Santiago in 
- blockade these would have to be re-coaled as 
as 


y were in 1898. The bunker capacity of the 
Alabama, Illinois, Iowa, Indiana, Oregon, and Arkansas 
is about equal to that of the usetts—namel. 

1487 tons—and the necessity for ing these weal 


be the same. shi ight burn 60 tons of coal 
day, and prudence tolbate that they should be 
recoaled every 10 days. 


cruisers all 


burn coal. The bunker capacity of these cruisers ranges 
from 1929 oy Colorado) to 2185 tons (South Dakota) ; 
6,000,000 dols. each. they 

ly burn 60 tons of coal per day. These 

bara coe, Their diaplaomen uding the Brooklyn, all 
capacity of first-class cruisers ranges from 

1075 tons (Saratoga) to 1776 tons (Charleston). These 

jockade, these ships would probably burn 50 tons 

would prohahly coal e ton Gage. ais 





United States Crussers.—Our 10 armoured 
15,000 tons. These cost 
— i on blockade they 
would doubtless coal every 10 days on an average. 
t is about 10,000 tons. The 
— cost approximately 4,000,000 dols. each. ing 
a 
four second-class cruisers all burn coal, and range 


that each should be coaled once a week. Two of these 
would therefore have to be coaled every day. This would 
be easily done from one collier of the Jason type, should 
the sea be smooth enough to allow a cruiser to coal while 
steaming alongside the collier at a speed of from 10 to 12 
knots. Coaling under headway is essential should sub- 
marines be present. When the sea would not permit of 
coaling broadside while steaming at sea, then recourse 
would be had to the marine cableway, in which the 
collier would tow the cruiser. 

The Royal Italian third-class cruiser Liguria (only 
2280 tons) is smaller than any of the United States 
third-class cruisers. It received 60 tons of coal hour 
from the marine cableway when towing the collier at 4 
speed of 12 knote, and in a sea in which the screw of the 
cruiser was seen from the deck of the collier in tow. 
cru might be able to take on 


z 


Our Fleet Called to Buenos Aires. — Rear-Admiral 
mares A. Fiske, U.S.N., in his prize essay before the 





Uni States Naval Institute, Jnne 1, 1905, points out 


the following requirements for a fleet. 
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ways would not prevent the ships coaling broadside 
whenever the sea and weather permitted. The marine 
cableway insures coal to the fleet in all reasonable con- 
ditions of sea and weather. The development of a satis- 
factory implement for pw at sea has covered a period 
of twenty-one years, and the marine cableway may be 
regarded as ‘* Pa age” in the year 1914. All that 
remains is that it 1 be incorporated into the fleet as 
an implement for drill, for practice, and use in manceuvres. 
By such means can the whole value of the apparatus be 
obtained. t } 
Equipping such colliers as the Jason with marine 
cableways adds less than 3 per cent. to their cost, and in 
the case of war would undoubtedly double their value. 





Wiuine’s Press Guipg, 1915.—This guide for the 
present year, the oa annual issue, gives an 
alphabetical list of the British newspapers and 
periodicals ; a list of the same publications arranged 
under the interests, professions, &c., af deal with ; also 
similar information concerning Colonial, American, and 
foreign journa The information includes the date on 
which the various publications were founded, the time of 
publication, price and address. The liste include one 
classified alphabetically under towns. Reference to the 
book is most easy. The guide is published at the price 
of 1s. ef Messrs. James Willing, Limited, 125, Strand, 
London, W.C. 





Coat Exports.—The exports of coal from the United 
Kingdom in the ten years ended with 1914 inclusive 
were as follow :— 


Year. Tons. Year. Tons. 

1905 .. 47,476,797 1910.. .. 62,085,476 

1906 .. . 65,699,771 1911 .. 64,599,266 

1907 . 63,609,947 1912... .. 64,444,895 

1908 .. 62,547,175 1918... .. 78,400,118 

1909 .. .. 68,076,791 1914 .. -. 69,039,880 
The war exerted a great effect upon last year's exports, 
the shipments to Russia declining from 5,998,434 tons to 
3,087,805 tons; those to Germany, from 8,952,328 tons 


to 5,256,765 tons; those to Belgium, from 2,031,077 tons 
to 1,168,554 tons; those to France, from 12,775,909 tons 
to 12,330,515 tons ; those to Spain, from 5,648,760 tons to 
2,940,148 tons; those to Italy, from 9,647,161 tons to 
8,625,254 tons; those to Austria and [lungary, from 
1,056,634 tons to 564,362 tons; those to Egypt, from 
3,162,477 tons to 2,633,581 tons; and those to Argentina, 
from 3,693,572 tons to 2,883,064 tons. The shipments of 
bunker coal—that is, coal despatched for the use of steamers 
engaged in foreign trade—attained the following import- 
ance during the decade under review :— 


Year. Tons. Year. Tons. 


1906 .. 17,396,146 1910 .. 19,526,735 
1906 .. 18,590,213 1911 19,264,189 
1907 .. 18,618,826 1912 18,291,370 
1908 .. 19,474,174 1913 21,081,580 
1909 .. 19,713,907 1914 18,535,579 


In one way or another, accordingly, coal left the shores 
of the United Kingdom last year to the extent of 
77,575,459 tons, as compared with 94,431,698 tons in 1913. 





Tue Propuction or PerroLeuM IN Perv.—Peru’s pro- 
duction of petroleum is rapidly increasing, and promises 
to become an important source of income for the country. 


The deposits in Northern Peru are located close to the | P’ 


coast, very favourably situated for shipping. The largest 
so far exploited are those at Negritos, Tobitos, Zorritos, 
Lagunitas, and El Inca. In Southern Peru the petroleum 
deposits are further inland, in the Province of Puno, near 
Toke Titicaca. The following table shows the continuous 
growth of the production of petroleum in Peru during 
the last decade or so :— 


Tons. 
1904 38,683 
1906 70,832 
1908 125,948 
1910 167,712 
1912 233,600 


Coal being very expensive in Peru and Northern Chile, 
and water-power limited, petroleum is in general use as 
fuel. The Peruvian raw petroleum is of high quality, and 
considerably cleaner and better than the best Californian 
brands. In addition, it is more volatile, and its specific 
weight is stated to be 0.850 at 60 deg. Fahr. It is well 
suited for motor purposes, and several Diesel motors in 
Peru and Chile are fed with raw oil from the deposits in 
Northern Peru, which commands a considerably higher 
price than Californian raw oil. Asan instance, Californian 
residuum is quoted at 40s. to 44s. per ton ex-tank in Chilean 
nitrate ports, whilst Peruvian oil stands at about 90s. per 
ton, though the latter, however, is obtainable materially 
cheaper at Lobitos and other Peruvian ports. The 
Peruvian petroleum industry is worked almost exclusively 
with foreign, and to a great extent English, capital. The 
following are the more important concerns engaged in this 
industry :—The Lobitos Oil Fie'ds, Limited, exploits 
an area at Lobitos, some 50 miles north of Paita. The 
production is given as about 7000 tons per month. A 
considerable portion is exported to the United States 
and Chile, and is being used for motors. The West- 
Coast Oil Fuel Company, Limited, is connected with 
the — and — ee oil ge in - - 
Iquique, Tocopi ntofagasta, an tue, in Chi 
pasides Caling” and Paita, in Peru. = London and 
Pacific Petroleum Company owns petroleum springs in 
Talara, Negritos, and La Brea. The annual production 
is given as 120,000 casks refined petroleum. The com- 

y has tank-steamers of its own and a refinery at 
Talses, The Lagunitos Oil Company, Limited, is a 
daughter concern of the former, star’ for the purpose 
of exploiting deposits in the vicinity of Talara. 





CATALOGUES. 


Rotary Blowers and Exhausters.—We have received 
from the Bryan Donkin Company, Limited, of Chester- 
field, a little booklet illustrating and describing their 


tive-type rotary blowers, compressors, and exhausters 
on works, soap works, chemical works, oil refineries, 
&c. They are suitable for pressures up to 10 lb. per 


sq. in., and are made with capacities ranging from 100 
to 500,000 cub. ft. per hour. 


Current Transformers. — We have recently received 
from the British Thomson-Houston Company, Limited, 
of Rugby, an illustrated price-list, giving full particulars 
of their type ‘‘C ” current transformers for operating in- 
struments, relays, trip-coils, &c. transformers are 
made in six distinct forms, for use on three-phase systems, 
with pressures up to 12,000 volts between the lines. They 
are mostly rated at 15 volt-amperes, and all transformers 
of the same form and ratio are interchangeable. 


Steam-Jet Air-Ejectors, Water-Elevators, &c.—Two 
pamphlets, giving prices and ticulars of steam-jet 
air-compressors, ejectors, ventilators or exhausters, ele- 
vators for lifting and forcing water and other liquids, 

itators, and boiling-jets have reached us from Messrs. 

eldrums, Limited, of Timperley, near Manchester. 
These appliances are made in cast iron, gun-metal, lead 
and antimony alloy, regulus metal, or other materials, 
according to the liquid they are required to handle. 


Stone - Breaking Plant. — Messrs. H. R. Marsden, 
Limited, of Suho Foundry, Leeds, have recently issued 
a new catalogue of their well-known stone- ing 
machines, with and without elevating and screenin 
apparatus. Full particulars are given of stationary an 
portable plants for making road-metal, ore-crushing, and 
other work. Crushing-rolls, caliche-crushers, coal- 
breakers, and granulators, are also included in the cata- 
logue, which is extremely well printed and illustrated, 
and is altogether a very useful and attractive publication. 


Glassware for Electric Lighting.—We have received 
from Messrs. Holophane, Limited, of 12, Carteret-street, 
Queen Anne’s Gate, S.W., acopy of their latest catalogue 
of Holophane glassware for electric lighting. Prices and 
full particulars are given of the firm’s well-known prism- 
glass reflectors, globes, bowls, spheres, &c., for diffusing 
or concentrating the light as uired. The catalogue is 
very fully illustrated, and a polar diagram is given with 
bow | type of fitting to show the manner in which the 
—_ is distributed. We are informed that Holophane 
glassware is made in this country. 


Machine-Tools. — Messrs. Midgley and Sutcliffe, of 
West-End Tool Works, Richmond-road, Bradford, have 
sent us a copy of their new catalogue of machine-tools. 
The first section of the catalogue deals with milling- 
machines, and contains a general specification of the 
firm’s plain milling-machines, followed by illustrations 
and particulars of the various sizes made. Universal 
milling-machines, and a special milling-machine with a 
travelling head, are also dealt with. This section also 
includes particulars of accessories such as dividing- heads, 
vices, circular milling attachments, and milling-cutters. 
The next section gives full particulars of radial drilling- 
machines, while the third and last section is devoted to 

illar Sa, hand-power bench-drills, tyre- 
Colles machines, punching and shearing-machines, and 
late-bending rolls. Prices are stated for all the tools 
included in the catalogue. 


Electric-Lighting Connections.—Messrs. A. P. Lund- 
berg and Sons, of 477 to 489, Liverpool-road, Islington, 
N., have sent us a copy of the third edition of their very 
interesting and useful little booklet on electric-lighting 
connections. The booklet illustrates and explains innu- 
merable methods of arranging electric lamps and switches 
in order to obtain the maximum of convenience for the 
user. Electric lighting is fundamentally so much more 
convenient than other methods of illumination that 
wiring contractors and users are both inclined to be con- 
tent with the simplest possible switching arrangements. 
A study of this little booklet, however, will show that 
the usual arrangements can be very greatly improved 
upon, and contractors and wiremen who give proper 
attention to the matter are likely to benefit themselves, 
and also give greater satisfaction to their customers. The 
little book contains 133 pages, which is 60 more than the 

vious edition issued in March, 1913; many more 
iagrams have also been included. The firm make a 
charge of sixpence for the book, and will send it post-free 
for seven stam They also undertake to examine any- 
one desirous of testing his knowledge of its contents and 
to give prizes and certificates on the results of the exami- 
nation. Particulars of these examinations are included 
in the booklet. 


Water-Meters, Water-Level Recorders, 4c.—The Pala- 
tine Engineering Company, Limited, who have recently 
removed to more commodious premises at Hawthorne- 
road, Bootle, near Liverpool, have issued a revised cata- 
logue of Kelvin water-meters, water-level recorders, and 
tide-gauges. The meters are constructed on the disc-and- 
cone principle, and are a development of the Deacon 
waste-detecting meters. They are provided with inte- 
grating and recording mechanism, invented by the late 
Lord Kelvin, and are claimed to have a discharge ratio of 
100 to 1—+.¢., they will accurately record a flow of one- 
hundredth part of their full capacity. Water - level 
recorders for wells and weirs are also dealt with ; some of 
the latter are fitted with Kelvin integrating mechanism. 
An electrical device for transmitting the record to a 
distant Ty is also — CY. = ae and some 
particu are given o tine ti is 
Instrument has c horizontal cylinder, which S wamet 
once every 24 hours by a 14-day clock. The cylinder 





carries a paper chart, on which bears a Ditmar pen ope- 
rated by a float. The pen follows the movement of 
the float on a reduced scale, which is usually 4 in. to 1 ft., 
and by this means a record of twenty-eight tides can be 
obtained on one chart. The instrument is mounted on a 
cast-iron base-plate, and covered with a glazed teak case 


Switch-Gear.—Two descriptive lists, devoted respec- 
tively to ironclad draw-out oil-break switch-gear, and 
truck-type ironclad switch-gear, have been issued by the 
British Thomson-Houston Company, Limited, of Rugby. 
The first-mentioned type of switch-gear, which is in- 
tended for use on three-phase systems, has been developed 
for mining and industrial service, where compact, totally- 
enclosed, dust-proof and drip-proof switch-gear is re- 
quired. The switch, instruments, and automatic devices 
are mounted on a sliding carriage, and connected to the 
bus-bars or cables by plug-contacts. All essential parts 
may thus be freely inspected when they have been dis- 
connected by withdrawing the ey The switches 
have an accelerated gravity break, with a double break 
on each pole, and the switch bodies are made in two 
sizes, rated at 120 —- and 500 amperes, at pressures 
up to 650 volts, and at 50 amperes and 120 amperes, at 2200 
to 3300 volts. The truck-type switch-gear, dealt with in 
the other list, is suitable for use on polyphase systems, 
at pressures up to 6600 volts, and is especially useful for 
the distribution of extra-high pressure ti -phase current 
by power-supply companies to sub-stations. The high- 
tension apparatus is completely enclosed in a substantial 
iron structure, which can mounted against the wall. 
The whole of the apparatus, connections, and small 
wiring, excepting the bus-bars and cable bells, are 
mounted on a movable truck, which can be drawn out 
from the frontof the board to give access to all the parts. 
The truck carries contact-jaws mounted on in 
insulators, and the jaws engage with blades mounted on 
the fixed part of the structure. These blades are sunk 
into porcelain insulators so as to avoid the ibility of 
shock or short-circuit when the front part of the board is 
removed. The same insulators also support the bus-bars 
and the cable terminals. A locking device is provided to 
prevent the plug contacts from being closed or se ted 
except when the oil-switch is open. The switches are 
designed to a | 250 amperes, and to open a dead-short 
on a 6600-volt plant where the short-circuit current does 
not exceed 2500 amperes. Full particulars of equipments 
: ee and protective devices are included | in the 

is' 





“Tue Royat Navy List: WuHo’s Wuo IN THE 
Navy.”—As was formerly mentioned in connection with 
“The Royal Navy List,” so long associated with the 
name of the late Lieut.-Colonel Francis Lean, R.M.L.I., 
by whom it was founded in 1878, it has been decided to 
make the List an annual one, and to expand still further 
the biographical feature, which has characterised the 
quarterly publications for so many years. The issue for 
1915, which has just come to hand, is therefore very 
rightly termed ‘‘ Who’s Who in the Navy,” as there are 
over 200 pages devoted to biographical notices, arranged 
in alphabetical order. At the same time there is included 
much more information of naval interest. First, reference 
may be made to the current history of the Royal Navy, 
which, naturally, is devoted almost exclusively to the 
war operations in the North Sea, the Baltic, the Adriatic, 
and the Black Sea, as well as to the events in more dis- 
tant waters. There is given a list of the Admirals of the 
Fleet, and a record of all the ships in the Navy, with 
their commissions and services. various officers at 
the Admiralty, military and executive, are named. A 
chronological list is also given of naval history. This, 

ther with other information, makes the book a useful 
reference companion to any one interested in naval 
affairs. It is published at 7s. 6d., by Messrs. Witherby 
and Co., of 326, High Holborn, London, W.C. 





Vacuum CLEANING AppARATUS.—The Sturtevant Engi- 
neering Company, Limited, of 147, Qeeen Victoria- 
street, E.C., have sent us some particulars of their 
vacuum cleaning apparatus for public buildin resi- 
dences, railway-carriages, tram-cars, omnibuses, fe. The 
apparatus, which is stationary, depends for its action 
upon the movement of a large volume of air at a high 
velocity, rather than upon the production of a very high 
vacuum. It comprises a turbo-exhauster having a ver- 
tical shaft driven by a direct-coupled electric motor 
ee on top of the exhauster. Near the latter is a 

ust-collecting receptacle from which suction mains lead 
to different parts of the building. Flexible pipes 
having suitable nozzles or nozzle-brushes at their ends 
are connected to the mains, and the nozzles are 
over the carpets, rugs, upholstered furniture, and other 
— to be cleansed. It is pointed out that turbo- 
exhausters have many advantages over positive pum 
and ejectors for vacuum cleaning work. They enable 
a larger air displacement to be secured for a given 
power, and at a lower first cost. There is also no 
risk of damaging fabrics by excessive suction, since the 
latter cannot exceed a predetermined limit with turbo- 
exhausters. Another point is that with turbo-exhausters 
the — required is automatically reduced as the 
num of nozzles in use is decreased, whereas with 
reciprocating pumps running under similar conditions 
the power absorbed is increased, and therefore wasted. 
Sturtevant stationary turbo-cleaners are made in four 
standard sizes, having motors of 14, 3, 5, and 10 horse- 
power, the latter-size being capable of operating six or 
eight nozzles ; | r units can, however, be supplied for 

duties. Porta a with 4, 1, and 2-horse-power 
motors, and still ler plants for domestic use, are 


constructed by the firm. All these plants have turbo- 
exhausters, 
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insulating collets provided in the wa'l in proximity to the coup-| of affairs just as the drill is “‘ breaking h” at the 
**ENGINEERING”’ ILLUSTRATED PATENT ling- or boards h above referred to. The heating elements | foot of a hole. At such a time the downcom arm tends 
RECOR in the upper and lower parts of the oven are separately control- | to strain or break a drill, whilst the hole is seldom finished 
. lable, so t both sets of heating elements may be connected | as it ought to be. Further, another evil arises when the 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFT- | with supply, or either half of the oven may be used without any | drill is being swung round to a new position, as the pressure 


CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
illustrated. 

Where i y are ted from abroad, the Names, &c., 

of the Communicators are = in italics. 
ies of Specifications may btained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 6d. 

The date of the advertisement of the t of a Comp 
Specification is, in each case, given after the abstract, wnless the 
Fatent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 

‘isement of the t aC lete Specificat 


the advert of ip pect , 
of opposition to the grant of a 














give notice at the Patent Office 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 

24,337/13. Aktieng Boveri 
Cie., Baden, Switzerland. Converters. 
Figs.) September 20, 1913.—This invention relates to rotary con- 
verters with commutating poles, as described in Patent Applica- 
tion No. 24,305, of 1913. The object of the present invention is 
to provide a construction in which the designer is enabled to use 
less copper for the commutating winding. The invention con- 
sists in arranging that the commutating winding, where it is 
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Fig.t Fug. 2. 
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situate near the armature, encloses a core of non-magnetic 
material, whilst the part near the yoke has an iron core. The 
iron core ¢ of the bobbin w is screwed to the extension i of the 
yoke of the machine. This iron core e extends not quite to the 
middle of the bobbin, which latter projects beyond it for a dis- 
tance x towards the side of the armature a. The commutation 
winding bobbing w is held by means of non-magnetic cross-pieces 
t, and two non-magnetic bolts b which are screwed intoi. (Ac- 
cepted November 4, 1914.) 


23,218/13. R. S. Downe, W. Travis, and the 
Brompton and Accessories pany, 
, London. Electrical Cooking A) tus. 

(2 Figs.) October 14, 1913.—This invention relates to electrical 
cooking and heating apparatus of the type having an outer 
non-conducting casing and an inner metal oven proper, with 
4 e between the two, which may or may not be packed 
with a non-conducting material. The objects sought to be 
attained, according to the present invention, by improvements 
in the construction of the cooking-oven, and the main features of 
novelty involved in such ——— construction, may be stated to 
consist in the reduction to the smallest possible extent of the mass 
of metal which must be heated up for an oven of given capacity, 
in the reduction in number of dry joints or couplings, and in a par- 
ticular arrangement of such joints or couplings so that they are 
removed from the hot zone to a point where they are not only not 
subject to the high and varying temperatures of the oven, but are 
also completely protected, and cannot ibly be touched in 
carrying out cooking operations while still readily accessible for 
legitimate purposes, and in the subdivision of the oven and the 
heating elements in such a manner that either half of the oven 
may be heated independently without any considerable diffusion 
of heat to the other half. The apparatus comprises a frame a of 
cast iron, panelled with sheets b of material of low thermal con- 
ductivity, preferably compressed asbestos cement sheets, which 
with the door c constitute the outer shell of the apparatus. Be- 


7. . Be 








tween the outer shell and the metal-sheet inner shell d there is 
interposed a lagging of slag-wood or other suitable thermal insu- 
lator. The metal sheets constituting the inner shell or oven 
proper are so flan secured to the outer shell as to prevent 
access of moisture or grease to the lagging material during clean- 
ing or cooking operations. Further, the cast-iron frame a of the 
outer shell is designed so that every other part of the a tus 
is attached to or carried by it. The electrical connections be- 
tween the supply leads and the heating elements f of the oven 
(apart from the control-switches, which are, of course, mounted 
outside the outer shell) are made on a coupling-board or boards h 
disposed within the space between the two shelle, and accessible 
from outside the oven only on removal of a door or doors i of 
electrically and thermally-insulating material amen | an open- 
ing or poem od ety for the pao in a side panel or panels 
of the outer 1. This disposition of the electrical connections 
not only increases very considerably the reliability of the appa- 
ratus by protecting them from the high temperatures of the 
cooking space, but also ensures absolute immunity from shock 
on the outside of the oven, while such immunity within the oven 
is secured by the construction of the heating elements. Pre- 
ferably four such heating elements are provided—two in the 
upper part and two in the lower of the oven—all being dis- 
posed in close proximity to the side walls d of the inner shell so 
48 to Occupy comparatively little of the cooking space, and the 
ends cf the heating resistance or resistances are carried through 





, 
considerable diffusion of heat to the other half by connecting only 
one set of heating elements with eappl 
ing shelf j, which may conveniently 
bo ver and lower halves of the oven. 
14. 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
29,114/13. J. Lord and W. A. Russell, Manchester. 
Burners. (3 Figs.) December 17, 1913.--This invention 
relates to gas-burners of the type in which the burner is situated 
at a distance from the air-regulating means, and has for its object 
to provide improved means for regulating the air-supply to the 
burners, so that such regulation can be effected it the 
employment of extended burner-barrels or mixing-tubes, which 
tend to retard the flow of the gas and air-mixture. The inven- 
tion consists in the provision of a rotatable gas-supply pipe to the 
burner which acts to control the air-regulator. The air-regulator 
in the end of the ordinary burner-barrel or mixing-tube a com- 
prises two slotted or gapped plates b, c, one, 6, of which is fixed 


, and interposing a divid- 
of bright exeal, between 
(Accepted November 4, 

















in or formed integrally with the tube a, whilst the other, c, is 
adapted to be rotated so as to bring the gaps or slots out of or 
into coincidence with the corresponding gaps in the fixed plate. 
The movable plate is mounted upon 7 oa d, which has a 
nozzle-like end e ge pes in a central aperture in the fixed 
plate ). The gas-tube d extends to any convenient point, and is 
supported adjacent to its extreme end by a fitting Prom which 
it receives its gas supply. The end of the gas-tube may be of 
tapered or plug form, or receive a of such form as shown, 
so as to make a gas-tight joint with the fitting /, by which it is 
supported and through which it projects, its extreme end receiv- 
ing an ind‘cator-finger g which moves over a dial-plate h so as to 
show the amount of opening of the air-regulating gaps. (Sealed 
January 7, 1915.) 


1227/14. H. Lucas, and W. C. Turner, Birmingham. 
Internal-Combustion En {1 Fig.} January 16, 1914. 
—This invention has for its object to provide improved dynamo- 
electric starting mechanism for internal-combustion engines, 
more especially those employed on motor road vehicles. The 
invention comprises the combination with a sliding - pinion 
whereby a motor can be put in and out of connection with the 
engine fly-wheel, of a pinion-actuating solenoid, which is con- 
structed in two parts, one of which is in series with the motor 
and battery and serves Also as a resistance for producing slow 
initial rotation of the motor, whilst the other is in shunt or series 
with the battery or motor. An ordinary series motor a is used 
in conjunction with a battery 6. On the armature-shaft is 
mounted a sliding-pinion c adapted to engage directly with a 
ring of teeth on the engine fly-wheel d. The pinion is retained 
in the out-of-service position by means of a spring, whilst in the 
other direction the pinion is moved along the armature-shaft by 
asolenoid. The solenoid may acc directly on the pinion or on an 
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extension of the same, or on a plunger as ¢ ted to the 
pinion through a fork f or equivalent device. The solenoid is 


constructed in two parte, g and h, one of which, g, is capable of 
drawing the pinion into the operative position, whilst the other, /, 
is capable of retaining the same in that position against the action 
of the spring. e first - mentioned of the solenoid is 
arranged in series with the motor and battery, and constructed 
also to serve as a resistance, so that current considerably less than 
the amount required for starting purposes is passed to the 
machine from the hattery for the =e of producing a slow 
initial rotation, whilst the pinion is being moved into the opera- 
tive tion. After engagement has occurred, the second sole- 
noid is put into action, and then the first is cut out of action. 

motor now receives —— the full current from the 
battery. After the engine been properly started, the motor 
is To prevent driving of the motor by the engine after 
the latter has been started, a free-wheel clutch connection ma 
be provided in any convenient part of the mechanism. The clutc! 
is capable of transmitting motion from the pinion to the fiy-wheel, 
but not otherwise. (Accepted November 11, 1914.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
4. Joshua Buckton and Co., Limited, and 
teed, Leeds. and 


5480/1 
J. H. Wicks . 
Machines. (2 8.) March 4, 1914.—The ordinary pan of 
arranging a radial arm drilling and boring-machine of the vertical 
type has certain disadvantages. One such arises from the fact 
t the weight of the overhanging arm gathers, in its downward 
droop, all possible errors such as accompany wear and tear, as 
well even as the original clearances necessary for actual work. 
This downward *‘ sag” is at a maximum when a drill is entering 
upon ite work ; hence the first effect is one that proportionately 
raises the arm, and in these days of “heavy cute” the matter 
has b more troubl Soon after the drill has entered 
its work the arm is more or less “‘ floated” on the drill-point, and, 
as @ consequence, the friction on the central column, or post, is 
ataminimum. The arm, therefore, su ng there has been no 
time for locking it, is free to sway sideways, just at the time 
when ess is most desirable. Again, an uplifted arm is a 
ve ‘y objectionable one, as it brings about a troublesome state 








required for that purpose is at a maximum just when a 
minimum would have been most beneficial. The invention con- 
sists in the described mode and manner of arranging and out- 
bal the arm of a vertical drilling and boring-machine, so 
that a steadying effect, accompanied by a cross-gripping action, 
is set up by the arm on the post when work is being done, while 
the arm is afterwards left as free as possible for the attendant to 
swing round to its next position. The weight of the radial arm A 





is outbalanced on the other side B of the post C ; and means are 
provided by, and through which the outbalancing — B! can 
act effectively from the vertical centre C! of the post OC, and thus 
secure the best crose-grip thereon. The applicants relieve, by 
slightly undercutting the rear portion near D® of the base on 
which the main centra] socket D (surrounding the C) reste. 
In cases where the weight of the socket, &c., is taken on a ball- 
race at its foot, as at it is preferred to introduce above the 
ball-race a ~ _~ annular piece F, duly anchored to the t 
by enci it, but so fixed to the foot of the socket as to turn 
with it; it is this piece F which is undercut on its upper 
side, as shown near D3, until the backward outbalancing ten- 
dency has the requisite freedom for its downward ‘‘ sag,” with the 
consequent cross-grip of the post. (Accepted November 11, 1914.) 


1118/14. L. H. Ba Manchester, and Smith 
and Coventry, Limited, rd. Planing-Machines. 
(10 Figs.) January 15, 1914.—This invention relates to planing 
and like machines, and more particularly to machines for planing 
locomotive axle-boxes or repetition work, ite object —— to 
— simple and efficient means or arrangements for facilitat- 
g the working of the machine so as to obtain an increased 
output in an economical manner. This invention consists in the 
— upon the planer-table of a slide-like work-carrier 
ving means for correctly positioning and holding in place the 
work to be operated upon, and means upon the table for lockin 
the slide in place. The planer-table a is formed with a rai 
central portion b, to which is secured a member c, forming at ite 
upper surface a guideway, and holding-down means for a carrier 
d. The guideways on the member c may be of inverted VY 
formation, one side of the Y being separate from the body of the 
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member, and being adjustable to allow of the insertion of the 
carrier d into position and to grip the carrier. The carrier d 
comprises a slide-like member adapted to be held in the V/-wa: 
and two holding-down dogs h. There are mounted in the sides 
of said dogs four adjustable setting-screws i extending at right 
angles to the dogs which serve to position the axle-boxes j 
upon the carriers according to a template provided for thé pur- 
pose. The upper end of each d has a T slot therein to 
receive a holding-down bolt, by which bridge-like parts m, which 
extend over the upper end of the axle-box j and into the upper 
end of the dog h, are held firmly A. p= the axle-box, so as to keep 
it in pos:tion whilst being operated upon. Each carrier —— 
fore 


one axle-box. The axle-boxes are fitted upon the carrier 
being placed — the planer bed. They preferably rest upon 
the lower portion of the carrier at three points. en all the 


carriers have been placed in position upon the planer table, the 
axle-boxes are clamped together from end to end by means of 
a jack-screw. (Accepted November 11, 1914.) 


3012/14. H. Lucas and W. H. Edwards, Birming 

a-Prod: Horns. (2 Figs.) February 6 
1914.—This invention relates to sound-producing horns for motor 
road vehicles and the like, of the type in which an electrically- 
actuated rotary hammer is cau to vibrate a flexible disc 
through an intermediate or transmitting lever controlled by a 
spring. The object of the invention is to provide improved means for 
varying the amplitude of the movement imparted to the diaphragm 
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for the purpose of bay say the volume of sound obtained. The 
invention comprises the combination with the sound-producing | sam’ 
disc, of a rotary ratchet-like h and a transmitting lever so 
that by moving the hammer S clatively | 
Se ae by ye ome of movement imparted to the lever can 

a is mounted in a holder whereby it is 
phe ~e. - around its edge. At ite centre a stud or button db 
is secured to serve as an anvil to receive the blows received from 
the transmitting lever c. The form and disposition of the lever 
is such that it strikes a substantially axial blow on the anvil. 
Behind the lever is any convenient cam or ratchet-like 
hammer d, which is rotated by a small electro-motor in the case 
e, and in conjunction with any other convenient part of the lever 
is arranged a spring f, which maintains the lever in contact with 











the hammer. When set in motion the hammer imparts the required 
movement to the lever, which is transmitted in the nature of 
nn directed blows to the anvil of the diaphragm. For the 
of adjusting the amplitude of movement imparted tothe 

eri ing end of the lever the motor case is mounted so that it 
can be moved in the direction of its own axis. In the form illus- 
trated this is effected by screwing the motor case within the body 

. The point of contact between the hammer and lever can thus 
be vari By moving the hammer nearer to the fulcrum of the 
lever the length of the blows on the d , and 
in consequence a ——- amplitude of movement is imparted to 
the diaphragm, with the result that a corresponding increase in 
sound is obtained. To reduce the amplitude, and hence the sound, 
the hammer is moved to the required extent in the direction of 
the outer end of the lever. (Accepted November 11, 1914. oo 


ee The Sparkbrook Manufacturing C: 

C. Tunstall and H. T. Stringer, Cove weatey, 
jpeed (7 Figs.) February 23, 1914.—This 

invention relates to the operating mechanism of change- 
gears of the type in which gear members (or clutch members) are 
slid into and out of engagement with one another to effect the 
changes, and it has for its object,to provide simple means for 
enabling a single cam-plate to be employed for effecting the 
movement of a number of members in a neater manner than has 
been hitherto proposed. Hitherto, where a single cam-plate has 
been used, it has taken up considerable room, and in many cases 
has had to be located outside the r-box. When arranged 
inside the gear-box it has necessi a large box, which is 
disadvantageous in many cases, as, for instance, when applied 
to a change gear for use on a motor-cycle. The driven 
shaft A has loosely mounted upon ita driving-sleeve B, gearing 
on toa lay-shaft C through the gears B2, and the lay-shaft can 








transmit rotation to the driven shaft through either of two pairs 
of gear-wheels D D® and E E%. One element Eof one pair of gear- 
wheel is locked to the driven shaft by a sliding clutch-member F 
having one set of dogs F? which en; the clutch-teeth E%. This 
member has a striking-fork G. To lock the corresponding element 
D of the other set of gears, and to clutch the driving-sleeve B 
to the driven shaft A, there is a sliding dog-clutch member H, 
having teeth H® and H® at each end. Those H? snesging g the 
driving-sleeve may be face-teeth, whilst the teeth H3 e other 
end are on the periphery of the clutch-member, and the corre- 
sponding clutch-member D% on the gear-wheel consists of internal 
teeth ona sieeve D*, which p projects a convenient distance from 
the wheel. This clutch-member H has a striking-fork J, and both 
forks may be attached to bushes G? and J®. free to slide on a rod 
K mounted in the gear-box. Both striking-forks pass through 

aes L end BS ocerng Om plate N of the type described, 
and this cam-plate is provided wi th an arm N® connected to a 
control lever. (Accepted November 11, 1914.) 


24,200 Cc. Ordener, P. Motor Road 
Vehicles. (7 Figa.] October 25. vigidthis invention rete 

vehicles of the kind which} can be readily | frame 
attached to and removed from the hind carriage of any ordinary 


rs wheeled vehicle, so as to serve as the fore-carriage for the 
or to be run independentl. Z a self-contained motor- 

vehicle is which the usual gear and 
thing the front or steering-axle. hay is genni to provide means for 
the rear or trailing wheels in these motor vehicles after 

their tached to an ordinary vehicle. The invention has for 
ite ob to re-arrange the usual operative mechanism, and to 
provide certain known auxiliary de in a novel combination 
for transmitting the drive from the speed- og A to a differential 
and to the front axle without interference from the oscillations or 
movement of the axle on account of the road surface, for adjust- 
ing the frame of the fore-carriage beneath the hind carriage, for 
locking the parte itively and also by a flexible device, and 
finally” for vertically —— up a trailer-wheel, or wheels, after 
the fore- carsiage bas been attached to to the hind carriage. The 
motor 1 is of any suitable known construction, and is disposed in 
an overhanging position parallel with the trontaxle 2. The fly- 
wheel 3 of the motor is made to rotate a clutch-drum 4. The 
clutch-sleeve is fitted with a feather 5, which is in slidable en- 
gagement with a chain pinion, and, through the intervention of a 
chain, drives a second chain-wheel fast on the end of a shaft. 
The two chain-wheels, with chain and a chaiu-tightening pulley, 
are enclosed in a casing 11. pk shaft 9, carrying the second 
chain-wheel, paeses through a chan nge-speed box 12, and carries 
on its other end a brake-drum. t 9 carries within the 
box 12 a pinion 10*, which is driven iy the speed-gear, and trans- 
mits rotation to an annular wheel 11*, integral with a vertically- 
disposed grooved cylinder 12*. This “cylinder forms one of the 
members of a kind of universal joint, the co-acting member 13* of 
which is integral with a shaft 14, which is connected through the 
intervention of an ordinary universal joint 15 to a shaft 16 fitted 
with a bevel-pinion 17 in gear with a bevel-wheel 18, for driving 
the differential 19 upon the eiivided steering-axle 2. The cylinder 
12* and its connected parte are enclosed wy a casing 20, and the 
parts of the differential are a casing 21. The 
member 13* is so engaged in the vertical greates of the cylinder 
12* as to slide therein whilst rotating with the cylinder, and so 
allow for the play of the axle 2 upon uneven roads without affect- 











ing the driving mechanism, Each section of the steering-axle 2 
has fixed to its end, away from the differential, a bevel-wheel 22, 
which drives a bevel-pinion 23 mounted loose on vertical trun- 
nions 24. The pinion 28 drives a bevel-wheel 25 of the same dia- 
meter as the wheel 22, and the wheel 25 is fixed to and rotates 
the road-wheel or front wheel 26 of the car. To the inner side of 
the wheel 26 is fixed a brake-drum 27. This train of bevel-gears 
is placed in the opening of the steering-jaws 28, so that the rota- 
tion is transmitted ina correct —— at any angle to which the 
front wheels may be turned. 29 of the fore- 
is supported on the front axto-tabe by springs, and the play 
of the latter is compensated for by the sliding motion 4 
the member 18* in ao gus part 12". The rear of the chassis 
fitted with one or more wheels 32, whose bearing-boxes 33 
can slide vertically in the brackets 34, and a crank 35 serves 
to lift the wheel vertically off the ground, instead of swinging 
the same on an arm, when the fore-carriage has been attached to 
an van A vehicle. On the upper side of the chassis 29 are fixed 
guide-brackets 36 with rollers at their inner side for forming a 
seat for the longitudinal bars 38 of an auxiliary frame which is 
fixed under the body of the vehicle to be trailed. The frame 38 
has attached to its front end a cable or cables 89 which can be 
wound tight by means of a winch 40. For com and 
strengthening the assemblage between the fore-ca’ and the 
~—e vehicle an ene ae Me flexible device is provided (see Fig. 4), 
trian 


lar frame 43 clamped on 
to the rear axle 44 of the trailer. apex of the frame 43 is 


formed by a screw-nut 45 for the reception of a tightening-screw 
- having —_ and left-hand screw threads. yy 
screw 


engages in a nut 47 of a similarly constructed trian- 
gular frame 48 which is firmly secured to the chassis of the fore- 
carriage or to the axle of eked && ab the rear of Enter. 
. Forconnecting the rear part of an ordinary vehicle to 
ar enanenen won Sele GS os ee onattiasy Sema of te wiaaee 
are pushed over the rollers on the chassis 29 pan ans Se 
locked ocistias Ge caenat a ancantiaens baa 
the guide-brackets 36. The rear of the frame 38 aned tot 
pa ty A a swivel screw 50, and then the auxiliary fastening- 
48 is connected ‘up and tightened by means of the 
pf (Accepted November 4, 1914.) 
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9287/14. Erith’s eering Gomeens, | Limited, 
and Charles ~— echanical Under- 
Feed Stokers. [2 3.) April 4 1914.—This invention 
relates to under-feed stokers as ‘employed in boiler and other 
furnaces in which the fuel is fed into inclined retorts or hs 
—, with tuyeres for mong air into the fuel as it 
the retorts and dy me u e eolid tops of tuyeres, the 
chief object being to provide — the automatic and continuous 
discharge of the ash and clinker produced. With stokers of the 
kind referred to as hitherto constructed, the ash and incombus- 
tible clinker usually accumulate on the dumping-plate at the rear 
of the stoker, which plate is capable of being dumped or dis- 
at intervals by manual action. In such arrangement it 
has n yo necessary to employ intermittently-actuated 
mechanism in the form of fuel-pushers, reci ng in the lower 
part of the fuel retort to push forward the fuel after dumping the 
ash, thus requiring repeated manual operations and involvin 
frequent supervision. According to this invention, automatic an 
continuous ash-discharging mechanism is provided for use in 
a with inclined under-feed having stati 
retorts, the said mechanism comprising an arrangement of ash. 
pushers adapted to be automatically recipro-ated upon an ash- 
plate at the rear of and beneath thet retorts ts of the stoker proper. 
@ represents the front wall and b the bridge wall of the furnace, 
above which an ordinary water-tube boiler is indicated. The 
stoker comprises in the ¢xample shown a number of stationary; 
a c arranged in series, fuel being fed to each retort by 
ger d worked from a crank-shaft ¢. At the 
sides of each retort c tuyere-plates / admit the air for combustion 
through tuyere openings 1 into the fuel as it rises from the 




















retorts intothe zone of combustion whilst the tops of the tuyere- 
plates form imperforate fuel-bearing surfaces or dead-plates g on 
which the combustion proceeds. The fuel-bed extends over the 
whole area of the furnace, and the retorts c and tuyere-plates 
are arranged on an incline "adapted to cause the fuel to be fed 
slowly downwards and rearwards over the retorts and tuyere- 
plates. The air for combustion is positively supplied by a blower 
into’an air-ch i, the ordinary ash-pit, and a 
combustion-chamber j, the former ‘providing for the under side of 
the stoker being cooied by the air under pressure which is con- 
ducted to the tuyere openings /1. 1, In lieu of the dumping-plate 
hitherto employed in this type of furnace for receiving the ash 
and clinkers, a series of the reciprocating ash-pushers &, prefer- 
ably of stepped formation, are provided, the said ash-pushers 
having openings k! in their risers, whereby air under pressure 
may pass through the pushers and aid the combustion of the fuel 
passing over the pushers. An air-damper / arranged in the air- 
chamber i serves to regulate the flow of air to the openings k!. 
The fuel passing over the pushers or step toupee! k& move over and 
in front of nose-plates k2 on to the adjusta le ash-plate m, whence 
it is automatically disc to an ash-pit at the rear, instead of, 
as in ordinary pmo nto the ash-pit below the grates. An 
ash-conveyor m may be adapted to remove the | ash from the ash - 
it. For'the purpose of operating or recip < the h 
on harmony with the fuel-pl (y= d, an arrangement of connect- 
ing-rods, levers, and links is employed ; but whilst the traverse or 
movement of the fuel ee may be constant, the movement 
of the ash-pushers & will be capable of adjustment or variation 
according to the nature and ash content of the fuel. (Accepted 
November 11, 1914.) 
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7839/14. J. Melotte, Remicourt, Belgium. tri- 
fugal Drum tors. (2 Figs.) March 2x, 1914.—This 
mvention relates to centrifugal drum tepsrators for liquids. 
False or double bottoms have been used in connection with euch 
drums, and the invention consists in providing the false bottom 
around ite external circumference with a vertical rim perforated 
with small holes, and so arranged that the densest portion of the 
liquid is discharged along the up r edge of the false bottom and 
through the small openings a minimum discharge of the 
liquid of least density, The false bottom } in the drum a occupies 
a position identical with that occupied = the false bottom now 
in use; this false bottom is provided with a cylindrical rim ¢ 
which rises towards the top. and which is perforated with holes ¢ 
of small diameter, these allowing a small portion of the skimmed 











milk to pass through, whereas the greater — of the latter 
passes through the  ! formed by the space between 
the side of the drum the upper edge of the rim of the false 
bottom. A very small m of the skimmed milk must pass 
through the openings of the cylindrical rim of the false bottom ; 

this is represented by the skimmed milk which is located 
in the immediate neighbourhood of yard ther and which it is 
advisable at prevent from rising to the wer os edge -~ 


the 
will be oe be that the skimmed milk, which $s discharged 
from the bow! through the holes | Pertorated in the rim of the 
false bottom, does not pass throug e circular opening of the 
latter, so that the speed of the fiquid “at this — is reduced, 
and is consequently less unfavourable to ing operations, 
(Accepted November 11, 1914.) 
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THE NEW BUILDING ON TOWER HILL, LONDON, OF THE 
INSTITUTE OF MARINE ENGINEERS. 


MR. VICTOR WILKINS, LONDON, ARCHITECT; MESSRS. HIGGS AND HILL, LIMITED, SOUTH LAMBETH, BUILDERS. 
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Fic. 12. View in Lectore-Ha Lt. | 























Fis. 13. View wn Brtuiarp-Room. 
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GRINDING-MACHINES.—No II. 
By JoserH Hornver. 


SPECIALISATION is now the dominant feature in 
grinding. As long as natural emery alone, more 
or less crude, was available, the selection of wheels 
was limited to the different grains and grades of 
the one material. No differences in degrees of 
hardness could be made. But the treatment of 
aluminous ores in the electric furnace has provided 
the grinder with wheels possessing varying charac- 
teristics, and also with wheels which can be exactly 
duplicated in quality. 

arded from the general aspect of this subject, 
metals and alloys are now conveniently divided 
into two great classes: those of high tensile 
strength (the steels chiefly), and those of low 
tensile strength (the brasses, cast iron, aluminium). 
Alumina abrasives are most suitable for the first 
class, and as the steels form now a very large pro- 





In this article it is egg deal with two 
particular aspects of these advances: the spe- 
cialisation io sili and the enormous growth 
in the dimensions of the plain cylindrical grinders. 
Developments of other kinds will be treated sub- 

uently. 
he difference between emery and corundum is 
one of relative degrees of impurity. The utility 
of each depends on the proportion of crystalline 
aluminium oxide which it contains, that com- 
ment alone being hard enough to cut metals. 
mery contains this in various proportions, ranging 
from 55 to 63 per cent. in the Naxos supply. The 
objectionable bodies present are iron oxide, silica, 
and amorphous alumina. Fig. 1, annexed, which 
is a photo-mi ph by the Norton Company, 
Mass., U.S.A., shows that emery grains are not so 
clean as are those of artiticial abrasives. Figs. 2 and 3, 
which are photo-micrographs by the Carborundum 
Company, of Majores Falls, show that corundum 
contains less iron oxide than emery, and is therefore 


materials are placed in a large electric furnace, 
through which a core or resistance of carbon rods 
is inserted in connection with the power cables. 
During 36 hours the separation and re-union of the 
chemical elements proceeds. At the end of that 
period the crystals are removed, rich in gorgeous 
colouring, and are crushed, washed, and sorted out 
into the different size grains in sieves. 

Another form of the carbide of silicon is 
termed ‘‘crystolon,” a comparatively recent pro- 
duct. It is suitable for grinding materials of low 
tensile strength, as cast iron, chilled iron, and 
brass. Orystolon ranks next to the diamond in 
hardness. The silicon is derived from a pure 
silica sand, and coke furnishes the carbon. Saw- 
dust is included in order to render the mixture 
porous enough to allow the gases to escape. By 
regulating the weights of each of the materials, the 
standard required is duplicated. Electric furnaces 
are used, but instead of an arc being employed, a 
filament or core of smal) coke is raised to a tempera- 





























Fic. 1. Emery ; Maenirication, 
17 DraMerTeRs. 














Fie. 4. Carsorunpum ; Maonirica- 


pion 10 DiaMerTeRs. 


























Fie. 56. Crystoton ; Maenirica- 
TION, 17 DIAMETERS. 


portion of the materials ground, the rapid extension 
in the use of the alumina abrasives is sufficiently 
explained. The fact that their characteristics can 
be varied is also in favour of their growing 
employment. The alumina content ranges in dif- 
ferent wheels from 70 to 99 per cent. It has been 
stated that an equivalent of aluminous ores is used 
up annually for grinding-wheels, corresponding 
to something like 10,000 tons of aluminium metal, 
and, estimated by the immense range of grinding 
operations performed at the present day, the 
supply of wheels demanded must be very large. 
Many of these lie outside engineering practice 
a8 we are accustomed to regard it from the somewhat 
narrow | panel of the machine-shop. Such wheels 
are used for the polishing of hollow-ware of various 
kinds—bath-tubs, lavatory basins, and sanitary ware 
which have to be enamelled, porcelain ware, soil- 
pipes and fittings, carbon, leather goods, soapstone, 
granite, marble, pearl, glass, concrete, mosaic, 
electrical work, rubber, and much besides. But 
even restricting one’s observations to the work of 
the engineers’ shops, the machine-shop proper, and 
others, the field occupied is very extensive. The 
1ron.and steel foundries make considerable demands 
for fettling wheels. Chilled rolls are now fre- 
quently ground instead of being turned, and are 
also re-trued by grinding. 


Fie. 6. Atunpum; MaGyirication, 
17 Dramerers. 
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of a lighter tint. Emery grains are tough and durable. 
Having rough surfaces, they are retained a 
long time in the bond of their wheels. Corundum 
grains are sharper, and being also harder than those 
of emery, they retain their sharpness. Corun- 
dum is suitable for most kinds of grinding. The 
purest is mined in Eastern Ontario, Canada. It 
contains about 90 per cent. of crystalline alumina, 
and the supply is practically inexhaustible. 

But neither of these abrasives pone the 
quality of absolute uniformity in sharpness and 
hardness. These properties can only be secured 
in manufactured substances. Carborundum was 
the first of these, produced, as everyone knows, at 
Niagara. Others have followed. Carborundum, 
as shown by the Carborundum Company’s photo- 
micrograph, Fig. 4, is a crystalline formation of 
carbon and silicon—a carbide of silicon. It is 
much harder than emery, only being exceeded 
in hardness by the diamond. The grains are 
sharp and durable, and they break off before they 
become dulled, so exposing fresh cutting edges. 
Carborundum is infusible at any ordinary tem- 
perature, being produced at one of 7000 deg. Fahr., 
at which steel or marble would vaporise. It is 
prepared from a mixture of coke and sand, which 
supply the carbon and silicon respectively. Saw- 
dust is added to make the mixture porous. These 


Fie. 7. Axoxire, TREATED WITH 


Fic. 8. Axoxrtz, Roastep witH 
Porasstum BIsuLPHATE. 


ture of from 3500 to 4500 deg. Fahr. by a current 
at 12,000 volts. Occupying the centre of the mass 
of the materials, it produces a chemical reaction, 
not a fusion, and crystolon is the result. The fur- 
naces used are rebuilt at each time of charging, 
with loose open-jointed bricks without mortar, in 
order that the gas generated shall escape. The 
resulting pig, when cold, is broken, and ground 
and ok. Fig. 5 is a a h of the 
—— by the Norton Company, of Worcester, 
ass. 

Another valuable product of the electric furnace 
isthe oxide of alumina, termed “‘alundum.” It 
is prepared from bauxite, a soft alumina-bear- 
ing clay. Its manufacture is under control, so 
that different combinations of hardness, sharpness, 
and toughness—“tempers” —can be obtained. When 
the grains fracture, sharp cutting edges are left. 
It is highly efficient for grinding materials of high 
tensile strength, such as the steels. It is so in- 
tensely hard that it will cut the alloy steels and 
glass. The bauxite is calcined at a red heat to remove 
the moisture. Each consignment is analysed, and 
mixtures are varied in order to ensure uniformity 
in the results. It is fused between large electrodes 
until a mass of alundum, weighing 5 tons or more, 
is produced. The mass develops cleavage planes 
a8 it cools, and by taking note of these, the work- 
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man breaks it into pieces small enough to be dealt 

with by a crusher, which reduces them to pieces 

about the size of an egg, which are afterwards 
ulverised and sorted for ‘‘grain.” Fig 6, by the 
orton Company, shows the form of the grains. 

Aloxite, Figs. 7 and 8, by the Carborundum 
Company, is prepared artificially from the smelt- 
ing of a mixture of aluminous oxide and coke in 
the electric furnace. The coke is proportioned to 
reduce the oxides of silicon and of iron, but to 
leave the alumina unreduced. The first-named 
product forms ferro-silicon ; the alumina is fused 
and purified, forming the aloxite. This, when 
cold, is crushed and graded. The special value of 
this abrasive lies in grinding steel. It is hard, 
sharp, tough, and is nearly pure alumina. 

The terms ‘‘ grain” and ‘‘ grade” refer respec- 
tively to the size of the grains of the abrasive, and 
to the hardness or softness of the bond that unites 
them. The numbers by which grain is denoted 
correspond with the size of mesh through whict. 
the grains will A No. 10 means that the 
grains will pass through a sieve having 10 meshes 
to the inch. This is the coarsest made. One of 
No. 60 will pass through 60 meshes to the inch, 
and so on. 

The ‘‘ grade”’ of hardness or softness has nothing 
to do with that of the grains, but only with the 
‘*bond.” A wheel is ‘‘soft”’ when the resistance 
to the detachment of the grains is slight ; ‘‘ hard” 
when the resistance is such that the grains are 
retained for a long period, These differences, in a 
wide range, from very soft to very hard, are 
denoted by letters of the alphabet : but the lettering 
for wheels of similar grades varies with different 
abrasive materials, so that manufacturers’ lists 
must be consulted. The grade should always be 
such that it will permit the grains to become torn 
away from the bond as soon as they are dulled. 
Much of the art of the wheel-maker lies in attaining 
this result and in providing a large range of grades 
suitable for operating on numerous kinds of metals, 
alloys, and other materials, the requirements of 
which now differ so very widely. So careful are the 
manufacturers that the wheels are now tested for 
hardness by standard reference-blocks, and if they 
vary more than half a grade from standard, they are 
rejected. 

‘* Combination ’’ wheels are those which are 
composed of a mixture of grains of different sizes 
or numbers. They were made first for grinding 
automobile shafts. They will retain their shape 
better, and produce a finer finish than wheels made 
wholly of coarse grains, and they will cut more 
rapidly than those made altogether of fine grains. 

heels are bonded in three different ways, 
and the classification of the bonds corresponds 
with the wheel ‘‘ grades,” as the size of the par- 
ticles of abrasive corresponds with the ‘‘ grain.” 
The first and the most common bond is obtained 
by the vitrified process, in which the bond 
consists of suitable clays and fluxes mixed in 
certain proportions with the grains of abrasive. 
Some differences occur in the early stage in 
regard to the mixture of the grains with the 
bond. In some cases the bond, of the consistency 
of thick soup, and mixed with the grains, is drawn 
into moulds. In others it is rammed in moulds, or 
it is compressed under hydraulic pressure. In each 
case the wheels are baked in a kiln-room at a tem- 
perature high enough to vitrify or tially melt 
the clay, the baking being continued for 100 hours 
followed by slow cooling for a week. The vitrified 
wheels are porous, and therefore are free cutting. 
The bond is so hard that itis an abrasive, and 
assists in the cutting. It is unaffected by water, 
acids, oils, heat or cold. These wheels are of a 
reddish-brown colour, and are suitable for cylin- 
drical grinding, for internal grinding, for foundry 
service, and dry grinding. Ricks of cracking occur in 
the drying process, because it is difficult to control 
the temperature, and large wheels cannot be relied 
on_; 30 in. to 36 in, is the limit manufacturers will 
accept. 

The silicate bond is obtained by incorporating 
a silicate of soda or water-glass with the grains ; 
the mixture is rammed in moulds, after which 
the wheels are dried and baked in ovens. Other 
substances besides water-glass are used, and by 
their means modifications are made for wheels 
for special duties. Silicate wheels are of princi 
value for wet grinding. ‘They are ag ge y 
their light grey colour. The soda in the wheel 
assists lubrication in wet grinding. Wheels of any 
size can be made. They are less free cutting in 





the harder grades than are vitrified wheels of the 
same es. 

The third kind of bond, the elastic, is composed 
principally of shellac. The mixture is rolled or 


pressed or rammed, and baked at a low tempera- 
ture. The elastic bond is used chiefly for very thin 
wheels, and for work requiring a very fine finish. 


These wheels are neatly black. They will not 
stand much heat, can be used wet or dry, and are 
of especial value for cutter and reamer-grinding, 
saw-gumming, thinning the points of drills, &c. 
They are less open and porous than vitrified wheels. 

Besides the nature of the material being ground 
there are other factors requiring consideration 
in choosing wheels, such as the s of wheel and 
work, whether lubricants are employed or not, the 
character of the finish desired, and whether the 
highest efficiency or the durability of the wheel is 
desired. 

The volume of sparks produced is a sure indica- 
tion to the grinder of the efficiency, or otherwise, 
of the wheel he is using and of the conditions under 
which it is operating. If the sparks are examined 
under the microscope, they should appear as verit- 
able chips, resembling short cuttings or turnings. 
If they are globular or globular shells, they afford 
proofs unmistakable that too much heat is being 
generated, because the globular form indicates that 
fusion has occurred. The cause, then, has to be 
investigated. If a wheel has been cutting properly, 
and then fails to do so—other things remaining 
unchanged—it is suffering from ‘‘glazing.” In 
this condition the wheel is working down on its 
bond. The particles have lost their keenness 
and penetrative capacity, yet have not become 
detached from their matrix, which then sets up 
friction and generates heat. If the wheel is being 
tried provisionally, and heats and throws out few 
sparks, a wheel with a softer bond may be substi- 
tuted with advantage, or the grain, or the material, 
of the wheel selected may he unsuitable. Fre- 
quently more ample lubrication will solve the 
problem, or it may be that an increase in the 
number of steadies is wanted. The effect of the 
latter provision is to prevent the work from running 
eccentrically, which produces more sparks on the 
higher side, an evil which, if uncorrected, will be 
persistent. How slight the amount of eccentricity 
may be can be realised by the statement that 
sparks will be given off from a cylindrical piece of 
work when the depth of cut is only five millionths 
of an inch. 

The cylindrical grinders, the oldest type, have 
been extensively modified under the influences of 
recent requirements. 

The work-table in later machines carries the 
work past a fixed grinding-wheel. In the evolution 
of such machines this method has generally dis- 
placed the alternative system of travelling the 
wheel-head t the work, once rather common. 
That principle is wrong even in the light machines ; 
it is impracticable in the heavy ones, where a wheel- 
head may weigh between 1 and 2 tons. When a 
wheel weighing a hundredweight or two is grinding 
to within , 55th part of an inch, and revolving at 
a speed of 6000 ft. per minute at the surface, and 
operating across a cutting face from 2 in. to 4 in. 
wide, it is clearly not a good mechanical proceeding 
to traverse such a mass under such conditions. 
The present practice therefore is to put plenty of 
mass into the wheel-head, and to support it rigidly 
directly from the floor. Then the only movement 
which it receives is that of feeding inwards to the 
work. Incidentally also, the necessary travel of the 
table requires a long table, which, again, avoids 
excessive wear. In some machines a flat and a 
V form the ways of the bed, following some lathe- 
bed practice. These are lubricated with oil-rollers 
in pockets which receive the oil returned from the 
ways, in planer-bed style. Alignment of the bed 
and its steadiness are vided for in the smaller 
machines by supporting it on three feet. In 
those of great length wedge-blocks are used for 
adjustments. The belt-drives from cumbrous over- 
head shafts have disappeared from all except 
the smaller and medium - sized machines, and 
they are probably doomed for these. When 
machines grow tosuch dimensions that a crane is 
required for handling the work, the belts would 
block its movements. Some of the older, heavy 
lathes had a jib-crane located at one end. An aid 
of this kind might conceivably be fitted to a belt- 
driven grinder. But the coming of the electric 
drive and the boxes of change-speed and feed-gears 
displace this clumsy method, so that now the over- 





head-travelling crane, or the overhead tracks, can 
have free range. The large cylindrical grinding- 
machines of to-day therefore have no belt-drive 
from above. A motor is i ed somewhere 
alongside the bed, and the grinding - wheel is 
belt-driven from that; the work-speeds and the 
wheel-feeds are changed through gears enclosed in 
boxes protected from grit. That is one striking 
aspect of recent big grinders; and gradually the 
convenience of the arrangement, which is only 
rendered possible by the electric drive, is inducing 
manufacturers to adopt similar arrangements for 
the smaller machines. 

While speaking of gears, we note how the influ- 
ence of the automobile manufacture has changed 
the practice in regard to these and their fittings. 
In the best machines by the high-class makers, 
mild steel and cast iron have no place for shafts 
and gears. High carbon or alloy steels alone are 
used for these. Nickel, nickel-chrome, or chrome- 
vanadium steels ensure strength and durability, 
without which the small shafts and gears of fine 
pitches would soon show serious wear. Friction is 
reduced by the universal fitting of ball-bearings 
for taking circular and end thrust. Lubrication, 
ample and constant, is provided in various ways, 
ring-oiling to the main bearings, forced water- 
supply to the work and the wheel, and a large 
supply-tank or tanks with a circulating pump. Much 
more attention is given to the steadying of work 
than formerly. New forms of steadies have been 
evolved, and more are used, besides which steadies 
for some duties are specially designed. The neces- 
sity for supporting work almost continuously 
receives more recognition than it formerly did, and 
the work is better supported on the bottom and in 
opposition to the wheel. 

As good grinding-machines are costly, conces- 
sions to the requirements of the smaller firms, in 
the form of various attachments, are inevitable. 
But the marked tendency nevertheless is towards 
the restriction of the duties of machines. One 
of the most striking of these is the removal of 
internal grinding from the universals to machines 
which fulfil this function only. Better support is 
afforded to the wheel-head, and the work is under 
more complete control. These machines are there- 
fore in much favour now. In another direction 
specialisation is very marked in the numerous 
chucking-grinders designed for chuck-work only. 

Another feature is the increase in the numbers 
of plain grinding-machines relatively to the uni- 
versals. The latter include external and internal 
work—parallel, or taper, face-grinding, and cutter- 
grinding. Much of this is now taken in hand by 
special machines, leaving the plain grinding to 
be done by what are termed ‘‘ manufacturer’s 
machines” for external work only—parallel, and 
tapered, and shouldered. These are generally 
designed more massively than the others, and 
being limited to one set of functions, every detail 
is considered and worked out for that duty alone. 
These features are paralleled very closely in the 
general abandonment of the universal gear-cutting 
machines for those designed for dealing with 
special gears only. ax 

The expansive character of grinding practice is 
responsible for a vast increase in the dimensions 
of some recent machines. Articles are treated 
in these that are still in most shops dealt with 
in the lathes. Illustrative of this is a plain cylin- 
drical machine, by the Churchill Machine-Tool Com- 

ny, Limited (Figs. 9 and 10). Its interest is 
es not alone to its dimensions, though these are 
imposing, but also to many of the features in its 
design. It is a 36-in. by 192-in. machine (36-in. 
swing by 16 ft. between centres); it weighs over 
16 tons. The wheel-head weighs 3920 lb., and it 
carries a grinding-wheel 40 in. in diameter by 3 in. 
wide. It is a self-contained machine, driven by 4 
motor. This leaves a clear run forthe crane above 
it. All the speed-changes of the work—sixteen in 
number—are effected in a gear-box. The gears, 
of nickel-chrome steel, slide, and i | those which 
are doing actual work arein mesh. The work-head 
has a range of adjustment on the sliding table of 
about 4 ft., the drive coming through the vertical 

illar seen to the left of the head in Fig. 9 

he movements of the wheel-head nt some 
difficulties, due to its mass and those of observation, 
which have been overcome by ingenious methods. 
The wheel can be brought to spark repeatedly 
within one quarter-thousandth of an inch. To 
enable the operator to see the position of the wheel 
relatively to the work before putting on the feed, 4 
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Fies. 9 anp 10. Priarn Grinpine-Macuine (36 In. sy 192 In.). 




















Fie, 11, 


mirror is carried on the wheel-guard, which reveals 
to the attendant the amount of space between the 
wheel and the work. The head is provided with 
& quick-power motion, for making approximate 
adjustments. The movements are observed on an 
indicator at the front of the machine. They act 
through friction, between a friction-cone and 
double-sided disc. Light pressure on a hand-lever 
sets them in motion, and the removal of the pres- 


View or Bep anp Firtrnes ror ‘*C” Mopet Macarne. 





Fig. 13. 


Fics. 12 anp 13. Ewnpurss Bett Drive to Caurcnitt Macuine. 


sure causes disengagemenc. When the indicator |had occupied about 30 hours; and the lathe-finish 
shows that the wheel is close to the work, the fine|could not be so nearly accurate as that of the 
automatic feed is put on. The levers and hand- | grinder. 
wheels for the various movements are all cen-| The view of the bed and its fittings from above, 
tralised at the front of the machine. | Fig. 11, for the firm’s ‘‘C ” model machine, will 
The piece of work shown on the machine in Fig.9| enable the general scheme of the design to be 
is a mild-steel shaft, 74 in. maximum diameter by | grasped. The surfaces have broad areas to receive 
11 ft. long. Finishing this, removing »); in., took | the sliding-table and the wheel-head, with the 
24 hours, while the same operation in the lathe provision for lubricating the slides. In front, 
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beginning at the right hand, the change-speed 
gear-box for the table travel is seen, its shaft 

ing along in front to operate an enclosed revers- 
ing motion. Adjacent to the gear-box is a handle 
for the quick hand motion to the wheel-head. The 
disc to the left is the ratchet feed-wheel for the 
automatic motion and the fine hand-feed to the 
wheel spindle-head, the pawl for the ratchet being 
seen above it, and the micrometer adjustment to 
the trip for the automatic feed on its face. Below 
it is the graduated quadrant for the automatic feed. 
Further to the left is the table-reversing lever 
which is struck by the reverse dogs on the table, 
and further to the left again the hand-wheel for 
the table reverse. The feed operates auto- 
matically at each reversal of the table. The 
graduated quadrant and graduated hand-wheel, 
the indicator, ratchet-wheel, and trip-cam, with 
the usual dogs, trip-lever, and spring-plunger 
comprise the essential mechanism. The ua- 
tions on the quadrant indicate the setting to feed 
any required number of teeth on the ratchet at 
each reversal. The hand-wheel is graduated in 
thousandths of an inch on the diameter of the 
work. The ratchet has four teeth to each gradua- 
tion on the hand-wheel, so that one tooth on the 
ratchet represents a reduction in diameter on 
the work amounting to ;g5, in. The setting of the 
trip-cam on the ratchet-wheel is effected by the in- 
dicator on the small dial in front of the index- 
wheel. When this indicator is moved a given 
number of spaces forward or back, it traverses the 
trip-cam a corresponding number of teeth around 
the ratchet-wheel. The feed motion is controlled 
by the trip-dogs on the table throwing over the 
trip-lever and depressing the spring-plunger below. 

e table speeds are independent of those of the 
work. In the machines above 12 in. by 50 in. 
both are provided through gear-boxes, with the 
advantage that the traverse movement of the table 
and work can be set to travel nearly the full width 
of the wheel per revolution of the work. This is 
a marked advance on the earlier practice in which 
a smaller proportion of the width of the wheel was 
passed per revolution of the work, thus losing the 
advantages conferred by the employment of wide 
wheels. But it was hardly avoidable at a period 
when the selection of suitable wheels was not en- 
forced as it is now, when lubrication was less ample, 
and when machines were less rigidly constructed 
than they are at present. 

A striking feature in recent design is the endless- 
belt drive applied to the heavy plain grinders by 
this firm. Hig. 13 shows a machine which has a 
capacity of 30 in. diameter and 120 in. between 
centres, grinding a Jarge piston in the works where 
it was installed. The grinding-wheel is 32 in. in 
diameter, and is driven by belt from the motor 
coupling-shaft. The other photograph, Fig. 12, 
gives a better view of the machine itself, as seen 
from the back. 

In this machine the motor (not shown) drives, 
as stated, through the coupling-shaft to the wheel, 
the feeds of which are controlled from the front 
of the machine, to which the gear-box is attached. 
It also drives through the endless belt, which, 
maintained in constant tension, travels with the 
table, to the change-speed gear-box on the work- 
head, as seen in both the figures. The two in con- 
junction give a combination which ensures that 
the maximum available power of the motor shall 
be used for actual — instead of being absorbed 
in driving. A belt owe | is obtained from three to 
four times higher than that got by an overhead 
drum-drive, and with power transmitted in the 
same proportion. And this is in addition to the 
advantage of the clear space available for the opera- 
tion of the crane. The gear-box hitherto used on 
the largest machines is one of the latest additions 
to the grinding-machines of smaller dimensivns. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

An ordinary general meeting of the above Insti- 
tution was held on Friday last, the 22nd inst., at 
the Institution House, Storey’s Gate, Westminster, 
the chair being occupied by Mr. Michael Longridge, 
Vice-President. The first business of the meetin 
was the reading by the Secretary of the retiring an 
nomination liets of the Council. The President, 
two Vice-Presidents, and seven Members of Council 
retire at the ensuing annual general meeting. The 
following is the list of retiring members :—The 
President, Sir H. F. Donaldson, K.C.B.; Vice- 





Presidents, Sir John Wolfe , K.C.B., and Pro- 
fessor W. Cawthorne Unwin ; Members of Council, 
Messrs. William H. Allen, George J. Churchward, J. 
Rossiter Hoyle, Henry A. Ivatt, Engineer Vice- 
Admiral Sir Henry J. Oram, K.C.B., Mr. William H. 
Patchell,and the Right Hon. Lord Pirrie, K.P., P.O. 
Of the foregoing, the following have been nomi- 
nated by the Council for re-election, with their 
consent :—As President, Professor W. Cawthorne 
Unwin; as Vice-Presidents, Messrs. W. H. Allen 
and J. Rossiter Hoyle; as Members of Council, 
Sir John Wolfe Barry, Mr. Henry A. Ivatt, 
Engineer Vice-Admiral Sir Henry J. Oram, and 
Mr. William H. Patchell. The following gentlemen 
have also been nominated by the aoe for 
election, and have consented to stand :—As 
Members of Council, Mr. John Dewrance, Sir 
J. Alfred Suing, K.C.B., Messrs. Christopher 
William James, Vincent L. Raven, William Reavell, 
and James William Restler. By the rules of this 
Institution the members are entitled to make 
additional nominations at the meeting at which the 
Council list is read; but no additions were pro- 
posed last Friday, so that the ballot-list will stand 
as given above. 


THe STANDARDISATION OF Pripg-FLANGES. 


After the other formal business, a paper bearing 
the title ‘‘Standardisation of Pipe-Flanges and 
Flanged Fittings,” by Mr. John Dewrance, was 
read by the author. We print the paper in 
full in another part of this issue, and accordingly 
may proceed at once to the discussion. 

The Chairman, in opening the discussion, said 
that the paper, in addition to telling the method 
in which the Engineering Standards Sub-Committee 
had carried out its work, provided a somewhat 
difficult controversial problem in connection with 
the strength of flanges. It also gave an opportu- 
nity to those who had not been concerned in the 
preparation of the report to explain how much 
better they could have done it had the work been 
entrusted to them. He thought this was the first 
time that a report of one of the Engineering Stan- 
dards Committees had been put up as a —— to 
be fired at, and if the report of the Pipe-Flange 
Committee steod the fusillade, it might be assumed 
that the recommendations it contained were the 
best that could be made in the circumstances. If, 
on the other hand, valid objections were taken to 
it, he was sure that the Committee would take 
them into consideration in any future: revision of 
the report. 

Dr. W. H. Maw (Past-President), in opening 
the discussion, remarked that Mr. Dewrance had 
given a very plain and straightforward statement 
of the work done by the Pipe-Flange Committee. 
There was very little to add in regard to the 
author’s account of that work, but there were 
several points—by-products of the paper—which 
were of considerable interest. Some of these points 
related to the experiments with a flange for a 24-in. 
pipe which was cut by a saw between the bolt- 

oles down to the exterior of the pipe, the portion 
thus isolated being then tested as a separate seg- 
ment. In the case of a straight flange, if a certain 
——_ bolted up by, say, three bolts required a 
load of, say, 9 tons to produce a given distortion, 
then if the flange was divided into three parts by 
saw-cuts between the bolts, it would still require 
a total load of 9 tons, or 3 tons per bolt, to pro- 
duce the same distortion, as it would merely have 
been divided into three cantilevers with parallel 
sides, each cantilever having a width equal to the 
pitch of the bolts. Such a flange might be regarded 
as representing the flange of a pipe of infinite 
diameter. But in the case of ordinary pipe- 
flanges the division into segments by radial saw- 
cuts between the bolt-holes produced cantilevers 
the width of which diminished inwards, as shown 
by Mr. Dewrance’s Fig. 3 and on the left-hand 
side of the diagram A, annexed. In the case of the 
particular flange tested by Mr. Dewrance, the pitch 
of the bolt-holes was 2,5, in., and the width of the 
isolated segment at its root was 1,3, in., or 54 per 
cent. of its width at the bolt circle. Butthe uncut 
flange required a load of 19.2 tons, or 2.4 tons per 
bolt, to produce a permanent set of } in. ; while in 
the case of the isolated segment the same set was 
—. by a load of 1.27 tons. Now 1.27 tons is 
per cent. of 2.4 tons, so that they had the 
curious result that the fact of the flange being 
uncut enabled it to offer a resistance tically 
equal to that which would be off by eight 
segments if it were possible for these segments to 





have parallel sides and a width equal to the pitch 
of the bolts. This showed the possibility of the 
uncut flange acting asif it were made up of a series 
of pom a cantilevers, as indicated by dotted 
lines on the right-hand side of Fig. A. If this 
assumption were approximately correct, then the 

rtions of the flange metal indicated by cross- 
Patching would be subject to compound stress 
tending to distort them in different planes. 

If the conditions were as assumed, it would follow 
that the portions of the flange outside the con- 
tour of the imaginary overlapping cantilevers 
might be cut away without affecting the strength 








of the flange. At the suggestion of the speaker, 
Mr. Dewrance kindly arranged to make an experi- 
ment on this point, and the tests of the flange 
shown in Fig. 4 of the paper were the result. 
This ‘‘star-fish” flange, as it might be called, 
gave a permanent set of 4 in. with a load of 
15.27 tons, while a circular flange having a diameter 
equal to that of the ‘‘star-fish ’’ flange over the 
points of the rays required 16.99 tons to produce 
the same set. In this case, therefore, there was a 
loss of strength of 10.3 per cent., due to the cutting 
away of portions of the flange, but the weight was 
reduced in a far larger ratio. It seemed probable 
that in the flange shown by Fig. 4 of the paper the 
cutting away had been carried too far, and that a 
slight filling up of the hollows would have given a 
resistance equal to that of the circular flange. 

The point to which he had directed attention 
seemed to have a bearing on the success with which 
square —— were used. One of the troubles ex- 
perienced by the Committee was that of getting 
people to believe that four bolts were sufficient for a 
flange for 2-in. pipe. This was rather curious, be- 
cause there were a number of flanges for 2-in. pipes 
in use in this country with only four bolts ; nearly 
all the locomotive feed-pipes in the country had 
flanges of that kind. In addition, locomotive 
engineers had for many years been using success- 
fully four bolts for the flanges of 4-in. and 4}-in. 
steam-pipes. Looking into that matter, it seemed 
to the speaker that the fact afforded a sort of 
corroboration of the strength of the star-fish 
pattern of flange. Diagram B, exhibited, repre- 
sents a circular flange for a 4-in. pipe with 
only four bolts. That looked rather an undesir- 
able thing to use, but if portions of the flange 
were out away, so as to give it a square form, 
as also shown in the diagram, it looked less 
objectionable. That square tlange, it would seem, 
contained the imaginary cantilevers to which 
reference had been made, and it looked as if the 
portions of the circular flange cut off were really 
superfluous. This result had, in the case of loco- 
motive practice, been arrived at by experience, and 
not by scientific reasoning. In the case of a flange 
with eight bolts, the cutting away of the metal 
outside the es cantilevers gives the form of 
flange which Mr. Dewrance had illustrated in 


Fig. 5 of his paper. 

With to the testing of the flanges of the 
2}-in. pipe, illustrated in Fig. 2 of the paper, it 
was “ae notice that notwithstanding the flanges 


at the two ends were identical, they behaved 
differently under test. But one flange was bolted 
up tight to a thicker flange, and the other was 
separated from what he would call the ‘‘testing 
flange” by a . In that experiment the loosely- 
coupled flange to the left-hand side of the figure was 
distorted, and the other was perfectly undistorted, 
although, of course, it had the same stresses on 
it. Mr. Dewrance specifically mentioned that the 
flange on the right-hand side was undistorted, and 
he had used it for another experiment later on. In 
conclusion, Dr. Maw quite corroborated what Mr. 
Longridge said as to the desire of the Pipe-Flange 
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Committee to have the fullest criticism of what they 
had done. The Committee had had a great many 
sittings and put a great deal of hard work into 
the matter. at was gratifying to know that last 
year a letter had been received from one of the 
largest tube-makers in the country saying that 
they we e now making 75 per cent. of their output 
of steam-pipe flanges to the British Standard 
dimensions. 

Mr. W H. Patchell, the next speaker, observed 
that he thought the only reason that could be 
offered for discussing this Standard specification 
now was that some of the dissentients might be 
brought into line. He considered the Standard 
Pipe-Flanges had received more acceptation than 
any other of the British standards. . Dewrance 
knew more about the Admiralty than he did ; but 
probably the Censor would not permit him to say 
what they were doing. The last that he had 
heard was that they were not in accord with the 
British standards, and he wished they would come 
into line. 

Dr. Maw had referred to Figs. 2 and 3 of the 
paper illustrating tests which showed that a tightly- 
coupled flange stood firm while a loosely-coupled 
flange buckled. He (the speaker) thought that that 
was due to the outer edge of the tightly-coupled 
flange being kept in ition ; this edge would 
have to go inwards if the e dished. That, it 
appeared to him, was the simple explanation. Dr. 
Maw had also referred to the een of the flanges. 
This question appealed to the speaker more from 
the standpoint of jointing. The worst of a 
flange was the joint that had to be made init. At 
the time that the Pipe-Flange Committee were 
sitting, he had been engaged in buying joints and 
in using what he bought—sometimes an illuminat- 
ing experience. He had found that the thin flanges, 
which were at that time the ordinary stock, did 
not stand up. Mr. Dewrance had alluded to the 
advantage of putting the packing entirely over the 
face of the flange. That point appealed in one way 
to the man who was selling the flan and who 
probably would like it as thin as possible—and in 
another way to the man who had to make use of 
the flange. The ordinary way in erecting the 
pipes was to bolt them up in position, then take 
the top bolts out, and drop the jointing material 
in. If it was necessary to make the joint all over 
the flange, this, of course, was a much more 
difficult matter, and cost a good deal more in erec- 
tion. 

In the use of the jointing material the ideal job 
was a bona scraped metal-to-metal joint ; but 
unfortunately that was too expensive. Mr. Dew- 
rance had referred to the tests which were made for 
the Standards Committee of joints made with red 
lead, which was baked. That approximated to the 
ordinary commercial joint. The Taylor ring was, 
perhaps, used more often that any other joint, and 
the speaker thought that it was often abused by the 
corrugations in the ring being blocked up with some- 
thing which would not yield. It was best to use a 
material which did not bake hard, but retained 
a little flexibility. He remembered that it was 
possible years ago to get a cheap rubber with 
which, after the main was let down cold and then 
steam was laid on again, would leak a little bit, 
but would presently take up. Later on he had 
bought some more of the same material, but found 
that it had been altered in the manufacture and 
actually baked hard, losing its resiliency. The 
baking question was important, and for that reason 
he did not like red lead. 

He thought Mr. Dewrance might have gone a 
little further, and mentioned a very interesting 
record he had made in connection with the flange 
illustrated by Figs. 2 and 3 in the paper. The 
flange was a 2}-in. bronze one with four bolts. 
At that time it was doubted whether four bolts 
would hold for a 2-in. pipe. He believed the 
Americans now ran up to 2$ in. for four bolts, but 
here the line was drawn at 2in. He would refer 
shortly to the further tests made by Mr. Dew- 
rance, and would suggest that they might be 
put in as an appendix to the paper. In each 
case there were four j-in. bolts. ith a joint- 
ing material of Cooperite ;, in. thick inside 
bolts, the pressure at which leakage occurred was 
1500 lb. With red lead, heated before testing to 
350 deg. for twelve hours, leakage occurred at 
200 Ib. pressure. With a corru ring thickly 
coated with plumbago stuck on by spirit varnish, 
leakage occurred at 1700 Ib. 


heated to 380 deg. for twelve hours leakrge took 
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place at 1200 lb. pressure. In the case of plumbago 
stuck on with spirit varnish inside bolt circle, 
leakage arose at 50 lb. pressure. Then Mr. Dew- 
rance had tried steam joints turned and scraped to 
a perfect surface, inside bolts and eased off beyond. 
In this case, with four bolts each of } in., using as 
jointing material Cooperite ,', in. thick, full dia- 
meter of flange, leakage occurred at 1500 lb. 
pressure. Thin red lead on a scraped surface stood 
350 Ib., and 350 Ib. also when heated to 380 deg. 
for 24 hours. Using six bolts instead of four, the 
diameter being §in., Mr. Dewrance had found 
that thin red lead not heated stood 1300 lb. This 
was rather useful as showing how joints might well 
be made. 

At the same time the Admiralty made some teste 
of 12-in. and 13-in. flanges. The fi that were 
available were not thick enough to stand up to the 
work ; they all wept in the preliminary tests at 
500 lb., and the best of them stood 600 lb. Instead 
of waiting for further flanges they had cambered 
these flanges, so that when the two were put 
together there was a gap of ,; in. at the outside 
edge. The 12-in. flange then stood 1200 lb. ; that 
showed how to make the best of a bad job. He 
would not, however, recommend anyone to put in 
cambered flanges. He would be glad to hear what 
objections, if any, still existed to the general adop- 
tion of standard pipe-flanges, because he felt that 
everything was in favour of a uniformity. Nothing 
was more convenient in buying any piece of 
machinery. 

Mr. E. J. Fox considered that the Chairman had 
been quite safe in inviting engineers generally to 
criticise the efforts of the Standards Committee on 
the subject of flanges, as these standards had been 
so largely adopted, not only by manufacturers, but 
also by users. Speaking for one of the 
firms in the country manufacturing the particular 
class of material, he could say that, with one excep- 
tion, the dimensions of the Standards Committee had 
been entirely adopted and were used as the standards 
of the firm. There were, however, two large users 
in this country who, up to the present, had refused 
to come into line ; these were the Admiralty and 
marine engineers. With the exception of these 
two everyone was more or less working on the 
dimensions of the Standards Committee, and he pre- 
sumed from that that every manufacturer was also 
complying with those dimensions. The iculars 
contained in the report laid down dimensions 
which from a manufacturer’s point of view were 
economical. Nothing was thrown away. The type 
of joint obtained was as cheap as it was possible to 
sake for the duty specified. 

Those who were not familiar with the details 
contained in the report would be interested to 
know that there was one table containing dimen- 
sions for steel flanges, in connection, of course, 
with steel pipes, and as the author had mentioned 
in his paper, the thicknesses of the steel flanges 
were those which would previously have been used 
for cast iron. At first sight it might be assumed that 
steel flanges should be a good deal thinner than 
was necessary for cast iron. To some extent he, 

mally, agreed. The point to which Mr. 
wrance referred, however—a very real point in 
ractice—was that a flange, however strong in 
itself, when attached to a comparatively thin body, 
such as a steel pipe, was to some extent liable to 
distortion, and was consequently not as rigid as a 
cast-iron flange on a cast-iron pipe. For that reason 
the dimensions for thicknesses of flanges in Table IT. 
of the Standard specification were those existing 
for cast-iron pipes. As an alternative, however, a 
further table was introduced, in which smaller 
dimensions were allowed for steel flanges in con- 
junction with steel pipes for cases where the flanges 
where riveted on the pipes. 

He would like to take the opportunity of slightly 
departing from the direet subject of the paper to 
emphasise the great superiority of steel flanges 
welded on steel pipes over steel flanges either 
screwed or riveted on. From the standpoint of 
obtaining a satisfactory joint, if it were possible to 
keep down the dimensions of the flange, both in 
diameter and in thickness, it would stand to reason 
that a much stiffer joint would be obtained, quite 
apart from a connection which, as he thought all 
were agreed, was more satisfactory than a riveted 
or screwed one. A point well worth emphasising in 
connection with the welded joint was that, on the 
one hand, it was very essential te avoid a plain 

lel flange ayo | welded on to a steel pipe, 
and, on the other hand, it was equally important to 





avoid a steel flange with a large boss on it. The latter 
was a mistake more frequently committed. In the 
one case the attempt was to weld on too little, and 
in the other too much. The medium between the 
two—that was, a large fillet on the back of the 
flange—was really ideal, and represented the best 
practice of the day in welded-on flanges. 

Turning to the exception, certainly an important 
one, he had mentioned at the outset—where it had 
been found difficult and, from a commercial point of 
view, impossible to work to the standard dimensions 
—he would eay that this exception related to loose 
flange-joints, which eneere a comparatively 


large portion of the steel-pipe trade of the country. 
It was quite usual to get lines of steel pipe with loose 
flanges up to 40 or 50 miles in length. The Stan- 


Committee had adopted, and, he considered, 
rightly, as far as general practice was concerned, 
multiples of four for the number of bolts. The 
old practice in connection with loose flange-joints 
had been multiples of two, and having to 
the fact that loose flange-joints were generally used 
in longish lines, where valve-fittings and special 
material of that description was not used, it 
mattered comparatively little whether those 
dimensions were or were not departed from. To 
make the point clearer, it should be said that 
the loose flange-joint was the cheapest form of 
joint possible in connection with steel pipes, for 
the reason that it enabled the use of a thinner 
pipe than was feasible where the flange was rigidly 
attached, either by welding or riveting to the 
pipe itself. That was the only application of steel 
pipes where, as he had said, any section of 
the trade had not followed the stand laid down. 

One point he would like to allude to as of in- 
terest, although it was not directly concerned with 
the subject of the paper. After all, the flanges 
under discussion, although an exceedingly impor- 
tant part of the business, were merely a means of 
joining together two pi During the last two 
or three years there been introduced an appli- 
cation of oxy-acetylene welding for joining two 
lengths of pipe on site, displacing all forms of 
joint, inclu the old-fashioned lead joint. This 
application, which was likely to be considerably 
extended in the future, gave practically the only 
form of joint which was as strong as the pipe 
itself, which was as cheap as the ordinary fend 
joint to make where gas was available, and which, 
at the same time, was permanent. In conclusion, 
speaking on behalf of a manufacturing firm, he 
felt that a debt of gratitude was owing to the 
Standards Committee, to Mr. Dewrance, who had 
long been actively associated with the subject, and 
to Dr. Maw, for having compiled the report and 
given the trade something to work upon. 

Mr. H. F. Rutter said that, as a user of flanged 
work, he would like, in the first place, to bear 
testimony to the immense advan and conveni- 
ence which had accrued since stan flanges had 
become so general. He was sure that in time they 
would become universal. He desired to make a 
suggestion to the author for his consideration, and 
for conveyance to other members of the Committee 
—namely, that they should extend the list of 
flanges with regard to which they had already laid 
down standard dimensions. The t flan 
with which the Committee had so far dealt was, he 
believed, 24 in., or a flange suitable to a pipe of 
24 in. bore. That, no doubt, was going far enough 
for steam apparatus, especially in these days of 
superheat and small steam-pipes ; but in dealing 
with water it was necessary to go much further. 
Great inconvenience was at pia frequently 
experienced from the absence of uniformity among 
the makers of stop-valves, reflux-valves, and other 
fittings of the sort, so that it became necessary to 
drill bolt-holes on the ground, whereas these bolt- 
holes might very well have been drilled on the 
machine. He would therefore suggest that the 
sizes of pipes dealt with by the Committee should 
be extended to include pipes of 30 in., 33 in., 36 in., 
42 in., 48 in., and 54 in. : 

Mr. J. Arthur Aiton thought that the circum- 
stance that after ten years’ usage of their standards 
there was so little to criticise spoke well for the 
work of the Standards Committee. It had been 
mentioned that the largest maker of steel pipes 
used 75 per cent. of the standard, and another of 
the largest makers used the standard entirely. 
He also made steam-pipes, and when asked for 
anything outside the standard he charged more for 
it because of the extra cost of making. With 
regard to the various tables in the Standard specifi- 
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cation, he would like to suggest the removal from 
Table II. of columns 7, 8, and 9, as he did not 
think that a body such as the Standards Committee 
should countenance such an out-of-date thing as 
cast iron for steam-pipes. The other direction in 
which these particular columns were used related 
to welded pipes. In this connection he would 
point out that the Standards Committee stated 
plainly that the dimensions applied to flat welded- 
on flanges, not flanges welded with a collar. 
Flanges with a collar could be, and were, success- 
fully welded on to pipes ; it was purely a question 
of the method of welding. If welded on by what 
was termed the ‘‘fire process” —heating the flanged 
pipe in a fire and hammering—he did not think 
there was anything more successful than a good 
stiff collar on the flange. But when welding on by 
the electric or some other process, the collar was 
not an advantage at all. 

If the electric method were used—and incidentally 
he did not think the oxy-acetylene method was used 
for such heavy work as welding on yon large 
and ample fillet ought to be provided. In this there 
were two purposes. By allowing an extra amount of 
metal to bring up the strength of the joint by an 
amply heavy fillet (not a small one of # in. radius), 
the back of the flange was stiffened almost up to the 
state of a flange witha big collar on it. The other 
purpose achieved was that of strengthening the pipe 
at the point of attachment, a point raised by a 
previous speaker when referring to the attachment 
of a heavy flange to a light pipe. For the fore- 
going reasons, he urged that the three columns 
mentioned were unnecessary, and led to confusion. 
Personally he had encountered considerable con- 
fusion. When engineers specified the Committee 
standards and were given column 11, they said that 
they expected to get column 8, and it had then to be 
pointed out to them that that was for a flange with a 
collar on the back of it. He would also suggest 
that all the starred sizes should be left out except 
the 44 in., the others being what might be termed 
** bastard sizes.”” Diameters of 9 in., 11 in., 13 in., 
and 17 in. were sizes that could very well be done 
without. Table I. was very good so far as it went, 
but advances had been made during the last ten 
years, and the standard did not meet all the pur- 

required. 

The last speaker had mentioned water-pipes, to 
which Mr. Aiton would add that the standard did 
not meet the purposes of the large low-pressure 
steam-pipes used with turbines. Such pipes were 
made up either by riveting or welding, and the 
flanges were usually rolled-up rings of angle-bar, 
either riveted or welded to the pipe. e test 
pressure for such are did not need to be more 
than 30 lb., nor would he suggest that they should 
be more. These flanges, therefore, could be kept 
thin, and would have to be kept thin, because 
of the method of manufacture. It was diffi- 
cult to obtain the flanges of more than } in. 
thick, but he would suggest that it was not 
necessary to increase the size of the bolts, as was 
done regularly as the sizes went up. He further 
suggested that a 1l-in. bolt was ample for all pur- 
poses for those even up to a 72-in. flange. It was 
a question only of putting enough bolts. The pitch 
of the bolts, he thought, should in no case exceed 
7 in.—64 in. was about right. With 32 bolts on a 
60-in. pipe a pitch of about 64 in. would be 
obtained, which he did not consider excessive 
either in respect to number of bolts or pitch ; with 
these a very satisfactory joint might be made. 

In touching the vexed question of jointing mate- 
rial, he felt that he was treading on dangerous 
ground, especially in view of a previous speaker's 
suggestion that a contractor’s business was to put 
up pipes and get rid of them. Unfortunately, no 
engineer would let contractors off easily if the pipes 
leaked when put up, quite apart from the question 
of the contractor’s regard for his own reputation. 
It had been the speaker’s practice to use joints 
only inside of the bolts, and he did not con- 
sider that putting the joint all over the fla 
would strengthen the latter in the least. If the 
flange was going to cup, it would do so whether the 
joint were all over it ornot. To his mind, the only 
difference was this, that if it cupped with the joint 
inside the bolt-holes, it would tighten the joint ; 
whereas, if it cupped with the joints outside the 
bolt-holes, there would be leakage between the 
pipe and the bolt-holes, which was just as bad as if 
there were lea) through the flange entirely. 
He had found Taylor rings to be very satisfactory ; 
95 per cent, of the joints be supplied were made 








































































discretion. In his experience, a Taylor re- 
quired that the jointing material put on should be 
— on with a brush quite thin. To put a 

eavy putty sort of joint on it defeated the aims 
of the rings, because the stiff putty locked up 
between the corrugations and the joint was spoilt. 
On the other hand, if the joint were simply painted, 
there was a chance for the ring to squash up and 
do what was wanted. 

One speaker had referred to the oxy-acetylene 
welding of pipes in position. He (the speaker) 
had no personal experience of this practice, and 
had always fought shy of it. In his view, to make 
a satisfactory weld, the welding position must be 
at or hear the top of the pipe, and he had nt yet 
been able to see how a range of pipes, with bends 
and other difficulties, could be successfully welded 
on this process. He had never heard, and did not 
believe, that this method could be successfully 
carried out in such cases. Turning to the paper, 
he felt some diffidence in expressing his disappoint- 
ment with it. The author narrated what was done 
ten years ago, and as history that was ——— ; 
but history was not the object of the paper. He 
thought that a great opportunity had been missed, 
because there were so many vexed questions relat- 
ing to steam-pipes, such as the argument whether 
lap-welded or solid-drawn pipes should be used, 
and as to the thicknesses of pipes. Something had 
been heard about the fixing of flanges, but there was 
also the question of the method of fixing branches. 
Something also had been heard about jointing 
material. With regard to branches, ten years ago 
the oxy-acetylene and other forms of welding were 
in their infancy, while nowadays the use of cast- 
metal branches was out of date ; only two methods 
now existed—riveting on or welding on. 

There remained the question of whether welding 
should be done by the oxy-acetylene method, the 
ordinary electrical method with the carbon arc, 
or whether the system known as the quasi-arc 
should be used. Personally, he had never been 
able to find an oxy-acetylene joint that was up to 
the strength of the plate. Neither had he found a 
carbon-arc joint that was up to the strength of the 

late. With the semi-arc method, with a special 
— of electrode, the joint was up to the strength 
of the plate, due to the thickening of the joint. 
Breakage took place not at the joint, but 3 in. or 
4 in. back from it. He did not, however, claim 
that if the joint were kept to the same thickness as 
the plate it would be of the same strength, Lut, in 
depositing, the metal became thicker than the plate, 
and was therefore up to the strength of the latter. 
He would, in conclusion, suggest that the Standards 
Committee should revise the report and provide a 
larger standard, up to 72 in., for use on turbines. 
He would also ask for some statement of the Com- 
mittee’s views on the right thicknesses of pipe, 
seeing that these varied enormously. Further, it 
would be an advantage if the Institution could devote 
attention to the question of fixing flangeson branches, 
and other vexed questions which he had mentioned. 

The Chairman regretted having heard Mr. Aiton 


joint could be made that way, but he was perfectl 
satisfied, from a fairly long experience, that such a 
joint, at least with cast-iron flanges, was a very 
dangerous thing. With wrought-iron or steel pipes 
it was less risky, but the strain in the case of thick 


circle was dangerous. That, he thought, was shown 
by Mr. Dewrance’s figure. It was plain that the 
flange which had been supported all over held good 
where a flange not supported had cupped. In 
regard to putting on flanges, he had a preference 
for the flange with acollar. Experience showed, 
however, that there was some difficulty in welding 
the flanges all over; they were apt to be welded 
just on the edge of the collar, and be loose in other 
parts, and to crack away from the pipes. If rivets 
were put in, in addition to welding, as safeguards, 
a better job could not be made. 

In connection with the strength of flanges, he 
would like to refer to the interesting question 
raised by Dr. Maw. Personally, he did not see any 
connection between a cantilever and a pipe-flange. 
The sketch, Fig. C, showed the pipe- e un- 
strained in full lines. If it were strained, it tooka 
shape either like the dotted position shown at a or 
that shown at b. In the first case, at a, the dia- 
meter, which was originally that of the unstretched 
flange, was reduced. Consequently the material 


with them, but it was necessary to use them with | was considerably compressed. In the second case, 


at b, the material was stretched and the diameter 
was increased. The flange naturally offered 
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considerable resistance to the compression or 
a For that reason a round flange was 
considerably stronger than the plain cantilever. 
In the case of the cantilever formed by the small 
part cut out of the flange, the effect on its strength 
of altering its dimensions was known; the result 
on the imaginary cantilevers of altering the dimen- 
sions of the complete flange was, however, not 
known. Ifthe diameter of the flange were increased, 
it was not known how much was added to its 
strength, for the reason that there was a great deal 
more material to compress or stretch in cupping it. 
He would like to know what experiments were made 
to determine what the thicknesses of the flanges 
should be. He could conceive that on a 2$-in. 
flange matters might work out as Dr. Maw had 
said, and it might happen that the effective strength 
of the flange was the same as that of a number of 
cantilevers whose base was equal to the pitch of the 
holes. He did not see, however, that it followed 
that that relation would hold where a flange of 
different diameter was put on. The question was, 
first of all, what was the best relation between 
the diameter of the flange and thickness of flange ; 
secondly, what was the thickness of flange required 
to make an effective joint ? 

Mr. W. H. Patchell, speaking a second time, 
referred to the mention by Mr. Fox of the welding 
up of pipes, and desired to say that some time ago 
he had been engaged on a job in which a condenser 
could not be put up close alongside a turbine. 
Arrangements were made for a considerable length 
of wrought-iron pipe, of about 6 ft. 6 in. or 7 ft. in 
diameter, which had to be welded up. The con- 
tractors got on very well until the occurrence of 
a frost, when they found it absolutely impossible 
to weld the last joint. They had been unable to 
get up the temperature, and had been compelled 
to resort to a muffle joint. The incident had rather 
opened his eyes as to the possibilities and limita- 
tions of welded joints. 

Mr. E. J. Fox also added some further remarks. 
He said that, although a comparatively new intro- 
duction, oxy-acetylene joints had been adopted by 
between seventy and eighty gas and water under- 
takings in this country during the last two years. 
From a practical point of view, therefore, the difti- 
culties must have been overcome. Welding 
underneath had been mentioned, and in this con- 

















say that he preferred the joint made with the ring | nection he would say that it was a difficulty that 
entirely inside the bolt-holes. No doubt a tight|had taken many years to get over. The question 
y | was how to weld underneath without dropping the 


soft Swedish iron, which was commonly used to fill 
the joint. It was, however, got over in a simple 
way, by giving a particular form of curve to the 
outside of the socket where the spigot entered it. 


flanges with the support entirely inside the bolt} There was just sufficient curvature to hold the 


molten material whilst the welding was going on, 
as illustrated in Fig. D. 


-D. 


Sc) 


On the question of difficulty in making the joint 
when in the neighbourh of other pir » it 
stood to reason that the joint could not be made 
‘unless it could be gotat. A lead joint might some- 
times be made at a distance of a couple of feet 
away, but that form of joint was only wanted 
exceptionally. Asa rule the joint could be got at 
sufficiently closely to be worked. It was no question 
of theory that the joint could be guaranteed to be 
stronger than the pipe. ; 

The Chairman further remarked on the question 
of making the joints underneath, that some time 
ago, at a he had seen an interesting pro- 
cess for welding up cracks for marine boilers on 
board vessels, One of the terminals of the are 
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was on the welder ; the other was the boiler itself. 
The bits of iron put in were held up by magnetism | 


to the boiler while the weld was being made. The 


material was put there, stuck there, and was welded. | 
The process was a German one, and he cou'd not | 


say whether it was still in existence. 


required to cup the blank flange itself without the 
pipe. That omission he would remedy by corres- 
pondence. He did not think that Dr. Maw in- 
tended the meeting to go away with the impression 
that the flange was entirely without strength, 


| although that might be almost the inference from 
Mr. Dewrance then replied to the discussion. the figures given. 


It did take a certain amount of 


Most who had spoken had asked him to impress power to cup the flange, and something had to be 


upon the Standards Committee the need for further 
work, and when either a committee or a person was’ 
asked to do more work,’ it was fair to assume that 
the work they had done wassatisfactory. Mr. Aiton 
had suggested that he had missed a great oppor- 
tunity of going more fully into the construction and 
methods of manufacture of pipes, but that was not 
the object of the paper. The real object was to 
get upon the Proceedings of the Institution a 
record, though a belated one, of the fact that the 
subject had not rested as left by Mr. Atkinson in 
the paper to which he had referred, The was 
therefore kept simply to the subject of the standard- 
isation of flanges. Of course, the change in the 
material of pipes and its uses that had taken place 
since the standard was fixed had been considerable. 
He did not, however, think that Mr. Aiton was 
quite right in suggesting that cast iron for bends 
and tees, and for valves and fittings, was entirely 
done away with, although these had been subjected 
to a great deal of change. There were still a great 
many fittings made with cast iron, especially for 
lower pressures, and the Committee could not be 
expected hurriedly to omit all reference to cast iron. 

Dr. Maw had given a very interesting criticism 
on the subject the speaker had brought forward : 
as to the way in which the strength of the flange 
was built up. On that point, however, Mr. 
Longridge had practically supplied what he had 
intended to say. He had been surprised to find 
that he had omitted from the paper the actual power 





allowed for that. Mr. Longridye had asked how 
the Committee had determined the thickness of the 
flanges. All the determinations were empirical. In 
every case some member of the Committee or 
another body had made actual tests. 

It was amusing to note that at the beginning the 
Committee had been bitterly condemned by pipe- 
makers for lavish waste of the material that they 
had sugested should be put into flanges. Ulti- 
mately the critics were induced to prove to the 
Committee their stupidity, and carried out some 
costly and interesting experiments for the pur- 
pose. The result of those experiments, however, 
was to convert the critics, who, in one or two 
instances, suggested that the flanges should be still 
further thickened, because it was quite clear that 
the flanges which had been in use up to that time 
could not possibly be kept tight without some 
elastic Laren 7 This packing, as was known, was 
quite unsuited to superheated steam. With regard 
to the larger pipes, up to 54 in., that was a point 
upon which he would report to the Committee, 
although it was a little beyond the scope of the 
work that they undertook originally, which related 
less to water-pipes than to steam-pipes, &c, 

The waveselings then terminated with the intima- 
tion that, on February 8 next, Sir Robert Hadfield 
would deliver a lecture on ‘* The History of the 
Metallurgy of Iron and Steel” before the Graduates’ 
Association, and that the annual general meeting 
of the Institution would be held on February 19. 


10-TON ROAD-ROLLER, 


Tue above illustration is reproduced from a photo- 
graph of one of a new class of steam road-rollers re- 
cently introduced by Meesrs. Marshall, Sons and Oo., 


Limited, of Gainsborough. This roller is of the 
single-cylinder type, and its weight is hominally 10 
tons. The design has been entirely remodelled with 
the object of producing a highly economical engine, 
capable of thoroughly consolidating road surfaces even 
on steep inclines. 

The boiler, which is intended for a working pres- 
sure of 180 1b. per sq. in., is fitted with one of the 
| firm’s patent fire-boxes with corrugated roof, which 
| was illustrated and described in our issue of Decem- 
ber 2, 1910, page 779, a construction of fire-box which 
has proved exceedingly satisfactory. The cylinder, 
which is steam-jacketed and heavily lagged, is planed 
on its base and fixed to a pressed-steel mounting having 
a planed face. The transmission gear is arranged on the 
four-shaft principle, all wheels being constructed of 
cast steel. The change-speed gears have machine-cut 
teeth, and give road speeds of 14 and 3 miles per 
hour. The engine illustrated is fitted with the firm’s 
four-pinion differential gear, which is provided with 
a spring locking-catch. 

Several improvements have been made in the design 
of the fore carriage to enable the front rollers to 
accommodate themselves to uneven roads, and to facili- 
tate the negotiation of sharp curves. The method of 
connecting the fore carriage to the boiler also enables 
the roller to be converted into a traction engine with- 
out difficulty. The rollers are all fitted with renew- 
able rims. A cast-steel winding-drum, provided with 
a swivelling guide-pulley and carrying 50 yards of wire 
rope, is fitted on the rear axle. 

e are informed that the firm are now engaged in 
completing patterns for a series of these steam road- 
rollers in both single-cylinder and compound types. 
The working of: the engines will be under close obser- 
vation for the next few months, and later on we hope 
to publish data relating to the fuel consumption and 
other results obtained. 
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induced the Cunard Com ultimately to apply this 
THE GEARED-TURBINE MAOHINERY pany 7 y ply 


~ system to the Transylvania as well as to her sister- 
OF THE “TRANSYLVANIA. i , the Puhiotin. “ondaesd from Messrs. Alexander 


In October last (page 538, vol. xlviii.), in dealing | Stephens and Co., Limited, Linthouse, Glasgow, by 
with the trials of the Transylvania, the largest | the Anchor Line. Opportunity is thus afforded for a 
ship yet fitted with red turbines, we promised | direct comparison of the space occupied, and weight 
to illustrate the enitinery and to describe it fully. | involved, respectively, by ss machinery 
We now fulfil this promise, and publish this week the | and geared turbines, and, incidentally, by ordinary 
drawings of the general arrangement of the machinery | direct-driven turbines, as consideration was also given 
of the ship, reserving for a future issue the illustrations | to such an installation. 

of the geared turbines, the boilers, condensers, and} We are enabled to give on this page plans of the 
other details. The Transylvania, remarkable as she | machinery and the cross-section through the engine- 
is for the admirable ger arrangements and | room, illustrative of the three proposals approved, 
equipment to ensure safety and comfort—all charac- | showing, firstly, the original design of quadruple- 
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SECTION THROUGH ENGINE ROOM 


Fig.3. 


seen, too, that in both turbine arrangements the electric 
generating power-station and refrigerating plant are 
placed between the engine-room and the aft boiler- 
room, in a space which in the quadruple-expansion 
design was given up entirely to coal, so that the space 
elsewhere required for the electric and refrigerating 
machinery has been saved. 

It will be noted from the cross-sections (Figs. 1, 3, 
and 5) that the turbines require considerably less 
head room, and that the engiue-room hatch is much 
smaller, due in part to a correspondingly admirable 
system of engine-room ventilation, as a result of 
experiments by Mr. A. Galbraith, and fully describad 
by us in connection with the Aquitania,* and to be 
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teristic of the best traditions of the Cunard Company, expansion engines (Figs. 1 and 2); secondly, corre- | 
under whose supervision she was built—is specially | sponding drawings, to the same scale, of the geared 
notable for her machinery; but, before describing it, it| turbines as actually fitted (Figs. 3 and 4); and, 
may be well, by way of prefac:, to say that the vessel thirdly, similar illustrations of the direct - driven 
is 567 ft. in length over all, 548 ft. between perpen-/ turbines. In all cases the boiler arrangement is the 
diculars, 66 ft. 3 in. in breadth moulded, 45 ft. in depth | same. The steam-generating plant for the originally- 
moulded to shelter-deck, with a load draught of | designed power of 9500 indicated horse-power, includ- 
27 ft. 6in. She has acoommodation for 2475 passen- | ing athwartship bunkers, ocoupied 117 ft. 6 in. of the 
gers, including 350 of the first-class and 125 in the | length of the ship. When it was decided to fit geared 
second-class rooms. : turbines ins of quadruple-ex ion engines, it 

When the vessel was laid down at the works at was too late to modify the stokehold arrangements, 
Greenock of the Scotts’ Shipbuilding and ee | although less steam and fuel were required for the 
Company, Limited, it was intended that she should geared turbines, owing to their higher economy, and 
have two sets of quadruple-expansion — collec- | therefore less space and weight were necessary. To 
tively of 9500 indica herse-power, driving twin take advantage of the consequent relatively greater 





screws, but the successive demonstrations of the boiler power, the turbines and gearing were designed 
economy, reliability, and suitability of geared turbines | for not less than 11,000 shaft horse-power. It will be 








or 


referred to later. It results that in a part of the ship 
specially suitable for first-class passenger accommoda- 
tion a greater area on each deck is available for state- 
rooms or public saloons. Moreover, the length of the 
engine-room, notwithstanding the increase from 9500 
indicated horse-power to 11,000 shaft horse-power, 
is considerably less than with reciprocating engines. 
Thus, for the latter the engine-room alone was 60 ft. 
long, whereas for the geared turbines it is only 
47 ft. 6 in. In other words, the cubic capacity 
originally allowed for the 9500-indicated-horse-power 
quadruple-expansion engine installation was 89,000 
cub. ft., whereas the 11,000-shaft-horse-power geared 
turbines enable a reduction of fully 10 per cent. to be 
made, and in the case of direct turbines over 5 per cent. 


See ENGrneerine, vol. xlvii., page 699. 
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69 ” 73 75 77 
Something like one-third of the saving is in both cases, more effectually below the water-line renders them 
available for increased first-class and second-class| more immune from gun-fire. An interesting point 
accommodation, so that the gain from the point of view | which is brought out in the drawings is that with the 
of revenue-earning is an important item. As regards | introduction of gearing it has been found possible to 
the weight of machinery, the reduction owing to the | revert to the twin-screw arrangement, which was 





use of turbines is about 15 per cent. in the almost universal with the reciprocating engine. A 
engine-room alone, but, as we have pointed out, had | comparison of Figs. 2 and 4 with Fig. 6 suggests 


e hold space 
aft with the twin-screw machinery, due to there being 


it possible to modify the design of the steam- | that there is considerable increase in 
| dies two shaft-tunnels, as com 


generating plant in view of the less consumption of the 
geared ines, there would have been a greater saving 
in weight required, as well as in space occupied for the | direct turbine drive as proposed. 

same power. From the point of view of transportservice| Deferring for the momenta description of the details 
the gain is especially remarkable, because a greater | of the turbine design, we may refer to the general 
number of troops, of guns, and of munitions of war | arrangement of the machinery of the ship. Fig. 7, on 
can be carried, while the fact that the engines are | the two-page plate, isa longitudinal section, and Fig. 8, 


pared with three in the | cond 
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on the same plate, a plan through the two boiler-rooms 
and the engine-room. Figs. 9 and 10, on page 133, are 
cross-sections respectively through No. 1 and No. 2 
boiler-rooms. Fig. 11, on the same page, shows the 
arrangement of the pumps, &c., at the forward end of 
the engine-room, close to the bulkhead between the 
engine-room and the electric-power station. Fig. 12 
is a section showing the connection between the port 
low-pressure ah and astern turbine and the port 
enser, with its circulating and air-pumps, drain- 
tanks, &c. Fig. 13 is a section at the forward end of 
the engine-room on the port side, showing the auxiliary 
condenser plant, The sectional drawings, given on this 
and the opposite page, deal mostly with the disposition 
of the auxiliary machinery. Fig. 14 shows the arrange- 
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ARRANGEMENT OF THE AUXILIARY MACHINERY OF THE TSS. “TRANSYLVANIA.” 
CONSTRUCTED BY MESSRS. SCOTTS’ SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GREENOCK. 


Fig. 16. SECTION AT FRAME 74. LOOKING AFT. MAIN DECK 














































































































































































Fig.17. PART ELEVATION LOOKING TO STARBOARD. Fig.18 . SECTION AT FRAME 80. LOOKING FORWARD. 
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ment of the machinery on the starboard side of the supply, the refrigerating machinery being also shown. | aft wings of the engine-room. Fig. 20 is « section 
turbine-room, and Fig. 15 the arrangement of those Fig. 18 is a section through the turbine, on the star- | showing the position of the auxiliary engines at the 
auxiliaries which are on the port side. Fig. 16 is a| board side of the ship, illustrating the relation of the | forward end on the starboard side of the turbine. 

cross-section through the turbine-room immediately | strainer between the high-pressure and the low-pressure| A study of these plans will show that each propeller- 
abaft the main turbine looking aft, and here several | turbines, the eduction-pipe from the latter, and the | shaft is driven through gearing by @ set of high and 
more of the auxiliaries are shown. Fig. 17 is a longi- | condensers, with their circulating-pumps. On e | low-pressure turbines, and these, as will be described 
tudinal section, showing the relation of the main feed- | 136 there is a further section (Fig. 19) showing the | in our subsequent article, run at 12} times the speed 
pumps to the filters, and thence to the main boiler | gear-cases and the pumps, evaporators, &c., in the|of the propeller-shaft, The pinions coupled to the 
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turbine-shafte have flexible couplings, to give axial 
freedom, and are situated one on each side of a geared 
wheel, as shown in Figs. 8 and 19. The astern turbine 
is incorporated in the exhaust end of the low-pressure 
casing in the usual manner, as shown in Figs. and 8, 
and consists of an impulse-wheel followed by eighteen 
rows of reaction blading. We defer a detailed refer- 
ence to the turbines until our next article, and here 
may confine ourselves to a description of the general 
arrangement of the machinery, as illustrated by the 
drawings reproduced in this issue. 

Steam is supplied from six double-ended boilers, 
21 ft. in length and 16 ft. in diameter, with thirty-six 
furnaces in all. These, as shown in Figs. 7 to 10, are 
in two separate compartments, with three 

lers in each, the exhaust gases from each group 
passing to a funnel 15 ft. in diameter, rising to a height 
of 117 ft. from the fire-grates. Kight ventilators, of 
4 ft. 6 in. diemeter, with 8-ft. 6-in. by 6-ft. cowls, 
supply naturai draught to the stokeholds. A See’s 
pes oe Bron as shown in Fig. 10, is fitted in each 
boiler-room for use at sea, and steam ash-hoists for 
use in port. 

There are independent main steam leads from each 
group of boilers, and any boiler can be cut off. The 
steam passes through anti-corrosion strainers, and the 
piping is joined up to two main stop-valves on the 
engine-room bulkhead, with a cross-connection, so that 
each stop-valve may work in conjunction with either 
or both turbine sets. The separator and manceuvring- 
valves will be illustrated and described in our next 
article. There is, as shown in Figs. 8 and 18, a 
strainer between the high-pressure and low-pressure 
turbines. We shall illustrate the condenser in our 
next article. It will be seen from Fig. 18 that pro- 
vision is made in the attachment of the condenser to 
the ship, by means of spring washers, for considerable 
expansion between the turbines and the condenser 
without causing any trouble. The exhaust-bends are 
made of cast iron. Independent air-pumps of the 
** Dual” type are also fitted to this important part of 
the turbine installation to maintain the high degree 
of vacuum desired, The condensed water dealt with 

from the condenser to ‘he hot-well float-tank, 
which is fitted with automatic control-gear for regulat- 
ing the speed of the hot-well pumps. These pumps 
discharge through large twin filters to a direct contact 
feed-water heater, placed high up in the engine-hatch. 
The feed-pumps, which are automatically controlled 
from the heater, draw off the hot water and discha: 
to the boilers (Fig. 11). A condensing plant capable 
of dealing with all the steam from the auxiliary plant, 
including deck -winches, electric engines, and _ re- 
frigerating plant, has been fitted, with separate cir- 
culating, n, and auxiliary feed-pumps, automati- 
cally controlled (Pig. 18). 
Special attention been paid to the design of the 
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forced-lubrication systems, and separate services are 
provided for supplies to bearings and to gear-cases, 
together with an efficient stand-by arrangement. 
Thus each of the above services includes an oil-pump, 
shown in Figs. 7, 8, and 19, which discharges through 
@ four-flow cooler, the oil passing through nests of 
tubes, in which are fitted spiral-wound retarders, to the 
bearings, from which a gravity flow is arranged to the 
drain-tanks. In the case of the turbine- bearing system, 
separate drain-tanks for port and starboard engine sets 
are situated between the high-pressure and low-pres- 
sure turbines at the level of the tank top, while for the 
gear-cases special construction subdividing the space 
between the inner and outer bottom, and each side of 
the centre girder, and an arrangement of all-round 
cofferdams, has provided drain-tanks suffiviently low 
for efficient gravity drain under all conditions of rolling, 
and at the same time minimises the risk of contact 
with sea or double-bottom tank water. Twin-strainers 
are fitted on the suction side of each oil-pump for the 
two separate systems, and a third pump, which acts 
as a stand-by, is interconnected through a shut-off cock 
with both these strainers, and on the discharge side 
with -case and bearing-coolers. Strainers being 
in duplicate, it is thus possible to clear any obstruc- 
tion in the suction without shutting down the pump. 
A by-pass is fitted for the obtaining of a direct oil dis- 
charge to either system from the pump without first 
passing through the cooler, and a gravity system is 
also installed by means of which a supply of oil to the 
bearings, &c., can be maintained in the event of the 
main system being momentarily put out of working 
order. Sea-water circulation through the coolers is 
maintained by a large duplex high-duty pump, with 
cross-connection to sanitary and distiller circulating 
pumps, ensuring safeguard against failure of the supply 
at any time. The filling arrangement is such thes 
— pipes are available for the turbine and store 
oils ; a separate settling-tank is provided for each of 
the main systems, to which the oil may be pumped, to 
allow any water formed by condensation to be drawn 
off. Reserve oil is carried in large tanks situated under 
the settling-tank at the engine-room aft bulkhead. 

A large ballast-pump gives the necessary trim to 
the double-bottom tanks. As shown in the drawin 
ee age the ballast, sanitary, fire and wash-deck, 
oil-cooler, circulating, distiller and CO, circulatin 
pumps are all cross-connected in such a way that i 
any one broke down, one or other could take up its 
duties. A large duplex pump has been set aside for 
bilge duties exclusively, but other pumps are capable 
of dealing with this in any emergency. 

A workshop is provided, so that ordinary repairs 
can be quickly carried out (Fig. 14). 

The ventilation of the engine-room has received 
most careful study, and promises to repay the labour 
sospent, Two large fans working on a vertical axis 
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at either end of the engine-room, situated under the 
decks at different levels, discharge 62,500 cub. ft. of 
air each per minute (Figs. 7 and 16). Complete lifting- 
gear arrangements are provided for the overhaul of the 
turbines and gearing, and arrangements for examining 
all the important bearings are made. The small sizes 
of the turbines, compared with a direct-driving set of 
turbines, render these operations comparatively simple. 

The ship is subdivided into thirteen water-tight 
compariments. The water-tight doors are worked 
on the Stone-Lloyd system ; each door is electrically 
connected to a facia, which indicates by coloured lights 
whether the door be open or closed. One of these 
facias has been placed on the bridge, and one at the 
engine-room starting-platform, from which places all 
doors can be operated by a switch. When the door has 
to be closed a warning-bell rings, allowing the party 
in the compartment time to reach a place of safety. 
There is also an individual switch at each door 
whereby its p can be arrested if anyone is 
caught inside the compartment; there, again, has 
security been made doubly sure, as a hand-gear has 
been fitted, whereby the doors can be operated from 
above the water-line. The Stone-Lloyd pumps are 
placed aft on the starboard side of the engine-room 
(Figs. 7 and 16). 

The three electric generators which supply the light 
and the power to drive the fans, &c., are placed in 
the compartment between No. 2 boiler-room and the 
—— (Figs. 7 and 8). The switchboard is 
27 ft. in length. A complete installation of cold storage 
plant is provided here also for ship’s provisions, and the 
supply of cold drinking water. This plant is on the 
CO, principle. 

Two large copper calorifiers provide the hot fresh 
water, whilst two large boilers of a similar nature 
supply all the bath-rooms in the ship with an adequate 
supply of hot salt water. Two duplex pumps supply 
the sanitary water. Two similar pumps are used for fire 
and wash-deck purposes. Two smaller pumps supply 
drinking and domestic water to all parts of the ship, 
and two evaporators, each of 50 tons capacity per 
24 hours, with a distilling plant and filter, make up 
the supply (Fig. 14). 

On page 138 there are reproduced two phot 
the turbine machinery-room, taken by Messrs. ford, 
Lemere and Co., London. Fig. 21 isa view across the 
engine compartment, looking toward the starboard 
side of the ship. Both high-pressure turbines, with 
their series of gauges for the various expansions, 
are seen, with the steam-pipe connections to the 
left, and the gear-cases to the right, while in the 
distance is distinguishable the eduction - pipe from 
the starboard low-pressure turbine te the condenser. 
On the extreme right is the ventilating-fan, with its 
shaft. Fig. 22 is a view from the of the gear-box, 
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looking forward. The eduction-pipe from the port low 
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pressure turbine is a prominent feature to the left ; 
centrally is the port high-pressure turbine, with the 
wheels operating the stop-valves and manceuvring-gear 
beyond ; while above are the electric generating sets, 
and near the top right corner the motor-driven venti- 
lating-fan. 

(To be continued.) 





NOTES FROM THE NORTH. 
Griascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 

ig-iron market opened with a firm tone, and a good 
Cosioess of 5000 tons of Cleveland warrants was done at 
from 56s. 8d. to 56s. 7d. cash, at 56s. 9d. eight days, from 
56s. 11d. to 57s. to 56s. 114d. one month, and at 57s. 84d. 
three months. At the close sellers quoted 56s. 7d. cash, 
56s. 114d. one month, and 57s. 74d. three months. 
Buyers of hematite were offering 80s. 6d., but there 
were no sellers. The market was firmer in the after- 
noon, when 3500 tons of Cleveland warrants were 
put through at 57s. and 57s. 14d. one month, and 
at 57s. 10d. three months. Closing sellers named 
56s. 10d. cash, 57s. 2d. one month, and 57s. 10d. three 
months. On Friday morning the market was very active, 
and prices advanced about 7d. a ton. The turnover 
amounted to 10,000 tons of Cleveland warrants at 57s. 8d. 
twenty-seven days, from 57s. 4d. to 57s. 9d. one month, 
and from 57s. 10d. to 58s. 1d. three months. and the 
closing quotations were 57s. 5d. cash, 57s. 94d. one 
month, and 58s. 5d. three months sellers. The afternoon 
session was also strong, and 3000 tons of Cleveland 
warrants changed hands at 57s. 74d. cash, at 57s. 114d., 
57s. 94d., and 57s. 10d. one month, and 58s. 5d. three 
months. At the close sellers’ quotations were 57s. 64d. 
cash, 57s. 104d. one month, and 58s. 6d. three mont 
On Monday morning the upward movement made further 
progress, and dealing in Cleveland warrants amounted to 
4500 tons at from 57s. 8d. to 57s. 10$d. four days, from 
58s. to 58s. 5d. one month, at 58s. 8d. March 18, and 
from 58s. 6d. to 59s. 3d. three months. The closin 
quotations were 58s. 2d. cash, 58s. 6d. one month, an 
59s. 4d. three months sellers. A slight reaction took 
place in the afternoon, when Cleveland warrants 
changed hands at 59s. 2d. April 13, and 59s. 44d. 
three months. The turnover was limited to 1000 
tons, and sellers’ closing prices were 57s. 8d. cash, 58s. 
one month, and 58s. 1ld. three months. On Tues- 
day morning an easier tone prevailed, and Cleveland 
warrants slipped back a trifle. The business consisted of 
2500 tons at 57s. 54d. cash, 57s. 7d. twenty-three days, 
57s. 84d. twenty-seven days, and 57s. 94d. one month, 
and at the close sellers named 57s. 6d. cash and 57s. 94d. 
one month. For the three months position there were 
no sellers’ quotations, but buyers quoted 58s. 4d. Inthe 
afternoon there was a better tone, and prices advanced, 
with Cleveland warrants—2500 tons—changing hands 
at 58s. twenty-three days and one month, and at 58s. 9d. 
three months. The closing quotations were 57s. 10d. cash, 
58:. 2d. one month, and 58s. 104d. three months sellers. 
When the market opened to-day (Wednesday) the tone 
was the turn easier, and 5000 tons of Cleveland warrants 
were done at 57s. 10d. nine dee 583. and 58s. 1d. one 
month, and from 58s. 6d. to 7d. three months. At 
the close of the session there were sellers at 57s. 94d. cash, 
583. 14d. one month, and 583. 84d. three months. The 
market was nominally steady in the afternoon, but the 
dealings were confined to 2000 tons of Cleveland warrants 
at 57s. 8d. cash, 58s. one month, and 58s. 84d. three 
months. The closing quotations were called 57s. 9d. 
cash, 58s. 1d. one month, and 58s. 9d. three months. 


Sulphate of Ammonia.—Quite a considerable demand 
continues to exist for sulphate of ammonia at the present 
time, and, although the forward price is still firm, there 
is a fair amount of profit-taking at the current quota- 
tions. The position is rather difficult to read, and many 
are of the opinion that high-water mark has almost been 
reached, and that prices will ease off before long, while 
some consider that a strong tone will continue yet awhile. 
The present price for prompt delivery is 137. 10s. to 13/. 15s. 
per ton, Glasgow, and 13/. 15s. to 14/. per ton, Leith. 

Scotch Steel Trade.—Active conditions are ral in 
the Scotch steel trade, and there is little f. to note 
beyond the fact that there is a fair amount of pressure 


for deliveries. Shipbuilders keep asking for plates, | and labou 


structural engineers for sections, and makers of sheets 
also report a brisk demand. There is an excellent outlet 
for all classes of material at the present time, mostly for 
home vequiceneas, and the fear of further increases in 
prices is bringing out backward buyers, which in itself is 


helping to keep the — up. On the other hand, what can | best 


producers do when hematite iron has advanced so much, 
and is now quoted round 90s. per ton? Dear fuel and 
scarcity of labour are also serious factors with which 
nanagements have to contend. The export trade has 
varied very little during the week, and although inquiries 
are fairly good, the eg bee being asked and the heavy 
cost of transport are, between them, keeping back busi- 
ness. Another advance has been made in prices, and the 
iollowing are the current quotations :—Ship-plates, 8/. 5s. 
‘o 8/. 105. per ton ; boiler-plates, 8/. 15s. to 9/. per ton; 
nd angles, 8/. 5s. to 81. 7s. 6d. ton, all less 5 per cent. 
tor Clyde or equal delivery. The export rates are :—For 
hip-plates, 82. to 82. 5s. per ton; and angles, 8/. 5s. to 
8/. 78, 6d. per ton—both less 24 per cent. f.0.b. Glasgow. 
Scotch Pig-Iron Trade.—The Scotch pig-iron trade 
continues good, as the local demand shows little signs of 
falling away, and buyers in the South are also taking 
‘air quantities. Of course, there is not very much shipping 
ousiness meantime, but that branch may out botore 
long. Prices are firm at last quotations, and the following 





are the current rates for makers’ (No. 1) iron :—Cl 
73s. 6d.; Calder, Gartsherrie, and Langloan, 74s. ; 

Summerlee, 75s. (all shipped at Glasgow); Eglinton, 
67s. 6d., and Glengarnock. 73s. 6d. (both at Ardrossan) ; 
Shotts, 75s., and Carron, 77e. (both at Leith). Hematite 


is in steady demand, and is quoted ab 90s. per ton, 
delivered at the local steel works. 
Malleable-Iron Trade.—The state. of thi in the 


malleable-iron trade is fairly satisfactory, employ- 
ment is good. Specifications against contracts are coming 
in freely, and the outlook is bright. Prices are firm, but 
are unchanged at 8/. 2:. 6d. per ton, less 5 a cent. for 
** crown ” bars, while steel bars are nominally 8/. 10s. per 
ton. 


Scotch Imports of Iron and Steel.—The uphesval of 
things in general, and the disarrangement in shipping 
through the war, is seen in our imports and exports. 
The following figures are of peculiar interest, showing, as 
they do, the registered imports and value of certain kinds 
of iron and steel manufactures for the month of December 
last, into the ports of Glasgow, Greenock, Grangemouth, 
Leith, Dundee, and Aberdeen. The Continental con- 
tribution consisted of wrought iron in bars, angles, 
and sections from Sweden, amounting to 13 tons, an 
valued at 146. The United States of America sent us 
73 tons of steel bars, angles, and sections, valued at 5661. 
yf! Lo a of iron and steel hoops and strips, valued 
at 12, . 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLessprouGH, Wednesday. 

The Cleveland Iron Trade. — Outside speculation in 
Middlesbrough warrants influences values of Cleveland 
pig to some extent, and the fluctuations in warrants is 
interfering with genuine business in makers’ iron. This 
week warrants have touched 58s. cash buyers, and have 
been down to 57s. 5d. cash buyers. No. 3 g.m.b. Cleve- 
land pig is 57s. 9d.; No. 1, 59s. 9d.; No. 4foundry, 57s. 3d.; 
No. 4 forge, 56s. 9d.; and mottled and white iron, each 
56s. 3d. Considerable orders for Cleveland pig are due 
for shipment, but deliveries are delayed on account of the 
extraordinary freights demanded, Customers north of 
the Tweed continue to take supplies by rail, and very 
little iron is now goi 
customers. Italy is drawing supplies from America, as 
under existing freight conditions she can buy cheaper 
from the States than from this district. it Coast 
hematite pig is very strong, and further advances are 
anticipated. Makers are in no great hurry to make 
further contracts, as the supply of foreign ore threatens 
to be curtailed. As it is, several furnaces, Cleveland 
as well as hematite. are already on slack blast, the 
former owing to short supplies of local ironstone and 
the latter in consequence of inadequate supplies of im- 
ported ore. Mixed numbers of hematite range from 90s. 
to 95s. The suggestion to bring foreign ore to the West 
Coast and convey it to the East Coast by rail has been 
followed by negotiations, with the result that the carriage 
rate of ore from Liverpool to this district has been re- 
duced from 1¢s, to 6s. 6d., and the rate from Heysham, 
pag og and other Western ports has been fixed at 
5s. 10d. to the whole of the North of England. These 
rates apply to carriage in owners’ trucks, but as no such 
trucks are available, further negotiation is proceeding. 
Foreign-ore quotations are very difficult to fix. Nomi- 
nally they are based on round about 29s. 6d. ex-ehip Tees 
for best Rubio. Ore freights, Bilbao-Middlesbrough, are 
16s, to 17s. Imports of foreign ore to the Tees to date 
this month were to-night (Wednesday) officially returned 
at 94,633 tons. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 115,606 tons. 
Since the beginning of the month the stock has been 
increased by 7090 tons. Shipments of pig-iron from the 
Tees are on only a very moderate scale. 


Manufactured Iron and Steel.—Excellent accounts con- 
tinue to be given of all branches of the manufactured iron 
and steel trades. Works are fully employed, and most 
producers are pressed for delivery. New business con- 
tinues to come in, and manufacturers have orders booked 
to keep them in full operation for some months to — 
providing there is an adequate supply of raw materi 
r. Prices of several descriptions have been 
advanced. Iron and steel bars, iron steel ship-plates, 
iron and steel Lene ae packing iron, and joists 
have been advanced 10s. each, whilst steel boiler-plates 
have gone up 15s., and steel sleepers 20s. Princi 
market quotations now stand : —Common iron bars, 8/. 10s; 
8l. 178. 6d.; best best bars, 97. 5s. ; packing- 
iron, 7/.; iron ship-plates, 87. 10s.; iron ship-angles, 82. 10s. ; 
iron ship-rivets, 97. to 92. 5s.; iron eo Ss 
bars (basic), 8/.; steel bars (Siemens), 8/.; steel ship-plates, 
81. 10s.; steel ship-angles, 8/. 5s. ; steel wt 91. 10s. ; 
steel strip, 7/. 10s.; steel hoops, 8/. 5s.; joists, 
81. 7s. 6d. to 81. 10s.—all less the customary 24 per cent. 
discount ; cast-iron columns, 7/. 7s. 6d.; cast-iron railway 
chairs, 41. 7s. 6d.; light iron rails, 71. 15s.; heavy steel 
rails, 6/. 10s.; steel railway sleepers, 8/.—all net f.o.b.; 

vanised sheets, 24 gauge, in bundles, 117. 10s. 
to 122. f.o.b.—less the usual 4 per cent. 

Iron Trade Statistics.—According to the quarterly 
returns of the Middlesbrough Chamber of Commerce, 
the number of furnaces in blast within the port of 
Middlesbrough at December 31, 1914, was 49, as com- 

red with 52 at the end of 1913. The output of pig-iron 

uring the last three months of 1914 was 594, tons, 
322,000 tons being Cleveland pig-iron, and 272,000 tons 
hematite, spiegel, basic, and other ial irons. In the 
previous quarter the make amounted to 572,000 tons, of 


to Italy, one of Cleveland’s best y 





i production 
during the year 1914 amounted to 2,391,000 tons, of which 
Cleveland, and 1,084,000 tons bema- 
n the previous twelve months the make was 
being Cleveland iron, and 

t during the year 
largest on record, and ear’s was the 
second best. Imports of iron ore to 


i ae 
during the fourth oer of 1914 reached 325, 
tons, as =e with 484,371 tons during the previous 
uarter, and 552,392 tons during the last three months of 
previous year. The total imports for the past year 
were 1,819,813 tons, against 2,297,586 tons in 1913. 
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Tue InsTiTvTION OF Navat Arcuirects.—The annual 
meeting will be held in the Hall of the Royal Society of 
Arts, on ee March 24, and the following day. 
Owing to the war, the usual dinner and reception will not 





ALMANACKS AND OALENDARS.—In addition to the 
various al: and calendars already acknowledged 
in our columns, we have received wall calendars from 
Messrs. Leyland Motors (1914), Limited, of Leyland, 
Lancashire ; Messrs. Charles Churchill and Co., Limited, 
of 9-15, Leonard-street, Finsbury, London, E.O.; and 
Miss Ethel Christian’s Syeorees Office, of 36 and 38, 
Southampton-street, Strand, London, W.C. The former 
-_ daily pull-off sheets, and the two latter monthly 

eets. 





SIEMENS AND HALsKE.—It was stated at the general 
meeting of this company that almost one-third of its 
employees had been led to the front; so far, 112 
officials and 216 men had fallen, Considering the reduced 
number of hands, the eueey was still satisfactorily 
employed. Ordinary peace rs, of course, had de- 

d, but orders for war purposes had been all the 
more plentiful. Should nothing special occur, a relatively 
satisfactory result might also be ex for the current 
ear. The company paid about 300,000 marks per month 
in aid, which sum would have to go to the debit of the 
current expense. As is some of the company’s more 
important work, the Kiruna electrification was about 
ready; the delay was due to some Swedish works being 
behind time. opening of the express line Halle- 
Leipzic had been postponed at the instance of the autho- 
rities in question. Outstanding amounts were coming in 
satisfactorily, and all payments from Japan had also 
been received punctually ; the com 
in Japan had also been allowed to go on with their work 
without being molested in any way. During the first 
period after the declaration of war the men had withdrawn 
some 10 per cent. of their savings deposits, but these 
had since been paid in again with additional sums. 





pany’s representatives 





Norta-East Coast INSTITUTION OF ENGINEERS AND 
Suipsvitpers.—A scholarship will be offered for com- 
petition among graduates of the North-East Coast Insti- 
tution of Engineers and Shipbuilders in September next. 
The scholarship is tenable for two years, and is of the 
annual value of 50/. It will be a led on the results of 
an examination held in Newcastle during the month 
of September, simultaneously with the matriculation 
examination of Durham University, in the followi 
subjects: —(a) English ; (6) Mathematics; (c) Experi- 
mental very candidate for the larship 
shall be a British subject, and a member of the graduate 
section of the Institution of not less than one year's 
standing, and shall have served or be serving an appren- 
ticeship on the North-East Coast. The succeesful candi- 
date shall undertake to remain a member of the aforesaid 

duate section during the tenure of the scholarshi 

successful candidate shall attend a or tech 
nical school on the North-East Coast of Englan 
under ial circu 
any application to attend a college or technical school 
elsewhere. Further information can be obtained from 
the secretary, North-East Coast Institution of Engineers 
and Shipbuilders, Bolbec Hall, Newcastle-on-Tyne. 


Patent Sarety Latue-Carrier.—Lathes are the cause 
of many accidents in engineers’ shops, and each serious 
accident entails considerable expense to the owner. In the 
year 1913 there were 3932 lathe accidents in the United 





pal | Kingdom, and of these six were fatal. There are many 


parts of a lathe which cannot be provided with guarde, 
and in connection with which accidents can on) pre- 
_— b ~~ — s0 es of the men. 
e ess, ingenuit igners is steadi} 
reducing the points a4 yond , the latest cupteibution 
being the Ransome and Jones safety lathe-carrier, manu- 
factured by Messrs. A. Ransome and Oo., Limited, of 
Newark-on-Trent. This com i 
the old carrier, hut on the f of it there is a disc, and 
around this disc a rim, like the rim of a pulley. The face 
of the disc is not continuous, for it is pierced in the 
centre to pass over the work, and near the edge there is 


an oper which the set-screw can be turned. 
‘There is also a in the rim through which a box-key 
an tee to the set-screw. The important point is 


and edge carry no projecting parts to catch 
@ man’s sleeve ; aber ey which is the usual cause of 


accident, carriers are 
made of a steel alloy, and are sent for a free 
fortnight’s trial to those Wap ouiee to make the experi- 
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NOTICES OF MEETINGS. 


Tus InstrruTion oF Execrrical Enernmers (BIRMINGHAM LocaL 
Sxction).—Friday, January 29, at 7.30 p.m., at the University, 
Edmund-street. Professor Andrew Gray will deliver his Kelvin 
Lecture on “Lord Kelvin’s Work on Gyrostatics.” 

Tue Associamion oF Munine Exgorrica, Exemeers: LanNca- 
SHIRE, CHESHIRE, AND NORTH STAFFORDSHIRE BraNcr.—Saturday, 
January 30, at 6.30 p.m., in the Grosvenor Hotel, Deen ‘ 
Manchester. Mr. Bolton Shaw will read his Presidential Address, 
and a paper by Mr. T. J. Nelson, entitled “ Prevention of Elec- 
trical Accidents in Mines,” will be read and discussed, 

Tue Soctery or Encineers.—Monday, February 1, at the In- 
stitution of Electrical. Engineers, Victoria Embankment, W.C. 

r. H.C. H. Shenton (President, 1914), will present the pre- 
miums awarded for — published in the journal during 1914. 
Mr. Norman Scorgie, the President for 1915, will then deliver his 
a address. The chair will be taken at 7.30 p.m. pre- 


y. 

Tue Roya. Socisty or Arrs.—Monday, February 1, at 8 p.m. 
Cantor Lecture: ‘Oils, Their Production and Manufacture,” by 
Dr. F. Mollwo Perkin, F.L.O. (Lecture IIL). Tuesday, Feb- 
ruary 2,at 4.30 p.m. Colonial Section. “ Sugar and the War.” 
by Mr. Edward R. Davson. The Right Hon. Lord Desborough, 
K.C.V.O., will preside. Wednesday, February 3, at 8 p.m. 
thn oy Industrial Development After the War,” by Mr. Octavius 
Charles Beale, Vice-President of the Australian Manufacturers’ 
Association. Mr. George R. Parkin, O.M.G., LL.D., D.O.L., 
Organising Secretary to the Rhodes Scholarship Trust, will 

le. 


Tus Réntesn Sociery.—Tuesday, February 2, at 8.16 p.m., at 
the Middlesex Hospital, W. (by kind permission of the authorities), 
Dr. Sidney Russ will read a paper on ‘‘ Measurements of the Radi- 
ation from the Coolidge and Other X-Ray Tubes in Olinical Use.” 
D-. OC. R. C. Lyster will show a Coolidge tube. A *‘ Victor” inter- 
rupterless transformer will be exhibited. 

8 NorrixeHaM Socrery or Excinwars.— Wednesday, February 
8, at 7.30° p.m., at the Welbeck Hotel, Mr. W. Ralph Bates, of 
Alfreton Iron Works, will deliver a paper on ‘‘ Cast nm,” with 
special ref in ite application to pipes. 

Tae InstiruTs or Sanitary Exommemrs.—Wednesday, February 
8, at 8 p.m., at Caxton Hall, Caxton-street, Westminster. A 
paper will be read on * Problems in Modern Illumination,” by 
Mr. Valentine H. Mackinney. 

Tue Roya. Isstrrotion or Great Barrain.—Friday, February 5, 
at 9 p.m., a discourse will be delivered by Professor Arthur 
W. Crossley, D.Sc., F.R.S_, on “‘ Science and Industzial Problems.” 
Afternoon lectures next week at 3 o'clock. On Tuesday, February 
2, Professor Charles S. Sherrington, M.D., LL.D., D.Se., F.R.S., 
Fullerian Professor of Physiology, R.I., on ‘‘Muscie in the 
Service of Nerve” (Lecture III). On Thursday, February 4, Mr, 
Henry G. Plimmer, F.R.S., M.R.C.S., M.R.1., on ‘* Modern 
Theories and Methods in Medicine—Methods and Results” (Lec- 
ture IIL). On Saturday, February 6, Mr. Henry Walford Davies, 
Mus. Doc., LL.D., on *‘ Music—to Untrained Listeners.” (Illus- 
trations by lecturer.) (Lecture 1.) 

Tue Concerts InstirvTe.—Thursday, February 4, at 7.30 p.m., 
at Denison House, 296, Vauxhall! Bridge-road, Westminster, when 
there will be adiscussion on the Report of the Science and Rein 
forced-Concrete Practice Standing Committees, on ‘A Standard 
Specification for Reinforce: d Concrete.” 

Tus Institution or MunicreaL aNp County ENGINeERS.— 
Friday, February 5, at 8 p.m. (Metropolitan district), at 92, Vic- 
toria-street, Westminster. Paper by Mr. H. D. Searles Wood, 
F.R.LB.A., on “ Building By-Laws and a Oourt of Appeal” 
(which will be taken as ead). Adjourned discussion on paper 
by Mr. W. H. A. Court, on “ tae gpa the Housir g Question,” 
presented at the meeting at Hinckley, on October 3, 1914. 
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THE OUTLOOK FOR BRITISH ELEC- 
TRICAL MANUFACTURE. 


Tue manufacturing branch of the British elec- 
trical industry is usually looked upon as a cheerless 
sort of subject for discussion. Many times has it 
been pointed out that our total production of 
electrical material compares very unfavourably 
with that of the United States or Germany, and 
that a large proportion of our important electrical 
manufacturing companies pay no dividend on their 
ordinary stock. by way of explanation of this 
state of affairs, it is usual to blame foreign compe- 
tition, our financial class, and the Electric Lighting 
Act of 1882. It is also sometimes, but not often, 
we think, in this connection, suggested that our 
manufacturers are backward in their methods, and 
in their appreciation of scientific research. The 
present time, when so much is being said about 
the capture of German trade, affords an oppor- 
tunity of looking at the subject from a new point 
of view. 

Past discussion of this matter has had to deal 
with a set of conditions which appeared unlikely to 
change. Present discussion finds itself in an 
altered world. It is not surprising, therefore, to 


a find much difference of opinion on the likely 


effect of the present upheaval. Considering the 
effect of the war on British manufacture in general, 
we find extremes of opinion. On the one hand 


149| we have the enthusiasts, who speak in glowing 


terms of the world trade waiting our pleasure ; on 
the other the cautions, who tell us that the per- 
manent effect will be nil. The position of this 
second school is that, no matter what may happen 
temporarily, we must ultimately face German com- 
petition again, possibly of a keener nature than 
ever, owing to a smaller proportion of that nation’s 
energy spending itself in military preparations. 





They suggest that the so-called “capture” of 
German trade can do no good in the long run, and 
that, unless our methods are altered, our ition 
in the future will be no better than it has been in 
the immediate past. 

Confining ourselves to the question of electrical 
manufacture only, we think neither of these posi- 
tions altogether sound. It is obvious enough that 
the pronethncs ay wu capture of German trade in no 
way n ily involves its retention, but at. the 
same time we do not admit that if that capture 
takes place it will be as easy for Germany to regain 
her position as it would have been for her to hold 
the position had she never lost it. This may be 
indirectly illustrated from the history of the very 
electrical industry with which we are dealing. 
The United Kingdom was at one time in the 
forefront in electrical manufacture. Our fall has 
been variously explained, as we have already said, 
but much weight has been laid on the Electric 
Lighting Act of 1882. There is much in the idea. 
If a business can build up a large connection in 
the early days, when pioneering profits can be 
made, it is likely to establish a financial and 
technical position from which it is difficult to move 
it afterwards. The Act referred to is certainly 
reflected in our present condition, in that it ham- 
pered our manufacturers just at the time when 
they were establishing the premier ition. 
Having lost that position, they now find it extra- 
ordinarily difficult to make headway against the 
stand secured by the manufacturers of other 
countries. Briefly, it is generally easier to keep 
the lead than get it. In this case we had it, but 
failed to retain it. 

The application of this lesson to the present 
state of affairs is obvious. Germany is neces- 
sarily for a time going to lose export trade in 
electrical apparatus worth over 10,000,0001. a year. 
This is a blow to her established position which our 
manufacturers in the ordinary cuurse could never 
have hoped for. If theyuse their opportunity aright, 
they may not only obtain some of this trade tem. 
porarily, but, what is more important, may build 
up an improved position for themselves in home 
and overseas markets which will enable them in 
the future to face German and other competition 
on a surer basis than in the past. There is an 
opportunity of doing something to retrieve the 
position thrown away thirty years ago. \ We are 
guilty of no immoderate enthusiasm in this matter, 
and do not imagine that our manufacturers have 
but to turn round to add Germany’s annual elec- 
trical output of 60,000,0001. worth of apparatus to 
their own. We suggest that the occasion is one 
for improving our position in our home market 
and in some of the foreign markets. More than 
that is hardly to be hoped for. 

It is difficult to say, but probably electrical 
manufacture is the branch of engineering in which 
Great Britain stands worst in reference to the 
other great manufacturing countries. It is cer- 
tainly among the branches in which it stands 
worst. This, as we have just pointed out, may be 

tly explained as the result of unwise legislation, 
but that is not the whole story. In considering 
the possibility of a better future one must not 
omit to look at other causes of past failure if there 
are any. One of the explanations quoted in our 
first paragraph, which has been offered to account 
for our poor position, was foreign competition. 
This actually is merely another aspect of the 
greater advance of some other nations with which 
we have just been dealing ; but there are some 
further considerations which appear to belong more 
directly to the matter when it is stated in that 


way. 

Kiectrical engineering is a business which is 
peculiarly dependent on other businesses. Apart 
from traction, the great part of ite products, and 
the products of those products, are intended for the 
assistance of other branches of manufacture. As 
a consequence the state of electrical manufacture 
is at all times a reflex of the general trade level 
-—not the level of any special trade, or trades, but 
the general level over all industry. A natufpl result 
of this has been that in the last thirty years, when 
the manufactured output of the United States and 
Germany increased to such an amazing extent, 
their electrical output correspondingly increased. 
Each has had a great and rapidly-growing home 
market, which has helped to build up a command- 
ing position in electrical work. There has been no 
such p ionate increase in manufactured out- 
put in Britain, and, as @ consequence, our 
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electrical firms have not had the same home 
demand to meet. A further point, often men- 
tioned, is that much of our manufacture is pro- 
duced by more or less old plant and factories, so 
that, both on questions of capital outlay and 
existent practice, it has been difficult for our 
electrical manufacturers to a = amount of 
a tus proportionate to t sold in countries 
- Myhich the rise of general manufacture has been 
later. 

This does not exhaust the reasons why we are 
somewhat behind in electrical work. ere is 
another, which takes us back to our question of 
established businesses. Electrical work is quite a 
new trade. Although thirty years ago we had 
the front position, that position cannot be looked 
upon as having been of great importance, from the 

int of view of the output which the front position 
in electrical manufacture means nowadays. When 
electrical work began to be of importance, there 
was no very formidable established position demand- 
ing attack by new-comers. One obvious result of 
this was that when other countries came to enter 
more and more into the manufacturing field, they 
found themselves in electrical work more on a level 
with us than in many other important branches of 
msnufacture. Oapital having no preferences, and 
taking the line of least resistance, tended to assist 
the development of lines of manufacture in which 
there was a fairly open field, rather than to attack 
strongly-established positions. We are aware that 
there have been plenty of attacks on established 
positions, but that does not alter the fact that the 
tendency has been, and must be, to attack un- 
defended positions, or ones in which the defenders 
have had little or no time to establish themselves 
strongly. In electrical work it was easier for 
other countries to establish themselves than it 
would have been, say, in shipbuilding. The results 
have been what we see to-day. 

The third cause—lack of proper support by capi- 
talists—which has been put forward to — our 
poor position in the electrical world is not altogether 
just. No successful business need lack support by 
capital, and no unsuccessful one has a right to 
expect it. Much capital has been sunk in electrical 
manufacturing in this country, and the results have 
not been such as to attracta great deal more. The 
capital question is merely a result of other causes, 
and is nota cause in iteelf. This does not alter 
the fact that more capital will be necessary if we 
are to take proper advantage of the present position. 
The existing situation is undoubtedly a very difficult 
one. As we see matters, there are great oppor- 
tunities for our electrical manufacturers at the pre- 
sent time. We do not imagine that they will be 
able to obtain an entry into the great home markets 
of Germany and the United States, but they should 
be able to much improve their positions in these 
islands and in South America, parts of Europe, our 
Colonies, and the Far Kast. We have heard talk 
about doubling the size of works and other heroic 
measures to meet the present situation, but it is 
not clear where our manufacturers are to get the 
requisite money from. Even in unprecedented 
times like this, we fear ress will have to be 
slower than this sort of thinking indicates. 

Although the situation is difficult, it is hopeful. 
For some years our electrical manufacturers have 
been working very hard to improve their condition, 
and their efforts have not been in vain. Advantage 
drawn from present conditions wil] be an assistance 
to a movement already in progress. It will not 
necessitate the starting of a movement. The 
annexed diagram shows British electrical exports 
and imports from 1904 to 1914. Exports are 
shown by a full line, and imports by a broken 
one. e@ ordinates are plotted as monthly 
averages for each year, and for 1914 the first 
seven months only have been taken, as the figures 
current during the war are of no interest from our 
present point of view. It will be seen that the 
export curve is in no way unsatisfactory, and shows 
& progressive improvement in overseas markets. 
One might have liked to see the import curve rising 
less steeply, but as it is there is a proportionate 

in in exports. The import curve is remarkably 
ree from peaks and valleys. This is probably to 
be explained by the imports being in the main 
made a of the smaller of electrical supplies, 
in which a fairly steady business is evidently done 
by foreign manufacturers. The irregular character 
of the export curve may largely be explained by 
several large contracts falling in certain years. In 
view of the large manufacture of electric lamps, 





which has been started in this country in recent 
years, the increasing slope of the import curve is 

rhaps rising. In this connection, however, 
fone may drawn from the present situation. 
Much of the material represented by this curve 
demands less plant and capital to make than does 
heavier machinery, and there should be no great 
difficulty in our manufacturers obtaining much of 
the trade, bearing in mind that it has been largely 
German. We should say that the import curve 
shown in the diagram would be to some extent 
modified, but not seriously, were re-exports sub- 
tracted from it. Another point is that the capital 
invested in electrical manufacturing in the United 
Kingdom did not increase in anything like the 
proportion that the exports did between 1904 and 
1914. The capital increased some 30 per cent., 
against an increase of exports of about 300 per 
cent. 

The conclusion of the whole matter appears to 
us to be that real progress can only be made com- 
paratively slowly, that progress has been made for 
some years past, and that the present upheaval 
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ess) 
offers a great opportunity for the rate to be acce- 
lerated. As progress is made the position of com- 
panies will improve, and there will be no difficulty 
about capital. It may be necessary in some cases, 
for important extensions of business, that payment 
for machinery should be taken in stock of the 
company supplied. One remembers the oft-quoted 
case of the Victoria Falls and Transvaal Power 
Company, in which the work went to Germany for 
this reason. It is useless to blame our financial 
people for this. If British companies can build 
them<elves up to a sufficiently strong position, they 
will find no difficulty in doing the same sort of 
thing. 

Seeking light on this subject, we turned to a 
discussion held by the Sales Managers’ Association 
last month, but our opinions were not modified by 
anything that was said. There was a good deal of 
talk about representatives in foreign countries. 
Such representatives are very useful, but they are 
expensive, and companies can only employ them in 
so far as their resources allow. We take it that 
no one suggests that our manufacturers have had 
no such representatives in the t. The most 
useful speech was made by Mr. H. Scholey. He 
pointed out that to a great extent our electrical 
manufacturers are specialists. They consist largely 
of comparatively small tirms making one or two 
things only. Such firms cannot undertake the 
large general contracts in which so much important 
foreign work is given out. Further, the size of 
their businesses will not permit of the employ- 
ment of special oversea representatives. To bring 
firms of this class toa wider market combination 
is clearly necessary. Whether amalgamations or 
working agreements would be be-t depends on 
many things. The subject is too large to enter on 
at the tail end of an article. 








GASEOUS EXPLOSIONS. 

A.ttHoucH the working agent in a gas-engine is 
a very much less singular body than that employed 
in the steam-engine, which is almost unique in 
very many of its physical properties, the thermo- 
ee theory of the gas-engine is still in a not 
wholly satisfactory condition. In the case of the 
steam-engine we have now very definite knowled 
as to how great a proportion of the “‘ availab 
energy”’ is actually recovered as useful work, and 
this “‘ efficiency ratio” is the recognised standard of 





comparison by which the merits of steam-operated 
prime movers may be estimated. Given a pound 
of steam ata certain initial pressure and superheat, 
we know quite definitely how much work should be 
obtainable from this if expanded in a perfect engine 
down to any stated exhaust pressure ; the ratio to 
this of the work actually accomplished is defined 
as the efficiency ratio. 

An attempt to furnish an equally illuminative 
method of estimating efficiencies was made by 
the Committee of the Institution of Civil Engi- 
neers, who proposed a kind of efficiency ratio for 
gas-engines. On this basis, the performance of an 
actual engine was compared with that of an ideal 
engine in which air was compressed, suddenly heated 
to the highest gas-engine temperature, and expanded 
down to its original volume before compression. At 
the date when this proposal was made it was believed 
that the specific Feat of the gas-engine working 
fluid was sensibly constant. Recent labours, in 
particular those of the British Association Com- 
mittee on Gaseous Explosions, have established the 
fact that this view was mistaken, and that the 
specific heat increases very considerably with the 
rise of temperature. As a consequence it appears 
that the efficiency ratio of a gas-engine is very 
much higher than was at one time assumed, and 
that the margin for further improvement in its 
economy is relatively small. Comparative figures 
given in the last report of the Gaseous Explosions 
Committee are as follow :— 





Theoretical Thermal Efficiency 


Clearance 
Volume at Discharge 


Ca:culated from 
Air Standard with 
Constant Specific 


Calculated from 
Actual Specific 





Heat. Heat. 
} 0.187 0.242 
4 0.273 0.356 
3 0.337 0.426 
4 0.884 0.475 


The greater knowledge we now posse:s as to 
the nature of the working fluid shows thus very 
clearly that the gas-engine designer has been getting 
avery much larger proportion of the work theo- 
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retically due than was hitherto realised. The 
newer determinations as to the value of the specific 
heat have, moreover, made it possible to establish 
a fairly good heat balance, a point which was 
emphasised in the highly instructive Canet Lecture 
delivered to the Junior Institution of Engineers 
last year by Dr. Dugald Clerk, F.R.S., who has 
done so much to elucidate the true theory of the 

-engine. 

Unfortunately, however, there appears to be 4 
slip in the illustrative calculation given in the 
lecture in question. Taking the diagram, repro- 
duced in Fig. 1, Dr. Clerk calculated, by means of 
the curve in Fig. 2, the internal energy at the 
different characteristic points of the stroke. He 
thus found that between B and D there was an 
apparent heat loss of 31 per cent. of the heat 
due from the combustion, and as the work repre- 
sented on the card was equal to 27.5 "mal cent. 
of the heat supplied, the loss to the exhaust, by 


difference, came out at 41.5 per cent. On the other 
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hand, calculating this exhaust loss from the tem- 
ture at D, it amounted to 32.9 cent. 
ere was thus, it will be seen, a somewhat 
discrepancy, but an examination of Dr. Clerk’s 
data would seem to show that a mistake has been 
made in the calculation. 

According to Dr. Clerk the internal energy of 
the fluid at the points ABCD of Fig. 1 is as 
follows: — E, = 310 ft.-lb., E, = 1506 ft.-lb., 
E,, = 21,800 ft.-lb., and E, = 9510 ft.-Ib. 

On referring to the corresponding temperatures 
as given in Fig. 1, it will be seen that the energies 
thus tabulated are inconsistent with each other, Ex 
being about one-half its true value. By careful 
measurement of the original of the diagram repro- 
duced in Fig. 2, we find that the internal energy 
of 1 cub. ft. (measured at 0 deg. and 760 mm.) of 
the mixture to be as follows :— 











Internal | Internal Energy of 
Temperature. Ene of Volume Actually Ratio: °%. 
Centigrade. 1 Cub. Ft. Used, ¢. (According E 

| E. to Clerk.) 

} 

| 

deg. ft.-Ib. | 
20 472 310 0.660 
214 4,910 1,506 0.307 
651 15,000 9,510 0.634 
1380 | 33,800 21,800 0.644 


It will be seen the second number in the last 
column is quite inconsistent with the remaini 
figures. Dr. Clerk does not state what the actua 
volume of his cylinder was, but an average of the 
three consistent figures gives 0.646 cub. ft., and 
taking this figure the corrected values of the internal 
energy-of Dr. Clerk’s mixture become :— 

EK, = 305 Es, = 3170 Eo= 9690 E. = 21,880. 

The work done between C and D on the diagram 
is, Dr. Clerk states, 10,900, so that the heat loss 
on this part of the curve becomes :— 

21,880 — 9690 — 10,900 = 1290 ft.-Ib. 
The total energy added between B and C is 
E. — Es + work done between B and O, 
and this last term is said to be equal to 249 ft.-Ib. 

Hence, of the 28,000 ft.-lb. stated to be due 
from the combustion, the amount accounted for 
up to C is 

21,880 — 3170 + 249 = 18,959 ft.-Ib., 
as against Dr. Clerk’s figure of 20,543 ft.-lb. 

Hence some 32.2 per cent.of the heat of combus- 
tion is unaccounted for when the temperature 
reaches its maximum value. 

The internal energy at the point D, according to 
our measurement, is— 

F > = 9690 fo.-lb., 
and the work done along the expansion line C D is 
10,900 ft. 

The heat loss between C and D is therefore :— 
21,880 — 9690 — 10,900 = 1290 ft.-lb., or 4.6 per 
cent. of the total heat of combustion. 

Hence the total heat missing between B and D 
is 32.3 + 4.6 = 36.9 per cent. 


The balance-sheet now becomes :— 
Per Cent. 
Indicated work pen 27.5 
Heat loss, B toD ... se 36 9 
Exhaust loss by difference ... 35.6 


Taking E, as 9690, the actual exhaust loss is 
9690 
28,0U0 

There would thus appear to be a very little dis- 
agreement between the exhaust loss (by difference) 
and the measured exhaust loss, whilst, owing to 
an error in measurement, Dr. Clerk found a con- 
siderable discrepancy, his values being 41 5 per 
cent. by difference, and 32.9 per cent. as measured. 

Though a satisfactory heat balance appears to 
be thus attained, the puzzle still remains as to 
what becomes of the missing heat between B and 
C. The assumption at one time favoured—viz., 
that the defect of ayer was entirely due to a 
great increase in the specific heat of the mixture 
as the temperature rose—is obviously untenable, 
since when the best experimental values are 
taken for the specific heat there is still the large 
defect of 32.3 per cent. Another suggestion that 
has been made is that combustion is not com- 
plete at the moment the maximum temperature is 
attained, but continues along the line CD. This 
may no doubt be true to some extent, but it appears 
probable that another cause must be at least par- 
tially responsible for the defect of pressure, and 


= 34.6 percent. 


In a paper ‘<A published in the Philosophical 


Magazine, Dr. W. Thornton s ts that the 
molecules of the gas immediately aie the act of 
combination have not attained the normal state 
corresponding to the temperature, and we are in- 
clined to think that this is highly probable, though 
for certain reasons, to be given later, we are dis- 
posed to question whether Dr. Thornton has hit 
upon aa | grange wl type of abnormality which is 
responsible for the discrepancy. 
As is well known, in a mass of gas having di- 
atomic molecules, the internal energy is made up 
of two factors. In the first place, the molecules 
are darting hither and thither in every direction, 
and each, therefore, has a certain kinetic energy 
of translation. As was shown by Joule, this ene 

of translation is responsible for the pressure of the 
gas, which is, in fact, given by the relation 


PV=3.%, 
g 


where P denotes the pressure in pounds per square 
foot, V the volume A 1 lb. of the gas in cubic feet, 
and c*® the average value of the square of the 
velocity of a gaseous particle. 

In addition to this kinetic energy of translation, 
however, the molecules (unless they are monatomic) 
are each in rotation, having thus a kinetic energy 
of spin. In the case of diatomic molecules, in 
normal state the spin energy thus represented is 
exactly equal to two-thirds the energy of translation, 
since the spin of a diatomic molecule can be resolved 
into two component spins, and its motion of trans- 
lation into three component velocities. The energy 
attributable to each component is, in the normal 
state of a gas, the same; this being, in fact, the 
famous principle of he tata of energy between 
all the degrees of freedom possessed by the mole- 
cule. Dr. Thornton’s suggestion is that the very 
act of chemical combination tends to produce a 
temporary excess of the energy of rotation, and 
this, of course, does not in any way contribute to 
the pressure of the gas. 

In his argument he assumes one spherical par- 
ticle meeting another and adhering thereto. If 
the two strike together fairly in line, there is no 
conversion of translatory motion into rotational, 
but part of the “translational energy is con- 
verted into vibrational.” If, however, the impact 
does not take place in line, then, if the two 
particles adhere, the translation energy will be con- 
verted into rotational, and the compound molecule 
formed will take a spin about the common centre 
cf gravity. He concludes that if the action of 
combining atoms were of this kind, the transla- 
tional energy of the gas after combination would be 
exactly one-half of that normally due, and it has 
generally been considered that the defect of pres- 
sure actually observed is of this order; hence he 
claims a certain numerical agreement between actual 
observation and the theory proposed. There are, 
however, other facts which appear to us to throw 
doubt on its validity. 

In the first rank stand certain purely chemical 
considerations. It appears to have been pretty 
detinitely proved that the act of combustion is not 
merely a dubieg together of two combining atoms. 
A catalytic agent is always required, which seems to 
indicate that in the initial stages a somewhat com- 
plicated molecule is formed in the first instance, 
which breaks-up later on. Secondly, gases ‘such, 
for example, as carbon monoxide and oxygen exist 
in the explosion vessel as diatomic molecules. In 
breaking up into separate atoms prior to combin- 
ing in the fashion pictured by Dr. Thornton there 
would be a conversion of rotational energy into 
translational, which would tend to offset the con- 
trary process assumed to occur in the subsequent 
combination. 

Another very important point is, however, the 
length of time during which such an abnormal con- 
dition of affairs as that imagined by Dr. Thornton 
could exist. If the distribution of energy in a gas 
is abnormal, it tends to revert to the normal state 
with extreme rapidity. An exact calculation of the 
length of time required to convert to the normal 
condition a mass of gas in which the spin energy 
was 50 per cent. more than that corresponding to 


the actual temperature could probably be made. 
The equations relating to the movement of colliding 
elastic solids moving in three dimensioned space are, 
however, exceedingly complicated, and an attempt 
to solve the problem by direct attack would, even 
if successful, require a very great expenditure of 





this may perhaps be the main factor involved. 





would seem that an abnormal excess of spin en 
should correct itself very quickly It is ton 
for two rotating bodies to come into contact without 
their receiving a certain amount of velocity of 
translation, whilst, on the other hand, two non- 
spinning bodies can collide in certain favourable 
conditions without the generation of any spin 
en - Hence an abnormal excess of spin energy 
should be corrected in a time comparable with that 
needed to correct an abnormal partition of trans- 
latory energies. 

In their article ‘‘ Molecule ” (Encyclopedia Brit- 
annica, 9th Edition), Messrs. Burbury and Watson 
calculate that an abnormal distribution of transla- 


tional energy would be corrected in ...’ 


60,000,000 of bad 
second in the case of a gas at standard tempera- 
ture and pressure. It would take place in cor- 
respondingly less time in an actual gas-engine 
where the compression of the charge reduces the 
mean free path of the molecules and the tempera- 
ture greatly increases the mean velocity of motion. 
It would seem therefore that an abnormal excess of 
rotational energy, even were it possible for it to 
arise, would be corrected practically instantan- 
eously. 

In short, we are disposed to believe that the 
defect of pressure actually observed is in no way 
due to the action suggested by Dr. Thornton, 
but is really to be attributed to an excess of the 
‘* vibrational energy” mentioned. This vibration 
is, however, we should conceive, an electrical one, 
the “valency corpuscles” surrounding the atomic 
nucleus being set in oscillation during the act 
of combination. Indeed, Professor A. Smithells 
takes the view that the energy resulting from 
chemical combination does not appear in the first 
instance as heat, but as oscillations of this character, 
the molecules being subsequently heated by the 
radiation set up. A vibrating clectric charge is held 
to be the source of all radiation, and it is a recognised 
experimental fact that the radiation from atoms in 
the act of combination is very greatly in excess of 
that normally due to their temperature. In other 
words, if a molecule is heated up toa given tem- 
perature by an external source of heat, it radiates 
out energy much less copiously than when it 
attains the same temperature as a consequence of 
entering into a new chemical combination. We 
would suggest, therefore, that the defect of pres- 
sure actually observed is due to the circumstance 
that the chemical energy liberated by the explosion 
requires time to pass into the form of heat, and 
that a considerable fraction of it still exists in the 
form of vibrating corpuscles at the moment the 
maximum temperature is attained. These vibra- 
tions give rise to radiation, which continues so long 
as they are maintained. This radiation will be in 

rt transferred to the molecules of the gas in the 
orm of heat, thus tending to maintain the pressure 
exactly as if combustion were still proceeding ; and 
in part will pass direct to the cylinder-walls. Itis 
to be noted in this connection that Professor B. 
Hopkinson found that the radiation !oss during the 

rise of the explosion pressure was only 3 per 
cent., whilst it was 30 per cent. during the rest of 
the stroke, 





AERIAL NAVIGATION. 

Tue first of a course of two lectures on ‘‘ The 
Scientific Principles of Aerial Navigation” was 
delivered at the Royal Institution last Saturday 
afternoon by. Dr. R. T. Glazebrook, F.R.S., 
Director of the National Physical Laboratory. 

In opening his discourse, Dr. Glazebrook said 
that in accordance with a suggestion from the 
Secretary of the Royal Institution, he would not 
attempt to cover the whole field of aerial naviga- 
tion, but would confine himself to the scientific 
aspect of the subject-matter, and would accord- 
ingly not concern himself with the many engineer- 
ing problems involved. 

The subject, he proceeded, naturally divided itself 
into two sets of problems—viz., those relating to 
airships and those connected with the theory of the 
aeroplane. In the present condition of affairs, it 
would no doubt be of much interest had he been 
able to give a full and complete account of those 
airships which had recently created so much stir, 
and which some people feared might be a source of 
danger. His own ignorance as to these airships 
was, however, considerable, and he deemed it best 
accordingly further to limit his lectures to a dis- 
cussion of the scientific principles governing the 





time. 


From general considerations, however, it 


design and construction of an efficient aeroplane, 
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which was one form of the heavier-than-air machine. 
All heavier-than-air machines derived their support 
from motion of some kind or other. In the case of 
the aeroplane this support was derived from the 
motion of the machine as a whole ; but in another 
class the machine was supported by the motion of 
serew-propellers mounted on vertical shafte. This 
latter type had hardly undergone any development, 
and he intended, accordingly, that afternoon to 
discuss the aeroplane only. 

The principal component parts of such an aero- 
plane were, he said, well shown in Fig. 1, repre- 





senting a b'plane. In flight the machine was sup- 
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horizontally at a uniform speed the propelling 
power was shut off. It would at once begin to 
glide down along a path inclined to the horizontal 
at the ‘‘gliding angle” of the machine. It was 
very important that this gliding angle should be a 
small one, as the smaller this angle was, the wider 
was the choice open to the aviator as to where he 
would alight. If he were a mile high, and the 
gliding angle were 1 in 5, then, if his engine failed, 
he would come down at a point not more than 
5 miles away. If the gliding were 1 in 7, he could, 
however, come down7 miles away. Thus, if at the 
time of the engine failure he were 5 miles behind 


Fig.1 
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orted by the upper and lower “‘ aerofoils” shown. 

"he body of the machine supported the propellin 
machinery, and towards the rear was provided with 
a ‘‘tail” plane, as indicated. Of this tail plane the 
rearmost portion was movable, and was known as 
the ‘‘elevator,” the machine being made to point 
upwards or downwards in flight by suitably thiting 
the elevator. The ‘‘alighting chassis” was shown 


beneath the fore body, and was provided with the | 


‘*skids” or ‘* runners” shown, on which it slid 
when landing after a flight. 

As the machine went forward through the air it 
was lifted by an upward force, due to the pressure 
of the air on the aerofoils. The resultant upward 
pressure was known as the ‘‘lift'” of the machine, 
whilst the resistance to horizontal motion was 
known as the “‘drift.”” This resistance was in part 
due to the horizontal component of the air pres- 
sure on the planes, and in part due to the frictional 
drag of the air as it streamed over the surface. 





Suppose that while 4 machine was travelling 


the enemy’s front he would be caught if the gliding 
angle were 1 in 5, but would reach his own lines if 
this angle were 1 in 7. 

The “lift” of the machine in steady flight was 
necessarily equal to the total weight of the machine. 
Calling this lift L, and denoting by D the ‘‘ drift,” 


then the gliding angle was equal to - and to 


secure an efficient aeroplane this ratio must be 
made as small as possible. An aeroplane, more- 
over, did not fly with its axis horizontal, and 
the angle between this axis and the horizontal 
was known as the ‘‘angle of attack,” or the 
“attitude” of the machine. Like a ship, too, an 
aeroplane was subject to ‘‘ pitching ” about a trans- 
verse axis, and to ‘‘ rolling” about its longitudinal 
axis. It was also liable to ‘‘ yaw,” by which 
was implied moving obliquely instead of moving 
straight. Again, in turning a circle it was neces- 
sary to tilt the machine about its longitudinal 
axis, and this was known as “‘ banking.” 








A satisfactory aeroplane should, Dr. Glazebrook 
continued, not only be ‘‘eflicient”—that was to 


say, having a small value of 7 but should also be 
safe, implying thereby stability and strength. 
Small ratios of drift to lift, resulting in an effi- 


cient machine, had been secured by scientific 
investigation and experiment. To enforce the 
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importance of these, Dr. Glazebrook quoted from 
the articles recently contributed to our columns by 
Mr. F. W. Lanchester, to the effect that the not 
uncommon view that science had been found useful 
in aeroplane design merely to afford plausible 
explanations of achieved results, was the very reverse 
of the truth, and that the main factor in the 
superiority of the British to the German aeroplanes 
was due to the greater scientific knowledge and 
ability of our designers at the Royal Aircraft 
Factory. 

Dr. Glazebrook also read an extract from a letter 
received by him about a fortnight ago, in:which his 
correspondent, writing from the Front, said that 
events had impressed on him the great value of 
the aerodynamic studies made at the Royal Factory 


and at the National Physical Laboratory, since he 
had discovered that the British machines fitted 
with 70 horse-power engines for the most part 
(a few have 80 horse-power engines) regularly over- 
hauled the enemy’s aeroplanes fitted with engines 
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of 100 horse-power. The ascendancy established 
in the earlier days of the war was, the writer said, 
still maintained, and, as a consequence, the passage 
of a German machine over our lines was quite rare, 
not a single one having been seen for some days 
prior to the despatch of the letter. This result was 
due, Dr. Glazebrook continued, to the efficiency of 
our machines. 

In any machine the lift depended, the lecturer 
continued, on a number of factors, such as the 
wing surface, the speed, the shape of the wings, 
and in particular on the curvature of their upper 
surfaces. . It also varied with the angle of attack. 
Very approximately the lift was given by the 
expression 

L = kps V2 ° - 
where s denoted the wing surface, p the density of 


070 






Lift Co-ef¥icient, (Absolute). 


LIFT, 


17 


15 


LYY Drift 


Ses Hee AA AN @ 


or 
2 aa 
the air, and V the velocity of the machine, whilst k 
was an experimental coefficient. The formula was 
not strictly true, since the lift was not exactly 
proportional to the square of the velocity, but the 
assumption was sufficiently exact. for present 
purposes, 

To determine k a wind channel was employed, and 
the lecturer showed a slide re mting the 4-ft. 
channel erected at the National Physical Labora- 
tory, where, however, he said, there was alsoa larger 
channel. A fan maintained a current of air through 
the channel, and to this current models of wing 
surfaces and the like were exposed, the resultant 
forces being measured by an appropriate balance. 
The air speed could be varied ugh wide limits, 
and in the larger channel speeds up to 60 miles 
= hour nacre attain a _ actual wind velocity 

48 accurately measured by appropriate methods. 
In this way data were obtained for plotting curves 


‘gram, which showed how the ratio ” 








of the kind reproduced in Fig. 2, which showed 
how the lift on a particular aerofoil varied with the 
angle of attack. As would be seen, the lift was a 
maximum with an angle of attack equal to some 
14 deg. to 15 deg., a further increase of angle giving 
(for a certain range) a reduced lift. Ina similar way 
the “‘ drift” of the aerofoil at different angles of 
attack could be determined, and by combining the 
two sets of results the second curve in the dia- 
lift . 
drift varied, 
with changes in the angle of attack, could be plotted. 
This ratio, it would be seen, had a maximum value 
for an angle of between 4 deg. and 5 deg. Ifa bigger 
angle than this were used, the lift, it was true, 
increased, but the efficiency, as measured by the ratio 
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lift 
drift 
determinations could be made was well illustrated, 
the lecturer continued, by Fig. 3, which showed 
the results obtained with one and the same model 
when tested first in a 4-ft. wind-channel and then 
in a 3-ft. channel. It would be seen that the two 
sets of observations were practically coincident. 

For a certain portion of the curve near the 
origin, the lift was sensibly proportional to 
the angle of attack, and it was for some pur- 

, therefore, convenient to write equation (1) 
in the form :— 


» was reduced. The precision with which such 


Lift = k, aps V%, 


where a denoted the angle of attack, and k, a co- 
efficient independent of this angle. Though this 
expression was not strictly accurate, it was for some 
purposes convenient. 


Proceeding, Dr. Glazebrook asked why it was 
that, when the angle a attained a certain limit, the 
lift suddenly fell off ? The reason, he said, would 
be apparent on reference to Figs. 4, 5, and 6, which 
were photographs of an aerofoil exposed at dif- 
ferent angles to a current of water, having a mass 
of shining particles suspended in it. These par- 
ticles were illuminated by a powerful electric 
light, and as they moved with the stream gave 
the bright lines shown in the figures, thus mapping 
out the nature of the flow. At low fone 5 of 
attack the fluid streamed pretty uniformly over 
the two surfaces of the aerofoil, as shown in 
Fig. 4, where the angle was 8 deg. With a larger 
angle of attack (12 deg.), however, a tendenc 








to form eddies became apparent, traces of whic 
were visible in Fig. 5. Finally, with a still larger 


Inclination of 


angle of about 20 deg., we got, instead of a 
steady streaming motion, the state of turbulence 
round the tail of the aerofoil indicated in Fig. 6, 
and the forces on the plane were thereby very 
seriously modified. The lift coefficient ——— 
very greatly, since the formation of the ies 
involved the expenditure of a good deal of energy. 

The lift coefficient, he continued, had a very 
important bearing on the speed range of a machine 
—that was to say, on the range between the maxi- 
mum and the minimum speeds at which flight was 
possible. Thus, referring back to Fig: 2, suppose 
it were possible to fly a machine with an angle of 
attack equal to 12 deg., and also when this angle 
was 4 deg., in the former case, the value /,, say, 
of the lift coefficient was twice as great as in the 
second case, and thus, since— 


Weight = lift = kps V®, 


the machine would at the larger angle be supported 
at a considerably lower speed than when the angle 
of attack was 4 deg. A machine with a large range 
of lift coefficient would thus have a large range of 
flying speeds, and it was obviously advantageous 
that a machine capable of flying at 70 to 80 miles 
an hour should also be capable of flying at 40 when 
about to alight. As showing the progress made in 
this direction, Dr. Glazebrook said that Cody’s prize 
machine of 1912 could fly at speeds of 72 miles 
an hour and also at 48 miles an hour, whilst the 
Sopwith machine of 1914, with a maximum speed 
of 92 miles per hour, could also fly at 36.9 miles an 
hour. 4 

As already stated, the “drift” was measured in 
the same way as the ‘‘ lift,” but it should be 
observed that the total ‘‘ drift” was the sum of a 
number of components. Of these, one component 
arose from the fact that the air pressure on the 
serofoils had a horizontal component, and this 
component was known as the aerodynamic drift. 
In addition to this, air, not being a perfect fluid, 
exerted a frictional drag on the surfaces past which 
it streamed, and this was measured in the air- 
channel at the same time as the true aerodynamic 
drift. In the case of aerofoils this frictional drag 
was, however, not very large. A complete machine, 
however, inc the body and the tail planes, 


| the engine, &c., and the flow of air past these con- 
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tributed to the total drag on the machine. So far 
as the wing surfaces alone were concerned, the 
total drift was equal to about 7 per cent. of the 
weight supported when flying in the best condi- 
tions. 

~ The ratio of drift to lift depended on various factors 
—viz., the aspect ratio, the curvature of the aero- 
foils, and also on the velocity of motion. A number 
of results showing the influence of these different 
factors were plotted in Figs. 7,8, and 9. In Fig. 7 
the effects of changes in aspect ratio were illustrated, 
and showed that with small aspect ratios inferior | 
results were obtained. Hence a wing long trans- | 
verse to the flight-path, and narrow in the direction 


Fig.10. 





sumeces | TO 


“Sq Ft Bque 
valent of Hody 
Renetance 


Pecan cenrT 


OF TRACTION 





Coerricrenr 


° 





of that path, was desirable. In Fig. 8 the effect of 
changes in the camber of the upper surface of the 
wing were shown. In this case all the aerofoils tested 
had the same aspect ratio and the same bottom curve, 
but the camber of the upper surface was varied. 
By the use of these curves the effect of wing form 
could be determined prior to the building of a 
machine. In Fig. 9 the effect of variations of velo- 
city on the lift 


coeflicient were shown. With low 


angles of attack the lift was nearly independent of 
the speed, but the breakdown point at which the 
lift suddenly drop commeel, Dr. Glazebrook 
stated, earlier with the lower velocities. The 
sudden drop in the lift coefficient appeared, as 
already explained, when eddies began to form. 
After these were fairly established, a further in- 
crease in the angle caused the lift to increase again. 

The resistance to the motion of the complete 
machine was, the lecturer proceeded, not merely 
due to the drag of the aerofoils, but also to the body 
resistances, and these latter varied very approxi- 
mately with the square of the velocity, and could be 
expressed in terms of the pressure on an equivalent 
plane normal to the flight-path. In other words, it 
was possible to calculate what area, of such a plane 
surface, would oppose the same resistance to onward 
motion as the whole of the body resistances. Ina 


good aerofoil the due to the wings only was 
about 7 per cent. of the lift, and this drag did not 
vary much with the ve'ocity, since with higher 
velocities a smaller area would suffice to support 
the weight. Mr. Lanchester, the lecturer con- 
tinued, in a recent lecture given Fig. 10, where 
the horizontal line represented the resistance due 
to the wings at different s which, as stated, 
was approximately constant, whilst the curved lines 


showed the resistance to be overcome when the 
normal plane equivalent to the body resistance 
ranged from 1 sq. ft. up to 10 sq. ft. 

In actual machines this ogy plane had an 
area of about 5 sq. ft., which it might prove pos- 
sible by further improvements to reduce to 3 sq. ft. 
With 5 sq. ft. the total resistances at 90 miles per 


ift 
hour were equivalent toa ~~ ratio of 17 per cent., 


and was thus much greater than that due to the | 
winge taken alone. It was therefore most im- | 
portant to reduce these harmful resistances as much 
as possible. Even at 70 miles an hour they amounted 
to 12 per cent. of the weight, and Lanchester had 
compared this ‘‘ traction” coefficient with those 
appertaining to other means of transport. Thus in 
road traction the resistances might be taken as 
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From pressure measurements made in this way 
the resultant lift and drift could be calculated and 
compared with direct measurements of these quan- 
tities made in the air-channel. Fig. 14 showed 
the results of such a comparison in the case of lift, 
drift, and position of the centre of pressure. 
the case of the drift the agreement was not so close 
as in the case of lift. This arose because in calcu- 
lating ‘‘ drift” from the pressure observations no 
allowance was made for the effects of surface 
friction, which were recorded as ‘‘ drift’ in wind- 
channel experiments. 

Curves of pressure distribution and resistance 
had been determined for all parts of an aeroplane 
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2 per cent. of the weight, and on railroads it 
averaged 1 per cent. of the weight. In sea trans- 
rt a high-speed liner had a traction coefficient of 
.7 per cent., and with a tramp steamer it fell as 
low as 0.1 per cent. Considered, therefore, merely 
as a weight-carrier, the aerial locomotive was very 
inefficient. 

Before proceeding, he should note that as the 
angle of attack altered, the position of the centre 
of pressure on an aerofoil also shifted, the connec- 
tion between the two being as indicated by the 
curves in Fig. 11. 

From the experimental data acquired in the 
wind-channel it was ible, Dr. Glazebrook said, 
to calculate the lift of a pro machine, 
though this might be modified by eddies pro- 
—— the “. the air did not stream 
uniformly t. e due to ev 
of the machine could shee ‘be ps Bm 
mentally, and Fig. 12 showed the distribution of 
pressure round a circular rod exposed to an air cur- 
rent. The pressure was a maximum directly oppo- 
site the direction of the wind, and then fell off, 
becoming negative at points making an angle of 
about 39 deg. with the direction of the wind. This 
was shown by the pressure curve lying within the 
circumference of the circle of reference. Most of 
the surface of the rod was therefore subject to a 
suction, and not to a pressure. When the pressure 
on the surfaces of an aerofoil were similarly deter- 
mined, results similar to those plotted in Fig. 13 
were observed. These showed that with a properly 
curved wing there was suction over the upper 
surface, and when this was measured up it turned 
out that a large 0 re sg of the total was due 
to this suction, thus the shape of the w 
surface of an aerofoil was 





much more im- 


| portant than that of the under side. 


including wires and stays, and it had lately been 
found that by replacing the circular sections 
formerly used for these wires and stays by a section 
of least resistance of equal strength the horse- 
power required to fly at 70 miles per hour was 
reduced by some 10 to 12 percent. This one result 
was, he concluded, itself sufficient to show the 
value of the experimental researches made. 





HYDROGEN AND THE RARE GASES. 

Tue series of Friday evening discourses at the 
Royal Institution was once more opened this year, 
on January 22, by Sir James Dewar, F.R.S., by a 
lecture on ‘* Problems of Hydrogen and the Rare 
Gases.” Last year* Professor Dewar, discoursing 
on ‘* The Coming of Age of the Vacuum Flask,” and 
on researches which the use of his vacuum vessels, 
of charcoal, and other modern e ients had ren- 
dered possible, had dwelt on the difficulties of 
separating and eliminating the rare gases and upon 
the ——— ubiquity of the lightest of all gases 
—hy en, In the lecture of Friday last he 

ve a brief, essentially ee résumé of 
farther researches, by himself and others, in this 
field. At 20 deg. Cent. absolute, he pointed out, 
nitrogen and oxygen were frozen hard, and their 
vapour tension was so low that they meee 
from the air, leaving only the uncondensable 


gases, representing about month of the volume 
of the air, nding to a barometric pres- 
sure of } mm. When air was deprived of its 
oxygen by chemical means, and the remaining 

were condensed at 20 deg. Cent. absolute, 


gases } 
there should be 29.7 parts per million of uncon- 
densable rare gases left. But much larger amounts 








* See ENGINEERING, vol. xcvii., page 189. 
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were often found ; it depended upon the chemical 
used for absorbing the oxygen. Of these reagents 
sodium hyposulphate answered best, as it gave 29.7 
parts of residual gas. Copper also answered well, 
yellow and red phosphorus less well ; in the latter 
case the gas, after the removal of the hydrogen in 
it, amounted to 26.7 parts. Chromous chloride was 
one of the most striking cases ; from 68 to 26,300 
parts of gas were found in different experiments, 
and after removal of the hydrogen, 31 parts re- 
mained. The excess of gas was, as already indi- 
cated, hydrogen, which found its way into the 
apparatus with the reagents or by other means. 

In order to investigate these problems it was no 
good to start with large volumes of gases. Sir 
James exemplified this by showing a skeleton cubic 
metre with a cubic centimetre inside. Special 
means had to be devised to experiment with small 
quantities at the time, to accumulate the effects. 
The gas absorption by cooled charcoal was very 
serviceable. Sir James showed, with the help of 
two barometric tubes, how much more quickly 
the absorption proceeded when liquid hydrogen 
was used than when liquid air was used. Study- 
ing the air respired by eight different persons 
in this way, and working again at 20 deg. 
Cent. absolute, he found from 23 to 52 parts per 
million of uncondensable gas in the respired air, 
of which sometimes only two parts, sometimes 
more than 20 and 30 parts, were hydrogen ; the 
amounts varied with the time of the day and other 
conditions. Animals also produced hydrogen in 
similar quantities, and ordinary air contained about 
0.8 part of hydrogen per million. The identifica- 
tion of the gases was effected by passing the electric 
discharge through them and studying the spectra. 
In a pretty, novel experiment Sir James passed the 
discharge through a tube containing a mixture of 
gases, first at too high a pressure to show a good 
glow ; he then touched one portion of the tube with 
a sponge dipped in liquid hydrogen. So much 
was condensed inside at that spot that the dis- 
charge strize of the gases at once began to appear 
iu the other parts of the tube. 

Unfortunately, Professor Dawar proceeded, char- 
coal absorbed even the rare gases to some degree, 
and it had its uliarities. Two tubes were pro- 
vided with charcoal bulbs, and charged with air ; the 
air in the one tube only had been dried by being 
passed through liquid air. When the bulbs were 
afterwards heated (by being dipped into warm water 
instead of liquid hydrogen}, the liberated gas in 
the one case was essentially oxygen, and in the 
other essentially nitrogen, the gas extinguishing a 
burning taper in the latter case. Passing to the 
occurrence of the rare gases in air, water, thermal 
springs, sea-water, &c., Sir James pointed to the 
researches of Moureu and Lepape, according to 
whom the ratios of krypton to argon, and of xenon 
to argon, were the same both in air and in the 
French thermal springs, some of which are very 
rich in rare gases, whilst the ratio of helium to 
argon varied enormously ; that might be connected 
with a radioactive source of helium. As regards 
the proportions of these gases, city air contained 
22.5 parts per million of helium and neon and 2.6 
of hydrogen, country air similarly 22.8 and 0.5 
parts respectively ; the air liberated from charcoal 
at 85 deg. Cent. absolute contained 1.64 and 0.1 
parts, and air from a steel bottle (likewise liberated 
from charcoal at 85 deg. Cent. absolute), 1.53 and 
9.8 parts. Gautier had only found a trace of helium 
1n sea-alr. 

The question arose in such determinations 
whether the frozen oxygen and nitrogen did not 
occlude any other gases. Under ordinary con- 
ditions, Sir James stated, they did not, apparently ; 
but when certain mixtures of gases were tested, an 
occlusion seemed to occur. Thus all the nitrogen 
condensed at 20 deg. Cent. absolute under high 
exhaust could be regained at + 15 deg. Cent.; so 
could carbon dioxide ; but in mixtures of nitrogen, 
or of carbon dioxide with much hydrogen (20 : 80), 
there was some occlusion, though almost all the 
occluded gas was liberated again at + 15 deg. Cent. 
Hydrogen and carbon dioxide, therefore, became 
together volatile when they had formed a solid 
solution which was more volatile than carbon 
dioxide, but less volatile than hydrogen. The 
minimum gas pressure of chemical nitrogen seemed 
to be 0.33 . 10-* mm. (the usual unit of pressure in 
Sir James’s experiments); but with the aid of the 
molecular air-pump [of Gaede] the pressure could 
be reduced to 0.07 . 10-* mm. 

The next series of experiments of Professor Dewar 





concerned the permeability of metals (hot or cold), 
like platinum, palladium iron, and also quartz, to 
— This permeability was a source of trouble. 

© experiments were so conducted that a tube of 
platinum, e.g., closed at one end, was evacuated and 
joined to a discharge tube, which would not allow 
the discharge to pass as long as the gas pressure 
was too low. An oil-pressure gauge was joined to 
the apparatus and the time was measured, so that 
the rate of the rise of pressure could be watched. 
When the platinum was heated in a gas-burner, 
the discharge began to pass, because the hot plati- 
num was permeable to the hydrogen in the gas- 
flame, so that hydrogen entered the platinum 
tube. When a quartz tube was pushed over the 
hot og tube, so as to form a jacket 
round it, the manometer went back, because the 
quartz was not permeable to hydrogen. This was 
still more striking when the quartz tube was 
drawn out so as to allow the introduction of diffe- 
rent gases into the annular space. The experi- 
ments proved that platinum, heated by a Meker 
burner, was most permeable te some gas (chiefly 
hydrogen) when placed in the lower part of the 
flame, where hydrogen predominates; the curves 
obtained when the tube was in the middle or in 
the top portion of the flame indicated a smaller 
rise of pressure, and a less abrupt fall of pressure 
again when the flame was removed. An iron tube 
proved permeable to hydrogen, like platinum ; in 
@ palladium tube the rise of pressure was, under 
the same conditions, much more rapid. When 
carbon monoxide (supplied strongly compressed) 
was burned in a Bunsen burner with a pale blue 
flame, no gas (neither the CO, nor the CO, pro- 
duced by the burning of the CO) penetrated through 
the hot palladium. Experiments were then made 
with helium; it was demonstrated that helium 
easily passed through hot quartz, whilst hydrogen 
would not diffuse through hot quartz, though it 
would readily pass through hot platinum. 

The permeability of skins or films of rubber 
0.01 mm. in thickness, stretched over a metallic 
frame, was also demonstrated, and some surprising 
results were shown. Oxygen passed more readily 
through a rubber skin than hydrogen, and argon 
more readily than nitrogen, so that rubber would 
appear to be more permeable to gases of high atomic 
weight than to gases of low atomic weight. The 
wet film was much less permeable ; and dry air 
(dried by being bubbled through liquid air) passed 
more quickly through the dry film than humid air 
(from the lecture-room). Dipping the film itself 
into liquid air would make it impermeable ; 
the same impermeability resulted when the rubber 
was dipped into glycerin, which could only be 
done properly with a dry film. Water vapour 
found its way also through hot palladium and 


platinum. These various features, the occlusion | ; 


of gases, the ubiquity of hydrogen, the permeability 
of metals and rubber, &c., render the investiga- 
tion of the rare gases still more difficult than it is 
otherwise. In his researches on respired air Sir 
James makes his apparatus entirely of glass and 
metal ; rubber connections and greased stop-cocks, 
which might give off gas, have to be avoided. 





THE LATE ENGINEER-CAPTAIN 
CHARLES G. TAYLOR, R.N. 

Ly a full report of Sunday’s action between British 
and German fleets, issued on bang rs ape last, 
Vice-Admiral Sir David Beatty, K.C.B , announced 
the death of Engineer-Captain Taylor, ‘‘ whose ser- 
vices have been invaluable,” and he expressed the 
deep regret of all connected with the Fleet. This 
feeling is shared not only by Captain Taylor’s colleagues 
in the Navy, but by 4 very — circle of construc- 
tive engineers, who recognised his — engineering 
skill and resourcefulness, while wing also his 
great administrative and educational ability as dis- 
played in conuection with the training of officers, for 
which he was at various periods of his career directly 
responsible. Engineer-Captain Taylor was the only 
engineer who lost his life in the engagement. From 
September last he accompanied the first Battle-Cruiser 
Squadron, and was present during all its recent services 
as engineering expert and adviser to Vice-Admiral Sir 
David Beatty. He was present in this goveetty on 
board the Tiger on Sunday, when he met his death by 
n-fire. is loss to the Service is a great one, 

use of his sound judgment and the wide experi- 
ence gained during the course of his career. 

Born on May 8, 1863, he entered the Navy 
on July, 1, 1885, serving first as an engineer 
student in the Training School at Portemouth, and at 
the Roys! Naval College, Greenwich. He was granted 





& commission as assistant-engineer, with seniority 
July 1, 1886. He received an appointment to H.M.&. 
Caryefort, employed on particu service, in May, 
1887, and remained in that ship on her being recom- 
missioned for the Mediterranean Station. © was 
invalided home ian May, 1890, suffering from malarial 
fever, and was not found fit for active service until 
the end of September in that year. On October 30, 
1890, he received an appointment to H.M.S. Gosss- 
mer, where he continu until Jan , 1891, when 
he went to H.M.S. Imperieuse, on the China Station. 
He had previously been promoted to engineer with 
eeviority September 1, 1890. He remained on the 
China Station over three years, returning to England 
in June, 1894. Comm tion was expressed for the 
ratisfactory state of the machinery of H.M.S. 
Imperieuse on paying off. His next appointment was 
to H.M.8. 8t. George in June, 1894, where he 
was for three months, being then transferred to 
H.M.8. Banshee. A year later (September, 1895), 
he was appointed to H.M.S. Quail. He remained in 
that ship on her transfer to the North America and 
West Indies Station. 

In February, 1898, he received an appointment to 
H.M.S8. Renown, additional for service in Halifax 
Dockyard, where he did useful service for five years. 
While holding this position he was appointed Chief 
Engineer, with seniority December 30, 1900. He 
returned to England in March, 1903. Under the 
new nomenclature as regards engineer officers he 

e an Engineer-Lieutenant, with seniority Sept- 
ember 1, 1890, and was appointed in this rank to 
H.M.S. Aurora in April, 1 In August, 1904, he 
was transferred to H.M.8. Racer for duty at the Royal 
Naval College at Osborne. While holding this 
office he received, as a Member of the Committee 
on the Extension of the Training of Officers’ New 
Scheme, an expression of their Lordships’ cordial recog- 
nition of the energy and capacity displayed by the 
Committee. He was promoted to Tisotncer-Oom- 
mander, with seniority December 30, 1904. 

In ~ me 1907, he went to sea again in H.M.S. 
Cumberland (cadets’ training-ehip), in the follow- 
ing April was appointed to H.M.S. Espiégle, addi- 
tional for service at the Royal Naval College, Dart- 
mouth, where he continued, for nearly three years. 
- work in the B agen senn of, and in out in 

its stages, the engineering instruction o' 
officers entered i the Shee scheme, sieal 
commendation of the Lords of the Admiralty. 

On February 10, 1911, he was appointed a member 
of the 4th Claes of the Royal Victorian Order. 

In March, 1911, he received an appointment to 
H.M.S8. Superb, in the Home Fleet, where he remained 
until promoted to Engineer-Captain (with seniorit; 
February 7, 1912). On promotion he was re’ 
at the Admiralty for duties in connection with the 
new scheme of training officers for the Royal Navy. 

In October, 1912, he was appointed to H.M.S. 
Hercules, additional for service on the staff of the 
Vice-Admiral commanding the second Battle Squad- 
ron, and in the following August proceeded to the 
Royal Naval College, Keyham, as Ragtace-Contein 
in mand, on the ess A being re-opened for the 
training of officers specialising in engineering under 
the new scheme. He remained in this appointment 
till September, 1914, when he joined the staff of the 
Vice-Admiral Commanding the first Battle-Cruiser 

uadron. 

togineer-Captain Taylor was in his early years a 
great athlete, and in all his earlier appointments a 
valuable leader in athletic exercises, a fact which 
greatly assisted him in the work of training officers for 
the Service. He was a fine cricketer and an Inter- 
national Rugby football player, dag yee mn 
back for Wales on many occasions. © was also a 
great pole-jumper, excelling in this all competitors 
in Army and Navy circles. He was a popular and 
highly efficient naval officer, whose loss will be much 
felt. He leaves a wife and three children. He will 
be chiefly remembered in the Royal Navy for the part 
he took in connection with the engineering training 
of officers entered under the scheme, originated in 
1903, for supplying one class of officers for the Navy, 
which has recently been accentuated by embody- 
ing the engineer officers (separately entered under the 
ol 


system) in the Military Branch. 

Canapian Carita, —The capital embarked in 153 

jan companies is retu at 4,074,889,285 dols. 

This great total is made up as follows :—14 railways, 

957,008,765 dols. ; 57 industrial undortakings, 1,985,995, 601 

dole.; 64 public utilities, 733,913,450 dols.; 13 mining 

compini+s, 320,797,615 dols.; and 5 oil companies, 
77,183,952 dols. 








EXPERIMENTAL Pexton Wurst rok THK RegGERT 
Sraxxet Potytecunic: Erratum.—lu our issue of the 
15th inst., page 85, we gave an account of an experi- 


mental Pelton wheel i at the Regent Street Poly- 
technic for i: i a. Iu was constructed by 
Mr. Percy Pitman, whose was given as Acton. It 


should have been 25, Victoria-street, Westminster, 8.W. 
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THE GERMAN PIG-IRON UNION. 


Tur Essen Pig-Iron Union, according to the present 
ar ment, is © go on until the end of the year 1917. 
The llotment of 1912—viz., 2,788,000 tons—was raised on 
account of some additional works joining, pee pontine 
allotment for last year being 2,840,796 tons, which aggre- 

tte also holds good for the t year, w the 

res for 1916 and 1917 were fixed respectively at 2,955,796 
tons and 2,985,796 tons. It now remains to be seen how the 
war will affect the actual output. The increase is not 
brought about by a proportionate general rise, hut is rather 
confined te comparatively few concerns, and some few 
works have dropped out, or are disappearing, at the end 
of the current year. Thus the ay yt Hiitte and the 
Bochumer Union do not figure in the list for 1916, the 
former withdrawing, and the latter having sold its allot- 
ment to the Gelsenkirchen concern, while a couple of works 
disposed of their allotment to ths Pig-Iron Union at a 
rice of 3 marks per ton. Including these, the original 
ist for the current year comprises thirty-eight concerns, 
of which the largest allotments (for 1915) are those of :— 


Tons. 
Gelsenkirchever Company .... 234, 483 
Liibeck Blast-Furnace Company 167,500 
German sapumbars Sengesy 163,000 
Kraft Kratzwieck Company ... 160,000 
Kraft Nether Rhine Company 158,600 
Iron Works Meiderich... ae 157,009 
a ay a Pa saa fee 

an der Zyppen- Wissen Company ... ’ 

Dollguacehattee Works bee bs 105,000 
Gutehoffnungshiitte __... of ws 101,197 
North German Iron Works, Bremen 100,000 
East German Pig-Iron Syndicate 100,000 


All the other allotments are of less than 100,000 tons, 
the lowest on the list being :—Geisweiler Iron Works, 
12,000 tons. 


The Kast German Pig-Iron Syndicate only figures | P? 


with 75,000 tons for 1916 and 1917, whilst the North 
German Iron Works in Bremen advance from 100,000 
tons in 1915 to 150,000 tons for the following two yeers. &c. 
There are numerous special arrangements; the allot- 
ment of the Gelsenkirchen concern, the figure for which 
increases 43,000 tons for 1916 and 1917, only refers to the 
company’s production at the blast-furnaces of the Schalker 
section (Gelsenkirchen and Vulkan-Duisburg), and it does 
not comprise the same company’s production in Luxem- 
burg and Lorraine. The Gelsenkirchen concern, it will 
be seen, comes second to the aggregate of the two Kraft 
companies. 
There is, perhaps, no more striking example of the 
disposition to establish and maintain system and 
method in the prosecution of commerce, industry, of 
everything in fact, than their immense structure of kartels 
and combines, the formation and working of many of 
which have entailed endless labour and the most patient 
perseverance. 





Epmonton.—The Electric Light Department of the 
Edmonton City Council showed a surplus of 40,000 dols. 
in 1914; the water works also yielded a surplus of 
28,000 dols. On the other hand, the Street Railway 
Department added 220,000 dols. in 1914 to a previous 
deficit of 504,000 dols., and the Telephone Department 
added 37,000 dols. to a previous deficit of 56,000 dols. 


Tue American Locomotive INpustry.—Figures _re- 
lating to recent locomotive construction in the United 
States are of rather peculiar interest at the present time, 
in view of the efforts made in some quarters to hold Great 
Britain and the action of our Fleet res ible for the 
business depression on the far side of the Atlantic. In 
1914 there were built in the United States only 1265 
locomotives, compared with 5332 built in the previous 
year. Itis very clear from these figures that, supposing 
no engines to have been built after the outbreak of war, 
the industry was badly depressed throughout the first 
half of the year. This country cannot have had much 
to do with causing a » Caren which was really serious 
before the internati complications of the latter half 
of the year. Its real cause is rather to be found in the 
country itself, and so far as the railways are concerned, 
is due largely to the harassing manner in which they 
have been treated in recent years. The effect of disturb- 
ing the purchasing power of so large an industry as the 
railways is felt, of course, throughout the country. 





Conrracts.—The Coventry Corporation has placed an 
order with Messrs. Ed. Bennis and Co., Limited, of 
Little Hulton, Bolton, for a complete coal and ash hand- 
cone cetivagen aishehion ecietten nit poke tee 

Vveyor, dis ing conveyor, - i - 
veyor, ‘sh-dincharging comers, nad all —_ 


: sup- 
accessories ; 


whole of the steelwork 


bontained in the boiler-house, overheed bunkers, boiler. | 24 


house roof, economiser floor, and boiler-house floor. The 
order further includes eight Bennis patent chain-grate 
stokers, each 7 ft. wide by 13-ft. 6-in. centres, for eight 
Babcock and badag. ew tyr stm en wd Manufac- 
turing Company, Limited, Aston, Birmingham, inform 
us that they have received from a | ordnance works 
an order for she equipment of their aluminium foundry. 
The order is for fourteen Monometer furnaces for melt- 
ing 140 lb. of aluminium ; three Monometer furnaces for 
melting 1000 lb. of aluminium; and three Monometer 
furnaces for aluminium swarf, turret type, 1000 lb. 
capacity, equipped with the Monometer water-cooled 
ingot mould, and bases constructed with tramway 
tro ae J This poe gr om by —_— from — aluminium 
me:al-melting engineering firms in this country, the 
United States, and Australia. “y 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown rather more 
activity, and most descriptions of large and small have 
been firmer. Asa result of heavy arrivals, coal- 
a — . more favourable state ¢ — 

are or increasing pressure for i 
As & consequence of thie, concessions for immediate load- 
ing have been obtained with more difficulty. The best 
iralty large steam coal has made 20s. 6d. to 21s.; 
best secondary qualities have brought 19s. to 19s. 6d.; 
descriptions, 18s. to 18s. 6d ; best bunker 
. to 143.; and smalls, 11s. to 12s, 
ton. The best household has been quoted at 
190. to 20s. ; households have t 17s. to 183. ; 
No. 2 Ri} ida large has made 15s. to 16s.; and No. 2 
smalls have been quoted at lls. to 12s. per ton. 
current quotation for patent fuel is 19s. 6d. to 20s, 6d. 
per ton. Special foundry coke has realised 28s. to 32s.; 
fed foundry coke, 24s. to 27s. 6d.; and furnace coke, 
9s. to 21s. per top. As regards iron ore, Rubie has 
been quoted at 2¥s. to 23s. per ton, upon a basis of 50 
per cent. of iron, and charges, including freight,’ insur- 
ance, &c., to Cardiff or Newport. 

The Tin-Plate Trade.—Two-thirds of the production of 
tin-plates in the United Kingdom are exported, and 

y to countries now engaged in war. The pquence 
is that exports have been reduced, and works which had 
laid themselves out for German trade have had to face 
altogether changed conditions, and to endeavour to de- 
velop a new connection. It is feared that many years 
will be required to repair the bavoc occasioned by the 
war, but it 1s hoped that a state of affairs will ually 
emerge which will revive settled, and possibly even 
increased, trade. 
that the exports of tin-plates and tin-sheets in all direc- 
tions last year declined to 435,497 tons, as compared with 
494,497 tons in 1913, and 481,123 tons in 1912. The ex- 
rts to Germany have now, of course, wholly ceased. 
They amounted for the whole of 1914 to 17,910 tons, as 
compared with 34,739 tons in 1913, and 41,379 tons in 1912. 


Newport,—Monmoutbshire steam coal has shown firm- 
ness for both and small descriptions, and prices 
have been generally maintained. Best Newport Black 
Vein large has made 17s. 9d. to 18s.; Western Valleys 
have ised 17s. 3d. to 17s. 9d. ; and Eastern Valleys 
16s. 6d. to 17s. per ton. 


Welsh Mining Fatalities.—There were 1173 fatal acci- 
dents in coal mines in the United Kingdom last year, as 
compared with 1220 in 1913. South Wales headed the 
last year’s list with 364 fatalities, as compared with 321. 


Work for South Wales.—During the past few months 
there have been some comments upon the question of 
work for the Admiralty and War Office being largely 
confined to English firms, while several Welsh firms have 
had no opportunity given them of tendering. A deputa- 
tion from the Welsh Engineers’ and Founders’ Associa- 
tion, consisting of representatives from Messrs. Richard 
Novell end es iw mS Ghamer poser md 
pany, Limi and Messrs. mas ement, Limi- 
ted, Lianelly. Messrs. Taylor and Sons, Limited, Briton 
Ferry, and Messrs. John Evans and Sons, Limited, 
Morriston, visited London on Friday last, and had an inter- 
view with Mr. Beveridge, manager of the Board of Trade, 
and Sir G. Gibbs, director of contracts, at the War Office. 
The deputation was:received with courtesy, and as a 
result of the interview and the representations made, it 
is ee are | expected that part of the armament and 
other kindred work will now be diverted to Wales. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—All conditions make for 
higher pee There is - ey A! men, ——_ — 
wagons, and consequently supplies. tract de- 
liveries absorb the bulk of the output. What is left over 
for the open market is eagerly snapped up. Quite a big 
part of the surplus on contract output of house coal is 
going to London. Though local prices are high, London 
merchants are generally prepared to pay 1s. more, and 
on that account find the South Yorkshire market 
responsive to their demands, subject, of course, to 
the limitations of available tonnage. Orders are 
reaching district dépdts freely, but merchants are 
badly handicapped, and find it difficult, if not impos- 
sible, to bring deliveries reasonably up to date. Best 
grades are 6d. to 1s. dearer. There is a heavy run on 
steam hards. Oontract buyers are pressing for supplies, 
and local industrial consumption, particularly at big 
armament-making factoriés, tends to expand rather than 
diminish. sak to this, ory — ——— on 
an improved stale, despite freight difficulties. utputs 
ing very much reduced, collieries in both the Yorkshire 
ire areas are asking 1s. 6d. more. Gas fuels 
are going away freely. The extension of lighting restric- 
tions relieves the requirements of inland works. Slacks 
are a strong market. The demand is well up to the level 
of the current supply, and prices are on up grade. 
Lancashire cotton-spinners are good customers. Like 
every other section of the market, coke is affected by the 
reduction in output, and ome are decidedly firmer. 
tions :—Best branch -picked, 17s, to 18s. ; 
Barnsley best Silkstone, 15s. to 16s. ; byshire best 
ts, 14s. 6d. to 15s. 6d.; Derbyshire house, 13s. 

to 14s. 6d. ; best 


8s. ; seconds, 5s. 6d. to 6s. 6d. ; 





Tron and Steel.—Prices in the raw-material market 
showing extraordinary activity under the infi 


| of 


Meanwhile the fact must he recorded of 


scarcity of shipping tonnage, and a consequent shortage 
ore. Auctiie Whaler of great local importance is 
the record consumption of hematite pig at the gun, shell, 
armour-plate, and special-steel works. The rise in Hast 
Coast rates has been exceptional. Mixed numbers placed 
on the market at the beginning of the month at 83e. 
are now offered at 92s. 6d. to 95s., and in some instances 
more is being asked. Tike oe ee eee senaned 
in the South Yorkshire market for East brands 
for over two years, and though manufacturers fail to see 


how it can be supported, the opinion among producers is 
that a higher level will be reached before the upward 
movement itself. Thus for once in man 


expends 

months the West Coast quotation of 88s. to 90s., whic 
in turn represents a substantial rise on the past fortnight, 
is ex - New busi in common irons is on the 


The | slow side, despite the number of inquiries about, but a 


confident tone vails among producers, and prices are 
held at Sactlenal advances. Tincohallien No. 3 
foundry is quoted at 59s., Lincolnshire at 58s., 
Derbyshire No. 3 foundry at 56s. 6d., and byshire 
forge at 54s. A steady state of activity exists at 
the bar-mills. Owing to the increased cost of pig- 
iron and fuel, the South Yorkshire Bar-Iron Associa- 
_ has advanced its basis price = oe 8l. ag The 

engineering concerns are employing every device 
within their reach to expedite the output of heavy 
armaments. Work for the Government is on an un- 
precedented rcale. The labour difficulty is partly 
yielding under arrangements arrived at between the 
men’s union and the masters’ federation, though there is 
still an urgent call for skilled men which cannot be 
met locally. At the present moment remunerative 
employment could be. found for one thousand artisans. 
Several Belgian refugees with an expert knowledge 

engineering are a in armament- making. 
France and Russia are taking big tonnages of steel goods 
for ordinary use, and Russia particularly would take a 
great deal more if transport facilities were available. As 
regards ordinary steel branches, a more active inquiry 
prevails in the beavy sections, both on home and export 
account. The axle, tyre, and spring departments have 
substantial orders on hand for shipment. Special steels 
are commanding increased attention by America and 
New Zealand. Crucible steel is making steady headway, 
and there is a heavy run on machine and field tools and 
es agen Steel billets are commanding very much 
higher prices now that pig-iron has advanced sharply. 
An all-round addition on the previous week’s advance of 
5s. per ton has brought Siemens acid steel up to 9/. 10s. ; 
Bessemer acid steel to 9/.; basic hard steel to 7/. 10s. ; 
and basic soft steel to 7/. 


Exports to the States.—The Consular returns of Shef- 
field iron and steel exports to the United States 
for the past year show a severe falling off in several 
important sections... Shipments of steel sheets, bars, 
wire, &c., declined from 3,110,297 dols. in 1913 to 
2,129,552 dols, and of machinery from 31,893 dols. to 
19,552 dols. On the other hand, edge and other tools 
advanced from 3864 dols. to 7991 dols. No comparative 
figures are afforded for agricultural implements, returned 
at 1112 dols.; files, returned at 1043 dols.; and metal and 
metal compositions, returned at 2584 dols. 





_ Royat Agricutturat Sociery.— This Society has 
issued the regulations for the exhibition and trial of agri- 
cultural implements, machinery, &c., at the seventy- 
sixth annual exhibition, to be held at Nottingham from 
Tuesday, June 29, to Saturday, July 3, next. These can 
be obtained from the Secretary, 16, Bedford-square, 
London, W.C. 

German Meratiurcy.—The production of pig iron in 
pees & the first eleven months of last year was 
13,535,666 tons, as compared with 17,697,922 tons in the 
corresponding eleven months of 1913. The war accord- 
ingl reduced the output to November 30 to the extent of 
4,162,256 tons; but e decrease was ler than was 
probably anticipated. The output of steel in Germany 
in the first eleven months of last year was 4,023,713 tons, 
of which 900,201 tons were made in October and 900,026 
tons in November. 


Sm H. 8. Hour.—Sir Herbert Samuel Holt, who has 
been recently knighted, is a civil engineer and es 
and was born at Dublin in 1856. He went out to Canada 
in 1875, and acted opine as engineer to the Credit 
Valley, the Lake Limcoe Junction, the Ontario and 
Quebec, and other Ontario railways. In ership with 
Messrs. Ross, Mackenzie and Mann, he built, in the three 
years ending with 1892 inclusive, the Regina Qo’A e 
and Long Lake, and the Calgary and Edmonton railways. 
The length of the two lines is approximately 550 miles. 
Sir Herbert Holt has latterly devoted his attention more 
to banking than to engineering. 


AUSTRALIAN Finance.—The total expenditure of the 
ian Commonwealth for 1914-15 is estimated at 


Al 
37,583,715/., of which 11,742,050/. is re ted b: 
The estimates balance off with 2. deci 








war outlays. The estima’ off afic 
for the year of 13,088,314/., to meet which the British 
Treasu to advance 10,500,000. It is pro- 


ry 4 
posed to contmue, as far as possible, the construction of 
railways and other public works, and with this object 
the Commonwealth Government has offered to lend 
18,000,000/. to five States—viz.:— New South Wales, 
7,400,000. ; Victoria, 3,900,000/.; South Australia, 
2,600, 0007. ay woe a 3,100, 0002. ; a e. 
mania, 1,000,000/. rate of interest proposed 

to the States for these advances has not been 
fix 





at present; it is contingent upon the cost of the 
oversea loan agreed to be made by the Imperial Treasury. 
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INDUSTRIAL NOTES. 


Wirs reference to the leading article in our last 
iseue (see page 109 ante), we have received from one of 
the leading British shipbuilding firms a statement 
giving the detail of the absentees from work for the 
twenty weeks commencing with the week endi 
September 1 down to that the 12th inst. The 


statement gives the rtion of absentees firstly till 
9.45 a.m. and soasntiy or the whole of the day. The 
average all-day absentees works out as follows :— 
Anglesmiths : Per Cent. 

Journeymen 7.6 

Labourers 5.3 
Platers : 

Journeymen . 8.6 

A tices . 15.0 

Helpers 9.1 
Riveters : 

Journeymen .. 13.0 

A tices . 23.0 

Holders-on 20.0 

Rivet-boys 14.7 
Caulkers : 

Journeymen ... 12.2 

Apprentices ... 18.5 
Borers : 

Journeymen ... 9.3 

Apprentices ... 4.1 


These figures confirm the tenor of our article in 
question. e may add that in most of the trades 
here reviewed the proportion of absentees till 9.45 a.m. 
has frequently been double and treble the above per- 
centages. In view, perhaps, of the large amount of 
overtime, there may be excuse for some of the men 
not coming on an occasioral — until breakfast 
time, but there is far too much of this. The loss in 
output corresponding with the all-day figures given 
by the firm in question must evidently be consider- 
je Ag and means a dead loss to the whole Empire at 
a time of very serious crisis. 

The shortage of labour in the agricultural districts 
was duct at the fifth annual ceantees of the York- 
shire Farmers’ Union, held at Doncaster, on Saturda 
last, the 23rd inst., Mr. T. Harrison (Marr Hall) 
presiding. Mr. H. W. Palmer, secretary to the 
National Union, was present, and in the course of his 
remarks he stated that the hours constituted only 
one portion of the problem. So far as the agricultural 
labourer was concerned, the trouble was that there was 
not a picture palace in every village. They — 
laugh, but it was a serious trouble which weighed as 
much as anythimg—wages, hours, and conditions of 
life. As to the suggestion that they should co-operate 
with the Labour Exchange, he admitted a prejudice 
against Labour Exchanges. Dealing with the employ- 
ment of Belgians, he said there were a large number in 
this country with a or of agriculture, and 
others in Holland who might brought over. The 
question of Belgian employment would have to be 
administered through the Exchanges. 

It was agreed that the secretary of each branch 
should keep in touch with the Labour Exchanges, and 
Mr. Passmore, assistant divisional officer, Doncaster, 
who had been —— with a list of secretaries, 

romised to notify the m rs of all Labour 
ixchanges of the importance of the matter, and of 
the necessity of co-operating with the Union. 





There is good news in the Birmingham Daily Post 
concerning the British flint-glass trade. The journal 
says that one of the few industries in Birmingham 
which have not participated in War Office orders is 
that of flint-glass manufacture, and makers have been 
able to devote themselves entirely to the exploitation 
of new markets, which the cutting off of Continental 
~— has left to them. What has happened to that 
trade is encouraging as showing what may be done in 
other trades when the present absorption in the manu- 
facture of war stores gives the opportunity to take up 
the business. The high-class decorative-glass business, 
it must be admitted, has suffered greviously from the 
war, and for the cutter the immediate prospect is 
bleak. But, on the whole, manufacturers have been 
able to adapt their works to other lines which afford 
steady employment and remunerative prices. The 
difficulties of supplies of sand and potash have very 
largely been overcome, and one result is that 
for certain classes of goods an English sand is likely 
permanently to displace Continental material. During 
the past few days, too, a consignment of an Indian 
sand new to the district has been experimented with, 
and is said to yield an “‘ antique ” quality which may be 
remuneratively deve There is an immense 
open to the glass-maker in the cheaper classes of light- 
ing glass, and a smaller one for decorative moulded 
ware. At first, London houses which had controlled 
the trade from abroad in these lines looked askance at 
the prices which Birmingham and Stourbridge quoted 
them. The orders placed were very small in com- 
parison with the inquiries ; butas it @ apparent 


























































that there were no other sources, merchants began to 
buy, and have now taken local designs into their 
catalogues. This is accounted a big gain to the British 
maker, and as his labour becomes more used to the 
production of these wares, and processes 

upon, the feeling grows that he will be able to retain 
the trade. He will probably never get down quite to 
the prices that have been ruling for Austrian, German, 
and Belgian glass, but he is confident that his 
better-class goods, having made its market, will 
retain it when conditions Seems competitive. Local 
manufactures are almost entirely for the British 
market at the present time, but already exporters are 
inquiring for goods in substantial quantities for 
foreign markets. A Birmingham firm has equipped a 
new factory for the production of cheap g 

ae, to replace those formerly supplied from 
the Continent, and it has been entirely staffed by 
Belgians. The experiment has so far proved very 
successful. Some slight improvement is reported in 
the demand for glass for mounting, but the business 
is still small. Mounters do not take kindly to 
Birmingham manufacturers’ prices for the cheaper 
class—in some cases 100 per cent. and 200 per cent. 
more than they have been Paying ; but since there is 
no other source of supply, they are having to place 
orders for such glass as they want locally. 


are improved 





It is estimated, says Steel and Iron, Pittsburg, that 
fully half a million of our. industrial labourers have 
migrated to their European fatherlands since the 
middle of 1914. The same situation has occurred 
before in this country during dull periods, but never 
in connection with so dubious an immigration pros- 
pect as we face to-day. The situation deserves instant 
attention, for the reason that America seems likely to 
need this supply of day-labour within six months. 
It cannot be expected that any tide of European 
immigration to America will set in so long as the 
present conflict lasts, or for months thereafter. There 
will probably be legislation in the countries south of 
Europe, immediately after the declaration of peace, 
to stop any migration westward. ‘‘ Europe’s hordes” 
will be needed at home for the work of rehabilitation. 
The situation is certain to inspire further effurts 
towards the devising of labour-saving appliances in 
our great industries. We will not have a plethora of 
common labour for years to come in this country. 





At a South Wales Housing and Town- Planning 
Conference, held at Cardiff on Thursday, the 2lst 
inst., the City Engineer (Mr. W. Harper) entered 
@ vigorous protest against wage demands put for- 
ward by Cardiff masons and carpenters. He said at 
Cardiff they had given notice of an inorease in w 
all roundof 14d. an hour from March next. e 
thought it was as despicable an act as that of the manu- 
facturer, builder, or tradesman, who raised his prices 
as the result of the war, and he was of opinion that 
the Conference should pass a resolution condemning 
an action of that kind. In these days of war almost 
every man was trying to make some sacrifice, but it 
was evident that the men employed in the building 
trade were not prepared to make any. 





It is stated that the present demand for carpenters 
is greater than the trade has ever known. War Office 
contractors are paying men Is. an hour, with 30s. a 
week for expenses, and imposing no restriction as to 
the number of hours they shall work, if they will 
engage to go to France. en who go abroad to erect 
the thousands of huts required for the Army are 
receiving double wages for Sunday work, double — 
for night work, and time-and-a-half for Saturday 
afternoon work, and can easily earn between 5/. and 
6l. a week. Electricians, especially skilled men, can 
hardly be obtained for any money. Plumbers also are 
extremely busy, and engineers declare that they 
cannot now obtain assistants at wages which formerly 
have been undreamed of. For plasterers, bricklayere, 
painters, and house decorators the demand is not 
great. Owing to railway congestion, bricks cannot be 
delivered ; the supply of wood is also limited, condi- 
tions which place heavy restrictions on all building 
operations. 





We are informed that a meeting of representatives 
of Scottish municipal gas committees was held last 
week in Glasgow, when it was agreed to approach the 
Government with the object of putting into operation 
Section 4 of the Coal-Mines Regulation Act, 1908, 
which practically means the suspension of the miners’ 
— hours’ day, in the expectation of improving the 
deliveries of coal to gas works by allowing the miners 
to work longer. The object in view is to remove the 
difficulty in obtaining from the collieries the delivery 
of coal supplies contracted for, and to be used in, gas- 
making. 8 difficulty due to the large proportion of 
miners who have joined the colours. 





An agreement was signed on the 4th inst. between 
the Engineering and Allied Trades’ Societies’ Federa- 
, tion and the employers for an advance of ls. per week 





on all time rates; it has also been decided to allow 
to all men who have not received any advance 
since 1911 and to machine operatives and bench hands 
in engineering and trades allied thereto, ls. per 
week additional advance on day rates and 5 per cent. 
on current piecework prices. 

The advances are re tive to the first full-pay 
day in December, 1914. e agreement is to remain 
in force without alteration for a period of twelve 
months from the first pay day in December last. It 
applies to members of the following societies and 
unions :— 

United Kingdom Pattern-Makers’ Society. 

Tool-Makers’ and Machinists’ Society. 

National Brass-Workers and Metal Mechanics. 

Smiths’ and Strikers’ Society. 

Coach-Makers’ Society. 

Workers’ Union. 

Electrical Trades Union. 

Amalgamated Society of Wheelwrights, Smiths, and 
Motor-Body Builders. 

Associated Blacksmiths and Ironworkers. 

Boilermakers’ Union. 

Tin-Plate Sheet-Metal Workers’ 
Society. 

Amalgamated Union of Cabinet-Makers. 

National Amalgamated Furnishing Trade Associa- 
tion. 

Amalgamated Society of Wood-Cutting Machinists. 

Railway Vehicle Builders’, Wheelwrights’, and 
Mechanics’ Domestic Engineers. 

The United Machine Workers’ Association. 

A similar arrangement was signed on Wednesday, 
the 20th inst., between the Engineering and Allied 
Trades’ Societies’ Federation and the Engineering 
Employers’ Association in all the above societies, 
wit! exception of the Toolmakers, Brass-Workers, 
Smiths and Strikers, and the United Machine Workers, 
who have already agreed with the Engineering Em- 
ployers’ Association for a 2s. advance and 5 per cent. 
on piece-work prices, with a two years’ agreement. 
This settlement affects between 15,000 and 20,000 
workers in the engineering and allied trades in Bir- 
mingham. Under the agreement a clause gives the 
men who profited by the *‘ bottom dog” strike Is. 
advance and other men 2s. 


and Braziers 





A meeting of the ~~ employed in the Clyde 
district was held on Sunday last, the 24th inst., to 
consider the present position of the wages question. 
The meeting, which was convened by the Sho 
Stewards’ Committee, was attended by about 4000 
men. Mr. William Brodie, organising delegate, and 
Mr. Sam Bunten, secretary of the Ghaaer District 
Committee, reported on the negotiations which have 
taken place with the ep on the application of 
the men for an advance of wages from 84d. per hour 
to 10}d., and they also replied to a number of ques- 
tions by the men. In the course of the proceedings, 
a resolution was carried by about five to one recom- 
mending the men to stop all overtime for the present. 
It was stated in the discussion that the employers had 
offered an advance of $d. per hour as from January 13, 
but that this had been refused by the men. The men’s 
application for an advance of 2d. per hour is now to 
be placed before the Central Conference for further 
consideration. 





We understand that the Leith dockers and their 
employers have been negotiating of late concerning 
the conditions of labour at the docks. At a general 
meeting of the dockers in the Leith Assembly Rooms 
on Sunday last, an agreement drawn up by com- 
mittees representing both sides was approved. Under 
this agreement the standard rate of wages has been 
increased from 7d. to 8d. per hour. Various other 
rates have been increased, and conditions generally 
improved. 

An interesting report has been prepared by the 
Australian Commonwealth Statistician (Mr. G. H. 
Knibbs), giving particulars for the whole Common- 
wealth regarding changes in rates of wages and the 
methods by which ee Rr ee effected. The infor- 
mation has been tabulated according to both States 
and industries. The number and effect of changes 
in wages during 1913 were as follow :— 














. | Number - wa Total | pe 
= | Persons | "crease | oor Head 
Changes. tected. | Per Week. | Pe week. 
& s 4 
New South Wales 149 «=| 80,618 | 21,789 | 410 
Victoria... 81 | 49,254 | 9890 | 4 0 
Ee 41 16,645 | 8,702 | 4 5 
th Australia 2% 86| «(4,576 1,279 5 7 
Western Australia 20 «| 3,036 42x | 210 
Tasmania | a2 | 8,005 6385 | 438 
Commonwealth 329 | 166,182 | 37,718 46 


Of the 166,132 persons who benefited by increases 
in wages, 13,698 were females, No decreases were 
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recorded during the year. The changes in wages are 
classified seensting to the method by which they were 
effected, and also according to whether they occurred 
after stop of work or without stoppages of work 
—i.e., with or without a strike or lock-out. The fol- 
lowing shows the number of changes in the whole 
Commonwealth classified according to the method by 
which they were effected :— 


No. of 
Method. Changes. 

By voluntary action of employers ... 2 
+» direct negotiations aos Oia 30 
+» intervention of third part a 4 
»» award under Commonwealth Act _... 3 
»» agreement under Commonwealth Act 24 
» award, &c., under State Act -- «2313 
+» agreement under State Act 36 
Total 312 


Of these 312 changes, 276 were effected without 
stoppages of work, and 36 after s of work. 
The a class affected 161,513 pe ers, = = 
tained increases ing 36,219/. per week ; the 
latter affected “tl pie who obtained increases 
aggregating 1494/. per week. It is pointed out in the 
report that the total effect on the annual wages bill 
cannot be obtained merely by multiplying the agare- 
gate weekly increase by 52 without pan J due allow 
ance for short time, unemployment, and seaso 
industries. 





With reference to the para; h on page 103 ante, 
concerning the West Yestublon enintog controversy, 
we now hear that the ballot has given the following 
results :—26,676 men voted in favour of handing in 
notices, and 7211 voted against. The membership in 
the affected area is 37,812. The required majority has 
therefore been obtained, and the Council a the 
Yorkshire Miners’ Association met on Wednesday at 
Barnsley, when it was decided to tender fourteen 
days’ notices on making-up day next week in West 
Yorkshire, in cases in which the owners have not given 
a written ——s to pey according to Jud, 
Amphlett’s award of July 28 last, together with the 
amount due under the Conciliation Board’s resolution, 
and also to pay all arrears. 

By a further resolution it was decided that a letter 
should be written to the secretary of the Miners’ 
Federation stating that the Council were willing to 
meet the coal-owners. Mr. Wadsworth was also 
instructed to inform those owners who had given the 
written undertaking that their men will be instructed 
to continue work. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 13. 
AFTER several months of dulness, the railoads are 
again in the market for large quantities of rails, 
engines, cars, and fair amounts of structural material 
for bridge- work. The rail orders for the current 
month will probably not fall below 1,000,000 tons, and 
may materially exceed it. Car orders since January 1 
reach about 9000, and with pending inquiries for 
very many more. Orders for Geometiens are rather 
restricted. Bridge steel is more active. Steel exports 
fall far below expectations, but material for war pur- 
poses is very active, and it would be only guesswork 
to give figures. The Bethlehem Steel Company is 
monopolising the distribution of orders. All incoming 
business is booked at very low prices. Manufacturers 
hesitated this week on booking a few large orders for 
second-quarter delivery. Wire-rods are sold up well 
into the second quarter. Barbed wire for export is 
under very active negotiation for quantities. 
Sheet is now advancing. The Uni States Steel 
Corporation shows a gain of 512,051 tons over the pre- 
vious month. The market is decidedly stronger, and 
inquiries are pouring in. Coke is active, correspondin 
with pig-iron. The disposition is not to load up wi 
too much business at present low prices. Pig-iron 
users have, as a rule, covered only the first quarter, 
and therefore must soon be in the market again, prob- 
ably to pay 25 to 50 cents a ton more. No additional 
furnaces have gone into blast. The general policy 
still prevails among consumers of not buying more 
than enough to provide themselves for three months. 
Unemployment still prevails in many industries. 





CnemicaL Inpustry.—The formation of a powerful 
Central Committee, representing chemical manufacturers 
and scientific societies, has been decided upon, and a 
meeting of all concerned has been convened, and will be 
held next , to consider the present situation. A 
preliminary meeting hasalready been held. The meeting 
1s to take place at the offices of the Institute of Industry 
and Com Exhibition Buildings, Aldwych Site, 
Strand, W. ,*% ical ae bi age 
can attend meeting by making application to 
Secretary at the above address. The fact that eminent 
men of science} are the movement, and are seek- 
ing the co-operation of the manufacturers, should 
ensure & successful issue to the movement. 
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**WORKMEN AND WAR MUNITIONS.” 
To THE EpiTor oF ENGINEERING. 

Srr,—Those enguged on Government contracts for war 
material at the present time will, I am sure, be much 
indebted to you for calling attention to the position 
labour has taken up, for it is not a question which affects 
the contractor only, but it is of the utmost importance 
to the whole country. No one will grudge the workmen 
earning substantial wages and some increased rate of pay 
to cover increased cost of living, but there have been too 
many examples of the trade unions taking advantage of 
the emergency to obtain al unreasonable ad vances. 

There were cases in the first days of the war when 
demands were made, and it was stated that if they wers not 
met the transports should not sail. In many parts of the 
country where work has had to be carried on continuously, 
the men, after putting in a Sunday at double time, make 
a t of losing a day later in the week. 

‘he old demarcation questions have been brought up 
again, and where there are serious shortages of men for 
particular jobs there have been point-blank refusals to 
allow a, members of a particular society, to operate 
tools which they are quite capable of ~\-3 3 

The situation has beén aggravated by vernment 
ials attending at various parts of the country, who 
eee been quite ignorant of the true 
state of affairs, and congratulating 
have done. 
The daily Press has led the workers of the country to 
that industry in Germany is at a standstill, and 
war is going spendidly for us. The truth is 
that we were not equipped at the outbreak of the war, 
and our utmost efforts are needed to produce the neces- 
sary equipment of all sorts of war material to put us on 
an even footing with our enemies. 
© reports of well-informed engineers who have means 
of knowing are to the effect that the industries in Ger- 
many are being carried on without a fraction of the 
disorganisation which has taken place here, and that there 
has been no increase in the rate of pay for labour, the 
only change being that the workers have all been willing 
to put more energy into their work. ; 
firmly believe that before the war is concluded it will 
be for some strong man to appear in the 
Government and take charge of the labour situation, and 
— 2 in wh ne pod sense, 80 + oe all — ma, 
properly discipli to carry out their particular work to 
the best of their ability pow f the utmost of their capacity. 
Yours faithfully, 
London, 8.W., January 27, 1915. HIPBUILDER. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
foreign agneng, projects, taken from the Board of 
Trade Journal. urther information concerning these 
mag = be obtained from the Commercial Intelligence 
eo h, Board of Trade, 73, Basinghall-street, London, 


Canada : The Imperial Trade Correspondent in Toronto 
notifies that tenders are invited by the Toronto Depart- 
ment of Street-Cleaning for the installation of furnaces 
and appurtenances for refuse-incinerating plant. Sealed 
tenders, on the proper form, must be sent by registered 
oa to reach the Chairman of the Board of Control, City 

all, Toronto, not later than noon on February 16, and 
must be accompanied by a cash deposit or a marked 
cheque for 24 per cent. of the value of the offer, made pay- 
able to the City Treasurer. The Imperial Trade Corre- 
spondent at Toronto also reports that a company has been 
formed in Ontario with a capital of 1,000,000 dols. (about 
205,500/.) for the purpose of manufacturing and dealing in 
me and metal products, including iron and steel. 

South Africa: The Imperial Trade Correspondent at 
Johannesburg reports that an agent in that city, claiming 
twenty years’ connection with the South African mines, 
wishes to secure the representation of United Kingdom 
manufacturers of mining machinery and general su 


plies. With reference to the loan of 960,000/. for public | the 


works to be carried out by the Durban Corporation, the 
Imperial Trade Correspondent in that city reports that 
the Corporation, with a view to maintaining the standard 
of expenditure of the past few years and diminishing un- 
employment, has decided to appropriate a sum of 
350,000/. froin the loan funds for the extension of the 
water supply, electric lighting, tramways, telephone 
system, and other municipal en ises. 

New Zaland : With reference to the call for tenders 
for heating and ventilating plant for the new Parliament 
Buildings, at Wellington, H.M. Trade Commissioner for 
New d has telegraphed that the time for the re- 
ceipt of tenders has been extended to February 26. 
Tenders, made out on the proper forms, should be 
addressed to the Public Works Office, be ay New 
Zealand. It will be observed that the time for the receipt 
of tenders is limited, and therefore this intimation will 
be of use only to firms having agents in New Zealand 
who can be instructed by cable. 

Australia: H.M. Trade Commissioner for Australia 
reports that tenders are invited by the Railways Branch 
of the Commonwealth Department of Home Affairs for 
st attediog 8 ft. s in. long, < =, 
ype i i fastenings), to iv at Port 

= ied b eclints a Kh. Fm 
accompanied by a ‘iminary deposit per cent. 
value Tt the offer. The tenderer, if not resident in 
Australia, or if a company registered outside the Common- 
wealth, must name an agent in Australia to receive 
notification of acceptance and other notices under the 


contract. 
Spain: The Gaceta de Madrid notifies that tenders 


ing the menon what they | Rail 


be | ing any possible intervention on the 





will be opened at 11 a.m. on February 6at the Direccién 
General de Obras Publicas, Ministerio de Fomento, 
Madrid, for the construction of a bridge over the River 
Guadiamar on the Seville- Villamanrique road. ) esti- 
mated value of the first section of the contract, which is 
for the execution of the metal of the bridge, is 
114,672 pesetas (about 4540/.). other works are to 
be carried out at an upset price of 180,558 pesetas (about 
7150/.). Although this contract will doubtless be awarded 
to a Spanish firm, ne the carrying out of the 
works — oe the purchase of material outside 
Spain. Gaceta also contains a law au ising the 

inisterio de Fomento to proceed with the construction 
of the Balaguer-Camarasa section of the international 
railway from Lérida to Saint Girons via the Noguera- 
Pallaresa Valley. The Gaceta further publishes a law 
authorising the Spanish Government to make \. 
ments for the irrigation of the districts of cache, 
Somonfano and Monegros, in the Province of Arragon, 
by means of the waters of the rivers Gallego, Cinca, 
Sotén, Aztén, and Guatizalema. A maximum period of 
25 — is allowed for the completion of the necessary 
wor! 

Siam: The Acting British Consul-General at — 
reports that tenders are invited by the Siamese al 
Railway De ent, Broad Gauge (the name under 
which the Administration of the Siamese Northern 

ilway is now known), for the supply of a steel bridge 
consisting of five 40-metre spans. Sealed tenders, marked 
**Tenders for Steel Bridge,” giving ce ton c.i.f. 
delivered on railway wharf at Bangko be received, 
up to 10 a.m. on June 1, by the Director-General, Royal 
Railway Department (Broad Gauge), Bangkok, at which 
office jes of the specification and drawings may be 
obtai on payment of 5 ticals (about 7s. 8d.) each. 

Argentina : e Boletin Oficial, Buenos Aires, pub- 
lishes a decree approving an ad referendum ent 
entered into between the Director-Gieneral of Irrigation 
and the Government of the Province of Catamarca for 
the execution of irrigation works in Huillapima and 
Capayan. 


Tue German Coat Synpicate.—The question of the 
renewal of the Rhenish- Westphalian Coal Syndicate con- 
tinues to e' much attention in pomp ol Concern- 

of the State, the 
Kohinische Zeitung says :—‘‘ Whether the State, as to 
whose desire to see the Coal Syndicate prolonged there 
can be no doubt, will step in should the syndicate not be 
continued, is very questionable ; and whether the regu- 
lations which the State in such case would introduce will 
please the private mineowners better than what they 
could arrive at by mutual agreement, is much to be 
doubted. The State would, especially under the existing 
circumstances, much regret if an organisation which, 
in its opinion, had become a head corner-stone in German 
industry, should fall to the ground.” 








JAPANESE LocomOTIVE ENGINEERING.—A new epoch 
in the annals of Japanese railway engineering was marked 
on October 30 last, when a successful trial trip was made 
of a new locomotive for the South Manchurian Railway. 
This engine, which is the first standard-gauge locomotive 
to be designed and built by Japanese engineers, was con- 
structed in the company’s shops at Shahokou, near 
Dairen, the terminus and headquarters of the railway, 
and one of the most flourishing ports in the Far East. 
It is true that Ja -built engines are already in use 
on the Imperial Japanese Government Railways, but 
these are all narrow-gauge lines. The Shahokou shops, 
which were only opened in 1911, are naturally on a com- 
paratively small scale. They are, however, well equipped 
with modern machinery and up-to-date eppliances of all 
kirds, and —-7 nearly 3000 hands under the superin- 
tendence of Mr. H. Mori, formerly superintendent of the 
workshops of the Imperial Japanese Government Rail- 
ways. ey have already produced a number of saloon 
carriages, passenger-cars, goods-wagons, tramway-cars, 
&c., and have also constructed plant, such as winding- 
engines, for use at the company’s collieries. Hitherto 
trains on the South churian Railway have 
been hauled by British and American engines, but the 
new engine, it is stated, has given better results, 
under ordinary running conditions, than any previously 
in use on the company’s lines. The shops are therefore 
now constructing five more engines of exactly the same 
design, as _well as six double-ended tank nes for the 
Chosen (Korean) Government Railways. oreover, it is 
intend agen | to increase the capacity of the works 
to construct new locomotives and carriages. We regret 
that our lent omitted to send us the principal 
dimensions weight distributions of the new loco- 
motives, but he informs us that the design has aimed at 
embodying all the best features of British and American 
engines, and ing them to suit the conditions exist- 
ing on the company’s lines. The boiler is of the Belpaire 
type, and is fi with a Schmidt superheater and a 
special reinforced brick arch. Plate frames with under- 


tion is effected by means of the ordinary ‘Walschaert valve- 


, and the cyli steam-c! and air-pumps are 
fabricated by a Michalk i i 


mechanical lubricator. Further 
particulars of this 
to hand, and we 
tter 


interestin: ine will doubtless come 
‘ shall then be able to deal, with the 
at 
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STANDARDISATION OF PIPE-FLANGES 
AND FLANGED FITTINGS.* 
By Joun Dewrance, Member, of London. 


Tue standardisation of pipe-flanges and of — 
fittings is a matter of AR, ne — to both manufac- 
turers and users, and it has during recent years received 
much attention in thisand other countries. On April 18, 
1902, Mr. Rebert E. Atkinson, of Leicester, read before 
shis Institution a paper in which he dealt in a most tho- 
rough and painstaking way with the position of the subject 
at that date. y as a result of Mr. Atkinson’s paper, 
and of the valuable discussion to which it gave rise, the 
matter was, in the following year, taken up by the Engi- 
neering Standards Committee, who appointed a i 
Committee on Pipe Flanges to deal with the question. 
This Committee included cupoesentatios of the Ad- 
miralty, the Institution of Mechanical Engineers, the 
North-East Coast Institution of Engineers and Ship- 
builders, the Institution of Engineers and Shipbuilders in 
Scotland, the Institute of Marine Engineers, the Insti- 
tution of Heating and Ventilating Engineers, the Institu- 
tion of Electric Engineers, the Aesociation of Railway 
Locomotive Engineers, and the British Tube Trade Asso- 
ciation, besides representatives of many im t manu- 
facturing firms engaged in the construction of pipes, 
valves, &c. This Committee held its first meeting on June 
30, 1908, and from it there was formed a smaller Sub- 
Committee, entrusted with the ae - is ying details and 
carrying out any experiments which might be necessary. 
The Sectional Committee and Sub-Committee held in all 
thirty meetings, at which yn bere and discussed a 
great mass of information relating to existing practice, 
and also the data derived from various experiments carried 
out in the course of the inquiry. As a result, they 
embodied their conclusions in a reportt in which the 
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consideration was given to standards in which 
the number of bolts increased one at a time, and others 
where the number in two at a time, and the 
opinions of a great number of engineers were asked and 
— will be that hydraulic- 
veryone t aware 1) press 
egitabee end hanks exe ein ccanneted tay two bolts, and 
—- by a than four. — pipes up to 7-in. 
bore for hydraulic power up to 1200 lb. pressure per sq. in. 
are made with two bolts.* Fig. 1 shows the 7-in. size. 
The reason only two bolts are used in the case of 
hydraulic mains is that several pipes are laid side by side 
in trenches in the streets, but in order to be able to run 


Fig.1.7-INCH CAST IRON PIPE FOR 
HYDRAULIC POWER. 
1200 LB. PRESSURE PER SQUARE INCH. 
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flanges, &c., are standardised in four classes—viz.: (1) 

low-pressure standard, for steam pressures up to 55 Ib., 

and water pressures up to 200 1b. per sq. in.; (2) inter- 

mediate-pressure standard, for steam pressures over 565 lb., 

but not exceeding 125 lb. per sq. in.; (3) Nag oye 
t 


standard, for steam pressures over 125 lb., not 
exceeding 2251b. per sq. in. ; and (4) extra +e 
standard, for steam pressures exceeding 225 lb., but not 
exceeding 325 Ib. per sq. in. The report also gives stan- 
dard dimensions for short bends and tees of cast metal 
and for long bends of wrought iron and steel. 

The work of the committee necessarily demanded the 
careful consideration of a number of points of detail, it 
being especially desired to arrive at such standards as 
would, on the one hand, ensure efficient joints, and, on 
the other, avoid undue weight ; while, moreover, it was 
necessary—in order to realise the full value of standard- 
isation—that the standards arrived at should be such as 
would be suitable for stocking in a by the makers 
of pipes, valves, &c. Some of these points may be con- 
sidered separately. 

Diameters of Flanges and Bolt-Hole Circles.—In the 
British Standard Tables of Pipe Flanges, the diameters 
of flanges and bolt-hole circles are uniform for all 
intended for steam pressures ranging from 55 1b. to 325 lb. 
per sq. in., slightly smaller flanges, however, being given 
for the low-pressure flanges forming Class 1, and intended 
for steam gee up to 55 Ib. per sq. in. The dia- 
meters of bolt circles decided upon were the smallest 
permissible in the case of cast fittings, after making due 
allowance for the fillet at the root of the flange and with- 
out resorting to pin-drilling to secure a flat ing face 
“hears 0 he 

of Bolts.—One of the most important points 
that came before the Sub-Committee for decision was 
whether or not the number of bolts employed should in 
all cases be a multiple of four, and a great deal of dis- 
cussion occurred ore @ conclusion was arrived at. 








* Paper read before the Institution of Mechanical 
Engineers, January 22, 1915. 

+ British Standard Tables of Pipe Flanges, No. 10, 
November, 1904. 
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the pipes in any direction, the standard T bends and the 
valves must be made in three variations : one with the 
flanges vertical, another with the flanges horizontal, and 
still a third with one flange vertical and the other hori- 
zontal. This leads up to the conclusion arrived at by the 
Sub-Committee—that there can practically be no standard 
. all unlees the numbers of boits used are multiples of 

our. 

It follows from the preceding paragraph that four bolts 
would be sufficient for even the largest steam-pipe flanges, 
but in the larger sizes the use of four bolts only would 
osine Smo my the ~~ Lp as is — =: _ 

raulic-pipe flanges. 18 WO require ger bolts, 
whieh, of course, would have to be larger to stand the 
strain, and would entail a greater cost than the use of 
the number of smaller bolts that was adopted. In this 
as in others, the Sub-Committee departed as little 
as possible from existing practice, and followed the rule 
that whenever room for four more bolts occurred they 
were added. 

The sizes of the bolte were calculated throughout to 
allow an ample margin of safety, assuming that in the 
case of a joint on the point of leaking the full pressure 
might be exerted on the area ofa circle just touching the 
inside of the bolt-holes. 

clearance of ;y in. in the bolt-boles for }4-in. and 

f-in. bolts, and of 4 in. for sizes, was, in the 

opinion of the Sub-Committee, the smallest allowance 
was practicable for commercial manufacture. 

_ Thickness of Flanges.—A considerable amount of the 
time o-cupied by the Sub-Committee was given to the 
consideration of the thickness of flanges. any theories 
as to the formule put forward on this subject were 
considered, but the Sub-Committee did not agree as to 
en that could be accepted for general use. 

author’s view is that two separate stresses have to 
be considered. The first is the stress necessary to distort 
the flange and the pipe considered as a cantilever, and 
the second is the stress necessary to cup the flange itself. 




















* See British Standard ow nes for Cast-Iron 
Pipes for Hydraulic Power, No. 


Fig.4. FLANGE WITH € BOLTS 
43 TONS PERMANENT SET Yes INCH. 


To demonstrate this, a short piece of 2h-in. bronze pipe, | i 


with two of the standard i 
ib ie Seteh, was made end Gxt with eight holes to the 
ritish standard. One flange was bolted up toa cast-iron 
pane aay the other flange was connected by bolts to 
ano thick cast-iron flange, leaving a space between 
the bronze and cast-iron flange, as shown by Fig. 2. The 
cast-iron were then pulled apart in a teating- 
machine. Abt 17.28 tons the last-mentioned bronze flange 
set wy in., and at 19.2 tons it set 4 in. 
Two radial saw-cu's were then made in the undistorted 
flange, as shown in Fig. 3. These cuts bisected the dis- 
stances between one of the bolt-holes and the holes on 
| either side of it, and ran down the radius from the out- 
| side circumference of the flange until they met the barrel 
| of the pipe. In this way, one-eighth part of the flange 


was isolated from the rest. 
A bolt was passed th h the hole in this isolated 
the ing hole in 
cantilever of the 


portion, and another th 

the complete flange, and 
| small portion was tested between the centres of a testing- 
machine in the ordinary way, as shown in Fig. 3. A set 
of 4 in. was obtained with a load of 1.27 tons. 
| "his experiment proves that the flange owes 1.27 tons 
| for each section of an eighth, or 10.16 tons in all, to the 
| cantilever strength, and the balance of the 19.2 tons, or 
| 9.04 tons, to the strength of the flange itself. 
| A flange 64 in. in diameter for 2-in. pipe, and having 
| four bolts, was then taken and pulled in a similar way ; 
| at 14.3 tons there was a permanent set of »; in., and at 
| 16.99 tons a permanent set of 4 in. An exactly similar 
flange was then reduced to the shape shown by Fig 
At 13 tons there was a permanent set of ;, in., an 
| 15.27 tons a permanent set of 4 in. 
| This result was extremely interesting, as the metal 
| between the bolts on the line of the based on etronget 

3 it 











. 4. 
at 


been cut away, it proved that formule based on s' 
|of the girder between the bolts are not correct 


Fig.5. FLANGE WITH 8 BOLTS. 
518.10 OZ, SAVEO IN WEIGHT. 
» Ya INCH. 





roved that there is an ample margin of strength when 
our bolts are used for a 2-in. e. 

The result of this experiment suggests that if it be 
very important to keep the weight down as low as pos- 
sible, flanges need not be round, but might be of a sha 
similar to that shown by Fig. 4, or, in the case of eight 
bolts, by Fig. 5. Such flanges could be bolted to round 

to the British standard, and not be very un- 
or; In the 5-in. size shown by Fig. 5, 5 1b. 10 oz. 
would be saved in the weight of the flange. 

The thicknesses of the flanges embodied in the standard 
tables were arrived at by the Sub-Committee as the result 
of actual experiments conducted forthem. ‘These experi- 
mental flanges were jointed with red- paint and 
baked for twenty-four hours above steam heat ; ae | were 
then tested till they leaked, and the thickness adopted 
in all cases showed a satisf margin of strength. 
The Sub-Committee, however, did not provide for test- 
pressures more than 100 Ib. in excess of the working 
pressures ; and if greater test-pressures of the complete 
pipe-lines were required, the thickness of the flanges 
would have to be increased. Hydraulic tests of indi- 
vidual units can, however, be made, with temporary 
elastic packings, to test the soundness of the material. 

a It will _ ——— that the — of any given 

ange is largely de ent upon the distance between 
the exterior of the ape or valve-body and the bolt-circle, 
and it follows that any reduction in the thickness of the 
metal of a pipe or valve-casing weakens the flange. This 
effect is noticeable in the case of steel or wrought-iron 
Pipes having welded-on flanges, a form of construction 
which is now so largely used. If the welded-on flange is 
poe with a boss or collar round the pipe, the con- 

itions approximate to those of a casting ; but if the 
flange is a plain disc, as is very ly the case, 
the increase in the distance between the bolt circle and 
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intended for use on long pipe-lines free from advisable to give them in the form of wave- ing resist- 
valves, &c. In this case the eatin of the Gongee RESISTANCE OF SHIPS. ance per on displacement in terms ge ta 
are similar to those in the other standard tables for! pre Expansion or Contraction of Dimensions and the |*tio. For any particular case the surface friction is 
: my pape from wt thd per sq. in.; but Effect wpon Resistance.* psneny heey wy! ane wien us a 
or 2-in. upwards, 81288 O! flanges used are ‘ consi results ma: erent from those 
those ca the next smaller sizes of pipes in the other| By Professor Hersert C. Sapien, Member of Council. | due to wave-resistance ain ib is the latter which is 


standard tables. Thus the pipe-line size of flange for a 
6-in. pipe is that for an ordinary 5-in., and so on. 

Jointing Material.—The Sub-Committee did not make 
any recommendations as to packing, though they dis- 
cussed these. The author would, however, like to point 
out that the strength of a flange is much ter if the 
packing extends over the whole face. Packings that 
only extend over the surface inside the bolts throw an 
unnecessary stress on the flange and tend to cup it and 
cause it to away from the pipe. 

Some manufacturers hold that by using their own 
standard sizes of flanges they influence r customers 
to come to them for renewals and additions of plant; but 


as they must also be ores to supply to British stan- 
dard sizes, it is probable that any advantage they gain by 
retaining their own standard is counterbalanced by the 
extra cost of using two standards. 

In cases of breakdown, the enormous advantage to 
large users of a of a standard, cannot in general 
be over-estimated. ittings of subsidiary machinery 
can in yan ped - —— to the most ——— 
uses. Spares are fewer more generally useful, 
merry | can often be — from eet Mle agp | 
special flanges uire special fittings throughout, a 
this, in the case of cist steel, involves a delay of weeks, 
that may be serious. 


The British standard for pipe-flanges is certainly the 
most largely adopted at the present time, and it is 
suggested to those members of the Institution who have 


not already adopted it, that they should give the matter 
their careful consideration. 

The author wishes to thank the Engineering Standards 
Committee for the permission granted to him to quote 
from the reports issued by that Committee ; and he is 
much indebted to Dr. Maw for his assistance in the 
preparation of this paper. 





Tue American Cornacre.—Gold coins amounting to 
53,457,817 dols. were minted in the United States last 
year in 4,194,112 pieces. The total coinage of all money 
minted by the United States last year was 61,750,162 
dols., in 4,850,157 pieces. 





Tuprovine St+ xi-Ram Manuracturge.—The Enginecr- 
ing News, New York, gives publicity to a new process 
which is bsing developed by the Lackawanna Steel 
Company for improving the quality of steel rails. The 

is described in a paper read by Captain R. W. 
Hunt before the American Society of Mechanical Engi- 
neers. It consists in removing from the top and bottom 
surfaces of the billet which is to form the finished rail a 
skin of partially decarburised metal containing blow- 
holes and imperfections which were formed when the ingot 
was originally poured in the mould. These imperfec- 
tions become longitudinal surface-seams as the ingot is 
drawn down under the action of the rolls to a billet. and 
finally to a finished rail. The skin of metal is cut off the 
surface of the white-hot billet by a large milling-cutter 
running at a speed of 2500 ft. minute, and cutting off 
metal at the rate of 500 cub. in. to 890 cub. in. per 
minute. The removal of metal at this enormous rate is 
possible re - the fact that the work is done upon the 
metal in a plastic condition. The milling-cutters are 
much more durable than they would be if used for cutting 
the metal cold. The process has no effect upon any 
internal defects of the ingot, such as piping or segrega- 
tion, to which undoubtedly many rail fractures are trace- 
able. The new process claims at eliminating the rail 
fractures known as split heads or split flanges. 





Coat AND Warer-Power 1n ITaLy.—We read in the 
Rassegna dei Lavori Pubblici e delle Strade Ferrate that 
the coal imports into Italy during the five years from 
1909 to 1913 have increased from 9,303,506 tons and 
260,498,166 lire (10,419,0002)., or an average price of 
28 lire (22s. 6d.), to 10,810,860 tons and 389,190,960 lire 
(15,567,000/.), or an average price of 36 lire (283. 10d.) per 


ton. In the year 1912 the coal imported was utilised as 
follows :— 
Tons. 

Railways .. ee ee ee 2.500,000 
Various furnaces and glase works 1,300,000 
Gas works .. oe ee ee 1,400,000 
Pig-iron production 550,000 
Steel works. . as 65 ,000 
Steam-boilers 800,000 
Factories .. 600,000 
Nav. 200,000 
Mercantile shops 1,500,000 
Domestic purposes 600,000 
Various uses 57,000 





eae 10,057,000 

If one horse- power year be taken as correspond- 
ing to 2.5 tons of coal, then the total consum ion 
for the Italian railways of 2,500,000 tons, given above, 
tends to show that one million besab power eupgues 
electrically by utilising a portion of water-power 
available in the country—would suffice for working the 
Italian railways. The utilisation of electrical energy 
would further save the whole of the coal expenditure on 
steel-making, and two-thirds of that on pig-iron produc- 
tion. The saving on services might be greatly 
reduced also, according to our contemporary, which con- 
cludes by stating that the coal imports into Italy might 
be brought down to half their present figure, owing to 
Ttaly’s water-power resources, 





In the preparation of the plans for a new vessel it 
frequently happens that the designer has at hand the 

data as to and power for a vessel similar, so 
far as the coefficients of form are concerned, but whose 
ratios of dimensions are not the same as those of the pro- 
posed vessel. From former experience and results of model 
tests already published, it may be possible to estimate 
the effect of ge in ratios of dimensions with a fair 
degree of accuracy ; but in order to obtain additional data 
upon this subject, and to bring the results into a more con- 
crete form, the following investigations were undertaken : 
Three different types of ordinary mercantile forms were 
designed, ranging in longitudinal coefficients at the deepest 





usually the unknown quantity. The fact that the re- 
sid resistance is obtained by subtracting the frictional 
the total resistance, together with possible minor 
experimental errors, would probably account for certain 
inconsistencies which appeared in the final results. In 
general, however, within the limits of economical speed 
for each type, or before the region of the first ‘‘ hump” 
in the resistance curve, the results were fairly consistent, 
and the following curves represent the average variation 
in each case. Beyond the above speeds the variation in 
resistance did not seem to follow any simple law, but 
varied somewhat with the speed. 
The curves shown in Fig. 2 represent in general the 


Fig.l. CURVES OF SECTIONAL AREAS. 
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draught from 0.551 to 0.674. Each model was tested at | 


three different draughts, but the same actual draughts 
were used in each case. A number of models of each 
type were made of varying breadths, by simply expand- 
ing or contracting the parent form in this direction only, 
the length and draught in each case remaining constant. 
Ia a similar manner the length and breadth were held 
constant, and the under-water form changed by varying 
the distance between the original water-lines only—i ¢., 
expanding or contracting the draught Also, the breadth 
and draught were kept constant, and a series of models 
made by expanding or contracting the distance between 

transverse stations—1 ¢.. expanding or contracting the 
length. Finally, the three forms were tried of the same 
displacement, th and draught, but of different 
lengths, and hence different coefficients of form. The 
coefficient of midship section was kept constant through- 


OMe all at the f theref the displacemen 
n ing, ore, di t for 
each type was allo to vary in the same ratio as the 
ee 

particulars o three types i in th 
“>! in the next ——-, - pa a 

varying ratios of length breadth and draught 
are shown on the respective curves. 

t forms are 


The curves of sectional areas of the paren 
om in a. a. _ ae three = types 
of varying constant displacement. In t- 
ing the results of the experiments it has heen Gestnetl 
* Paper read before the American Society of Naval 
Architects and Marine Engineers, 








variation of residuary resistance per ton of displacement 
with respect to breadth. They are the results for the 
medium draught (b) for each type, but the same charac- 
teristics were found to hold for the other draughts at 
which the models were tried. Within the limits of 
the variation of breadth shown, the residuary re-istance 
appears to vary as about the 1.65 to the 1.7 power of the 
breadth, or the residuary resistance per ton of displace- 


ment as about the 0.65 to 0.70 power of the breadth, if 











the lines are ae | expanded or contracted, and the 
displacement allowed to vary accordingly. 
Type 1. Type 2. Type 3. 

Traught. . . — 

o,|9 |e, | 0, |) ¢ | o& |Cc io, |o, 
a. 936 | .674| .68 | .936 | .606 | .567 |.936|.551|.515 
bd. = 665 | .612 | .92 | .598 | .587 |.92 | .544/.501 
e. . . . . . | 





The effect of variation of draught due to expanding or 
con ing the dimension in this —- did not 
appear to uite as consistent as in previous case, 
but in oumseal the average results are yogi i 
They are for the forms represented by the medium 
a (). Up to the limit of economical speed the 
resistance 


uary varies as about the 0.65 to 0.7 power 
of the ht. Above these speeds the index gradually 
increases. residuary resistance per of displace- 
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breadth and draught being kept onan we have simply 
a combination of the foregoing; for if all dimensions were 
varied proportionately, the residuary resistance per ton of 
displacement would be constant at Constent epeed-length 
ratios. Increasing, pend aw pm is therefore equi- 
valent tosedusing both bound ib end demeght of the pocems 
form simultaneously. 

As a check upon "thie, exch of the forms was expanded 





centage of parallel middle body, this part, which 
sents a practically rectangular form, wun cies telall @8 
different breadths. The ratio of breadth to draught was 
the same as for the previous forms, but in this case the 
residuary resistance appeared to vary directly as the 
beam, or the residuary resistance per ton of displacement 
was constant at corresponding 

In conclusion, a word of caution should be given about 


or contracted longitudinally, and the results are shown | extending the above results beyond the limits of the ex- 
for the medium ranght () in ris. 4. If the length be = both with regard to dimensions and speed. 
say, n times, breadth and draught remaining limits of, say, 20 per cent. variation no 

Fig. 4. : N? 206) N°S 7b) 
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constant, we obtain a similar form to that of the t 
ps he in which the breadth and draught have each been 

se yo ne peed oe residual resistance 
per ton o bat varies as 
Sees power of the beam and inversely ac the 0.3 power 
of the draught, the combined result would be that this 


factor will vary as n‘® + n‘7 or av In other words, we fen 


residuary resistance per ton at constant speed- my ry ratio 
will vary approximately inversely as the (length) An 
examination of the above curves, Fig. 4, will , de Ph 
this is roy ractically the case. 

e 


three at ba orms were made of the 
ann displacement, of Paiteren lengths, the effect of 


influence of length for this particular series could be 
readily obtained. The curves, Fig. 5, show the — 
for the oe different draughts at w hich the models 
i 4 represent constant speed me for rand wend 
constant beam, draught, and d 
a illustrate the well-known influence of as affect- 
ing residuary resistance. resistance curves 
— i oo — such ould — yey > rv) 
© longer form, t ner, W ve a greater fric- 
tion than the epen ta fuller fo: 
ode Types.—In connection with some ex- 
upon certain types of river ey Fa such as 
those of of "he Mississi stern-wheel type, occasion 
had to determine the effect of variation of toondth cute. 
These are rather extreme where the ratio of length 
to draught was from 40 to 50, and the ratio of breadth to 
draught varied from about 8 to 12. Two My = ee ib ty 
were 


he tows either 

or “scow” form. oe Se ee 
resistance at pa Te” speeds, witbin 

limite ot speed at which these TRIE normally be 

Tun, appears to vary as about the 0.75 power of the beam, 

pod hn displacement inversely as the 0.25 power of 


As the models of the above contained a large per- 


t, | 1914, was 5,317, 


a man 


25 25 oe 40 30 


serious error will be involved if the residuary resistance 
res ton of displacement at constant speed-length ratios 
acqumned to vary aoakent the G7 powsret Go leandih, 
inversely as the 0.3 J ng od of the draught, and inversely 
pete poy length ; or the residuary resistance 
be assumed to vary se the 1.7 power of the breadth and 
as the 0.7 power of the draug 
length, for similar normal mercantile types at correspon: 


ent of a given type is desired. For 





East Indian Railway in ae = Ly ended vember, 


or the East Indian undertaking, 564, 
carried for the public, 3,737,073 tons. The corres 
movement in six months ended 
Ce om, The up-and-down 


was 4,752,190 pared with 4,620,229 tons. 
was | outbreak of the Pwd Son op 


cating Sey September, 191 1914, was 332,919 tons 
28, 3d. per tan 8 the pit’s mouth. 








t, and 0.6 power of the are follo 


eB wide an = forms, a the influence S apparatus and 
residuary resistance does not to 
eaten in the case of the move normal ferme. 


his total was up as/| Parsonage, 
follows ag ae for oth other aw lines, 1,015,117 tons ; | fittings and other articles 
carried f 892 and i 


the 
, 342 tons and | water boilers, low-pressure steam-v 
1,036,028 tons respectively. The output of coal at the | loaded safety-valves, hydraulic test Ly gp or 
East Indian Company’s collieries in —_ half - year | gauges for measuring the thickness of boiler- 
(of which, | pressure-gauges, water-gauges, — 
coal), raised at an average cost of ow lage Toe accessories for 


CATALOGUES. 


Insulated Wires, &c.—The India- Rubber, Gutta-Percha, 
and Tele Works Company, Limited, of Silvertown, 
London, E., have sent us a copy of their latest price-list 
Ty. — silk or cotton-covered wires, tele- 

one cords an jexibles, tta-percha-covered wires, 
Shot firing wires, and jolnting toate and materials. 


Bending-Machines.—The Wallace Supply Company, of 
233, Broadway, ew Som U.8.A., have sent us a cata- 
ions —— particulars, with of a number of 
hand-power ee eee machines for and pipes. Ma- 
ay ~ suitable for f U’s, angles, rings, eyes, i 
lealt with, and some of the machines are 

yan for reinforced-concrete work. Rod- celtoen, 
portabie punches, shears, &c., all operated by hand-power, 
are also ncluded ‘ in the catalogue. 


Gear Cutting.—We have received from Messrs. J. 
Parkinson and Son, of Shipley, a circular which enables 
anyone to calculate the time required to cut a spur-gear 
ay ee of teeth of from j in. to 14 in. circum- 
pitch on the “Sunderland” gear - 

machine. The times are gle ye tooth per 
inch width of cae, oe. for Sg and f 
steel. Full particulars of the *‘Sunderlan ” gear- 
ing-machine will be found in our issue of September 9, 
1910, on page 352. 


Lathes. —Messrs. Buck and Hickman, Limited, 2 and 4, 
Whitechapel-road, E., have issued a new sectional cata- 
logue givi i! full iculars of the many different 
types of m igh British and American ne 
and accessories handled by them. Almost every t a 
lathe is ste, for a in the list, ranging from anal ‘oot- 
power lathes for amateurs, to heavy tools for turning 
railway wheels. A selection of automatic screw 
machines is also included. Specifications, dimensionr, and 
ry 2 oem! for each ‘type of lathe, and each machine 

a code word assigned to it to facilitate telegraphic 
inquiries. 


Commercial Motor Vehicles.—Messrs. J. I. Thornycroft 
and Co., Limited, Caxton House, Westminster, 8. W., 
have sent us a copy of their latest eee, ae gives 
very full particulars of the motor vehicl y make for 
commercial work. The various models listed are suitable 
for loads of from 15 owt. to rather over 5 tons, and the 
particulars given include ~ ig dimensions, 
prices, and yy | data of each model. Standard types 
of bodies are al ustrated in the on. the and some 
useful tables of running costs are given. ‘Lhe — will 
doubtless be found very interesting and useful to pro- 
spective users of Thornycroft cars, and will als be of 
- assistance to trade firms when dealing with their 
iente. 


Time-Switches.—Messrs. W. Geipel and Co., Vulcan 
Works, Sv. Thomas’-street, 8.E., have issued a new list 
of time-switches. Two distinct types of switches, having 
capacities varying from 1} to 260 amperes, are dealt with. 
One type is intended to be switched on by hand and 
switched off automatically, and is particularly suitable for 
the —— — ~d two- ae stems, wh i... other 
type, which is u or street- ting, controlling signs, 
&c., switches on and off may The test also 
includes a special wire of time-switch for staircase or 
eorridor lighting. With this device, the lampsare lighted 
by push-buttons placed in —— positions, and, after 
boning for any desired pee up to five minutes, are 
automatically extinguished by the time-switch, which is 
self-winding and requires no attention. 


Electrical tind be Mines.—The latest publica- 
tion of the General tric Company, Limited, 67, 
Queen Victoria-street, E.C., isa bulletin relating to their 
electrical machinery for mines and collieries. Some 
examples of large generators, w~* -generators, rotary 
converters, synchronous motors, induction motors, and 
continuous-current motors are first illustrated, and these 

wed by particulars of motor-starters and con- 
trollers, high-tension and low-tension switch-gear, light- 


d- 
The results also emphasise the fact that the ning-arresters, ange coils, high-tension fuses, measur- 
pews nod is the more economical dimension to increase, if | "8~ “Instruments, &c. 


he bulletin also deals with fans, 

arc-lamps, incandescent a and fittings, and —— 
lighting, tracti 

aqneline. as well as with wires and cables, i oom, 

and cells. Prices are stated for all these 


Boiler Fatti &c.—We have pasctens from the Sales 


Inp1an Coat.—The quantity of coal carried over the | Department o the ¢ National Boiler and General — 


ance Company, Limited, National ee ye So. 


traffic for railways compressors 1s often carried forward with the air into the 
and the ree tenn en cent cmnee Soeenmes, TE, pik ont seperate, ont if allowed to accumulate, is 


an adverse effect upon lindane heosme aul ciently high. This may arise from defective 
ee eg Bet ee Seo Been business from ing arrangements at compressor, several 
Calcutta docks. caused a diversion of tee quae disastrous explosions have, in fact, occurred from this 
tities of coal for Bombay, and also of some for Karachi, | cause. §:; a plugs arom been designed, 
to theall-rail route. The quantity of coal ex d from |so that if the air should rise to a 
Calcutta by sea Bren the half-year ended September, dangerous extent, OES teaible alloy an ons piney melts 
1914, was 1,287,934 Se eet with 1,421,869 tons | allows air to escape, thus warning 6. 

the half-year ended , 1913. es coal 


catalogue sleo includes dend-weight enfot = Se my hot- 
vaives tor 
vanele, &c., spring- 


yi 


thermometers, 


for boiler i 
rices are stated for all the articles included in 
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STABILITY OF VESSELS AS AFFECTED 
BY DAMAGE DUE TO COLLISION.* 


By Wii11am Gatewoop, Member. 


STaBI.ity is a subject which should receive considera- 
tion before the dimensions of a vessel are settled. The 
height above base line of the initial metacentre can be 
determined, with a fair degree of accuracy, by the use of 
coefficients. A convenient formula is— 


Metacentre above base = a H + ¢ fr. 


nts the draught and B the 
is the height of the centre of 
buoyancy above base, and c H is the height of the meta- 


centre above the centre of buoyancy. For coastwise pas- 
senger and freight steamers of modern design, havirg 
fine load water-line forward and full midship section, the 
coefficient a will vary between 0.57 and 0.54, em | 
on coefficient of fineness and exact shape of lines, 
decreasing for the same vessel about 0.01 as the draught 
increases from 12 ft. to 24 ft. For the same wpe of 
vessel, the coefficient c will vary between 0.078 and 0.082, 
depending on the exact shape of the load water-line and 
the fineness of the vessel. For the older vessels, with 
considerable dead-rise and with V-sha) lines for 4 
both coefficients will be found to be greater. If they had 
not taught that increase in beam does not, ipso facto, 
imply increased resistance to motion, the model tanks 
pon f be blamed for a reduction in metacentric height on 
passenger steamers, use they are responsible for 
small dead-rise and for fine load water-lines forward on 
vessels which are designed to obtain a good speed on 
small horse-power. ; 

The determination of the height of the centre of gravity 
above base cannot be -_ Eo so readily. The 
vessel, as completed and loaded, can be considered as 
composed of six items :— 


1. The hull and fittings below the highest continuous 


In this formula H re 
beam of the vessel, a 


2. The hull and fittings above the highest continuous 


eck. 
3. The machinery. 

4 The fuel and water. 

5. The pastengers, crew, and stores. 
6. The cargo. 


In the preliminary stages of the design, an approxima- 
tion of the weight and vertical centre of gravity of each 
of these items may be made, and the results combi 
in order to get an approximate figure for the height of 
the centre of gravity of the loaded vessel. An inclinin 
experiment made on the vessel, when completed, will 
serve to eliminate uncertainty as to some of the items, 
generally the first three. The last three items are variable 
quantities, and must be figured, at best. It has been 
papas to determine the metacentric height of vessels 

fore each voyage by inclining them as soon as the cargo 
is on board. Experience in inclining vessels ata shi 
yard indicates that the results would not be likely to 
reliable, as the readi are affected so greatly by loose 
water and moving people. Greater accuracy is likely to 
be obtained by determining beforeband how much weight 
of cargo is to be stowed in each division of the vessel in 
order that the centre of gravity of the cargo may not 
exceed a certain height above base, considered desirable 
in order to obtain a predetermined minimum metacentric 
height under the most unfavourable conditions of bunkers 
likely to occur on the voyage. 

This leads up to the question: What is the minimum 
metacentric height for any vessel consistent with safety ? 
The — is susceptible of several answers, dependin; 
on whether the vessel is considered as intact and ex 
to storm and waves, or as ‘‘damaged” either in still 
water, in a moderate sea, or exposed to storms. 

In it may be stated that passe prefer a 
vessel with a long iod of roll, as the discomfort is 
much reduced thereby. To obtain o eng period, it is 
neceesary to have a large vessel or a metacentric 
height ; and the combination of the two requisites in the 
large Atlantic liners ers travel on them a pleasure, 
instead of a bugbear to the with a ‘‘sympa- 
i If the small metacentric height is 
accompanied by a high free and a considerable 
range of stability, there is small d of capsising, due 
to wind and waves, while “‘ intact.” is *‘comfortable” 
condition of a vessel, howeve-, may be a source of great 
danger, even in still water, if the vessel is damaged by 
collision. 

To illustrate the conditions obtaining, a coastwise 
senger steamer, 37) ft. long, 49 ft. 6 in. beam, and 35 ft. 
deep to hurricane deck, has selected. The vessel 
is considered as subdivided in accordance with the regu- 
Jations pp by the International Convention on 
Safety of Life at Sea of 1913-14, as a vessel engaged 
mixed cargo and passenger service. The load-draug’ 
allowed with bulkheads extending to the main deck (the 
lowest point of which is 26.92 ft. vbove base) and with 
machinery compartment 65 ft. in length, is 21.7 ft. At 
this draught it is assumed that the cargo is so loaded 
that the metacentric height is 6 in. The range of 
stability, as shown on Fig. 1, figures out at 82 deg., and 
the maximum righting arm is 1.9 ft. at 48 deg. inclina- 
tion. It would be a pleasure to sail on this vessel under 
ou 1 that the machi 

ow let us suppose that inery compartment is 
to the sea by collision, that the permeability of 
this compartment is 0.80, that the water surface in the 

* Paper read before the American Society of Naval 
Architects and Marine Engineers. 
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damaged compartment at all stages has an inertia coeffi- 
cient of 0.80, and that the water has free access across 
the compartment. As the compartment fills, the centre 
of roe Fa elem pe mel poner per 
indica by the line marked “* Locus of centre of gravity” 
in Fig. 2. The centre of buoyancy would rise as indicated 
by the line marked ‘‘ Locus of centre of buoyancy.” The 
metacentre would fall as indicated by the line marked 
** Locus of metacentre.” ; 

A condition of unstable equilibrium is indicated 
as soon as the water ins to enter the v : 
vessel remained upright, so that the centre of gravity of 
the entering water would be on the centre line of the 
vessel, this condition of instability would continue only 
until the compartment was one-third full and a draught 
of 23.1 ft. was attained. The metacentric height would 
rapidly increase as additional water entered, and would 


almost 
If the 
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become as much as 1.1 ft. at 25.9 ft. draught, when the 
water would cease to flow in, having attained its level. 


pas- | The freeboard to main deck in this condition would be 


about 12 in., and there would r no reason why the 
vessel not mf afloat in a perfectly calm sea, 
although the margin of safety as free would 
seem insufficient except under ideal conditions of sea 
_ But the combination of unstable equilibrium and the 
inflow of water from one side would surely cause the 
vessel bo list toward the side. This list would 
re to increase even after there was a positive meta- 
centric 
fact that centre of gravity of the flooding water 
would Ly tounres : the low — as obstructions would 
prevent a rapid flow across compartment. Fig. 1 
shows that the list caused ry oe negative GM aed 
cause the main deck at the side to be submerged. When 
the main deck at the side is submerged, the water will 
flow forward and aft along the deck and flood the adjacent 
ny Tal as well as 

The list will continue to increase, and 

deeper in the water, and finally sink. The time 

from moment of damage to complete submergence 


ight indicated by the diagram, owing to the | increased scale, and 





depend on a number of circumstances, but recent colli- 
sions have shown that not over fifteen minutes s sufficient. 

After complete su there would be a righting 
moment due to the fact that the materials of the houses, 
a Soe be of less ey pe — am ey | of the main 

e cargo might such varying density as to 
give a righting moment also. It is probable. therefore, 
that as the submerged vessel rests on the bottom she 
— approach a vertical position, with masts upright, or 
nearly so. 

From Fig. 3 it will be noted that the conditions are not 
far different when No. 2 hold, 76 ft. in length, is flooded. 
Permeability is taken at 64 per cent. 

It would appear, then, that in order to prevent this 
vessel from overturning when one compartment is open 
to the sea by collision, it is necessary that the initial 
metacentric height should be sufficient to prevent a con- 
dition of instability in any stage of the flooding. For 
the particular vessel which has been investigated, the 
initial metacentric height must exceed 1.4 ft. by a in 
sufficient to allow for the upsetting moment caused by 
the fact that in the process of flooding an excess of water 
will be on the damaged side. 

If this vessel has an initial metacentric height of, say, 
2 ft., and is subdivided in accordance with the rules of 
the International Convention, and when at the draught 
allowed by those rules is injured in a collision, with the 
consequent flooding of the machinery space or of an ad- 
jacent hold, the danger of overturning would seem to be 
eliminated, provided the sea is smooth. But if the 
permeabilities established by the Conference represent 
average tice, the freeboard to the top of the bulk- 
heads will be only about 12in. It would appear that, if 
the cut in the side is of any size, a very moderate sea 
would serve to send the water forward and aft of the 
damaged compartment, over the tops of the bulkheads. 

The results of this investigation would seem to show 
two things :— 

First: for a coastwise passenger and freight-vessel of 
the hurricane-deck type, subdivided in accordance with 
the rules of the International Convention as a Clas B 
vessel, and having a machinery space or holds of about 
one-fifth the length of the vessel, an initial metacentric 
height of not less than 18 in. should te an important 
element of the design. 

Second : greater safety would be obtained by extending 
the bulkheads to the hurricane deck, or by otherwise 
es the flow of water fore and aft on the main 





** ANNUAIRE DU Bureau Des Lonerrupss.”—We have 
received a copy of this French annual for 1915, which is 
published by the Bureau des Longitudes, and is issued 
at the price of 1.50 francs by Messrs. Gauthier- Villars et 
Cie., 55, Quai des Grands Augustins, Paris. It contains 
astronomical data, a large number of tables of statistics 
covering the whole world, information concerning the 
population, money, weights and measures, &c., of all 
nations, notes on meteorology, and so forth. It appeals 
to technical men, physicists, mathematicians, and also 
to a very wide circle of industrial and commercial men. 





Tue Luxempurc Iron Inpustry. — The war was 
bound to have a serious effect upon the Luxemburg 
iron industry, and such has proved to be the case, 
inasmuch as the connection with its many forei 
customers suddenly was brought to an end. With the 
exception of some not very important quantities to 
neutral countries, there literally are no export possibilities 
at present, and at the commencement of the war the out- 
put fell to as little as 5 to10 percent. With a calmer 
view of events and an increased regularity and efficiency 
of the railway system, the output in Octuber rose to about 
25 per cent. of the normal ; whilst in Westphalia, where 
the industry does not depend so much upon export, the 
production was not very much below 75 per cent. of the 
normal. The modest improvement in the Luxemburg 
industry is principally caused by German military require- 
ments, for which material consideration has been given 
to the Luxemburg works. In the meantime matters 
eee very unsettled, and prices, owing to the high cost 

raw materials and half-finished are not re- 
munerative. The iron ore used is of an inferior quality 
usual, on account of it having been necessary to 
employ unskilled labour, unaccustomed to the sorting of 
it; and, worse still, the reduced output of the blast- 
furnaces means increased cost. Still it is considered 
preferable to keep the furnaces going with a smaller 
— than to close them altogether; more espe- 
y as the plant in the mines in any case would 
have to be kept at work on account of the water. 
The Luxemburg undertakings are much interested in the 
Briey mines, which at one time threatened to become 
entirely swamped. Thanks, however, to timely measures 
and to military assistance a catastrophe was averted. 
French ore is not much likely:to be used by the Luxem- 
burg works for some time. Part of the Luxemburg 
minette ore is exported to Western-and Central Germany, 
and this is the present wpe aged, Signa ng 
work on an 


from shortage of coke; but the su of this com- 
i ela ceose of the 
t-furmaces were, it was 
eee "ieenided 
ing and Iron pany it seems, 

run the Differdi blast-furnaces on an increased scale 
in preference, the 
Riimelingen ore is a comparatively easy matter. 

stock of pig at the works is by degrees getting smaller. 
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ELECTRICAL APPARATUS. 

5587/14. Electrical Power Storage Co’ Limi- 
ted, London, and R. Rankin, Liford. Btorage 
Batteries. (2 Figs.) March 5, 1914.—Se tor diaphragms 
for storage batteries are usually made of wood, threaded through 
vertical slote in uprights or dowels, usually also of wood, and 
placed between the plates of the cells. This invention consists in 
an improved method of supporting the separators by the utilisa- 
tion of the slot in the upright, made for the reception of the 
se r, for the insertion of a piece of celluloid, ebunite or 
other acid-resisting and insulating, or insulated, material, of such 
a shape that the separator and upright are supported by it on 











7) 
one or both of the two adjacent plates which they are used to 
separate, or on special traverse rods laid across the top of the 
plates. a, @ represent two battery plates, and 5 a separator 
placed between them. c is oneof the uprights, having a vertical 
slot d therein through which the separator passes. The slot 
needs to extend somewhat above the top of the separator, and in 
the space so left is placed a sup ing piece ¢. In the form of 
the invention shown the piece e ite end f cranked at a t 
angle, and extending over the top edges of the plates. By 
method the strips serve to —— the uprights, and through 
them the separators. (Accepted November 18, 1914.) 


22,198/13. St. Helens’ Cable and Rubber Company, 
Limited, and J. C. White, Warrington. Junction- 
Boxes. (2 Figs.) October 2, 1913.—This invention relates to 
peer | systems for buildings and the like—i.c., systems of pro- 
tec cables whereby current is led from place to place, more 

ally in house-wiring and the like, of the kind in which all 
the parts of the cables exposed for connection are disposed within 
the sealed chamber of a self-contained junction-bex, switch-box 
or the like. It will be clear that two essential conditions must be 
fulfilled by such boxes : first, all the bared parts of the cables 
must be efficiently sealed up, but, second, this sealing must be 
such that the complete operations of assembling, opening up, in- 
Fp ay removing the cables can be readily performed while 
the wiring is in situ. According to the present invention, an 
arrangement is provided in connection with such apparatus 
whereby the essential cables of the system are led, for connecting 
purposes, from an exposed position directly into the self-contained 
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sealed box through a (J-shaped or sinuous path, the bound! 
walls of which sreauied Sith e com, in id 
or molten condition. In one form ee 
are ho auld contained in» single (j-chaped eval The ca 

are first connected as required by means of the 
connecting-blocks 3, and are then forced into the com 
over the outer walls § of these compartments. In this 
pm hn 
compartments 4 are arranged 
ably there 


or any other metallic support. The compartments 4 
ably formed integral with the boss 6, which bas a threaded portion 
10, and at the base may be attached a projecting portion 11 of 








than the section of thewover 12. This cover 
filled, bar gy ay emmy ee ep 
g high insulation. This cover is pro with 
adapted to screw over the threaded 


ul that all that is necessary is to have sufficient sealing 
compound in the cover to reach over the lower bend of the cable, 
and to allow the projecting wall 5 to enter the sealing compound, 


12 is filled, or 
preferably ha 


projecting portions of the cables. By ha’ the fixing- 
emerge on the boss 6, its end will be cov with the sealing 
compound, which will be forced a considerable way up the screw, 


pou: 
due to the head of liquid in the compartments 4. The projecting 
portion 11 is, preferably, of dimensions exceeding those of the 
section of the cover by a similar amount to that with which the 
cover exceeds that of the outer walls 5 of the compartments 4. 


these a and must accordingly be suitably bent to 

it is advisable to have this projection as far away from the outside 
of the cover as the inside of the cover is from the _e jecting wall 
5. In this way too sharp a bend of the cable is av . (Accepted 
November 18, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


482/14. The Warwick Company (1908), 
Limited, London. (General Electric Company, Schenectady, 
U.S.A.) Gas-Turbines. (2 Figs.) January 7, 1914.—Th 
invention relates to apparatus for aes powdered fuel of the 
type in which a stream of powdered fuel and air is blown in a 
tangential direction into a combustion-chamber. According to 
this invention, the combustion-chamber is provided with a conical 
top and a central discharge-pipe leading from the lower part of 
the chamber out through the top. The mixture of powdered 
fuel and air is blown into the busti hamber at or near 
the top of the conical portion, and any ashes or unburnt par- 
ticles are collected in laterally-arranged pockets at the bottom. 
The coal-dust 1 is stored in a receptacle 2, which has a filling 
opening at the top closed by a lid 3. A clamping screw holds the 
lid in 80 that fluid pressure led through a ey gag 4 from 
amain pipe 5 may fill the — above the fuel. By thus 
subjecting the fuel to pneumatic pressure, it can be easily and 
successfully fed down into the air-pipe to be blown into the com- 
bustion-chamber. This feature of the invention requires a larce 
plant to have a good sized receptacle capable of holding a suppl 
of fuel sufficient to last some 12 hours even when the turbine is 
running under full load. A receptacle of this ity will not 
be more voluminous than the combustion-chamber itself, and 
can be opened and refilled once or twice in 24 hours during shut- 
down periods of the combustion-chamber to which it is con- 
nected. With large units more than one busti ham b 
is necessary, and the load usually fluctuates enough to allow 
one or more chambers to be shut down now and then cleani: 
and refilling The receptacle 2 has a h r-shay bottom wh 
opens into the pipe 5. The delivery end of a suitable compressor 











is connected to the pipe. In the opening between the hopper 
and the air-pipe oe eal toothed roller or valve which can be 
rotated at a varying speed by any suitable device. The 5; 

of this rotary charging device can be regulated in any suitable 
manner. A stop-valve is opened to start the flow of air through 
the pipe 5 when jthe apparatus is to —_ operating. The cur- 
rent of air picks up the coal-dust fed in ry the rotary valve and 
blows it into the circul sti ber 11, entering it 
tangentially, as shown in Fig. 2. This chamber is made of 
lined with a thick layer 12 of refractory material. 

conical, and the air-pipe enters at the upper end, so that the 
—Se and coal-dust rapidly as it whirls around 





pipe 
k-plug 13 connected to a suitable source 
r once being fired, the incoming stream 
of combustible continues to burn steadily. The products of 


the gases upon the buckets 17 of the turbine 18. The cen’ 

force due to the whirling motion of the contents of 

throws the ashes and unconsumed fuel against the walls of the 

chamber, where they drop into the pockets 19 formed in the bottom 
the busti h . At the bottom 


of of 
oa 20, from which a pipe 21 runs down to a receiver 
in which the ashes and other refuse collect. The pipes 21 








receivers 22 are, preferably, water-jacketed, as shown, and each 
pipe can be closed by one or more water-cooled gate-valves 23 
j= ode the receiver is to be cleaned out through the manhole 24. 
(Accepted November 18, 1914.) 


25,516/13. Societe © des Automobiles 
Dela ~ France. Car- 


unay Sain 
burettors. (2 Figs.) February 1, 1913.—In carburettors pro- 
vided with a compensating reservoir, the latter is furnished with 
a conduit of large cross-section, opening into the choke-tube, in 
order to bring the spirit into contact with the suction-air over a 

surface. The purpose served by this reservoir is pre- 
dominant at the starting of the engine, when each suction draws 
in a large quantity of spirit, which is delivered freely by the out- 
pa Na t of ee — the te yon | reservoir 
emptying in proportion. At low aon, when compensating 
reservoir is again able to fill, it 1 ensures efficient carvuration 
of the air, owing to the large amount of spirit ht into con- 
tact with it. However, the compensator being us prismatic 
in shape, the quantity of the is exhausted slowly, and the 
—_ae continues to supply fuel for a certain time after the 
establishment of normal , thus increasing the fuel consump- 
without any profit being derived therefrom. The wy) or 

ig’ 











compensating reservoir also been formed with a slightly 
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ry - — — — 
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conical base. The invention has for its objects to avoid waste of 
fuel in carburettors of this type, and consists in using a com- 
pensator, the reservoir, or well, of which is flared at its upper 
parte, so that at low speeds the quantity of fuel in reserve and 
eupplied to the outlet decreases ——- during an acceleration, 
whereby the mixture supplied to the engine gradually becomes 
Jess and less rich in proportion as the speed increases. The car- 
burettor, having a subme’ Sprayer, comprites a constant-level 
reservoir 1 supplying through a conduit 2, a subm fuel 
outlet or yer 8 located in a conduit 4 opening at the lower 
part of a choke-tube or mixing-chamber 5 and supplied by a com- 
ay reservoir 6. A ing to the invention, this reservoir 

flared at its upper part, its section increasing from bottom to 
top according to any law. It may, for example, have a shape of 
A >. ee This com ~~ supplies 
at the moment of starting or speeding-up a su nt quantity of 
fuel, and, moreover, owing to its particular ~\— its output of 
fuel decreases rapidly in proportion as the noreases. Thus 
soe aa none _— of fuel is avoid (Accepted Novem- 


GUNS ‘AND EXPLOSIVES. 


77114. Societe © des Etablissements 
Delaunay-Believille. Saint. France. - 
Propelled fl .) January 29, 1918.—The 
t invention relates to means for obtaining dynamic equili- 
rium in a self-propelled torpedo. A dynamic equilibrium 
controller for self-propelled joes, according to this invention, 
in a centrifugal pump, the delivery of which is controlled 
by a valve so as to equilibrate by the reactions of the mass of 
water delivered by the pump, the whole of the reactions produced 
by the operation of the turbine. The shaft of the rotor A carries 
at one end a small pinion B for driving we ye: of the pump D in 
pod t 


the opposite direction to the turbine. water pum rom 
the hull th: the orifices E is delivered by the pump D to a 
distributing nel H provided with vanes, thence this water 


passes to the generator or to the heater (not shown in the 
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drawing) & pipe F provided with a valve G, operati 

when the desired p s has been attained. This valve G permite 
of varying, as desired, the output of the pump in order to 
equilibrate by the reactions produced by the setting into motion 
and the wovement of this mass of water, the ons 
due, for instance, to the expansion and the escapement of the 
motive fluid. It is also possible in the case where the different parts 
in movement are not matuatty Cogesss eum the t of view of 
the engendered gyroscopic actions, to make use of the total reaction 
produced by the rotation of the pump-whee! and by the movement 
of the mass of water in order to compensate the total sum of the 
reactions due to the movement of the other elements of the 
torpedo. The driving-turbine Ais provided with one diso only ; 
its angular being very it is necessary to in 


terpose 
—S gearing in that the Hh rotate 
at a suitable speed. tacenpted November 18, +) rare _— 


1913.—This invention relates to lock- 
which the lock-frame is connected to the breech-actuating 
mechanism in such a manner that the lock-frame moves Le spay 
to the vent axial during the opening of the breech as 
usual, but during the closin; the breech in the open 
ition and has to be closed by hand. According to this inven- 


‘ism in such manner that device, as well as 


mechan 
serving SS eS eee ee 
closed position, automatic displacemen 
frame into the open position. A is the breech-screw carrier and 
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B the lock-frame. C represents a link, C! ite actuating handle, 
and C2 the guide-bolt connecting the link tothe lock-frame. D 
represents a cam for effecting the automatic movement 
of the lock-frame. In the example shown, the link C is disposed 
in a recess a in the rear face of the carrier A so that it can be 
readily assembled and withdrawn for replacement or repair; itis 
preferably a at a small angle to the horiz ntal so that it 
clears the axis-pin A‘ of the crank-pinion A*. The actuating 
handle C! is shown as in the form of a double-bandled lever 
poe ob ER A and connected at a point below 

e pivot to the link ©. The ion of the lever C! above the 
pivot carries a roller Cla to co-operate with the cam D, 
which in the example shown is formed on the head of an axis-pin 
D! to which a pinion, termed the intermediate pinion of the 
breech-actuating mechanism, is connected. During the opening 
movement of the breech mechanism, the cam D is dieplaced in the 















Gl) (COPS lle fy 
Brin =a @ ro re wa, 
By a c 


dir.ction of the arrow in Fig. 1, and thereby imparts an anti- 
clockwise movement to the lever C!, which, through the link O, 
shifts the lock-frame to the open ition. A portion of the cam 
is concentric with the axis-pin D! and prevents the lock-frame 
from being moved to its closed position during the time the 
breech is open or y open. During the closing of the breech, 
the cam D moves in the reverse direction to that indicated above 
until it reaches ite original position, shown in Fig. 1, the lever C! 
remaining in its displaced tion, indicated by chain lines in 
Fig. 1. e lock-frame can then be returned toits closed tion 
by manually moving the lever C! in a clockwise direction, this 
movement of the lever bringing the roller O!z close to the cam D, 
but leaving slight clearance to allow a certain amount of idle 
movement of the cam to take before the lock commences its 
opening movement, during which idle movement the striker is 
automatically retracted in any suitable manner. (Accepted 
November 18, 1914.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
27,297/13. A. M. Arter, E. Arter, and Marshall 
Limi [8 Figs.) 


November 27, 1913.—This invention, which ot seletenss to shaft- 
ing, has relation to the ting or coupling of two lengths of 
shafting end to end or in line, and has for ite object to provide 
simple and efficient means to this end. In connecting or poor | 
means, in accordance with this invention, there are provid 

means adapted to maintain the alignment of the two lengths of 
shafting, means ac positively to prevent end-wise movement 
of the lengths of ‘ting in relation to one another, and means 
separate from the len of shafting inte: between the 
ends thereof serving wholly for, and acting positively in, the 
transmission of torque. 1, 2 are the two len of that 
are to be connected or coupled together. The end 3 of the length 
of shafting 1 is of greater diameter than the remainder of the 
length thereof, and is hollowed or bored out to form the female 
member of the connection or coupling. The end of the length of 
ehafting 2 fits snugly in the recess in the portion 3 of the length 
of shafting 1, and forms the male member of the connection or 
coupling. The end-face of the length of shafting 2 is preferably 


Fig.h, 5 
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in contact with the end-face of the recessin the portion 3 of the 
len of shafting 1. an three in pumber, are 
drilled through the male and female portions of the shafting, and 
these holes are so positioned that a portion of each hole is com- 
prised and contained between the male and female portions. Pins 
are driven through the holes, and the outer ends of each pin are 
contained within the portions of the holes com or contained 
wholly within the female portion, whilst portions of the pins are 
contalned in those portions of the holes com and contained 
between the male and female portions. 4 is a pin which fitea 
hole bored diametrically of the shafting and so situated that one 
rtion of the hole is comprised and contained between the end- 
ace of the recessed portion 3 of the shafting 1 and the end-face of 
the shafting 2. The pin 4 serves wholly to transmit torque, while 
the pins 5, 6, which pass through holes symmetrically 
in relation to a diametral plane, serve to connect the two lengths 
of shaftin ether and prevent end-wise movement thereof. 
The pins 5, 6 form re connectors, and the 
” peeve esting, Sve. pins 5, 6 also serve partly to 
it ue. holes may be parallel or taper; the pins 
and may be solid or split. 


will be of a correspond’ 
(Accepted November 18, ink) 


MOTOR ROAD VEHICLES. 
¥F. H. Ro and Ree Revee, Limi 
Der icon Road Vehicles. {1 Fig.) t 


1918. — Y is invention relates to _—— for power- 
Se oe vehicles of the type described in iotios No. 28,114, 
.-t.' and it has for its object to »nable the ne ae 


number, mounted on pins d carried by and between 
et-discs ¢ and ¢!, the former of which is in driving con- 
n with a sleeve A revolubly mounted on the shaft } and 
carries part friction-clutch s, and the latter of which is 
revolubly mounted directly upon the shaft ) ; and the internall, 


dri shaft b ; planet-pinions c, of which there may be any 
rultabl = 


S 


brake j operating on its . The second train 
consists of a sun-wheel & revolubly mounted on the sleeve A, 
having an extension k}, on which ismounted the brake-drum p. 
which carries the other part of the friction-clutch s, and which 
is in driving connection with the extension, but is also movable 
omer thereon ; planet-pinions / mounted on ™ carried 
by between two planet-discs n and n!, the former ef which 
is mounted on or forms part of the sleeve h, and the latter of 
which is revolubly mounted on the sleeve k! ; and the internally- 
annulus o which is carried by and is in driving connec- 
tion with the shaft b. The sleeve k! is capable of oe held 
stationary by the application of a band-brake 7 or ite equivalent 
on the brake-drum The third train of gearing, which pro- 
vides the reverse drive, consists of a sun-wheel ¢ which is in 
driving connection with, but capable of endways movement on, an 
extension e2 of the boss of the t-dise ¢! ; an annulus w which 
is rigidly connected to the driven shaft z; and planet-pinions u 
mounted on pins wv! carried by a disc v and annular ring v!, the 
former being revolubly mounted on an extension ¢! of the sun- 
wheel ¢, but having no sliding movement thereon. By endways 
movement of the sun-wheel ¢ and the disc v either the sun-wheel 
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can be coupled to the driven shaft z by reason of the engage- 
ment of clutch-teeth on the sun-wheel ¢ and clutch-teeth on 
the driven shaft z forming dog-clutch g, or the disc v can be 
held stationary by as it to an annular disc y carried by any 
convenient fixed part, which may, as shown, be the casing y! 
enclosing the gearing, by the engagement of clutch-teeth z on 
the disc v with clutch - teeth z! on the annular disc y. To 
obtain the first or lowest , the brake-band j is tightened on 
the annulus /, whereby the motion of the driving-shaft } is 
transmitted to the planet-disc ¢!, and thence to the driven shaft z, 
through the sun-wheel ¢t and the dog-clutch g, the whole of the 
elements of the reverse train rotating en bloc with the planet- 
disc e!. To obtain the second speed, the brake-band r is tightened 
on the drum p (the brake j having been released) and sun-wheel k 
is held stationary. The annulus o therefore drives the planet-discs 
n and nl, and through the disc n the planet-discs ¢ el, From 
the disc e! the motion is transmitted to the driven shaft z in the 
same manner as for the first speed. To obtain the third speed or 
direct drive, the brake-drum p is ¢é , by means of the 
clutch s, with the planet-disc e!, thereby locking the said planet- 
disc ¢ to the sun-wheel k, through the extension k!, whereby the 
whole of the gearing becomes locked together and rotates en bloc. 
A neutral ition of the gear is provided by disengaging the 
sun-wheel ¢ from the driven shaft 2 by sliding the said sun-wheel 
along the extension ¢? so as to disengage the clutch g, which 
allows the two forward speed trains to rotate en Lioc and the 
reverse train to run idly. To obtain the reverse, the sun-wheel ¢ 
is slid along the extension ¢? until the dog-clutch g is disen- 
gaged, and the clutch-teeth z and z! become eng: . The effect 
of this, is to hold the planet-disc v stationary engagement 
with the annular disc y, and thus cause a reverse motion—relative 
to the planet-disc ¢!—to be imparted to the annulus w, and thus 
to the driven shaft x. (Accepted November 18, 1914.) 

9125/14. The Birmingham Small Arms Com . 
Limited, and 8. Cooper, Motor 
Vehicles. [4 Figs.) April 11, 1914.—This invention relates to 
detachable wheels for motor-vehicles, and has for its object to 
provide an improved construction and arrangement of such 
wheels whereby the outer detachable hub is mounted and 
securely locked on the inner permanent hub in a simpler and 
more effective manner than heretofore. The invention consists 
in providing the outer screwed end of the inner permanent hub, 
or the protruding end of the hub axle, on either of which said 
parts is mounted the usual locking-ring which abuts against the 
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outer face of the detachable hub, with a stepped or reduced part 
which is provided with a screw-thread of opposite and preferably 








eaid uced being adapted to receive a locking 

brake which would be necessary to deal with vy load of | nut which abuts against the aforesaid locking-ring and serves 
—~ her of Te nd ae ‘to simaplif the of the permane: fund ye my nF ay vided 
num we and consequen' er nt hub 1 

trai ve eet me ght —  -y ‘coking-ting 3, which, _ pitch 

as n pr con- | adapted to a locking- wi moun’ 

scruction the aun-wheel a of the fiat train, which gives the fist position, abuts the tant tabs of the detachable bub 4, 
or lowest speed, is mounted in driving con with the forces the latter against the shoulder or collar 5 on the inner 





hub 1. The locking-ring 3 has mounted thereon a collar or 
ring 6 which engages with a d part 7 on the outer 
hub 4, and in known manner serves to withdraw the outer from 
the inner hub during the unscrewing of the locking-ring 3, and 
also rotatably connects the latter to the outer hub. screwed 
; it cet tt ao ‘ane mea Send, td, preterahiy : 
arran, 80 ti it does not exte: 4 iy, 
lies below, the outer face 3a of the locking-ring 3 » hen the same 
is mounted in tion. The extreme outer end 8 of the inner 
hub 1 is further reduced to a diameter not exceeding that of the 
bottom of the screw-thread of the part 2 with which the teins. 
ring 3 engages, and is screwed with a left-hand thread preferab! 
of smaller pitch than that of the locking- 3, and on this 
mounted a second locking-collar or nut 9, which abuts against 
the face of the main locking-ring 3, and effectively prevents any 
movement or tendency of the latter to come unscrewed. The 
outer end of the inner hub 1 is preferably provided with a central 
hole or oil-aperture 10, which may be closed by a screw-plug 11. 
(Accepted November 18, 1914.) 


PUMPS. 

11,816/14. La Societe a’ tation des Appareils, 
Rateau, Paris, (2 Figs.) May 14 
a een seme bo == —— eng seep an 
method of assembli.g parts of t’ eels of rotary fans, compres- 

and centrifugal pumps, mc : particularly those having a 

output. Amording to this invention, the rear disc of a 
wheel is constituted by a member having a flat or slightly conical 
front face and a rearwardly-extending prolongation to form a 
hub for securing it to the shaft, the bottom ef the fluid inlet being 
ese me by a distance-piece in the form of a sleeve having the 
required shape for guiding the fluid. This arrangement permits 
the direct insertion of a tool for use in joining the front and rear 
discs together, and thus enables wheels to be constructed as 
flat as may be required. 6! is the rear disc of a flat or slightly 
conical formation which hasa rearward extension f to form a hub. 





When the vanes d have been riveted to the disc b! and the outer 
disc a@ has been placed in position as before, access to the front of 
the disc b! remains quite free; hence the holding-up hammer ¢ 
can then be introduced straight in to a sufficient distance within 
the wheel for enabling the rivet-heads situated towards the inlet 
of the wheel to be held during the operation of riveting them to 
the disc a. The rivets close to the periphery of the wheel 
can still be held by 4 by holding-up hammer through the 
outer end. For finishing the wheel after it has been mounted 
upon the shaft, a distance-piece g, in the form of a sleeve having 
the required profile to constitute the bottom of the inlet, is 
mounted in front of the disc b! ; this sleeve serving, in addition, 
to maintain adjacent discs b! of successive wheels at the required 
distance apart in cases where a number of wheels are employed in 
a single apparatus. (Accepted November 11, 1914.) 


7520/14. E. All and T. H. Plummer, Birming- 
Cen' ust Fans. (3 Figs.) March 25, 
1914.—This invention relates to centrifugal exbaust fans and 
pressure-producing fans or blowers. According to this inven- 
tion, the centrifugal exhaust-fans and -producing fans 
or blowers are arranged in juxtaposition, or e by side, and 
preferably on the same shaft, and in the latter case a flange is 
provided on the inner side of the exhaust-fan casing to overharg 
the inner half or part of the runner so as to catch a part of the 
dust-laden air and waste gases delivered by the runner. On the 
inner side of the exhaust-fan casing curved guiding webs or 
vanes are provided so as to lead the air trap by the over- 
hanging flange described to the axial inlet of the pressure-fan 
casing, the runner of which brings the dust-laden air or waste 
= up to the requisite pressure. a is the exhaust or suction- 
, and b is the pressure-producing fan, both being arranged on the 
same shaft c. The inlet openings a! in the casing of the exhaust 
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connected by the pipe d to a conduit ¢ into 
all the waste gas and fume pipes and pipes for dust-laden 
air in the works pass, so that the waste gases, fumes, and dust- 
laden air produced in the works will be sucked into the casing of 
the exhaust-fan by the action of the runner in the same. a is 
of the suction-fan casing. On the innerside of the 
is a flange / envelopinga of the 
80 Cs) air which is expelied from the 
of the blades of the runner a will be trapped ~ dyad 
Vv ng flange f and will be conducted by curved webs or 
to or >: queue ~3 the yocmsese-qosduces ne 
The fumes and dust-laden air under e in; 

ito the main g, from which they may be taken by 

branch pipes h, A, A to the hearths of blacksmiths’ forges 

races 


i, i,t, 
or other appliances in which the same may be used. 
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THE USE OF LIQUID AIR IN 
INDUSTRY. 
(Concluded from page 100.) 

Tue development of the liquid-air machine is of 
considerable interest. It is well known that the 
first investigators to accomplish the liquefaction 
of oxygen, nitrogen, and air were Cailletet and 
Pictet, who, working independently of each other, 
announced their successes simultaneously in 1878. 
Pictet employed the cascade method ; that is to 
say, by evaporating carbon dioxide at — 80 deg. 
Cent., he was able to condense ethylene under 
pressure, and to re-evaporate it at — 130 deg. 
Cent., which temperature, combined with a pres- 
sure of from 20 to 30 atmospheres, was found to 
be sufficient to liquefy oxygen. In Cailletet’s ex- 
periments, on the other hand, no intermediate 
agent was used. The gas, under very high pressure, 
was cooled, and was then allowed to liquefy itself 
by its own expansion. Both of these processes, 
however, were purely scientific towrs de force, and 
the first real achievement in making liquid air into 
a commercial article was the patent taken out by 
Dr. Carl von Linde in 1895. It is true that this 
patent was anticipated in this country by the pro- 
visional specification taken out by Hampson a few 
weeks — but Hampson’s specification was 
never developed. 

Previously to 1895, Siemens, Solvay, and Wind- 
hausen had been granted patents for the obtaining 
of very low temperatures > the expansion of air in 
a suitable cylinder, the cold expanded air being 
used to cool the incoming air in a regenerator. 
But none of these patents, chiefly owing to 
lubrication difficulties at such low temperatures, 
was found to be workable. In Linde’s invention 
the lubrication difficulty is avoided. He replaced 
the expansion cylinder by a simple expanding 
nozzle, and made the cooling effect obtained by ex- 
pansion through this nozzle the basis of his pro- 
cess. The cooling effect, discovered in the well- 
known experiments of Joule and Thomson, is 
very small, but was found in combination with a 
good regenerator to be quite sufficient. Actually 
at 17.1 deg. Cent. there is a drop in temperature 
of 0.225 deg. Cent. per atmosphere. 

The action of the apparatus is simple. Air at a 
pressure of, say, 100 atmospheres is cooled as far 
as possible by water, and passed downwards through 
a long spiral of copper tube. At the end of the 
spiral it escapes through the expanding nozzle, and 
its temperature at once drops by about 25 deg. 
Cent. The cooled air then passes up over the 
outside of the spiral, and in its passage cools the 
air inside the spiral, which is descending towards 
the nozzle. Theair arriving at the nozzle is there- 
fore colder, and since the expansion through the 
nozzle makes it colder still, it is clear that a cumu- 
lative cooling effect is obtained which will reduce 
the temperature of the air below the nozzle further 
and further until it liquefies. Naturally the heat 
leakage at low temperatures is considerable, but, 
on the other hand, the Joule-Thomson effect is very 
much greater. Its value, according to its dis- 
coverers, is given by the formula :— 


t= 0.276 (mp) (7) 
= 
where 
= fall in temperature in degrees ~~ 
p; and py = hvotlling atmospheres before and after 
rot ° 

7 = absolute temperature in degrees Centigrade 

before throttling. 


In actual practice, using a copper enerator, 
Linde obtained liquid air after re ge running, 
one-fifth of a gallon of liquid air being then ob- 
tained per hour. The pressures on either side of 
the throttle-valve were usually 200 and 50 atmo- 
spheres respectively. 

It was this apparatus which formed the basis of 
Linde’s patent of 1895 for extracting oxygen from 
air. Since the boiling point of nitrogen is 195.5 deg. 
Cent., and that of oxygen 181.5 deg. Cent., or 
14 deg. Cent. higher, it seemed probable that if 
liquid air was slowly evaporated, its two con- 
stituents might be separated. In actual practice 
what happened was that vapours rich in nitrogen 
and oxygen respectively were given off by two 
different orifices, and by allowing a rather large 
proportion of the whole liquid air to escape 
through the first or nitrogen orifice, a gas con- 
taining some 50 or 60 per cent. of oxygen was 


obtained through the second or oxygen outlet. To 
accomplish the slow evaporation an extra coil of 


copper tube was fitted below the main regenerating 
spiral, and immersed in a small reservoir, contain- 
ing the liquid air. The air leaving the regenerator 
passed into the small copper spiral, and gave u 
the remainder of its heat in evaporating the liqui 
air in the bath. It then expanded through the 
nozzle, liquefied, and drop into the bath sur- 
rounding the spiral. Gradually, as things reached 
a settled state, the liquid in the bath, owing to the 
difference in boiling-r~ ts, became rich in oxygen, 
while the vapours passing off became rich in nitro- 
en. The liquid and the vapour streamed over 
ifferent parts of the regenerator on their way to 
their respective outlets, and the liquid in its pas- 
sage turned into the gas rich in oxygen, already 
mentioned. A noteworthy economy in the process 





Fig.t. 





is the cooling of the air approaching the nozzle by 
_ — has already passed the nozzle and been 
iquefied. 

nfortunately this was the best separation which 
the apparatus could effect, and pure oxygen was not 
obtained until the brilliant application by Linde, in 
1902, of the rectifying tower. Other ingenious 
improvements, giving increased economy, have 
since been made by M. Claude, of the Société de 
l’Air Liquide, and these two apparatus, the Claude 
and the Linde, are those at present in use. M. 
Claude’s plant is the more economical of the two, 
but in the smaller sizes requires rather more 
constant supervision. There has been considerable 
dispute, not altogether edifying, as to the merits of 
the two inventions, and the patents have been the 
subject of much litigation ; but there can be no 
doubt that the two central discoveries on which the 
whole process rests—namely, the re-evaporation of 





the liquid air to separate it into ite constituents, 








and the further separation of these constituents by 
means of a rectifying tower—are due to Professor 
Linde. These two inventions are embodied in his 
patents of 1895 and 1902 respectively. On the 
other hand, valuable improvements, as explained 
below, have been effec by M. Claude, and con- 
siderable credit is due to him for his researches in 
connection with neon lamps, liquid oxygen explo- 
sives, and the production of exceptionally pure 
nitrogen. The whole affair, as regards the inven- 
tions themselves, was most ably summed up and 
elucidated by (the then) Lord Justice Fletcher 
Moulton in 1908, when passing his judgment on the 
Appeal which was lodged by the British Oxygen 
Company against the British Liquid Air Company. 

The action of the Linde oxygen separator for 
producing oxygen of 98 to 99 cent. purity will 
be understood by reference to Figs. land 2. The 
regenerator spiral, as will be seen from Fig. 2, 
consists of three small pipes d, inside a la i 
c, one of the smaller pipes d being surroun “4 “ 
a larger pipe e. The in-coming air is conveyed b: 
the small pipes d to the smaller spiral d, which is 
immersed in the liquid-oxygen bath B. From this 
spiral d, the air by way of the throttle-valve 
G to the top of the rectifying column A. Pure 
oxygen is collected at e,, and through the 
regenerator by the pipe ¢ to the outlet E. At F 
— containing 7 per cent. of oxygen is col- 
lected, and finds its way through the main pipe c 
of the regenerator, or interchanger, to the outlet 
C; b, is a gauge containing a coloured liquid to indi- 
cate the level of the liquid oxygen in the bath B, 
and J and K are test-cocks communicating with 
the liquid air and liquid oxygen suppties respec- 
tively. L is an emergency release-valve on the 
low-pressure system. 

Before reaching the inlet D, which communicates 
with the delivery of the compressor, the compressed 
air has been cooled to — 20 deg. Cent. by an 
ordinary refrigerating plant and has been purified 
of carbon dioxide by a slaked-lime purifier on the 
compressor suction. The purpose of the fore- 
cooler is to freeze out the atmospheric moisture ; 
and if a fore-cooler is not used, a calcium-chloride 
ro agg must be placed in the compressor- 
delivery. Even these precautions do not prevent 
freezing up, so that the fore-cooler and separator 
are pom duplicated. In practice, the separator 
takes about six days to freeze up, and the fore- 
— about two. tin stn, cle cs lO 

n starting u e plant, air a . per 
sq. in. rome Eo is admitted at D, after being 
cooled and purified, and passes through the pipes d 
and the spiral d, to the throttle-valve G, whence 
it is discharged by the Pipe d, to the top of the 
rectifying column A. It finds its way out by the 
collectors F and ¢,, through the pipes ¢ and e of 
the regenerator, to the outlets C and E. A step 
down in temperature, owing to the Joule-Thomson 
effect, takes place at the throttle-valve G, and a 
Pp ive cooling goes on till the air liquefies and 
okuaily accumulates in the reservoir B, The 
pressure of admission is then reduced by d 
to the working pressure of 50 to 60 atmospheres 
by opening the throttle-valve G. 

When the apparatus has steadied down to its 
work, the li aid air in the bath B is continuously 
evaporated - the hotter compressed air passing 
through the spiral d,, the hotter compressed air 
being thereby further cooled and liquefied. This 
is in accordance with the description already given 
of Linde’s 1895 apparatus. The vapours coming 
off from B will, as mentioned in the same descrip- 
tion, be rich in nitrogen, while the liquid remain- 
ing will be rich in oxygen, owing to the boiling- 
point of the nitrogen being 14 deg. Cent. below 
that of oxygen. e have therefore two re 
streams in the rectifying column; a downw 
stream which starts as liquid air at 81 deg. Cent. 
absolute at the top (emerging from +.” d,), and an 
upward stream which starts as a liquid rich in 
nitrogen at the bottom, being then at about 
91.5 deg. Cent. absolute (the boiling-point of 
oxygen). 

e action of the rectifying tower and its 
baffle plates is to change the descending cur- 
rent into oxygen of 98 to 99 cent. purity, 
which goes off at the outlet E, and to change 
the ascending current into nitrogen of 93 per 
cent. purity, which passes through the collec- 
tor F. In the case of the gases ascending, the 
oxygen is constantly finding itself in contact with 
liquids, whose temperature farther up the tower 
grows lower and lower. It therefore condenses, and 
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joins the downward stream as a liquid. Atthe same 
time, the nitrogen in the downward stream, which 
starts as liquid air, coming into contact with gases 
that grow warmer and warmer farther down the 
tower, and which are constantly giving off heat, 
owing to the condensation of the oxygen, gradually 
evaporates and upwards to the outlet F. 
The final result is as stated above ; and there is, 
it will be seen, at each stage of the tower, a con- 
stant exchange both of substance and heat. The 
necessary temperature gradient, between 81 deg. 
Cent. absolute at the top of the tower, and 91.5 deg. 
Cent. at the bottom, is obtained by means of the 
Joule-Thomson effect at the throttle-valve G, the 
pressures on the lower and upper side of this being 
50 to 60 ee, and 4 lb. to 5 lb. per sq. in. 
respectively. e Joule- Thomson effect also 
accounts for losses due to leak through the 
insulation (which is of sheep’s wool cased in with 
timber) and losses due to the inefficiency of the 
regenerator. In practice it is found that the pres- 
sure of 50 to 60 atmospheres is just sufficient to 
fulfil all these pu . It is also far more than 
is necessary to liquefy the air at the temperature 
of 91.65 deg. Cent. absolute, which exists in the 
oxygen bath. 


Fig.4. 





The action of Linde’s rectifying tower is similar 
to, and based on, that of the Coffey still for recti- 


fying alcohol. In the Coffey still the wash, weak 
in alcohol, was admitted at the top, and steam was 
admitted at the bottom ; while, ker rectification, 
steam off at the bottom, and a vapour rich 
in alcohol at the top, there being, as before, an 
exchange at each stage both of substance and of 
heat. In Coffey’s apparatus the temperature 
gradient is provided by the excess in temperature 
of the steam over the weak alcohol wash, and it is 
in this respect that Linde’s apparatus, by using 
the throttle-valve to give the necessary step-down 
effect, differs from Coffey’s. 

It may be asked, Why should nitrogen of only 
93 per cent. purity be obtained at the top of the 
tower? The explanation of this fact, and of the 
a‘tion of the tower itself, will be made clearer 
hy reference to the experiments made in 1900 by 
Baly, on the nature of the evaporation in liquid 
mixtures of oxygen and nitrogen. In Fig. 3 the 
Baly curves, which exhibit the results of his 
experiments, are shown. Baly found that, given a 
mixture of oxygen and nitrogen in any Sefnite 
proportion, equilibrium between the liquid and 
vapour is ble only when the vapour contains 
a definite proportion of the two constituents ; but 
this proportion is not the same as that in the 
liquid mixture. The curves show the percentages 





which exist in the liquid and vapour respectively 
at various absolute temperatures. For instance, 
if the liquid mixture is half oxygen and half 
nitrogen, the vapour in contact with it will, we 
see from the curves, consist of 22 per cent. oxygen 
and 78 per cent. nitrogen. Similarly, when the 
liquid has the constituency of liquid air—namely, 
79 per cent. of nitrogen and 21 per cent. oxygen— 
the proportion of oxygen in the vapour coming off 
will be a little less than 7 per cent. For this 


Cc’ a1 
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Percentage dosagen. 


reason only nitrogen of 93 per cent. purity can be 
obtained with the Linde rectifying tower described. 
And it is also easily seen that, since the ascendin 
vapours are always richer in oxygen than they should 
be for equilibrium with the descending liquids 
which they meet, there must be a progressive con- 
densation of oxygen from the vapour, and evapo- 
ration of nitrogen from the liquid, to enable that 
equilibrium to be established. 

To meet the demand made for pure nitrogen by 
the cyanamide process, the Linde apparatus had to 
be modified, when used for producing nitrogen, 
to the form shown in Fig. 4, used in conjunction 
with two compressors, for low and high-pressure 
respectively. The main regenerator spiral C 
encloses three spirals, made from smaller tubing, 
e,fandd. e conveys the oxygen collected by the 
pipe e, to the outlet e. C conveys pure nitrogen 
from the top of the tower to the branched outlet C ; 
the pipe d takes the delivery of the low-pressure 
compressor to the liquefying spiral d, immersed in 
the oxygen bath B, and thence to the middle of the 
column by way of the throttle-valve G, and the pipe 
d,; and, finally, the pipe f (which is generally re- 
placed by several pipes) takes the delivery of the 

igh-pressure compressor to the liquefying spiral f,, 
and, by way of the throttle-valve H and the 
pipe f,, tothe topof thecolumn. As in the oxygen 
ee a fore-cooler and purifiers are used, and 
there is also a liquid gauge j. 

The preliminary cooling is effected either by 
charging the plant with liquid air separately made, 
or by compressing air at 2000 lb. per sq. in. into 
the pipe /, and, after expanding it through the 
throttle-valve H, sucking it back again through the 
pipes C and e. In actual steady operation air is 
delivered from the low-pressure compressor at 





60 lb. per sq. in. through pipe d, and throttled and 


discharged by pipe d, at the middle of the column, 
thus rectifying the vapours, which are ascending 
from the oxygen bath B, till they contain only 
7 per cent. of oxygen. The reetified vapours 
escape by the outlet OC, and a part of them is taken 
by a branch to the inlet of the high-pressure com- 
pressor. From the high-pressure compressor this 
portion is delivered to the pipe f, and discharged 
as a liquid containing 7 per cent. of oxygen hy 
pipe f, at the top of the column. The effect, 
according to Bayly’s curves, is to rectify the ascend- 
ing vapours, which have 7 per cent. of oxygen when 
they pass the outlet from pipe d,, till they contain 
2 per cent. of oxygen only. A part of the ascend- 
ing vapours is once more taken from the branched 
outlet to the inlet of the high-pressure compressor, 
and discharged by pipe /f., this time as a liquid 
containing only 2 per cent. of oxygen. The ascend- 
ing vapours are thus rectified still further, till 
finally only pure nitrogen is given off. Part of this 
nitrogen continues to circulate through the high- 
pressure system for ‘‘scrubbing” or rectification 
purposes, but the major portion is collected for use 
through the vertical branch on the outlet C. The 
oxygen vapours meauwhile pass out by pipes e, and e. 





The advantages of Claude’s apparatus are, firstly 


—— 


Ox 


that by a progressive liquefaction of the air, he is 
able to obtain more complete separation than in 
Linde’s oxygen apparatus ; secondly, that by using 
a part of the incoming air to do work in an ex- 
pansion cylinder, he obtains his drop in tem- 
perature more easily, and can do with an initial 
pressure of 25 to 35 atmospheres only, thus doubly 
economising in power. The saving in power 
amounts to some 20 per cent., but is partially 
counterbalanced by the complication of the 
apparatus. ; 
ig. 5 shows the complete Claude plant. Air, 
after purification in slaked lime, is compressed and 
cooled, and passing through the calcium-chloride 
drier G, reaches the two regenerators A and B. 
The regenerator B, through which the nitrogen 
passes on its way to the outlet Az, is three or four 
times as large as the regenerator A, by means of 
which the oxygen arrives at the outlet Ox. The 
air at the bottom of the regenerators has a tempera- 
ture of about — 100 deg. Cent, and is then divided 
into two , abouta quarter of it going by way of 
the pipe T, to the liquefier L, the function of which 
will be described later, and the remainder being 
admitted bya pipe T, to the expansion engine D. 
This engine is used to drive a dynamo, and the 
lubrication difficulty experienced by Siemens has 
been overcome by the use of petroleum ether. 
During expansion the temperature of the air falls 
to about — 170 deg. Cent. (103 deg. Cent. absolute), 
and its pressure to about 4 atmospheres, which is 
sufficient to liquefy it at the temperature of 91 5 deg. 
Cent. absolute existing in the bath of oxygen. 
| Under these conditions the air arrives at the 
|vaporiser V. The vaporiser consists of two sets of 
\ odken F and F,. all connected at the top, but 
| opening at the bottom into the receptacles J and I 
|reepectively. Air thus passes into J, up the tubes 
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F, down the tubes F,, and into the receptacle I, 
and in its p e it becomes liquefied, the part 
liquefied in the tubes F draining back into the 
vessel J, and the part liquefied in the tubes F, 
draining back into the vessel I. Vessel I will contain 
a liquid rich in nitrogen, and vessel J a liquid rich 
in oxygen. This will be clear if we consider that 
since the liquid condensing on the sides of the 
central tubes F is scrubbed by the up-coming 
vapour as it trickles down, the liquid and the vapour 
may be said to be in such close contact us to be in 
equilibrium. Hence, according to Baly’s curves, 
since the vapour contains 21 per cent. of oxygen, 
the liquid must contain 48 per cent. Of course, 
the liquid formed in the upper part of the central 
tubes consists mainly of nitrogen, but as it trickles 
down the interior of the tubes, exchanges of heat 
and substance take place between it and the ascend- 
ing vapours, exactly as in the rectifying tower, so 
that all the liquid arriving at the bottom contains 
48 per cent. of oxygen. To this draining-back 
M. Claude gives the name of ‘‘ retour en arriére.” 
When the 48-per cent. liquid is discharged into the 
rectifying column at M, it naturally produces a 
vapour which has the same composition as air (21 
per cent. oxygen), so that the function of the part 
of the column between M and N is to take out as 
much of this 21 per cent. as possible. This is 
done by means of the liquid from I, which consists 
almost wholly of nitrogen, and is discharged into 
the rectifying column at N. Thus practically pure 
nitrogen vapour is given off by the pipe Q. 

If this pure nitrogen vapour at a temperature of 
77.5 deg. Cent. absolute were taken direct to the 
interchanger B, it would make the air so cold that 
it would enter the expansion engine mostly in the 
liquid state. Hence it is passed firstly —— 
the liquefier L, and in liquefying a part of the 
compressed air the nitrogen becomes heated itself 
to —130 deg. Cent. (143 deg. Cent. absolute), and 
can safely be discharged into the interchanger B. 

The compressed air liquefied in this way is 
expanded through the valve R into the vaporiser, 
and is known as the “‘liquide d’appoint.” In 

ractice about one-third of the air is discharged at 
M, and two-thirds at N, the M supply, as stated 
above, containing about 48 per cent. of oxygen. 
In the N supply the proportion of oxygen is only 
about 6 per cent. 

By a modification of his apparatus, M. Claude 
has been able to produce nitrogen of exceptional 
purity for the cyanamide works, such as is turned 
out by the Linde process already described. The 
tubes F and F, in this modification are led into 
one common receptacle instead of into the two 
separate reservoirs I and J. From this receptacle, 
as before, the liquid rich in oxygen is discharged 
at a point, such as M, into the rectifying columns. 
But the nitrogen, which condenses with difficulty 
in the oxygen bath in the ordinary apparatus, is 
taken off from the top of the tubes, and con- 
densed in a small condenser situated about one- 
quarter or one-third of the way up the column, 
where the temperature is cold enough. It is then 
discharged as a liquid in a high state of purity at 
the top of the rectifying column, and rectifies the 
ascending nitrogen vapour to such an extent that 
they reach the outlet witha purity of 99.8 per cent. 

In conclusion, it is interesting to note that the 
critical temperature of air, above which it cannot 
be liquefied, is —90 deg. Cent. (170 deg. Cent. 
absolute), and the corresponding critical pressure 
is about 40 atmospheres. 





Re-Furtinc Warsuips at Sza.—Messrs. Lidgerwood, 
Limited, of Caxton House, Westminster, inform us that 
they are the representatives of the Lidgerwood Manu- 
facturing Company, of New York, who are the makers 
of the apparatus for re-fueling warships at sea, described 
in the paper read by Mr. Spencer Miller before the 
American Society of Naval Architects, and reproduced 
in our issues of January 15 and 22. 





“British Progress Journau.” — This publication, 
which is edited by Mr. W. St. John R and pub- 
lished by the Liverpool Daily Post and Mercury, at the 
Daily Post Buildings, Liverpool, contains a number of 
articles by well-known writers explaining how and where 
British firms may increase their trade. Italso contains 
the advertisements of a | number of British engi- 
neering and other firms, with alphabetical and classified 
indices, which thus constitute a useful trade directory. 
The latter will be of considerable service to the com- 
mercial community generally, and especially to those 
firms who, having previously obtained their supplies in 
4Germany, now wish to obtain them in this country. The 
book contains over 500 pages, pocket size, and is pub- 
lished at the price of 1s., post free: 


THE WORKS OF CANADIAN VICKERS, 
LIMITED, AT MONTREAL. 


THE one certainty regarding the issue of the 
present crisis is a bigger conception of the future 
of the British Empire. There will be changes. No 
one can determine the lines along which such 
changes will develop, but it will certainly be in 
the Tirection of closer union between the Mother 
Country and the Dominions beyond the Seas. By 
their participation in the war they are further 
emerging at an increased pace from the position 
of dependencies to the vigorous manhood of 
nationality, and consequently in the future the 
Dominions will be brought into a position of greater 
equality with the Homeland. This means not 
only Federalism, or some such amalgamation on 
a more or less equal basis so far as Imperial 
government is concerned, but a development 
also in industrial responsibilities. It is with 
this latter that we are mostly concerned for 
the moment. Australia has moved forward, for 
instance, not only by the possession of its own fleet, 
but by being able to repair their ships, and even 
to construct the smaller units; the launch the 
other day of the first ship built for that fleet in 
Australian works by Australian workmen is the 
beginning of what may develop into great events. 
We have no intention here to enter into the ques- 
tion of the advantages or otherwise of separate 
fleets for se te Dominions ; no doubt, when the 
full lessons of the war are analysed, and when the 
hopes and aspirations of the Dominions are com- 
pletely enunciated, the problem will be solved in 
its relation to all interests. Broadly, there must 
be a fuller awakening of the Empire as a whole to 
its highest ideals and greater responsibilities, 
bringing changes of far-reaching co uence. 
Canada, like Australia, has the desire to develop 
its resources. The Dry Dock Act of 1910, 

by the Canadian Parliament, to make 
rovisions for subsidising ship-repairing estab- 
ishments in the Dominion, was one of the 
beginnings. This beginning has progressed, per- 
haps, far beyond the expectations of those who pro- 
moted the Act. It has been further stimulated by 
the war, and there isa natural pride in Canada that 
the Dominion has been able not only to help the 
Homeland by sending troops, but also by providing 
some of the material without which the war cannot 
be carried to a successful conclusion. 

The Act ‘‘to encourage the construction of dry 
docks” for the repair of merchantmen and naval 
ships, passed in 1910, authorised the payment, 
under certain stipulated conditions, and for a 
period not cunelinn thirty-five years from the 
completion of the work, of a subsidy not exceeding 
34 per cent. of the cost of either a graving dock 
1150 ft. long, with an entrance 110 ft. wide and a 
depth of 37 ft. over the sill, or, alternatively, a 
floating dry dock to take ships of at least 25,000 
tons displacement. The same subsidy was offered 
for a period of 25 years for a graving dock 650 ft. 
long, with a width of 85 ft., and a depth over the 
sill of 30 ft., or, alternatively, for a floating dock 
to take vessels of 15,000 tons displacement. A 
subsidy of 3 per cent., tenable for 20 years, was 
offered for a dry dock of a length of 400 ft., a width 
of entrance of 65 ft., and a depth of water over 
the sill of 22 ft., or, alternatively, a floating-dock 
to take ships of 3500 tons displacement. 

The principal establishment resulting from the 
passing of this Bill is the Canadian Vickers Works, 
which are now in full working operation, and, 
fortunately, are in a position, as has already been 
stated, to meet the highest ambition of the Canadian 
Government in the present time of Imperial crisis. 
Amongst the Canadians actively associated with 
this enterprise, and to whom the Dominion gives 
full credit, are Mr. F. Orr Lewis, who is president 
of the company, Sir Montagu Allan, who is vice- 
president, Mr. J. G. Lewis and Mr. P. Mackin- 
tosh, two of the other directors of the under- 
taking. As it was soon recognised that the 
scheme could not fulfil the fullest aims of the 
people of Canada, unless shipbuilding, as well aa 
ship-repairing, were undertaken, the Montreal 
people were successful in securing the co-operation 
of the Vickers Company ; and thus, as a Canadian 
engineer pointed out in a recent article, the project 
is ‘‘ the embodiment of great and ripe experience,”’ 
as well as the outcome of a patriotic enthusiasm. 
The same writer said :—‘‘In their estimate of the 
possibilities of the project, in the arrangement and 





equipment of the works, in the construction and 





completion for service of ships to be built in the 
establishment, the projectors have thus the co- 
operation and technical assistance of the greatest 
naval firm in the home country,” a statement 
which he supported by a narration of the enormous 
amount of naval and armament work undertaken 
in recent orders by this company. Mr. Albert 
Vickers, Sir A. Trevor Dawson, and Sir Vincent 
Caillard are directors of the Canadian Vickers 
Company. 

The construction of the establishment was com- 
menced in May, 1910, the Montreal Harbour Com- 
mission lending the project not only great sup- 
port, but active co-operation, particularly in the 
reclaiming of the site, which is at Maisonneuve, 
about 4 miles east of Montreal, on the north bank 
of the St. Lawrence River. The engineer to the 
Commissioners supervised the civil engineerin 
work. The St. Lawrence at this point has a widt 
of over a mile, and the deep-water channel has a 
depth, when the river is at its lowest level, of 35 ft. 
The site reclaimed, having a total area of 30 acres, 
is triangular, as shown in the plan, Fig. 1, page 158, 
projecting into the river, so that the vessels leaving 
or entering the basin in the works require to be 
slewed only to a slight angle with the main line of 
the channel. It was necessary to build on the 
foreshore a concrete wall to form the outer em- 
bankment of the basin, and another along the 
banks of the river as an inner wall. 

The mode of construction used for the basin 
walls is one peculiarly characteristic of jetties in 
the large North American lakes. Large cribs of 
12-in. logs well spiked together and having a width 
of about 45 ft. at the base were built on land, in 
lengths of about 200 ft., launched and floated to 
the site of the works. After a flat surface had 
been prepared on the river-bed, these were placed 
in ition and filled with broken stones and 
earth until they sank and rested on the prepared 
bed. Immediately this was ecsongiteh the 
work of constructing the concrete wall on the 
top of this was commenced and carried up to 
the required height. During the construction of 
the concrete-work the earth backing was filled in 
behind the wall. The walls round the basin of the 
Montreal Works have been carried to a depth of 
37 ft. below extreme low-river level, and to a 
height of 28 ft. above same. This enables the 
_— steamers frequenting the St. Lawrence to 
be brought alongside the quays of the basin. The 
completed wall for the river leendacy of the basin 
has a width of 150 ft. at the coping-level. The 
river-side is formed of a sloping bank with an eas 
angle of rest. The works boundary and river-ban 
are retained by a continuation of this sloping bank 
right up to the shore at the western end of the 
works. To form the landward boundary of the 
basin a similar quay-wall was constructed. Alon 
the top of the walls there are placed the onal 
bollards, fairleads, capstans, and railways neces- 
sary for the quick handling of ships and material. 

e basin has a width of 500 ft., and a length of 
1000 ft. Atthe inner end of the basin are situated 
the building-berths, the ground being graded to a 
suitable declivity, and in way of the Lathe special 
precautions have been made to exclude the winter 
floods by means of portable cofferdams incorporated 
with the structure of the building-shed itself. 

The first part of the scheme, the provision of a 
floating ship dry dock to meet the requirements of 
the Act, was completed in the autumn of 1912, the 
concrete walls being completed, and repairing- 
shops erected and equipped. The floating ship 
dry dock, which was constructed at the Barrow 
Works of Vickers Limited, is named the Duke of 
Connaught, and is shown clearly iu its working 
position in Figs. 3 and 4, on Plate XII. This 
dock is of the self-contained, double-sided, bolted 
type, and was fully described and illustrated in 
Enaineerinc.* The lifting pertion is divided 
transversely into three complete sections, which, 
when bolted together, form a complete dock. This 
was arranged to enable the three parts to be used 
separately, and, therefore, to provide three docks, 
each able to accommodate ships of the class which 
predominate in the St. Lawrence River, and lake 
traffic. It may be said that this arrangement has 
proved most serviceable. Moreover, any two 
sections can be used for docking the remaining 
third section for re-painting and overhaul. The 
general dimensions of the dock may here be 
given :— 





* See ENGINEERING, vol. xciv., page 228. 
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Length over platforms 600 0 
a am a 550 6 
Width over ms : 135 0 
Depth of toon at centre 17 0 
Length of side walls e sia -- 470 6 

Height of side walls avove pontoon 

deck - see ips a aris “ut 42 0 
Width of side wall at base 17 6 
8° ” i — mn 12 6 
Clear width between roller fenders ... 100 0 
Draught of vessel ... sen the ae 27 6 

Lifting capacity ... os .-» 25,000 tons 


Contemporaneously with the completion of the 
dock there was installed at the works a complete 


ship-repairing plant for dealing with all classes of | 60 


vessels, with engine and boiler-shops and foundry. 
It may be added further that the tariff and - 
tions in connection with the dock work has 

authorised by an Order in Council of the Canadian 





Government as provided for in thé Act of Parlia- 
ment. 
Another useful accessory for repair and new 
construction is the floating crane, which is the 
minent feature of the view, Fig. 2, annexed. 
is crane is fitted on board of a specially-con- 
structed pontoon, and is capable of coming along- 
side of, and transferring heavy weights to and from, 
ships lying in the harbour or at any point in the 
river, and of placing guns and machinery, &c., on 
board of new venue after being launched. It is 
of the following lifting capacities :— 
75 tons at 51 ft. radius, with a lifting speed of : ft. per min. 


” .” ” ” ” ” 


” 72 ’”” ” ” ” 20 ” 
The hook of the crane is about 100 ft. above 
water-level, with the jib of the crane at a radius of 
51 ft. The crane is designed to slew through an 
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Borer Works. 


angle of 360 deg., and is firmly secured at its base 
to a table revolving on a strongly-supported roller- 
path fitted on the deck of the pontoon. The jib of 
the crane is hinged at the top of large steel 
uprights, and is elevated and depressed by means 
of a screw of massive proportions. The pontoon 
is arranged to pass through the Lachine Canal, 
and, being consequently limited in dimensions, is 
specially designed and ballasted to minimise the 
angle of heel under working conditions, while a 
— movable ballast-truck, actuated by special 
racking-gear, is fitted on the crane to assist the 
balancing under varying loads. The pontoon \s 
provided with a steam warping-capstan, and is 
lighted throughout by electricity, the deck of the 
pontoon being illuminated by large arc-lamps. An 
electrically-driven grain-elevator, of a capacity of 
80 tons per hour, is available for salvage purposes, 
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and can be suspended from the jib of the crane for 
transferiing ships’ cargoes to lighters alongside. A 
large vertical boiler is installed on board for pro- 
viding steam for the crane and warping capstan, 
and a steam-driven dynamo is provided for supply- 
ing current for driving the grain-elevator and for 
lighting purposes. Thus the crane is entirely self- 
contained. 

After the scheme for a repairing establishment 
had been arranged, the further development of 
having an extensive shipbuilding establishment was 
evolved, and proof of the efficiency of the establish- 
ment is afforded by the fact that not only have 
many of the largest ships trading to Montreal been 
docked and overhauled, but there is in an advanced 
state of construction a large ice-breaking steamer 
and an exceptionally large dredger, along with 
naval work, of which particulars cannot be pub- 
lished. On Plate XII. there are two views 


of the basin, Fig. 3 being from the east end, | 
showing the landward wall of thé basin and the | 
engine-shops, the floating-dock lying inside the 
undary of the basin. | shown in Fig. 6, on thesame plate. In this way, it is 
| possible to build ships cf great Leam and of lengths 


quay, forming the outer 


The floating ship dry dock is warped out to the 





ELe&cTRICALLY-DRIVEN A1R-COMPRESSOR. 


centre of the basin for the docking of ships, 
the depth of water here being over 50 ft. ; shi 
from the St. Lawrence River enter direct into the 
dock without any difficulty in navigation. In the 
distance there is seen the covered shipbuilding 
berth, and alongside it the open shipbuilding 
berths. Fig. 4, on the same plate, is a view 
from the west end, and there will be seen to the 
left the quay forming the landward boundary of 
the basin, and the engine and bdiler-shops; and 
to the right the outer quay of the basin, and along- 
side it the floating dock. It may be explained 
here that there is no daily tidal influence in the 
St. Lawrence River at Montreal, the range of water- 
levels being due to periodical floods. The difference 
between the extreme low-water level of the winter 
and the normal summer level is about 3 ft. 

The width of the shipbuilding berth, which is 
illustrated in Fig. 5, on Plate XTII., is 105 ft., and 
it is entirely closed in, so that work can proceed 
independently of weather. As to the length, the 
ironworkers’ shed forms a continuation of it, as is 





up to 1000 ft. For the present the arrangement 
enables two cruisers or merchant ships to be built 
side by side within the one shed. The view, Fig. 5, 
shows one large vessel in course of construction in 
the shed, and since this view was taken another 
vessel has been laid down alongside. The clear 
height of the shed is 87 ft., and it will be seen that 
the construction is of a substantial character. It 
may be further added that the building was erected 
by Canadian labour. Indeed, the whole of the con- 
struction of the works has been done by Canadian 
firms and workmen. 

The equipment for the shipbuilding shed includes 
six electric cranes, each of which has the three 
motions — travelling, traversing, and hoisting— 
actuated by independent motors. There are three 
lines of crane gantries; that in the centre, 
suspended from the roof principals, has a span of 
60 ft , with two cranes, one of 35 tons and one of 
5 tons lifting capacity. The two side gantries have 
each two 5-ton cranes. By this arrangement 
cruisers and other vessels can have their boilers 
and machinery shipped before launching 

The available width for ships in the open berths 
is 250 ft., and here it is ible, as shown in 
Fig. 1, page 158, to build a vessel of ovor 700 ft. in 
length. 

The iron-workers’ shed, as we have said, forms 
a continuation of the covered-in shipbuilding berth. 
The average length given up to the platers’ 
machine-tools is 370 ft., and the average width 
120 ft. The machine-tools are capable of dealing 
with the largest plates used in the construction of 
passenger steamers and war vessels. The bending 
rolls are capable of bending and setting plates 
up to 36 ft. long and 2 in. in thickness; the 
straightening-rolls for plates have a breadth of 
8 ft.; the plate-edge planers can deal with material 
up to 36 ft. in length ; the punching and shearing- 
machines, with side tools, take plates up to 2 in. 
in thickness. The manhole-punching machines, 
multiple punches, friction and band saws, as 
well as one of the joggling-machines and the 
drills, are all electrically driven by independent 
motors. Although the majority of the machine- 
tools in this and the other departments are worked 
hy electric motors, there are some processes 
in the hull and boiler construction which cannot 
be so effectively carried out by electrically- 
driven machines as by hydraulic power, and amongst 
the hydraulically-cperated machine-tools may be 
mentioned a large 200-ton vertical press, keel-plate 
bender, channel - cutter, joggling, flanging, and 
manhole-punching machines, and the hydraulic 
frame -setting machines. The disposition of the 
foregoing machines is such that the plates can be 
handled from one machine to another by means of 
electric jib-cranes, having lifting capacities of 
5 ani 7} tons. Ult mately they are transported 
on narrow-gauge railways to the building-berths. 
For furnacing and setting the frames, floors, and 
stern plates, an independent set of machine 
tools have been installed, so that several ship 
can be under construction without in any way 
hampering progress ; the plate furnaces can take 
plates up to 30 ft. long, and the frame furnaces 
have a length of 50 ft. The area of the scrieve- 
boards is over 8000 sq. ft., and of the bending 
slabs 5000 ea. ft. 

Fig. 7, on Plate XIV., gives a good idea of the 
equipment of the smithy, which occupies the south 
end of the iron-workers’ shed, and provides for the 
manufacture of all the smithwork in the establish- 
ment, including, in addition to the blacksmiths, the 
angle and beam smiths. There are five pneumatic 
hammers, of powers ranging from 5 ewt. to 2 tone, 
the heaviest served by a 74-ton electric jib-crane. 
The forges, thirty-four in number, are all of the 
down-diaught type. A system of underground 
piping supplies the necessary blast, the exhaust 
being carried away by asimilar arrangement. Two 
blowing-fans, each of the single-inlet type. and each 
driven by a separate motor, supply the blast ; 
the exhaust-fan is of the same type. This system, 
which keeps the shop practically free from all 
fumes and smoke, is much appreciated, par- 
ticularly in hot weather. The supply and exhaust 
fans also provide draught for the plumbers’, tin- 
smiths’, and coppersmiths’ fires. An annealing- 
furnace is arranged in close proximity to the 
smithy, and adjacent are the gas-producers, the 
latter capable of supplying the whole of the fur- 
naces—i.e., the annealing furnace, the bar furnace, 





the plate furnace, and the forgef urnace. 
The sheet-iron workers’ and plumbers’ shop, 
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Fig. 8, on Plate XIV., is also arranged at the south 
end of the ironworkers’ shed, and, in conjunction 
with the smithy. The equipment includes an 
hydraulic pipe-bending machine, an hydraulic 
flanging-machine, three screwing-machines, 4 ft., 
5-ft., and 8-ft. plate-rolls, a band-saw, a planish- 
ing- hammer, several punching and shearing- 
machines, rotary shears, drilling-machines, and a 
full complement of grinders. A _ galvanising 
plant on the hot system is arranged in an adja- 
cent building, and an acetylene generator is 
also provided for the cutting apparatus and the 
use of the sheet-iron workers. Notable in the 
equipment are the pipe-setting machines, by means 
of which the various bends, bevels, branches and 
angles can be fitted to the pipes before the pipes 
are taken to the ship for fitting in place. 

The joiners’ shop, the mould-loft, and the riggers’ 
and sailmakers’ departments occupy a building of 
150 ft. by 100 ft. This building has a separate 
heating system, so designed as to consume the 
refuse. e joiners’ shop occupies the ground 
floor, the machine-tools being arranged on the one 
side, and the joiners’ and pattern-makers’ benches 
on the other. Fig. 9,on Plate XV., gives a fair idea 
of the siz and capacity of theshop. The machine 
seen in the centre of the shop is a universal wood- 
worker of the latest type, which is invaluable to 
the pattern-makers, as, in addition to mortising, 
dovetailing, trenching, &c., all kinds of spindle 
and circular work can be executed. A full outfit 
of wood-working machines is provided, including 
two heavy circular saws, suitable for heavy log- 
work, a planing and moulding-machine, surface 
planer, circular moulding - machine, small uni- 
versal machine, band-saw, fret-saw, sand-papering 
machine, turning-lathe, facing-lathe, dimension 
saw, tenoning machine, mortising machine, three 
grinders, and glue-heater. A feature of this shop 
is the method of driving the machines, the line 
shafting being arranged in the basement, to reduce 
the quantity of belting, &c., and at the same time 
to eliminate the possibility of accidents. The 
ehavings, saw-dust, &c., are carried away from the 
machines by a system of underground suction- 
pipes direct to the boiler. 

The mould-loft (Fig. 10, on Plate X V.) is arranged 
on a gallery over the joiners’ shop, and provides a 
clear floor area of over 11,000 sq. ft., ample lighting 

_ being provided by means of a top light, in addition 
to windows. 

The riggers and sail-makers’ shop (Fig. 11) is also 
arranged on the ground floor, and is provided with 
a full outfit of the latest machines for dealing 
with all classes of ship-work, including hydraulic 
cutters, &c. 

The electrical shop is illustrated in Fig. 12, on 
Plate XV. Here small electrical repairs are 
carried out, and a number of small machine-tools 
have been installed for this purpose. In the 
centre a group of Vickers’ motors will be seen 
ready for putting down for driving machines in the 
works. Behind this group is a Vickers’ motor 
coupled to a low-voltage dynamo, which is now in 
use for galvanising boiler-tubes. Upward of 300 
Vickers’ electric motors are installed in the shops, 
the larger machine-tools being provided with sepa- 
rate motors, while the small machines are usually 
grouped together on line-shafts, the machines illus- 
trated in Fig. 12 being typical examples. As 
might be expected, all the oes planing-machines 
are fitted with Vickers’ patent reversing device for 
reciprocating machine - tools. This well-known 
attachment provides for automatic reversing of the 
machine, rot a three-to-one speed variation on both 
the cutting and reverse strokes. All belt losses 
are eliminated, and a much larger output of work 
is obtained ina given time with the minimum con- 
sumption of power. The lighting of the large shops 
and yard is carried out by means of mercury-vapour 
lamps. One of these lamps can be seen between 
the roof princi in Fig. 12. In the stores and 
other low-roofed buildings miniature arcs and metal- 
filament lamps are installed. Offices are lighted on 
the semi-indirect system by means of high candle. 
power metal-filament lamps. 

The engine and boiler-shops are situated in a 
building some 380 ft. by 155 ft., and arranged in 
three bays of 65 ft., 51 ft., and 39 ft. width respec- 
tively. e building is shown in Fig. 2, on page 158. 
The machines for use in the construction of pro- 
pelling machinery, both steam, turbine, and recip- 
rocating (including internal-combustion engines), 
are arranged at one end of the building, whilst those 
for boiler-work, both cylindrical and water-tube, 





arearranged at the other. Amongst the numerous 
machines comprised in the workshop outfit, and 
in connection chiefly with marine-engine work, 
may be mentioned the 72-in. by 72-in. by 14-ft. 
laner, the compound planer, the turbine-casing 

ring-machine, two horizontal boring, drilling, 
tapping, and milling-machinea, three 6-ft. radial 
drills, the 72-in. turbine lathe (50-ft. centres), the 
36-in shafting lathe (90-ft. centres), the 8-ft. 
chuck-lathe, the eight-speed surfacing, boring, 
milling and drilling-machine, and the 36-in. ver- 
tical turret boring-mil], whilst in addition to these 
there is a full complement of capstan and turret 
lathes and other machines to cope with any class 
of marine-engine work. 

The portion of the building which is devoted to 
boiler work is equipped with a 6-ft. duplex radial 
drilling and boring-machine, a six-spindle multiple 
drill, a circular and oval-hole boring-machine, a 
16-ft. plate-edge planer, a combined punch, shear 
and angle-cutter capable of dealing with 1}-in. 
plates, a set of horizontal plate-bending rolls for 
§-in. plate, an hydraulic boiler-shell plate-bending 
machine capable of bending plates cold 12 ft. 6 in. 
wide by 1} in. thick to a complete circle, an hydraulic 
fixed riveter of 9 ft. gap and 80 tons power (for 
rivets up to 1} in.), a set of 5-ft. plate-straightening 
rollers, a a machine, a pipe-flange drill- 
ing and facing-machine, and many others parti- 
cularly adapted to boiler work. 

In the small bay are arranged the special 
machines for detail work of every description, 
including brass-finishing, and comprise vertical, 
= and general and universal milling-machines, 

ind-saw, key-way cutting- machine, portable 
milling-machine, bevel-gear generator, as well as a 
large number of useful lathes and other machines. 

An overhead gallery is fitted up as a turbine- 
blading department, and fully equipped with all 
the necessary tools for this particular class of work, 
including two presses, a section-saw, blade-nicking 
and tipping machines, and sensitive drills. The 
whole of the department is particularly well 
equipped in the matter of buffs, tool-grinders, &c. 
An electro-depositing plant is also provided, with 
all the necessary baths, &c. 

The engine and boiler-shops are provided with 
overhead electric travelling cranes, two, each of 
25 tons capacity, being arranged in the main 
erecting bay, and one of similar capacity in the 
heavy-machine bay, whilst the light-machine bay 
is provided with one of 5 tons capacity. All these 
cranes have the motions of hoisting, travelling, 
and racking, each operated by a separate motor, 
controlled from a cage suspended from the under- 
side of the crane girders. 

A powerful travelling electric crane is bein 
constructed to travel on the quay, and to dea 
with the manufactures from the engine and _ boiler- 
shops, which will be loaded on trucks, running on 
railways traversing the shops, and brought within 
the radius of the new crane on the quay. 

The brass foundry is situated in a corner of the 
engine and boiler-shop, and is fitted with six 
crucibles, two hand jib-cranes being arranged for 
the handling of the material, &c. 

Electricity is supplied by the Montreal Light, 
Heat, and Power Company, who have two inde- 

ndent generating-stations. Alternating current 
is brought into the works on the three-phase 
system at 11,000 volts at a frequency of 60 cycles 
per second, and converted at the power-station by 
means of step-down transformers and rotary con- 
verters to a three-wire direct-current supply at 
440 volts. Owing to the advantage en of 
variable-speed motors on a large number of 
machine-tools, it was considered desirable for the 
low tension supply to be a direct-current one. 

A good idea of the power-house plant will be 
obtained on reference to Fig. 13, on page 159. 
The three rotary converters, which are each of 
650 kw. capacity, were manufactured at the Shef- 
field works of Messrs. Vickers. Each machine is 
fitted with an induction motor for starting pur- 

and the machines are arranged to be self- 
synchronising. The direct-current switchboard 
consists of three rotary panels and a number 
of feeder-panels. Between the rotary and feeder 
portions of the switchboard an earth testing-board 
is erected for localising faults in the feeders to the 
various outlying shops. 

Some idea has already been given of the exten- 
sive use to which hydraulic power is put, and for 
maintaining the power there are two sets of elec- 
trically-driven three-throw pumps, situated in the 





power-house, the water being obtained from an 
overhead tank. The pumps discharge against an 
accumulator pressure of 1500 Ib. per sq. in., the 
accumulator being of the case-loaded type, and 
placed in close proximity to the pumps. 

Two air-compressors are fitted, each capable of 
compressing 2000 cub. ft. of free air per minute 
to a pressure of 100 lb. per sq. in. Pneumatic 
power is extensively usei for portable tools in 
the ironworkers’ department for riveting, caulk- 
ing, drilling, chipping and cutting. In the 
foundries compressed air is used for ramming 
and cleaning out the moulds, while the plumbers 
and nters are also provided with portable 
tools for boring and scrunting. The hammers in 
the smithy and forge are also actuated by com- 
pressed air. The Vickers motors (see Fig. 14) 
driving the air-compressors are of the slip-ring in- 
duction type, the armatures forming the crank- 
shafts of the compressors. Each motor is of 350 
horse-power, running at 146 revolutions per minute. 
The alternating-current voltage at the motor ter- 
minals is about 2200 volts. The hydraulic-pump 
motors are of the same type and make, developing 
90 horse-power at 495 revolutions per minute. 
Only one of the air-compressors is in the power- 
station; the other is clese to the ironworkers’ 
shed. The reason for this is that the electrical 
losses in transmission at the high voltaye to this 
point, where most of the pneumatic power is used, 
are much Jess than the air losses would have been 
if the two compressors had been put down in the 
power-station. 

Owing to the extreme climatic conditions and to 
the frost penetrating for a distance of from 4 ft. to 
5 ft. into the ground, it was found advisable to run 
a tunnel from the power-stations to each of the 
various shops, in which is placed the electric, 
hydraulic, pneumatic, water, fire service and steam 
mains. This tunnel has more than justified the extra 
expenditure incurred, as during the coldest weather 
no trouble has been experienced. The tunnel has 
a width of 8 ft. and a depth of 7 ft., and the roof 
is under the frost level. Another great advantage 
of having all the various mains placed together in a 
tunnel is that any leakages occurring can be easily 
traced. 

The test-house is incorporated with the electrical 
workshop, and is equipped with a 100-ton hori- 
zontal testing-machine of the latest pattern, 
operated by hydraulic power at 1500 lb. pressure, 
and capable of admitting a maximum stretched 
length in tension of 19 ft., in compression of 
3 ft. 6 in., and in deflection of 3 ft. 

The shops throughout the works are heated by 
a hot-air system, the steam being generated at a 
pressure of 200 lb. per sq. in. from a battery of 
water-tube boilers situated in a central heating- 
station. The steam is supplied to the various units 
in the shops at a pressure of 75 lb. per sq. in. 
The boilers are fitted with mechanical stokers and 
conveyors, and are also fitted with superheaters, 
imparting 150 deg. Fahr. superheat to the steam. 
From the boilers the steam is carried by means of 
pipes along the tunnel to the various shops, in 
which are situated air-chambers, which have a 
steam-coil, and are fitted with a fan and motor for 
driving the cold air through the coil and thence 
through galvanised iron air-pipes to various parts 
of the shops. The heating system is designed to 
maintain a temperature of 45 deg. Fahr. in the 
shops when the external temperature is 15 deg. 
Fahr. below zero, The boilers are also capable 
of supplying steam for testing the marine turbines 
before these are placed on board ship. 

There is an efficient fire service laid throughout 
the yard, the main being carried to the various 
shops through the tunnel. Branches are taken to 
different parts of the yard. Special precautions 
are taken at the hydrants against frost. On the 
outer embankment there has been erected a pump- 
house, in which is installed two centrifugal pumps, 
each capable of delivering 1500 gallons per minute 
against a total suction and delivery head of 
350 ft., which means that several jets of water can 
be easily thrown over the highest building erected. 
There is also a connection from the town main, 
the water being supplied at a pressure of 75 lb. per 
sq.in., which provides an ample pressure for all 
ordi > 

The  Dbulabietion Department, as will be 
seen from the general plan, Fig. 1, page 158, 
has been located alongside Notre Dame-street, 
which is the main highway to Montreal. The 


offices embrace not only the administration and 
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commercial branches, but also the drawing-offices, 
with a suite of rooms for inspectors. Every con- 
venience has been arranged for, with telephone 
communication to all departments in the works. 
The plan of the works is in itself proof of the 
care with which the establishment has been laid 
out, in order to minimise the movement of 
material during the process of construction. Such 
material as is not sea-borne is conveyed by 
a railway track which is laid into the works ; 
and for handling goods there are two locomo- 
tive cranes, having a lifting capacity of 10 and 
15 tons respectively. Direct connection is made 
to the main-line systems of Canada ; the Canadian 
Northern and Harbour Commissioners’ tracks, 
as will be seen from Fig. 1, on page 158, pass 
llel with the main roadway. Branches have 
| oven made at various points giving direct com- 
munication into the ironworkers’ department and 
into the engine and boiler shops. In this connec- 
tion it should be said that the railway companies 
and the authorities of Montreal, as well as the 
Dominion Government, have given every assistance 
towards the project in order to ensure the highest 
efficiency. This is only a recognition on the part 
of all concerned of the national importance of the 
undertaking, which, as we said at the outset, 
promises to have an important influence in the 
realisation of the ambition of the Dominion towards 
the industrial development of Canada. 





INDUSTRIAL NOTES. 

Tue Management Committee of the General Federa- 
tion of Trade Unions have issued a manifesto with 
regard to the high prices of food. They state that 
congestion of the ports may be remedied by organisa- 
tion and decentralisation. Under efficient and national 
guidance incoming ships might be better distributed 
and more rapidly unloaded; there is no absolute 
necessity for attracting all of them to London or 
Liverpool; there are other ports with excellent 
railway facilities which do not appear to be fully 
utilised. Particularly is this the case with ports 
which in normal times are mainly occupied with pas- 
senger or tourist traffic. Wagons, trucks, and cars 
are also said to be insufficient for present railway 
requirements, while the commandeering of carts, 
lorries, horses, and motors by the military authorities 
intensifies the difficulties of general transport. 

The increase in freight charges is enormous, and 
very seriously affects all prices; this particular con- 
sequence of war might very easily have been antici- 
pated by the Government, and provision made for 
meeting the situation. The Government knew that 
it would commandeer and divert from its —— 
work an extensive and important section of the Britis 
mercantile marine, that success at sea meant the 
voluntary or compulsory internment of all enemy 
ships, and that this internment would create lucrative 
opportunities on new or unusual routes for hundreds 
of ships flying the British flag, ships which, under 
ordinary circumstances, would look to this country 
for business. Had there been a Ministry of Com- 
merce, some organisation capable of necessary ee 
sion might have been in existence, and the evils of 
the — situation mitigated. There was, in effect, 
neither anticipation nor organisation. 

The Government must move immediately and 
wherever movement is possible. The procedure of 
Prize Courts must be expedited ; all captured ships 
must be valued, claimed, manned, and utilised by the 
State for the purpose of transporting supplies pur- 
chased directly from producers, and such supplies 
must be placed upon the markets at prices to cover 
only costs and distributive charges. 

The Committee find that it is the duty of the 
Railway Board to get goods away from the railways, 
as well as along the railway lines, and add that if this 
Board cannot perform the work, a competent organiser 
of local transport facilities should be appointed, and 
he ought speedily to discover and utilise the thousands 
of partially employed horses and carts and their 
owners, 

The manifesto further adds that the Government 
could undoubtedly take over the whole of the insur- 
ance on ships and cargoes and make a profit on its 
transactions ; it could also act in regard to those who 
speculatively withhold stocks from market. The 
manifesto concludes by stating that the situation is 
not yet desperate, but it is serious, and will become 
increasingly so unless the Government moves quickly. 
a & country, it states, is like running a busi- 
ness ; if success is to be achieved in either task, all 


resources must be utilised, all wastes checked, all 
slackers superseded, and all illegal or unscrupulous 
commissions cut out. 

The Government must act; the whole country de- 


efforts outside the ordinary de ental work, but 
by this time even the slowest Government department 
should realise that the nation is at war, and that 
~ appa circumstances necessitate extraordinary 
efforts. 





At a meeting of the Mayor of Rochdale’s Committee 
for the relief of distress, held on Monday, the Ist inst., 
Mr. John Moore moved a resolution asking the 
Government to take steps to prevent the food of the 
people from rising to famine prices. In order to secure 
this the Government should secure the control of 
sufficient ships, British or enemy, to food sup- 
plies to this country. In addition, the Government 
were asked to regulate food prices generally, as they 
had done in the case of —_. 
The motion was strongly opposed by Mr. J. M. 
Thomas, who said the action of the Government in 
controlling certain articles of food had sent up the 
prices of those commodities over 12 per cent. He 
added that sugar could be bought cheaper to-day in 
neutral countries than in England. In controlling 
_ commodities the Government had made a mess 
of it. 
The resolution was defeated by a large majority. 





A different note was struck at a labour meeting held 
on Monday, at Bristol, when Mr. W. C. Anderson, 
M.P., said there ought to be public control of mer- 
chant shipping, the same as of railways. There had 
been no increases of freights on the railways, but the 
shipowners were in a position to demand practically 
their own terms. The supply of wheat and coal should 
also be under public control, to avoid extortions by 
middlemen. American speculators, British farmers, 
and shipowners were all having a share of the plunder, 
at the expense mainly of the working classes. 

A resolution was passed strongly protesting and 
calling upon the Government to assume control over 
all the necessaries of life. 





On January 30 the secretaries to the Board of Con- 
ciliation and Arbitration for the manufactured iron 
and steel trades of the North of England published 
the report of the accountants to the certifying 
the average net selling price of iron rails, plates, bars, 
and angles for the two months ended mber 31 
last at 7/. 1s. 1.38d., as compared with 6/. 19s. 0.56d. 
for the previous two months. In accordance therefore 
with sliding-scale arrangements, the ironworkers’ 
wages for Teme and March will be the same as 
prevailed during the preceding two months. 


On the same day, the ascertainment on the average 
selling 5 omy was issued by the Midland Iron and 
Steel Board. It applies to all the Midlands, 
South Yorkshire, and Lancashire, The average rate 
was 7/. 8s. ld. per ton, equal to 2s. ld. above the pre- 
ceding return. It gives 9s. 9d. per ton for all tonnage 
men, except puddlers, who receive a 6d. allowance, 
and whose rate will be 10s. 3d. per ton. It is an ad- 
vance of 2) per cent., to come into force in & week’s 
time. The largest increased selling average was that 
of plates and sheets at 8/. 12s. 7d., an increase of 
33. 4d. Bars were 7/. 8s. 4d. The total production of 
the selected firms was 28,077 tons, or a decrease of 
2912 tons, owing to & great many of the men havin 
joined the colours. Bars made showed a total o 
20,395 tons. 





It was stated at a meeting of the Midlothian and 
East Lothian Miners’ Federation Board, held at 
Dalkeith, on Friday last, January 29, that great 
activity was being enjoyed at the ttish collieries, 
and miners to the extent of 90 per cent. were getting 
full-time employment—i.e., eleven days a fortnight. 
Orders for the shipping trade were also increasing 
steadily, and the despatch of coal from the docks was 
being facilitated by the curtailment of restrictions. 


A dispute which had arisen between the Cheltenham 
Gas Company and those of its workmen who belong to 
the Amalgamated Society of Gasworkers, Bricklayers, 
and General Labourers was settled on Friday last by 
the withdrawal of the men’s notices to determine their 
services on Saturday, January 30, the company having 
conceded practically their three demands. These 
were: For the recognition of the union ; an advance 
of wages in cases which had been passed over when 
previous increases were conceded ; and for a schedule 
of work. The general manager (who conducted the 
negotiations with a deputation of the workmen), 
solennt to recognise the union, to the extent of 
meeting any of its officials either in the present or any 
future dispute that may arise, but agreed to communi- 
cate with the members of the union through the agency 
of the union. 








At the annual meeting of the Ross branch of the 
South Herefordshire Farmers’ Union, held at the 





mands, and will support, remedial action, no matter 
remedies suggested require 


how drastic. Some of the 


Belgian labour, and said he had just received from 
the of Trade information as to the liabilities of 
employers who engaged Belgians, and the Board set 
out the following points :—The rates of wages offered 
should not be less than the current rate of pay to 
English labourers of a similar grade. It was desirable 
that suitable accommodation should be available for 
the workmen, and it will be even more satisfactory it 
—— could be made for housing workmen and 
amilies. The liabilities imposed on the employer by 
the National Health Insurance Act and the Work- 
men’s Compensation Acts would be the same for 
Belgian as for British workers. 
r. Taylor added that in the Ross district a very 
arrangement was made for paying these men. 
eir wages were paid to the local Belgian Com- 
mittee, and the men were housed at the model lodging- 
house, which was kept up by various ladies and 
gentlemen in the town, and 5s. was allowed them for 
their housing. The remainder of their money was 
placed in the bank, to a separate account for each 
man, so that when they left this country to go back 
to their own, they would have a good lump sum to 
start them in life again. That, he thought, was an 
excellent arrangement. With such a tremendous 
shortage of labour in Herefordshire, he advised 
farmers to apply to the Committee for these men, and 
from his own experience these men, in some cases, 
were too careful over their work. 





The miners of West Yorkshire commenced handing 
in their 14-days’ notices on Tuesday last, and are to 
continue that course until service is complete to all 
colliery-owners who refuse to allow the men’s claim 
for the 15 per cent. advances of the Coal Concilation 
—i.e., three advances of 5 per cent. each to the 
underground men who fail to earn the minimum 
wage, in addition to Judge Amphlett’s new minimum 
— The handing in of notices is to extend until 
to-day. A full fortnight has to elapse before the 
notices can be put into practical operation. In the 
meantime the points at issue are to be discussed by 
the Miners’ Federation of Great Britain, and a 
rupture may be averted by finding a way to settle 
the differences which have for over six months been 
responsible for the mining unrest in West York- 
shire. Both parties have expressed their willingness 
to hold joint meetings, and the hope is ex that 
they will lead to a working agreement. The coal-pits 
in West Yorkshire seuber 250, belonging to 120 
firms. The total number of workmen employed is 
about 50,000, of which total 7000 to 8000 are serving 
with the Colours ; other men are enlisting regularly. 
It is estimated that there are about 25, workers 
who are paid by contract, and who come within the 
operation of the Conciliation Board resolutions. Of 
the latter number, it is stated that only small per- 
centage fail to earn the minimum wage. Those who 
thus fail are, page generally, indifferent workmen ; 
the wages of the better workmen are not affected by 
the dispute. ; 





BritisH-Mapg Siipe-Rvuies.—Messers. John Davis and 
Son (Derby), Limited, All Sainte’ Works, Derby, inform 
us that they have recently put down a slide-rule factory, 
and are therefore in a position to offer Bae na! similar 
rules to those hitherto supplied by the tinent. 


ContTracts.—Messrs. Joseph Kaye and Sons, Limited, 
inform us that since the war they have had orders 
from the War Office for 29,436 oil-cans, and that, without 
competition, the Admiralty have renewed their three years’ 
contract, which ended in November last. In addition to 
the above, they have now 7170 oil-cans on order for H.M. 
Navy, making a total number of oil-cans ordered by the 
Government since the war broke out of 36,606, with 6228 
extra of their patent seamless spouts.—The Underfeed 
Stoker Company have recently booked orders for eighty- 
eight of their various types of stokers for this country, 
the British Colonies, the Continent, and China, several 
being repeat orders.—Messrs. Richardsons, Westgarth 
and Oo., Limited, have placed an order with Messrs. 
Ed. Bennis and Co., Limited, Little Hulton, Bolton, for 
a chain grate stoker to be installed in the Middlesbrough 
works of the Egglescliffe Chemical = pe Several 
orders have also recently been received by Mesers. 
Ed. Bennis and Co. for re-linking chain grate stokers of 
another make with their patent durable link. Amon 
such orders is one from the Powell Duffryn Steam Corl 
Company, Limited, Middle Duffryn Power Station, 
Mountain Asb, another from the British Xylonite Com- 
pany, Limitcd, Brantham Works, near Manningtree, and 
a third from the West Ham tion Hlootrici 
Station.— Messrs. J. Dampney and Co., Limited, Cardiff, 
state that the following orders have recently been received 
for their “‘ Apexior” com for venting corrosion 
and pitting, and the adhesion of hard scale in steam 
boilers :—Assam Bengal Railway Company, for treating 
a number of locomotives; Victoria Falls and Transvaal 
Power Company, Rhodesia, for twelve months’ mupply 
for their entire plant of Babcock and Wilcox boilers ; 
OC. A. Parsons Co., Limited, Newcastle-on-Tyne, the 
sixth order for treating the rotors and casings of steam- 
turbines ; Metropolitan Asylums Board ; London County 
Council; Royles, Limited, Irlam, for ‘coating tubes of 





—< Head Hotel, Ross, on Friday last, the 29th ult., 
Mr. Taylor, of Everstone, introduced the question of 








water-heaters. 
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TANK LOCOMOTIVE FOR THE GREAT 
CENTRAL RAILWAY. 
(Concluded from page 72.) 

ConTINUING our description of the large 2-6-4-type 
of tank locomotive recently turned out of the Gorton 
Works of the Great Central Railway, to the designs 
of Mr. J. G. Robinson, M. Inst. C.E., Chief Mechanical 
Engineer, we give on this and the opposite page 
details of the two and four-wheeled trucks, fh ps 
page 164 drawings of the connecting-rods. 

At the leading end is a two-wheeled or pony truck, 
of which we give illustrations in Figs. 11 to 14. The 
centre for the two-wheeled truck is a flanged steel 
casting of considerable depth, extending between the 
frames. On the underside it is poovided with a large 
flat boss, 9} in. in diameter, fitting into the cup of the 
swing-bolster. Between the centre and the bolster-cup 
is a j-in. brass bearing liner. The, king-pin is 2 in. in 
diameter. The bolster is also of cast steel. It is hung 
from the truck-frames by four ‘‘ three-point” hangers, 
1 ft. 11} in. apart. This design nas the advantage of 
avoiding the tilting of the bolster involved when in- 
clined swing-links are employed. The upper suspen- 
sion-pins are 24 in. apart, centre to centre, and 14 in. 
in diameter ; the lower are 2in. The links are 108 in. 
long from centres to centre. The truck is composed 
of plate-frames jin. thick and 3 ft. apart, with outside 
horn-blocks. The cross-stays between the frames are 
of 3-in. and j-in. plate. At the back of the axle isa 
horizontal stay of }-in. plate. The radius-bar is a 
V-shaped wrought-iron forging bolted to the rear 
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cross-stay. The radius of the truck is 4 ft. 11 in., distance-piece. Rail-guards extend from the truck- 
and the total side play 64 in. The radius-pin, 2} in. | frames to within 3 in. of the rails in front of the 
in diameter, is ede | in a wrought-iron plate-stay | truck. The truck-wheels are 3 ft. in diameter. oe 
extending between the engine-frames. The springing journals are 7 in. in diameter, and have & length o 
of the truck includes a pateageing and two spiral 11 in. The axle-boxes are of brass with cast-iron keeps. 
springs to each axle-box. At the front end ma | The ,four-wheeled truck at the trailing end, illus- 


truck the frames are braced by @ rod-stey and| trated in Figs. 15 to 18, also has wheels 3 ft, in 
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diameter. The truck is built up of frames 1 in. thick, | The bolster is a casting hung from the bogie transverse | 
acd transverse steel eT with stays between the | stays by three-point hangers 2 fc. 9 in. apart, of 
frames at thefront and back. The centre attached to| which the upper pins, 3} in. apart, are 2} in. in dia- 
the engine-frames has a bearing surface 1 ft. 9% in. in | meter, and the lower 2§ in. in diameter. The total side | 
outside diameter. The cup in the bolster is slightly 
larger, and between the upper surface of the cup and the 


under face of the centre is a washer-plate, 1 in. thick. | centres to centre is 1 ft. 3 in. The horn-blocks and axle- | 








1HE DESIGNS OF MR. 





| over each axle-box. 
| with blocks on both sides of the wheels. There are 


play allowed is 9} in. The king-pin is 2} in. in dia-| 
meter. The length of the three-point hangers from | 
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boxes are iuside the frames. There is a plate-sprin 
The four-wheeled truck is brake 


two brake-cylinders, fixed one on either side outside 
the framesin the centre. Each cylinder contains two 
istons, which operate the gear for the front and 
k wheels. The piston-r are coupled to short 
brake-levers, which are pivoted on the lower ends of 
the brake-hangers, and at their lower extremities are 
cross-connected by brake-beams. A central brake-rod 
runs from the brake-beam on one side of a wheel to 
that on the other, and draws in the blocks on the side 
away from the cylinder, the gear being thus equalised. 
The illustrations, Figs. 16 and 17, show, in addition, 
in dotted lines, the main brake-beam for the gear for 
the coupled wheels in its two extreme positions. 
This can be worked by hand as well as by power. At 
the trailing end the bogie is fitted with rail-guards. 
The connecting-rods, which are illustrated in Figs. 
19 to 27, on page 164, are of standard design 
adopted with other classes of Mr. Robinson’s engines. 
In this class they are 7 ft. 8 in. long centre to centre. 
The rods are of I section, the web being j in. thick. 
They have a depth of 44 in. near the small end, and 
64 in. near the bigend. The flanges are 1 in. thick 
and 24 in. wide. The small end is solid, and is provided 
with split , with wedge adjustment and lock- 
plate for thenut. The big end is of the marine type, 
the cap being held by two 2j-in. bolts. The bolts are 
bored out for part of theirlength. On the ends of the 
bolts are screwed nuts, with slote cut in them for 
cotters. The big-end brasses have an internal diameter 
of 9} in. and a width of 4j in. The small-end brasses 
are 3% in. in diameter inside, and have a width of 
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314 in. The big-end brasses are lined with white metal. 
To complete the particulars we may give the detailed 
weights of this engine, which are as follow :— 





In working order :— Tons Cwt. 

Weight on leading truck we ae 9 5 

% leading coupled wheels ... 19 3 

es driving-wheels_.... oh 19 17 

e trailing coupled wheels ... 19 15 

‘“ trailing truck us 8 

Total ... ine oe se 9% 8 

Weight empty ... wd re -« WT 


The engine weighs no less than 96 tons 8 cwt. in 
work‘ng order, and constitutes, we believe, a record 
for English railways for a road-engine of the tank 
type. The only class of approximately the same 
weight is the 0-8-4 type, with three cylinders, 
employed in marshalling work on the same railway. 
The principal dimensions are given in the complete 
drawings which we have been enabled to publish 
through the courtesy of Mr. Robinson. They will be 
found in our issue of January 15. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with an easier tone, and business 
was limited to 1000 tons of Cleveland warrants at 57s. 6d. 
cash and 58s. 5d. three months, and closing sellers quoted 
57s. 6d. cash, 57s. 10d. one month, and 58s. 5d. three 
months. In the afternoon Oleveland warrants were the 
turn stronger, and 2000 tons cha hands at 57s. 7d. 
cash, 57s. 11d. one month, and 58s. 7d. three months. At 
the close there were sellers over at 57s. 7d. cash, 57s. 11d. 
one month, and 58s. 64d. three months. On Friday morning 
the market was nominally steady, and Cleveland warrants 
amounting to 2500 tons were put through at 57s. 6d. five 
days, 57s. 74d. seventeen days, 58s. . April 14, 58s. 3d. 
April 21, and 58, 6d. three mon liers’ closing 
quotations were 57s. 6}d. cash, 57s. 104d. one month, 
and 58s. 7d. three months. The afternoon session was 
@ little more active, but price; were almost unchanged. 
The turnover consisted of 4000 tons of Cleveland war- 
rants at 57s. 5d. seven days, 57s. 6d. fourteen days, and 
583. 4d. three months, with closing sellers at 57s. 6d. 
cash, 57s. 10d. one month, and 58s. 6d. three months, 
On Monday morning the market became weaker, and 
Cleveland warrants were from 64d. to 7d. down in value. 
The dealings totalled 2500 tons at from 57s. 6d. to 57s. 3d. 
one month, and closing sellers named 56s. 114d. cash, 
57s. 3hd. one month, and 57s. 11d. three months. In the 
afternoon weakness again prevailed, and 1000 tons of 
Cleveland warrants were done at 57s. 1d. fourteen days 
and 57s. 3d. one month. The session closed with sellers 

uoting 56s. 104d. cash, 57s. 2d. one month, and 57s. 104d. 











5d. to 54d. The turnover amounted to 4000 tons at 56s. 4d. 
cash, 56s. 6d. seventeen days, 56s. 9d. and 563. 84d. one 
month, and 57s. 3d. and 57s. 4d. three months, and sellers’ 
closing prices were 56s. 5d. cash, 563. 9d. one month, and 
57s. 5d. three months. The afternoon session was quiet, 
but Cleveland warrants advanced sharply, and 2500 tons 
changed hands at from 563. 10}d. to 57s. one month, 
and from 57s. 9d. to 57s. 104d. three months. Abt 
the close sellers named 56s. 10d. cash, 57s. 2d. one 
month, and 57s. 114d. three months. When the market 
opened to-day (Wednesday) the tone was firm, and busi- 
ness amounting to 5000 tons of Cleveland warrants 
was put through at 57s. 44d. one month, and 58s. 
three months, with sellers over at 57s. O4d. cash, 
57s. 44d. one month, and 58:. 1d. three months. In the 
afternoon Cleveland warrants eased off, and a small turn- 
over of 1000 tons was done at 57s. 3d. and 57s. 14d. one 
month. The session closed with sellers naming 56s. 11d. 
cash, 57s. 3d. one month, and 57s. 104d. three months, 
— buyers were quoting 3d., 3d., and 24d. less respec- 
tively. 

Sulphate of Ammonia.— Considerable activity has taken 
place in the sulphate of ammonia market during the nest 
week, and the demand has sent the prica away up. For 
prompt lots the price is now 14/. 5s. per ton, Glasgow, 
and from 14/. 2s. 6d. to 14/. 5s. per ton, Leith, while for 
forward delivery the quotation is firm at 14/. per ton. 


Scotch Steel Trade.—The Scotch steel industry con- 
tinues to be very actively engaged, and full order-books 
are general. The different Government departments are 
pressing for deliveries, and so also are industrial con- 
cerns ; but although the various works are going at full 
speed, | are unequal to the heavy pa ssen | The 
main trouble is the scarcity of suitable hands, and 
coupled with this is the shortage of coal, which is due to 
the number of miners who have enlisted in the Army 
and Navy. The home demand is very good, and it is 
interesting to note that a fair amount of material is also 
on order for both the French and the Russian Govern- 
ments. Ship-plates are active and specifications show no 
falling off, so that the rolling-mills are kept going con- 
stantly. The makers of black sheets report good business, 
but state that they are being somewhat hampered through 
difficulty in securing raw material as as fuel. 
the whole there is no lack of orders for home consumption, 
and a steady run is assured for some months, but the 
export trade is decidedly poor. In this case everything is 
against improvement in the shipping business. High 
freights, war risk, and the high prices demanded for steel 
have combined to put a check on export orders ; but as 
conditions may be worse before they are better—from the 
buyers’ point of view—those who have business to place 
might be well advised not to delay too long. Prices 
all show an upward tendency, and although certain 
prices are quoted, there is frequently little chance of 
coouring lots at these so-called current rates, as every- 

depends on the seller's ability to deliver. The 
following may be taken as to-day’s prices :—Ship-plates, 
8i. 10s. per ton ; boiler-plates, 9/. per ton ; angles, 8/. 5s. 





three months. On Tuesday morning the downward trend 
was more accentuated, and Cleveland warrants declined 


ton—all less 5 ~ cent. delivered Clyde or equal ; 
1 b.g.), 9. 7s. 6d. per ton, less 5 per 


per 
| and sheets (7 to 1 


MR. JOHN G. ROBINSON, M. INST. C.E. 


Fig.24. 





cent. Glasgow, this latter quotation being 12s. 6d. higher 
over the week, and 203. up since the turn of the year. 


Malleable-Iron Trade.—The conditions in the malleable- 
iron trade show little change, and employment is good. 
The makers have quite a lot of business booked, and 
these contracts ensure steady running for some time, but 
the recent advance to the basis price of 8/. 2s. 6d. per ton, 
less 5 per cent. for ‘‘ crown” bars, has caused a check 
in the flow of new business. This, however, may only be 
a temporary lull. Steel bars are going very well. 

Scotch Pig-Iron Trade.—A strong position is still 
general bea ag the Scotch pig-iron trade, and makers 
are exceedingly busy. The demand is almost wholly con- 
fined to local and English requirements, as the high costs 
are, militating against export business. One factor which 
may yet prove rather serious is the probable shortage of 
ore, which will reduce the output. For hematite iron 
there is a steady outlet, and the figure now mentioned is 
923. 6d. per ton. The following are the market quotations 
for makers’ (No. 1) iron:—Clyde, 75s. 6d.; Calder and 
Gartsherrie, 76s.; Langloan, 77s.; and Summerlee, 77s. 6d. 
(all shipped at Glasgow); Eglinton, 7(s., and Glengar- 
nock, Tbe. (both at Ardrossan) ; Shotts, 76s., and Carron, 
77s. 6d. (both at Leith). 


Wages in the Iron Trade Increased.—Mr. John M. 
MacLeod, C.A., Glasgow, has made the following inti- 
mation to Messrs. James OC. Bishop and James Gavin, 
joint secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board :—‘‘ In terms of the 
remit I have examined the “pg? books for November 
and December, 1914, and I certify the avirige net 
selling price brought out is 6/. 18s. 8.80d. per ton. This 
means an increase of 24 per cent. in the wages of the 
workmen.” 


Blast;wrnacemen’s Wayes Increased.—As a result of the 
—_ of Mr. John M. MacLeod, C.A., Glasgow, to 

essrs. James C. Bishop and James Gavin, joint secre- 
taries of the Board of Conciliation between the owners 
of the blast-furnaces in Scotland and the blastfurnace- 
men as to the price of Scotch pig-iron warrants in the 
Glasgow market for the months of November, December, 
and January, there is an increase of 24 per cent. in the 
wages of the wor! 

Shipbuilding.—The Scotch shipbuilding returns for the 
month of January are quite up to the average, and amount 
— vessels, with a total of 23,235 tons, made up as 
‘ollows :— 





Vessels. Tone. 

The Olyde .. - se os 7 21,295 
The Forth .. ee oe a ee 1 1,740 
The Dee 1 200 
Total 9 23,235 


Last year the Clyde total was 22,272 tons. Work in the 
different yards is fairly plentiful, and quite sufficient to 
keep the present tafe fully employed for a considerable 
time, as order-books are well filled. Several additions 
have been made to these during the month, the contracts 
being estimated to amount to between 20,000 and 30,000 
tons. 
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NOTES FROM SOUTH YORKSHIRE. 
SuErrieLp, Wednesday. 


South Yorkshire Coal Trade.—There is a strong feeling 
in the trade that the strike threat of the West Yorkshire 
miners will not be allowed to materialise, but in the 
absence of any definite knowledge the demand on all 
classes of fuel has increased and prices have made a 
general advance on the week of from 1s. to 2s. A few 
collieries have withdrawn lists. House-coal is the most 
difficult section. Supplies are coming forward badly, and 
local consumers are having to go short. Several pits are in 
arrears with contract deliveries, and customers have been 
notified that there is no c of improvement while 
pene yn is so materially reduced, and the oe shortage 
and railway delays have to be contended with. London 
makers are paying as much 
prices to secure priority of treatment. Steam fuel is 
firm, with prices 1s. 6d. higher on the week. For the 
moment slacks are more difficult to obtain than steam 
hards. Though the output has further declined, bigger 
tonnages are required in the iron and steel trades to 


support expanding industry. There has been a decided | 56s,; and 


improvement in coke. Quotations :—Best branch hand- 
picked, 18s. to 19s.; Barnsley best Silkstone, 15s. 6d. to 
16s. 6d.; Derbyshire best bri 3 
Derbyshire house, 14s. 6d. to 15s. 6d. ; best large nuts, 
14s. 6d. to 15s. 6d.; small nuts, 12s. to 14s.; Yorkshire 
hards, 186. to 14s.; Derbyshire hards, 12s. 6d. to 13s. 6d. 
best slacks, 7s. 3d. to 8s. 3d.; seconds, 6s. 6d. to 7s. 6d. 
smalls, 4s. 6d. to 5s. 6d. 


Iron and Steel.—No relief has been afforded to the 
hematite market. With a scarcity of shipping tonnage 
and ore, makers are asking sensational prices, but apart 
from sales to armament makers to cover requirements in 
excess of contract deliveries, little business has been 
transacted. Makers of steel goods for ordinary commer- 
cial purposes candidly state that prices are prohibitive. 
East Coast mixed numbers have been sold as high as 96s., 
a rise on the month of 11s., while quotati ve reached 
the extraordinary level of 105s. West Coast makers 
have also made an important revision in their —— 
which stands at 98s. for delivery at Sheffield. Increased 
pressure is experien in common irons. The un- 
certain state of the market has caused Lincolnshire 
makers to withdraw their lists. Derbyshire brands are 
from 2s. to 3s. 6d. higher than a fortnight ago. The 
a for foundry is 60s., and for forge 57s. 6d. 

reater activity is shown in bar-iron, but the stove grate 
trade of Rotherham is decidedly quiet. The continued 
pressure on steel billets, coupled with the higher cost of 
production, is sending prices up, and another all-round 
advance on the week of 5s. is to be 
Government requirements are met, however, only a small 
tonnage is left at the disposal of P on the 
open market. The output of shell-steel is being severely 
taxed to meet the requirements of the Allied Govern- 
ments. Undiminished activity prevails in the engineering 
sections devoted to the manufacture of armour-pla 
guns, shells, and swords. Overtime restrictions 
to before the war are not allowed to stand in the way of 
continuous day and night, weekday and Sun- 
dayalike. The pecegest of big wages has attracted many 
skilled workers to the heavy-engineering districts, but there 
is still scope for the employment of several hundred more 
artisans. Though inquiries for high-speed and other 
special steels, railway and tramway material, and light 
forgings and castings are on the increase, makers of an 
but war necessities have to encounter numerous 
increasing difficulties in the way of delivery, and these 
difficulties are seriously hampering the expansion of 
ordinary commerce. Thus, with the additional difficulty 
of rising prices to face, a considerable volume of trade 
with ex-German customers is deferred, with the Snag msg 
in the meantime, of alert competitors turning the oppor- 
tunity in their favour. Some orders have 
booked in the lighter sections. 
for Calcutta, Ca 
goon and Hong Koi 
for South Africa. 





Town, and the Congo ; files for Ran- 
; tools for Lagos, and sheep shears 





PeRsONAL.—The firm of Messrs. Vaughan and Son, 
Limited, Manchester, will in future be known as the 
Vaughan Crane Company, Limited, Manchester. This 
involves no —— in the management or business policy 
of the company, but is intended solely to distinguish the 
special line of manufacture. 





Tue Locomotive Encinegrs’ Pocket- Book AND 
Diary, 1915. London: The Locomotive Publishing 
( or Pang. Limited, 3, Amen-corner, Paternoster-row, 
H.C. [Price 2s. 6d. net.]—This useful little book has 
undergone slight modifications since it appeared last year. 
Most of the c wnges, we think, may be c as improve- 
ments, though in some cases we are sorry to see matter 
disappear to make way for new. The locomotive material 
Specifications cover a greater variety of material than 
hitherto, There is additional matter on laminated springs, 
= new Cogvems * Some new —_—- ae contributed on 
ouer practice, and so on. e gene’ arrangement 
of the pocket-book is now fairly well known. After 
remarks of an historical nature, a portion of the book 
1s given up to locomotive engineering treated in a manner 
which, though necessarily brief, is unique in books 
published in this country. This material forms a very 
concise and up-to-date treatment of the various problems 
to be solved, and if expanded into the form of a text-book 
would, we thimk, be popular in the drawing-office and 
among would-be locomotive engineers. The pocket-book 
further contains a review of modern practice, while the 


as 2s. in excess of current} the first three da 


jhovels are being made | best 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mupp.LesBRrouGcH, Wednesday. 
The Cleveland Iron Trade.—Business in pig-iron is 
quiet. The majority of consumers have contracts made 
sufficient to cover requirements for a while at prices 


disposed to place orders just at present. r con- 
siderable outside speculative operations in warrants is 
causing some fluctuation in them and is having a disturb- 
ing influence on Cleveland pig-iron quotations. There 
are continued complaints of inadequate supplies of local 
iron-stone, and attention is largely centred in the in- 
sufficient deliveries of foreign ore. The latter are im- 
proving, 17,570 tons having arrived in the Tees during 
rs' of the month, but the quantities 
coming to hand still fall considerably short of what could 
be desired. Owing to the shortage of raw material, quite 
a number of both Cleveland pig and hematite furnaces 
are running on slack blast. Ke. 3 g.m.b. Cleveland pig 
is 57s.; No. 1, 59s.; No. 4 foundry, 6d.; No. 4 forge, 
; mottled and white iron, 553. 6d. There 
have been reports of small odd lots of Nos. 1, 2, and 3 
East Coast hematite pig having been pu from 
t t second hands have practically no 
iron to dispose of. Makers, as a rule, do not quote below 
95s., and one er two parcels have been put through 
at that figure. Foreign ore quotations are now based on 
32s. 6d. ex-ship Tees for Rubio of 50 per cent. quality. 


Ore steamers are still very difficult to fix, and ts are 
very high, up to 20s. being demanded, Bilbao-Middles- 
brough. Coke is steady. The slackening of blast- 
furnaces has reduced local requirements, but there is 


less on the market, a few coke-ovens having been put 
out, thus adjusting supply to demand. Durham beehive 
blast-furnace coke of average quality is 17s. 9d. to 18s. 
delivered at Tees-side works. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 118,145 tons. 
During the month of January stocks were increased by 
8136 tons. are warrants in circulation for 108,000 
tons of Cleveland pig-iron. op eee of pig-iron from 
the Tees during the month of January were on only a 
very small scale, averaging 735 tons per working day, the 
total despatches Lr | returned at 19,110 tons, all of 
which went from Middlesbrough. For the first time for 
many years were no pig-iron shipments from Skin- 
ningrove. In December the Tees clearances were given 
at 21,480 tons, or a daily average of 859 tons, and for 
the month of January, a year ago, the loadings reached 
89,451 tons, or an average of 3417 tons working day. 

the pig-iron loaded at Middlesbrough during the past 
month, 15,194 tons went abroad, and 3916 tons coast- 


wise. France was the buyer, receiving 6221 
Male tone Hollned 1660 tons, 


re 


tons, whilst Norway took 
Denmark 1385 tons, and Sweden, 1250 tons. Scotland, 
once the largest customer for Oleveland pig-iron, received 
only 840 tons. Tees loadings of manufactured iron ye | 
last month amounted to 9287 4030 tons of whi 
went foreign, and 5257 tons coastwise, and those of steel 
reached 26,095 tons, of which 23,529 tons went abroad, 
and 2566 tons to home customers. India was the eee 
buyer of both manufactured iron and steel, i 
tons of the former and 6945 tons of the latter. Other 
incipal buyers of steel were :— Victoria, 5490 tons ; New 
2511 tons ; West Australia, 2008 tons ; Egypt, 
1721 tons; France, 1612 tons ; and Siam, 1074 tons. 
Manufactured Iron and Steel.—There is little new to 
concerning the manufactured iron and steel trades. 
orks are busy, and producers have good order-books. 
Messrs. Bolckow, he and Co. have just booked an 
order for rails for Melbourne. Obher rail orders are 
expected to be placed in this district shortly. Principal 
market quotations stand :—Common iron bars, 8/. 10s. ; 
81. 17s. 6d.; best best bars, 9/. 5s. ; packing- 
iron, 7/.; iron ship-plates, 8/. 10s. ; iron ship-angles, 8/. 10s. 
iron girder-plates, 7/. 5s.; iron ship-rivets, 9/. to 9J. 5s.; 
steel bars (basic), 8/.; steel bars (Siemens), 8/.; steel ship- 
?——~ 81. 10s.; steel oor 82. 5a. ; steel ——s 
10s ; steel joists, 8/. 7s. 6d. to 8/. 10s.; steel hoops, 


cent. discount; cast-iron columns, 7/. 7s, 6d.; cast-iron 
railway chairs, 4l. 7s. 6d. to 4/. 10s.; light iron rails, 
ja En heavy — Y - 6d. to 7/. 10s8.; steel 

ilway sleepers, net f.o.b.; vanised corrugated 
sheets, 24 gauge, in bundles, 11/. £&: 121. f.0.b.—less 
4 per cent. 





Tue Iron anpD Sree. Instrrute.—The Institute now 
announce that the annual meeting will be held at the 
Institution of Civil Engineers, Great George-street, 
London, 8.W, on Thursday and Friday, May 13 and 14. 
The date of Thursday, May 13, has been provisionally 
fixed for the annual dinner, and a further announcement 
will be made if it is found desirable for the dinner to take 
place. It been provisionally decided to hold the 
autumn meeting in London during the week ending 
September 25. 





AMERICAN RaitRoap Earninoes.—The earni 


per mile worked last year were 12,921 dols., as compared 
with 13,978 dols. in 1913, showing a decrease of 1057 dols. 


fon} mile, or 74 per cent. 
12, 


423,729 dols., or 3580 dols. mile worked. 


or dols. per mile worked, showing a decrease of 





running-shed notes are not the least interesting feature. 





dols., or 9 per cent. 


below those now ruling, and consequently they are not | prod 


81. 5s.; steel strip, 72. 10s.—all leas the customary 24 per 


gross earnings 
of American railroads last year were 2,930,493, 169 dols., 
as compared with 3,132,015,598 dols. in 1913, showing a 
decrease of 201,522,429 dols., or 62 per cent. The receipts 


The net receipts last year were 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam coal has shown a firm tendency. 
With good supplies of tonnage in dock and heavy 
arrivals anticipated, colliery-owvers are looking forward 
to a more favourable state of affairs. They also con- 
sider that there will be a scarcity of supplier, seeing that 
uction is somewhat more likely to fall off than im- 
prove in consequence of the constant drain of men for 
Se the South Wales coal-field. Meanwhile, 
rices have shown little material change, although 
coal of all descriptions bas been firm, particular] 


Monmouthshire, while smalls have been vcbtain 
with difficulty. House coal has exhibited strength ; 
tent fuel been steady, and coke has ruled 


rm. The best Admiralty large steam coal has made 
20s. 6d. to 2ls.; best secondary qualities have brought 
198. to 19s. $d.; other secondary descriptions have made 
Pete ws 

. to ; 68 to per ton. 
The best houschold coal has been quoted at 198. to 20s; 
households have realised 17s. to 18.; No. 2 
large has brought 15s. to 16s.; and No. 2 
made lls. to 12s. per ton. current 
patent fuel is 19s. 6d. 20s. per 

coke has been quoted at 30s. to 


Wages in Wales.—A special conference of the South 
Wales Miners Federation is to be held at Oardiff 
to-morrow (Saturday). The most important business for 
consideration is what is known as a general rate 

t. The delegation will be asked to consider the 
sdivisability or otherwise of giving three months’ notice 
in April to terminate the preeent Conciliation Board 
agreement. 

Newport.—Monmouthshire steam coal has shown con- 

tinued strength, and, if anything, the tendency is towards 
further hardening, the tonnage outlook being considered 
more favourable. The best Newport Black Vein large 
has made 18s. to 18s. 3d.; Western Valleys have realired 
7s. 9d. to 18s ; and Eastern Valleys, 16s. 6d. to 17s. 3d. 
per ton. 
Newfoundland Pitwood.— Newfoundland pitwood is 
replacing shipments from the Baltiv, and +everal cargoes 
are expected at Cardiff and Swansea. One hase already 
arrived at Oardiff 


The Swansea Valley.—Nearly all the collieries are in 
full operation. Pig-iron plant at Landore has been 
working full time, and there has a good deal of 
activity in the copper industry. The galvanised sheet 
trade has shown some slackness, and many mills are ata 
complete standstill. There has been a good demand for 
home-rolled tin-plate bars. 





. ARCH Comeamane 28 rs nes of the Const 
nstitute on Thursday, January 2], a r entitle 
“Some Modern Methods of Arch Caloulation ” was 
me Se Ewart 8. Andrews, B.Sc. In the | a ad 
meth were discussed for the calculation of three- 
hinged, two-hi and rigid arches, considered as 
elastic structures. methods advocated were semi- 
graphic, upon the ueual assumptions as to the in- 
variance of the span, the absolute freedom of the hinges, 
and the perfect rigidity of the springings, when hinges 
are not provided. 





Tue Society or Encinggrs (INconPporRaTED).—At the 
meeting of the Society of Engineers (Incorporated), held 
on February 1, the premiums award by Council for 
papers at meetings fn yg: in the as ay 

uring 1914, were presen retiring President, 
Mr. "Et. C. H. Shen as follows:—The President's 
gold medal to Mr. A. 8. E. Ackermann for his paper on 

‘The Utilisation of Solar Energy.” The Bessemer pre- 

mium, value 5/. 5s., to Mr. A. Stewart Buckle for his 
paper on ‘‘ Cylinder Bridge Foundations in the East, and 
the Construction of the Sittang River Bridge, Burma 
Railways.” The premium, value 3/. 3s., for members of 
affiliated Societies, to Mr. R. H. Cunningham for his 
paper on “Irrigation in India.” A Svciety’s premium, 
value 2 2s., to Mr. James Tonge for his paper on ‘‘Some 
Uses of the Hydraulic Mining ridge.” Mr. Norman 
Scorgie, M. Inst. C.E., President for the year 1915, was 
then invested with his badge of office, and delivered his 
Presidential address. 


Power Surry ror THE Lonpon County Counc. 
Tramways.— New high-tention cables are to Le laid con- 
necting the London County Council generating plant at 
Greenwich in parallel with some of the plant in the Dept- 
ford station of the London Electric Supply Corporation. 
Tn gee aM Lf smear mf, deen 4 

ion, su enting output from Green > 
to be increased to 3500 kw. A been 
furnished from the Corporation 





for some 
t a consider- 


saf in view of the serious interruption of supply 
which followed the breakdown at Greenwich on Decem 
ber 11 last, and partly to cover the period during which 
one of the reciprocating-engine sets is removed and a 
turbine set substituted. hen the necessity for the 
supply from this latter consideration no longer exists, the 


he t will serve asa stand-by. The power is to be 
————e net receipts for 1913 were 881,927,036 dols., Soules abe cam of 31. a kilowatt a year, plus 0.4d. a 
553} unit, but when the suppl 


y becomer a stand-by only the 
charge is to be reduced to 2J. a kilowatt a year. 
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EMERGENCY 
CONSTRUCTED BY MESSRS. JOHN L 


SHIP-LIGHTING SET. 
THORNYCROFT AND ©O., LIMITED, BASINGSTOKE. 
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Fig. 3. VIEW LOOKING AFT 


a a 





beat 








---------—--- 8'6 


\ 








s SS 


aT rEg 

















Tue annexed illustrations show an emergenc 
electric-lighting plant for ships, examples of Which 
have recently nm supplied to the Canadian Pacific 
Railway Company’s new steamers, Missanabie and 
Metagama, by Messrs. John I. Thornycroft and Co., 
Limited, of Caxton House, Westminster, and of 
Basingstoke. As an outcome of the Convention on 
Safety of Life at Sea, such emergency lighting sets 
have come to be looked upon as essential parts of the 
equipment of passenger liners, of which the Canadian 
Pacific ships are important examples. These boats are 
each 520 ft. long, have a ton: of 13,000, and 
carry 1720 passengers and a crew of They were 
built by Messrs. Barclay, Curle and Co., Limited, of 
Whiteinch, Glasgow, and are engaged on the service 
between Liverpool and Canada 

Apart from the obvious matters of reliability and 
yy an essential of such emergency lighting sets 
is that they should be entirely self-contained. This 
applies not. only to the fuel supply, but also to the 
cooling-water service. The reason for this is clear, 
since the sets are mounted on the highest available 
part of the ship, which may be 80 ft. above the 
water-line, so that it is not ible to fit them with 
pumps drawing from the sea. ‘The general arrangement 
is shown in our engravings. It comprises a six-cylinder 
engine of 70 brake horse-power, and a 40-kw. 110-volt 
shunt-wound dynamo. The engine has a vaporiser, 
and is designed to work with kerosene (paraffin-lamp 
oil), and to start on petrol. Separate tanks for the 
two fuels are fitted. At first the —— must ruo for 
ten minutes or so on petrol until the vaporiser is 
warmed up, when the change over may be made. If 
necessary, the vaporiser may be warmed by a lamp. 
The guaranteed consumption with either fuel is 0.9 
pint per brake horse-power per hour. Starting is by 
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hand, half-compression cams being fitted. The cooling 
water is circulated round a closed system by a rotary 
gear pump. From the engine it to a cooler 
which consists of a drum, belt-driven from the engine, | 
and dipping into the water. A current of cool air | 
is blown over the surface of the drum by a fan driven 


by the same gear. The water is efficiently cooled, 
and any evaporation is made up by the addition of 
fresh water. Tests have shown the loss of water after 


four hours’ running to be not more than 2} gallons. 
The plant is contained in a steel compartment on the 
boat-deck, a3 shown in Figs. 2 to 4. 
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The charge for advertisements is three shillings for the = —_ 

e 
yment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 


lines or under, and eight; 
ave seven words. 


for each additional line. 


guaran Terms for displayed advertisements on the 

and on the sealife pagpe may be obtained on application. The 

are 12 in. deep and 9 in. wide, divisible into four columns of 

in width. Serial advertisements will be inserted with all practicable 


regularity, but absolute regularity cannot be guaranteed. 


Advertisements intended for insertion in the cur- 
rent week's issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 


week. 
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“ ENGINEERING” can be su 
post free, for twelve months, 


advance :— THE baw or ra oe ee mgt a 4 
ruary 11, at 8 p.m. ‘Conditions Affecting the Variations 
Se ET cocecccecces = .° 8 Strength’ of Wireless Signals,” by Professor E. W. Marchant, 
Thin paper copi: .Sc., Member. 

Thick = Sphaeeps Ains ro a +B ot Tus Co.p-Storace anv Ice Association. — Thursday, Feb- 
For all other places abroad— ears 11, at S p.m., at the Royal Society of Arts, John street, 
Thin paper copies £116 © Adelphi, London, W.C. A paper will be read on ‘‘The New 
Thick pape grey venir 22 0 6 in ase of Ice Manufacture and Refrigeration,” by Mr. 
an, ae oubentations ove sent by Post-Office Orders, | ‘Tux Roya InstrruTion or Great Barrai.—Friday, Feb 12, 
2 ice sho’ nm — to —- at9p.m. The evening discourse will be delivered by Mr. William 
oreign lonial subscri ym | incomplete copies | Bruce, LL.D., F.R.S.E., on “ Recent Advances in Oceanography.” 
pons chageen. mag hoge suanesiee 9p ——_ icate the fact to the | afternoon lectures next week at 3 o'clock. On Tuesday, Feb- 
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NOTICES OF MEETINGS. 


Tue Loxpon Association oF ForREMEN ENGINEERS.—Saturday, 
February 6, at 8 p.m., at the Cannon-street Hotel, E.C. A paper 
will be read on “‘ Paint Dipping and Spraying as applied to Engl 
neering,” by Arthur Seymour Jennings, F.1.B.D., editor of 


or. 

_ Tur CLEveLann INstrruTiON oF ENGINeERS.—Monday, February 8, 
in the hall of the Cleveland Literary and Philosophical Society, 
Corporation-road, Middlesbrough, at 7.30 p.m. A paper on ‘The 
Manufacture of Electric Steels,” by Mr. Victor Stobie, Sheffield, 
will be read and discussed. 

Tue INSTITUTION OF MECHANICAL ENGINEERS : GRADUATRS’ ASSOCIA- 
TIoN. —Monday, February 8, at 8 p.m. The annual lecture will be 
delivered by Sir Robert A. Hadfield, D.Sc, D.Met., F.B.S8., 
Member of Council, on “‘The History of the Metallurgy of Iron 
and Steel.” The lecture will be illustrated by lantern (and 
= a views. All classes of members of the 
nstitution are invited. 

Tus Surveyors’ InstirvTion.—Monday, February 8, at 8 p.m. 
The adjourned discussion on the papers delivered by Mr. J. G. 
Head (Fellow) and Mr. Joshua Bury (Fellow), on ‘* The Report of 
the Land Enquiry Committee on Urban Land Tenure,” will be 
opens by Mr. J. D. Wallis. 

INSTITUTION OF ELECTRICAL ENGINEERS : M \xciiestER LOCAL 
Secrion.—Tuesday, February 9, at 7.30 p.m., in the Laboratories of 
Applied Electricity, Liverpool University ; entrance in Brownlow- 
street, Professor E. W. Marchant will read a paper entitled ‘ Con- 
ditions Affecting the Variations in Strength of Wireless Signals.” 

Tus Royat Sanrrary Instirutx.—Tuesday, February 9, at 

7.30 p.m., at 90, away mony Palace-road. A discussion will take 
place on “ Tall versus Short Men for the Army,” to be opened by 
Mr. M. 8. Pembrey, M.A., M.D. 
Tus InstirvTion or EvecrricaL Enoineers (Scorrisn Locs. 
Secrion).—Tuesday, February 9, at 8 p.m., at the Rooms, 207, 
Bath-street, Glasgow. The paper entitled *‘ Distribution and 
Rise of Temperature in Field-Coils,” by Professor — 
Maclean, Messrs. D. J. M‘Kellar, and K. 8. , will be read by 
Professor Maclean. 

Tus.InstiTvTion Or Civit Enoineers.—Tuesday, February 9, at 
8p.m. Paper to be read and discussed :—‘* Engineering Opera- 
tions for the Prevention of Malaria,” by Mr. Frank Dudley Evans, 
Assoc. M. Inst. 0. E. 


Toe AssociaTION OF ENGINEERS-IN-OnARGE. — Wednesday, 
Feb 10, at 8 p.m., at St. Bride’s Institute, Bride-lane, Fleet- 
street, E.C. A per will be read on “ Boilers and Boiler- 


Mountings,” by Mr. Vernon Smith. 

Tus InerituTion oF ExvscrricaL Enemsgers: Yorksuire Locan 
Sxcrion.—Wednesday, February 10, at 7 p.m., at the Technical 
College, Bradford. A lecture will be delivered by Professor 
E. W. Marchant, D.Sc., on ‘* Wirelesg Telegraphy.’ 

Tae InsTITUTION oF AUTOMOBILE ENGINeERS. — Wednesday, 
February 10, at 8 p.m., at the Institution of Mechanical Engi- 
neers, Storey’s Gate, St. James’s Park, London, 8.W., when Mr. 
J. F, Henderson, B.Sc., A.LE.E., will read a paper entitled 
** Magneto Ignition.” 

Tue Royal Socimry or Arts.—Wednesday, February 10, at 
8p.m. “ British Litho; y in 1915,” by Mr. F. Vincent Brooks, 
ej -~ 1s cate yr —— rari age opm snemes, Chair- 
man of the Graphic and Daily ic, preside, ureday, 
February 11, at 4.30 p.m. Indian Section.—‘‘ Tribes of the 
Brahmaputra Valley,” by Oaptain Sir Duff Dunbar, Bart. 
LA. Lieut.-Colonel Sir Francis Younghus' » K.O.LE., LL.D. 
D.S8c., will preside. 

Tue Optica Society.—Thursday, February 11, at 7.30 p.m., at 
the Chemical Society’s Rooms, Burlington House, Pi ly. 
Annual general meeting, followed by discussions on : (a) “ Lay 
cheriscopes,” introduced by Mr. W. A. Dixey ; (0) “‘ Testing for 
Astigmatism,” introduced by Dr. y 


Studies : War and Evolution—Nations as Species” (Lecture L.), 
On Saturday, February 13, Mr. Henry Walford Davies, Mus. Doc. 
LL.D., on ‘‘ Emergency Music.” (Illustrated by a small choir.) 
(Lecture IL) 
Tus PuysicaL Society or Lonvon.—Friday, Fe’ » 12, at 
8 p.m., at the Imperial College of Science, imperial nstitute- 
, Sow ensington, 8.W. Annual gen meeting. After 
the ae ema of reports and the election of officers Council, 
the following papers will be read :—(1) “On the Oriterion of Steel 
Suitable for Permanent Magnets,” by Professor Silvanus P. 
Thompson, D.Sc., F.R.S8. (2) ‘ A Galvanic Cell which Reverses its 
Polarity when Illuminated,” by Mr. Alan A. Campbell Swinton, 
M. Inst. O.E. (8) ‘‘ An Investigation on the Pho ic Effect 
of Recoil Atoms,” by Messrs. A. B. Wood, M.Sc., 
M.A., B.Sc. 
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THE PREMIUM APPRENTICE. 


Amonest manufacturing firms generally pre- 
mium apprentices have acquired a reputation far 
from enviable, and many such firms now refuse to 


shop discipline, often keep bad time, and devote 


‘ differ _freatly 
Firms engaged in ‘‘ manufacturing,” using the term 
in its limited sense of producing repetition work 





in taking as apprentices youths who desire to be 

mechanical engineers. Trade apprentices are really 

all they require, or can give an appropriate training 

to ; and a premium apprentice, who, through the 

ignorance of his parents or guardians, is bound to 

a firm of this type, has some small excuse for an 

indifferent degree of application to the dull routine 

training in a limited number of operations, which is 

all that can be offered to him. Similarly, firms of this 

kind seldom feel the need of the technical-college 

man, though it is by no means certain that their 

policy in this regard is not in the end a short-sighted 

one. It may be quite true that for the daily round 
of work, past experience is a much surer and more 

certain guide than necessarily imperfect theoriee, 

but few manufacturers can escape the fate of having 
sooner or later to launch out into new departures, 

where experience is lacking and a knowledge of 

scientific principles. may save the expenditure of 

large sums in misdirected experimental work. 

We have knowledge, for example, of a large ex- 
penditure having being made not long ago in the 
endeavour to develop a type of steam turbine, the 
novelty in which consists in the addition of elements, 
which if they functioned as intended, would do so 
in violation of the principle of the conservation 
of energy. Actually they merely produce useless 
friction. Those responsible are excellent mechanics, 
and have cleverly turned certain constructional difti- 
culties involved, but lacking adequate scientific 
equipment, they do not realise that they are wasting 
their energies in pursuing a chimera. 

Although, as stated, there is much prejudice 
against the premium apprentice amongst mechani- 
cal engineers in general, it cannot be denied that 
certain firms, particularly those engaged in work of 
a less routine character, prevent their pupils idling, 
and do give them a good return for the premium 
paid. By appointing a superintendent of appren- 
tices on their special behoof, fair treatment is 
assured, the youth being passed on from depart- 
ment to department in due order, whilst he is also 
compelled to acquire, by attendance at classes, 
some knowledge of theoretical principles. Since, 
however, the cleverest youths are often to be found 
amongst those somewhat inadequately equipped 
with worldly gear, it is fortunate that there are 
important firms who make a similar provision 
for the adequate training of their apprentices 
without requiring the payment of —_ premiums. 

It is, of course, possible to argue that, in acting 
thus, the firms in question are actuated by merely 
enlightened self-interest, and it certainly would be 
a national misfortune if all our mechanical en- 

ineering establishments simply regarded their 
youths as dividend-earning ae At to be kept at 
that work which, in the immediate present, chanced 
to be most fitable to the firm. Other firms, 
though less shortsighted than these, throw diffi- 
culties in the way of a youngster acquiring such 
knowledge as may enhance his ultimate value in 
the general employment market. They will give 
him, for example, facilities to attend certain 
evening classes, but will oppose his competing for, 
say, & hitworth scholarship, for fear that success 
might lead to the clever. youngster leaving their 
service, and that they themselves would accordingly 
reap no benefit from any assistance given him. 

The difficulty which arises here would aaa 
from the report of the Special Committee on Prac- 
tical Training appointed by the Institution of Civil 
Engineers to even more accentuated in the 
civil branch of the profession than in that of 
a oy cageeuent Here eal conan be- 
tween the pupil and his principal is much more 
intimate oat Rirest than te is in the case of the 
mechanical branch of the profession, and very 
much depends, therefore, on the selection made by 
the apprentice’s parents or guardians; there are, in 
fact, cases of mere premium-hunters in no whit 
better than Mr. Pecksniff, but where engineers 
of standing do take pupils they certainly give 
them very good value for their money. 

Whilst admitting that insistence on a premium 
barred the way to many very able young men, the 
civil engineers who gave evidence before the 
Institution’s Committee were practically unani- 
mous in maintaining the system, expressing the 
view that they could not be expected to give the 
personal attention they now give to their pupils’ 
education were premiums abolished. Where the 


. | civil engineer's pupil scores is in the arrangements 


made for giving him a variety of experience. At 
the Mersey Docks, for instance, such a pupil 





in large quantities, are, indeed, y warranted 


spends six to eight months in the shops getting a 
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general idea of shop practice, then goes to the = 
and chain-testing department, from which he 
proceeds to the drawing-office, having by this time 
acquired some knowledge of the names and 
functions of parts. After. working on different 
branches of design here he is sent out on to 
works; but, independently of this, he is in- 
structed whilst in the office to go round work 
in hand at least once a week, and study some 
particular part of it—trenching or dredging, as the 
case may be. By being employed in measuring up 
work apprentices obtain, moreover, an idea of 
costs. It will not be denied that a varied training 
of this character must be of the utmost value, and 
gives the pupil many advantages over the man, of 
possibly greater natural ability, who is compelled to 
come as a salaried employee, and is, accordingly, 
kept at that class of work in which his services 
are more immediately of value. An equally excel- 
lent training is provided by other civil engineers 
for their premium pupils, and most of them de- 
clared frankly that they could not undertake the 
supervision and forethought involved without some 
direct return from the young men who benefited 
by it. The contention that it was to the national 
advantage that the best men should get the best 
training was too altruistic to be welcomed, the view 
being expressed that, as the universities took fees 
for their services, the engineer by whose teaching 
the pupil benefited to at least an equal degree was 
pon entitled to reap a reward for his labours. 
Of course, it is true that the teaching at most 
engineering colleges is largely gratuitous, the feet 
from the pupils being wholly inadequate to cover 
the Powel | costs. Nevertheless, as matters stand, 
the premium system, as Bacon said of usury, must 
be considered a concession to man’s hardness of 
heart ; and, so far as the civil branch of the profes- 
sion is concerned, there seems little prospect of an 
early change in the situation, although it remains 
true that it is unknown in Germany or America. 
All the civil engineers examined testified to the 
reat value of the training given in technical col- 
some and most of them expressed themselves as 
strongly opposed to taking pupils who had not 
a y taken an engineering degree or its equivalent. 
In mechanical engineering, on the other hand, 
the weight of opinion against the premium ap- 
prentice is steadily increasing. A most excellent 
system is in operation at the Midland Railway 
p ommen and was described to the Committee by 
Mr. Fowler, the chief mechanical engineer to 
that company. Both pupils and ordinary apprep- 
tices are taken, but neither pay any fees, and 
the more promising of the ordinary apprentices 
are transferred to a class of privil appren- 
tices, who are accorded similar facilities to the 
pupil class. Mr. Fowler prefers that a youth 
should, in the first instance, come to the works 
for twelve months, and then proceed to college. 
On his return from the latter, he passes another 
year in the shops, in addition to six months on the 
foot-plate and six months in the drawing-office. 








GERMAN SYSTEM AND METHOD. 

THE significance of the two words ‘‘ system ” and 
** method,” and of all that these words connote, has 
been demonstrated to the full in the present war by 
the Germans, who, with much pride and asatis- 
faction, make ot gee references to them in 
the Press, in lic meetings, and in private con- 
versation. We all know that Gunale, in every 
conceivable field, has carried her principle of 
systematizing to a length and a degree of perfec- 
tion unapprvached and, perhaps, even hardly 
attempted in other countries, and however difficult 
her position may be at the present day and in the 
future, it would have been infinitely worse had she 
not had her system of systems to fall back upon. 
Its immense machinery was at once put in action, 
and the Germans claim for it that, when put to the 
tremendous test set it by the var, it has done all 
that could possibly have been expected from it. 

At the recent general meeting of the Allgemeine 
Elektricitats Gesellschaft a statement was made 
that ‘‘ the first task for the German industry, 
which through the war had experienced an unpre- 
cedented ‘ narrowing in,’ was that of standing on its 
legs. To do this, a transformation of the entire 
industry was to some extent n . Although 
it certainly was by no meansa simple matter for 
a country with many imports suddenly to get 
substitutes, the necessary t:ansformation or altera- 
tion within the whole industry has been com- 





pleted with admirable ease.” Commenting upon 
these remarks, a writer in a Berlin journal says 
this only confirms what every day and every hour 
they see and hear and read. ere is hardly an 
industrial report which does not bear out that, 
after the shock, work has been resumed with 40, 
50, or 70 per cent. of the usual staff, and that 

rt of the work, directly or indirectly, has been 
, waa to war pur A factory for incan- 
descent lamps all at once took up the manufacture 
of cartridges; machine works made ‘‘Gullasch- 
cannons ;” a maker of artificial flowers went in for 
bread-bags, a bijouterie concern for knapsacks ; a 
hotel kitchen was turned into a jam factory. It 
only took a couple of weeks, and the necessary 
plant was available. Hands were trained, and 
energetic merchants looked to the supply of raw 
materials, or where the usual ones were unobtain- 
able, of substitutes, and to means to bring producer 
and buyer in contact, though often by a roundabout 
way. The system has worked admirably, and at a 
time when people were compelled to work with the 
utmost economy it has managed to call forth from 
the darkest and narrowest corners raw materials, 
to secure that nothing was wasted, and that no pos- 
sibly accessible foreign source of supply was neg- 
lected. The fact that a number of earnest and 
financially strong business men were compelled to 
*pply themselves to opportunistic dealings has also 
helped to augment the exceptional work done in 
this connection. 

In examining into the reasons why German 
industry has escaped being brought to a standstill 
by the war in nearly every one of its more important 
sections, and, after a short reorganisation and with 
partly altered objects in view, has worked on with 
an imposing certainty and without any suspicion of 
nervousness, it becomes clear that the most potent 
factor is that the German army quickly succeeded 
in carrying the war into foreign countries. In addi- 
tion to this the industrial and financial authorities 
succeeded, by wise measures, in establishing 
confidence in the power of resistance of the 
German industrial organisation, which, in its turn, 
rested upon the German military successes. The 
causes of the uniform continuity in German 
industrial wth, however, in the last instance 
are to be found in the fact that German develop- 
ment, more than that of any other country, has 
grown systematically, and shows no gaps of any 
moment in the manufacturing processes. With re- 

to certain raw materials which the German soil 
oes not produce, or, in any case, not in sufficient 
—, Germany will also in the future have to 
epend upon foreign countries, even if the efforts 
of its scientifically-working industry are systematic- 
ally centred upon replacing artificially the natural 
raw materials which Germany lacks. In this con- 
nection mention is made of the successful attempts 
at ucing artificial nitrogenous manure instead of 
Chile nitrates, at producing home-manufactured 
benzol in place of foreign benzine, and of the not 
et quite successful attempts at producing artificial 
eather and rubber. 

Still more important than the raw - material 

uestion for the maintenance of the collective 

erman industry under the present conditions 
is the fact that no indispensable intermediate 
link is missing in the large processes of produc- 
tion. Germany produces herself all her half- 
finished goods, and she utilises the residuary pro- 
ducts of her industrial processes for the manu- 
facture of valuable auxiliary commodities with such 
financial results that no other industrial nation in 
the world even approaches her in this respect. 
What these auxiliary products mean to Germany 
at present is more especially demonstrated by sul- 
phate of ammonia and benzol. How much the want 
of important links in production can harm a country 


‘in her industrial processes is demonstrated in 


England, where the inadequate development of 
many auxiliary and vital industries has almost 
crippled some of the country’s chief lines of manu- 
facture. Thus the stoppage of the German dye- 
stuff import, which, in money, only represents 
about a million sterling, threatens the English 
textile industry, the English wall-paper industry, 
and many other branches, with a turn-over of 
many millions. In the same way the absence of 
cheap German half-finished goods has deprived the 
English iron industry of an important intermediate 
link. Further, the stop of mining timber has 


gravely inconvenienced the collieries. 
Industrially, the long established and wi 
British principle of producing entirely finished 





goods, and importing the raw and intermediate 
products of great industries, has proved inferior 
to the German method in time of war. This latter 
aims at a complete organisation cf an entire 
manufacturing — in comprehensive works, 
which, separately or together, cover the entire 
series of operations needed. The industrial expan- 
sion of Germany, although it is much younger than 
that of England, has been laid out on more syste- 
matic lines, and in such a way as to render the 
country more independent of foreign aid. Under 
the difficult and strenuous conditions of war it has 
demonstrated the extreme value of system and 
method, and the —e- which they confer on a 
nation when it is cut off from the lands from which 
it draws its raw materials. 





GASEOUS EXPLOSIONS. 

In his discourse on “Gaseous Explosions,” de- 
livered at the Royal Institution on Friday, the 29th 
ult., Dr. Dagald Clerk, F.R.S., had to limit himself 
to features bearing upon the engineering problems 
of internal-combustion engines. Giving a résumé 
of the work of the British Association Committee 
(appointed at Leicester in 1907), of which he is 
now President, and referring to some yet unpub- 
lished researches, the lecturer pointed out that a 
distinction had to be drawn between combustion in 
an open vessel or in a cylinder closed by a piston, 
and combustion in a closed vessel. In a closed 
vessel, he proved, with the aid of many slides 
illustrating his own work since 1900 and the re- 
searches of Petavel, Bairstow and Alexander, and 
others, the pressure rose slowly at first, then 
more rapidly (the curve becoming concave with 
respect to the time abscissa), and slower again 
afterwards to a maximum, finally to fall off. e 
pressure variations were studied by means of 
sensitive indicators. The time elapsing between 
the beginning of the pressure rise and the maxi- 
mum pressure was ed the time of explosion. 
The rate of rise was more rapid in rich than in 
poor gas mixtures, but it was little influenced by 
the initial pressure; Petavel had experimented 
with initial pressures of 1000 lb. per sq. in. Ina 
mixture of 1:4 (volumes, gas to air) the time of 
explosion was, ¢.g., 0.045 second, and in a mixture 
of 1: 11, 0.29 second. 

The pressure increased, the lecturer continued, 
because the flame spread, raising the temperature 
and thus the pressure within the vessel of constant 
volume ; the rate of pressure rise was thus broadly 
a measure of the rate of the travel of the flame ; 
and if it were assumed—which was not quite 
justified, we shall see—that the maximum pressure 
would be attained when the flame filled the whole 
vessel, the flame velocity could be deduced. The 
flame velocity thus estimated ranged from 2 ft. to 
13 ft. per second in small vessels. In a cylindrical 
vessel of 23.4 in. (in diameter) by 28.5 in. Hopkin- 
son had found 5 ft. per second for a mixture of 1:9. 
The dimensions of the vessel and the chemical com- 
position of thegasinfluenced the result ; much hydro- 
gen in the gas gave high velocities. What was actu- 
ally happening on the line of rise? Dr. Clerk asked. 
As the flame spread, the temperature rose, also 
because the expanding gas was being compressed ; 
but the rate of travel of the flame was soon checked 
by the accumulation of the combustion products, 
and combustion (and chemical combination in 

meral) proceeded at a wn ae more —onge rate 

uring the later stage, and was, perhaps, never 
complete. It had been believed that nothing but 
the cold walls checked the increasing rate. That 
the flame entirely filled the vessel, before the 
maximum pressure was attained—in other words, 
that combination still went on when the vessel was 
full of flame—had been predicted ry the lecturer, 
but had been first demonstrated by Hopkinson with 
the vessel illustrated in Fig. 1 (dimensions already 
mentioned). The spark passed in the centre at A, 
and platinum resistance thermometers were fixed 
at B, C, D; the pressures and temperatures, explo- 
sion and cooling-curves, are optically recorded in 
Fig. 2. At first the pressure rise (A line) was very 
small, although the temperature curve B rapidly 
departed from the B zero line ; the pressure rose 
for 0.22 second, rapidly and more slowly to its 
maximum after 0.26 second. After 0.23 second 
thermometer D rose suddenly, the flame having 
then reached that thermometer in the wall, while 
the pressure continued to rise. The platinum 
(melting point, 1750 deg. Cent.) of the thermo- 
meter at the centre B always melted, not of those 
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at Cand D. The mean temperature in the vessel 
was 1600 deg. Cent. ; at B it was 1900 deg., at 
C 1700 deg., at D 1100 deg. to 1300 deg. Cent. ; 
within the wall at the side it was 850deg. These 
reat differences could not be accounted for by 
ser losses alone; the compression of the gas 
towards the centre of the vessel was largely respon- 
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sible. The experiments clearly established that 
even within a vessel of absolutely non-conducting 
materials there were great temperature differences, 
quite apart from heat losses. 

In engine cylinders having moving pistons, Dr. 
Clerk continued, the times of explosion were much 
shorter than in closed vessels. That had long been 
understood, and if it were not so, gas-engines could 
not possibly be operated at 30 revolutions per 
minute even. He had himself described before 
the Institution of Civil Engineers in 1882 how 
the ignition could so be arranged that a small 
volume of gaseous mixture, first ignited, ex- 
panded and projected a flame through a passage 
into the explosive mixture, thus adding to the 
rate of ignition the mechanical disturbance pro- 
duced by the entering flame. In this way he had 
succeeded in producing maximum pressure within 
0.01 second, and had shown how strong mixtures 
could be fired slowly and weak mixtures rapidly, 
the rate of ignition being slow even in rich mix- 
tures. Recent indicator diagrams — that the 
rate of flame propagation in gas and petrol engines 
ranged from 35 ft. to 100 ft. per second. His 
experiments with a horizontal gas-engine, 22-in. 
diameter, 34-in. stroke at 160 revolutions r 
minute, showed that with Mond gas the explosion 
period required 45 deg. of the crank circle, with 
suction gas 40 deg., and with town gas 25 deg., the 
times of the explosions being 3, 2;, and g; second; 
the inlet velocity of the charge through the valve 
was 160 ft. per second. In another horizontal gas- 
engine (9-in. diameter, 17-in. stroke, running at 
200 revolutions) the charge velocity was about 
100 ft. per second ; the flame travelled 10 in. from 
the igniting-plug to the piston; Fig. 3 was the 
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right-angle card, 90 deg. out of phase, from which 
the time of the explosion had been determined. 
The nature of the mechanical disturbance, which 
caused the increase in the rate of the flame travel, 
had simultaneously been investigated by Hopkin- 
son and by himself in 1912. His own engine had 


been fitted with a trip-gear and with two igniters, 


cycles without ignition, and to be ignited under 
compression when the desired number of alternate 
compressions and expansions had been completed. 
The idea had been that turbulence was produced 
by admitting the charge at high velocity, and this 
turbulence was to settle down so that the ignition 
started in a still mass of gas. The diagrams, Figs. 4 
and 5, indeed proved the great difference produced 
in the ignition rate byallowing the turbulence to die 
down. The mixture was one volume of gas to 9.3 
volumes of air ; the were ignited by the back 
igniter in Fig. 4, and by the side igniter in Fig. 5; 
line A B, in Fig. 4, indicated ignition of the charge 


Fie. 4. Turbulence.—Mixture of 1 volume 
of coal-gas and 9.3 volumes of air and other 
gases ignited by back igniter of engine. Line 
ae B indicates ignition of charge fired upon 

rat com 











ion stroke, which takes 0.037 
second; line A’ to B’ indicates ignition of 
—- fired upon third compression stroke, 
which takes 0.092 second. 





(4303.0.) 


Fie. 5. Turbulence.—Mixture of 1 volume 
of coal-gas and 9.3 volumes of air and other 
gases ignited by side igniter of engine. Line 
A to B indicates ignition of charge fired upon 
first compression stroke, which takes 0.033 
second. Line A’ to B’ indicates i 
charge fired upon third compecttion 
which takes 0.075 second. 
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——- 
fired upon the first compression stroke, which took 
0.037 second, whilst line A’ B’ referred to firing on the 
third compression stroke, which took 0.092 second. 
This time was not(as previously explained) the period 
wanted for attaining maximum pressure, but the 
time taken to attain maximum temperature ; the 
latter method was more accurate in special cases. 
The higher the charge velocity, the higher was the 
rate of ignition; in petrol-engines the charge 
velocity might be 150 ft. and the flame velocity 


90 ft. per second. 
Dr. Hopkinson had studied turbulence in another 
way. He had lined the cylindrical portion of a 


vessel, 1 ft. in diameter, with a helix of insulated 
copper strip, the electric resistance of which was 
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being recorded, and had mounted a fan in the 
cylinder, capable of running at 5000 revolutions per 
minute, and producing eddies in the gas charge. 
Fig. 6 illustrated the results obtained with a 10 per 





enabling a charge to be taken in and to be com- 
pressed and expanded for any desired number of 





temperature of the gas in mixtures of 10 and of 
15 per cent. ; Fig. 8 marked the effect of speed 
on the rate of heat loss in a 10 per cent. mixture. 
Comparing the pressure curve A with the curves 
B, C, D, in Fig. 6, it would be seen that agita- 
tion of the at the moment of firing greatly 
reduced the time of the explosion (more in a 10 per 
cent. gas mixture than in a 15 per cent. mixture, it 
was shown by other diagrams); and it was evident 
also that a moderate amount of turbulence had a 
ent effect upon the time of the explosion. Dr. 

lerk demonstrated with the aid of an explosion 
chamber, which was fitted with a stout window, 
that the explosion appeared as an instantaneous 
flash when the fan was being turned, and as a 
slow flame when the fan was stopped. He also 
showed that the combustion of a mixture in an 
iron pipe, about 12 ft. high, was hardly explosive, 
when the mixture was lighted at the top of the 
pipe, but violent when the ignition took place 
near the closed bottom. The heat flow at a 
certain moment after the ignition, Dr. Clerk 
continued, was ter when the fan was run- 
ning than when at rest, because of the accelera- 
tion of the spread of the flame. Radiation also 
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came in, as we have explained on other occasions 
The velocity of the air in the cylinder was estimated 
from its cooling effect upon a platinum wire (elec- 
trically heated) ; at a fan speed of 2500 revolutions 
that velocity was near the wall probably greater 
than that obtained in a gas-engine at the ends of the 
suction period ; hence the turbulence in an engine 
was probably insufficient to produce any great 
effect. on heat losses. Hopkinson had also studied 
the residual turbulence existing at the end of the 
compression stroke, by determining the heat flow 
of Sieh datoens engine at the ends of the first and of 
subsequent compressions. An electrically-heated 
phtinum wire was mounted in the combustion 
space, the heat loss from the wire being assumed 
proportional to the temperature difference between 
the wire and the gas; the engine was worked 
normally or with the valves closed. 

Passing to the difficult problem of the tempera- 
ture measurements, Dr. Clerk explained that, if 
the initial pressures and temperatures could be 
accurately measured, and if no volume changes due 
to chemical combinations were assumed to occur, 
the absolute pressures would be proportional to 
the absolute temperatures. But in ordinary gas- 
air mixture a contraction of about 4 per cent. did 
occur, and combustion was not complete, though 
80 per cent. of the gas —— were probably con- 
sumed at the point of maximum pressure, Of 
novel apparatus for directly measuring the tempera- 
ture, he mentioned in the first instance Professor 
Coker’s thermo-electric bridge,* consisting of 
battery, cadmium cell, and thermo-couples of 

latinum-rhodium or platinum-iridium, the wires 
= from 0.005 in. to 0.008 in. in thickness ; the 
former couples in particular stood temperatures, 
near the cylinder walls, above 2000 deg. Cent. for 
days and weeks, but they melted at 2500 deg. With 
these devices Coker had observed temperatures 
between 1850 deg. and 1950 deg. Cent. half an 
inch from the cylinder wall of an engine of the 
National Gas Engine Company. Professors Car- 
penter and Dalby did not, with their devices, wish 
to determine the maximum temperatures. If the 
suction temperature—i.e., the temperature of the 
charge just after it had filled the cylinder— and the 
pom were known, all the temperatures could 

calculated. Callender and Dalby determined 
the temperature of the charge in the inlet-port, to 
the valve of which they made an ingenious attach- 
ment, explained by the diagram, Fig. 9. A small 
elite suits T was added to the centre of the 
inlet-valve A ; T contained the loop of the Callen- 
der thermometer wire, the terminals being visible 
at B. The valve was reciprocated by the cam- 
gear; it was closed before the explosion and was 
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opened at the particular moment and period of the 
stroke when a determination was to be made, without 
interfering with the operation of the main valve. 
The thermometer itself was, moreover, protected 
until the moment when it was wanted. The wires 
had to be very thin, and Dalby had added to the 
device an ingenious percussion contact-maker ; 
each successive stroke gave a small current im- 
pulse. Callender and Dalby had found by these 
means suction temperatures between 95 deg. and 








105 deg. Cent. (light and maximum load) with 
the air thermometer at 20 deg. and the jacket ther- 
mometer at 27 deg. Cent. These researches were 
being continued. The very neat optical indicator 
of Professor Dalby greatly facilitated these tem- 
perature measurements. 

Dr. Clerk’s own device for temperature determi- 
nation was applicable, he stated, only to isolated 
indicator diagrams from single explosions and ex- 
pansions, when the engine (A, Fig. 10) was driven 
by an electric motor C. The inlet-valve was con- 
nected by the pipe D, in which a thermometer 
was jnserted, with a reservoir B containing the 
right gas mixture ; the valves were controlled by 
trip-gear. The engine was driven at the desired 
speed, and the gas was alternately taken from B 
and discharged into B under a pressure slightly 
above atmosphere. The thermometer D was thus 
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(ase) 
exposed to alternating gas currents, and it indi- 
cated the mean between the two gas temperatures ; 
that mean, correct apparently within 1 deg. Cent., 
was taken as the temperature of the cylinder 
charge. The temperatures calculated in this way 
for the points A, B, C, D, in Fig. 10 (also marked 
on the diagram, Fig. 11, taken with an optical indi- 
cator) were 20, 214, 1380, and 651 deg. Cent. 
Having briefly referred to the researches of 
Hopkinson and David on radiations from gaseous 
explosions, which supported the view that radia- 
tion from combining gases is more rapid at the 
moment of combination than at other moments of 
equal temperatures, Dr. Clerk said that heat 
loss by sedintion on an explosion line of an ordi- 
nary gas-engine, using the most economical mixture 
at a maximum temperature of 1800 deg. Cent., 
might be estimated at 3 per cent. Coming to his 
conclusion, he remarked that Hirn and Bunsen 
had already recognised that the rise of temperature 
in gaseous explosions could not correctly be calcu- 
lated from the (then assumed) specific heats of 
the constituent gases and the calorific value of the 
gas. There was a deficit of about 50 per cent., and 
many attempts had been made to explain that 
deficit. Hirn had pointed to the heat loss on the 
rising line, Bunsen had advocated a limit to tem- 
perature due to dissociation; Mallard and Le 
Chatelier had suggested an increase in the specific 


Association Committee had studied all these various 
sources of error, and the work was now being ex- 
tended by Callender, Dalby, Hopkinson, and 
himself, to the heating and cooling of gases under 
compression. So far they might conclude that 
dissociation had little to do with the deficit, 
whilst varying specific heat and increasing radiation 
accounted for most of it. Allowing for all these 
factors, however, it appeared to be established that 
combustion was not quite complete at maximum 
temperature ; that view was also supported by the 
researches of Dr. W. Watson, of the Royal Col- 
lege of Science, on the spectrum of the explosion 
flame. Many pointe, however, required further 
quantitative study. 





AERIAL NAVIGATION. 

On Saturday afternoon last, in the Royal Insti- 
tution, Dr. R. T. Glazebrook, F.R.S., delivered 
the concluding lecture of his course on ‘* The 
Scientific Principles of Aerial Navigation.” 

On the last occasion he had, he said, discussed 


Figd VARIATION OF FORCES & MOMENTS ON 
MODEL BLERIOT TYPE MONOPLANE WITH 
ANGLE OF PITCH. 
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aeroplane efficiency and described how by the 
experimental inquiries made at the National Phy- 
sical Laboratory it had been ible to produce in 
the army aeroplane a machine which was more. 
efficient than any other now in the field. He now | 
proposed to deal with the safety of aeroplanes— | 
that was to say, how they were built strong enough 
to withstand the bad usage they inevitably received 
at the front, and stable enough to withstand with- 
out danger the small fluctuations and variations 
met with in the air. The British machine as now 
built was so safe that the son of a friend of the 
lecturer's, engaged in flying at the front, had asked 





heats of the gases with temperature, The British 


to go back to his regiment, because he could not 





bear to see the dangers and hardships suffered by 
his comrades in the trenches whilst he himself had 
** the soft job of going up aloft.” 

The stability of a flying-machine, Dr. Glazebrook 
——— might be either inherent or impressed. 

he position and altitude of the machine in the 
air was controlled by the elevator, by the rudder, 
by warping the outer ends of the wings, or 
by adjusting the ailerons, and by impressed 
stability was secured by the skill of the pilot in 
adjusting these various controls. In the case of 
a machine endowed with inherent stability, how- 
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ever, less human skill was necessary for safe flight. 
Impressed stability might also be achieved by means 
of automatic mechanism, adjusting the appropriate 
controls so soon as the machine began to go wrong. 
Various gyrostatic and other devices had been sug- 
gested to this end, but the speaker was not aware 
of any that had proved very satisfactory. Inherent 
stability was derived from the arrangement and 
form of the machine, which was constructed in 
such fashion that if the flight were disturbed by 
any slight gust, the disturbance tended to die out. 

The difference between impressed and inherent 
stability could, he said, be illustrated by water- 
craft. e stability of a sculling-shell, for example, 
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depended entirely on the action of the oarsman, 
and was thus impressed stability. Similarly, the 
stability against rolling secured by the Fram tank 
was also impressed stability automatically secured. 
Ordinary ships, however, relied wholly on their 
inherent stability. 

To secure inherent stability in case of an aero- 
plane many factors had to be taken into considera- 
tion. Given a sufficient depth of air around the 
machine, the stability of the latter was indepen- 
dent of the position in space of its centre of gravity. 
The stability did, however, depend on the way in 
which this centre of gravity was moving. is 
motion could take place in three directions— 
horizontally, sideways, and vertically—and to each 
of these corresponded certain conditions of equili- 
brium. Moreover, the stability also depended on 
the angles the axis of the machine made with the 
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three axes of reference, corresponding to which 
were accordingly three additional conditions for 
equilibrium. Again, if rolling occurred, certain 
forces came into play, which might tend either to 
increase or dimini-h the roll, and similarly with 
pitching and yawing. In all, there were, therefore, 
nine different quantities to take into consideration 
in developing the mathematics of the problem, 
which were accordingly very complicated. 

It had first been attacked by Professor Bryan. 
In the complete solution (for the case of small dis- 
turbances) we had, Professor Bryan showed, to 
consider and determine thirty-+ix quantities. For- 
tunately, however, considerations of symmetry 
enabled this list to be substantially reduced, and a 
further reduction was possible by considering sepa- 
rately the vertical oscillations and the rolling 
motions of the machine. 

In all cases it appeared that the solution of the 
mathematics led to equations between the disturb- 
ance and the time belonging to one or other of four 
standard types, viz. :— 


A ett, Ae-"t, A etntginmt, Ae-"* sin mt. 


In all cases in which the exponent of ¢ was 
positive, the disturbance increased as time went 
on, and the machine was accordingly unstable for 
that motion, When, however, the exponent of ¢ 





THE DISTURBED LONGITUDINAL MOTION OF AN 
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was negative, the disturbance diminished with the 
time, and finally died out. 

The problem of aeroplane stability was therefore 
to build the machine so that for every disturbance 
the exponent of ¢ was negative. In attacking this 
problem, the actual aeroplane could be represented 
in a fairly simple way. In the first place, we had 
the main wings, followed by a tail some little dis- 
tance away, and by the elevator used to raise or 
lower the machine. There was also a rudder, and 
for stability it was further necessary to have a 
vertical fin or its equivalent. To some extent, the 
body itself might act asa fin, and by suitably dis- 
posing the wings, these also might serve in place 
of an independent fin. 

In the air channel, it was possible to measure all 
the forces that acted on a model, in every position 
in which it could be placed relatively to the direc- 
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tion of the air current. Observations thus made 
could be represented by curves, and it was not 
difficult to see what must be the character of these 
curves in order to secure stability in different cases. 

In the case of pitching, the quantity that had 
to be measured was the leverage or moment of 
the force about the centre of gravity of the 
machine. Suppose that a particular model tested 
in the wind-channel gave such a curve of leverage 
as that indicated in Fig. 1, where the ordinates 
represented the leverage, and the abscissz ‘* pitch- 
ing” angles. In this case, if the machine were 
flying at a 3-deg. angle, there would be no moment 
acting, since the curve cuts the axis at 3 deg., and 
the machine would fly uniformly. If, however, a 
disturbance tilted the machine to 7 deg., there 
would, as the figure showed, be a large positive 
leverage on the machine tending to increase this 
angle. Similarly, if the flying angle were dis- 
turbed below 3 deg., there would be a negative 
moment acting to still further diminish the angle. 
A machine, therefore, with the characteristics 
represented by the curve in Fig. 1 would be abso- 
lutely unstable. If, however, the moment-curve 
were as in Fig. 2, then an increase in the angle 
yielded a negative moment, tending to reduce the 
angle, and vice versd, so that the disturbance would 
tend to diminish and the machine be stable. 


W- Ww. 


Measurements made on the model of a Blériot 
machine were represented in Fig. 3. In this case 
the curve of pitching moment crossed the origin at 
zero and in the right direction, hence the machine 
was stable against pitching. The axial forces acting 
on the machine at different presentations were 
shown by the curve X, and it would be seen that 
as the angle of attack increased, the force dimi- 
nished to a minimum and then increased again. A 
corresponding curve of normal force was shown by Z. 

The moments which came into operation in yawing 
were represented in Fig. 4, and being negative 
when the yaw increased, tended to bring the 
machine back into wo, The results of ex- 
periments made with different tail arrangements 
were plotted in Fig. 5. It would be seen that 
with no tail the model was unstable, the pitching 
moment being positive, but by suitably adjusting 
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secured. 

When the equations for the disturbed horizontal 
motion of a particular aeroplane were solved, the 
velocity was found to be given by the following 
expression :— 

U = Uy + U, e526 gin (0.45 ¢ + €), 
+ ty €—0-07 ¢ gin (0.28 ¢ + €,). (1) 

Here «, denoted the undisturbed horizontal 
velocity of the machine. It would be seen that 
in both cases the terms involving ¢ tended to 
diminish with the time, the exponent of e being 
negative, so that the motion was stable. 

e coefficient of t in the one case was large, 
which meant that the motion was heavily damped, 
and the coeflicent of ¢ in the sine being larger than 
in the case of the last term, the period of oscilla- 
tion was correspondingly longer. This illustrated 
the fact that in all cases two oscillatory terms 
were found, but in some cases the exponent 
of e was positive and the motion unstable. One of 
the two oscillations had always a much longer 
period than the other, and the corresponding 
motion was known as the — oscillation. 

In the case of a lateral disturbance of the same 
machine, the lateral velocity at any subsequent 
time ¢ was given by the expression :— 

Vv= Vv; ¢9.0157 ¢ 4. Vie 8.265 ¢ 
+ Vs e—°-52%¢ pin (0.984% + e'). 


In this case the first term had a positive exponent, 
which meant that the velocity ey increased. 
The machine was therefore not stable against a 
disturbance of this kind, but slid away. 

To illustrate the results of different arrangements 
of a machine, the lecturer got Mr. Naylor to launch 
a number of models. Of these, the first was over- 
stabilised, and consequently inefficient, but would 
fly,. however launched, righting itself, and movin, 
steadily even when suspended by the extremity o 
one wing, and dropped. The next model, said to have 
a reasonable degree of stability, flew very steadily, 
and had obviously a much smaller gliding angle than 
the first. The third model was constructed so as 
to have the pitching moment of the right sign, but 
small, and thus showed the phugoid oscillations 
very well. A fourth model, with a zero righti 
moment, refused to fly, whilst a fifth demonstra 
very well the rapid oscillations corresponding to 
the last term of equation (1). 

Another series of models were flown to show the 


peculiarities arising from lateral disturbanges, 
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Lateral stability, the speaker said, depended 
wholly on the size and position of the fins. Of 
these there must be two, either actual or vertical, 
but the forward fin might be replaced by setting 
the wings at a small dihedral angle. Not merely 
must there be two fins, Dr. Glazebrook continued, 
but these must be properly proportioned to each 
other, as the models mA demonstrate. The 
first of these to be launched had much too large 
a rudder, and when flown took a ‘‘nose dive” 
spirally down to the floor. A model with too 
small a rudder suffered from increasing oscilla- 
tions right and left, whilst one flown with no 
rudder at all came down tail first. 

The experiments on this head made in the wind- 
channel had, the speaker continued, been applied 
with great skill by Mr. Bush, whose recent decease 
was a very heavy loss to the country, and as a 
result an aeroplane had been built which was stable 
for all practical purposes. Mr. Bush was not only 
a very skilled engineer, but used to fly himself 
and take exact note of the effect of alterations 
made to the machine. His machine was not, per- 
haps, the first stable machine to fly, but was the 
first in which stability had been secured by 
reasoned calculations specially directed to that end. 

Coming next to the strength of an aeroplane, 
Dr. Glazebrook observed that in steady hori- 
zontal flight the machine had merely to carry its 
own weight, and the stresses thus arising were 
not very great. These stresses might, however, 
be very much exceeded in flight. If a machine 
took a dive, its velocity might, say, be doubled, 
which in itself would increase the reaction on the 
wings in the ratio of 4to 1. If the pilot, in striv- 
ing to correct the dive, altered the angle of 
attack, then as the lift increased with this angle, 
the force on the wings would be still further 
increased. Tn practice, in extreme cases, the 
combined effect of a dive and a change in the angle 
of attack might increase the maximum stresses to 
ten or twelve times those appertaining to steady 
horizontal flight. All these considerations had 
been carefully studied, and with what success could 
be gauged by the fact that many of the machines 
sent to the front six months ago were still in use. 

Returning to the question of stability, Dr. Glaze- 
brook showed figures embodying the results of 
observations made at the National Physical Labo- 
ratory on the effect of sudden gusts. From Fig. 6 
it appeared that in the case of a horizontal gust 
the machine recovered itself in about 50 seconds. 
With a downward gust, again, the angle of attack 
altered, but the disturbance died out very = ea 
as shown by the curves for @ in Fig. 7. ith a 
side-slip, however, the ultimate effect was a ten- 
dency for the lateral velocity to keep on increasing, 
as indicated by the curve v in Fig. 8, and the 
machine in question was also unstable if set rolling 
or pitching. 

The effect of the actual variations in the wind as 
recorded during one minute by a very open scale 
anemometer had been worked out by Mr. Bairstow, 
and it appeared that the changes in the motion of 
the machine followed fairly closely the variations in 
the strength of the gust, and there were accom- 
panying changes of level. 





SOME ELECTRICAL PHENOMENA. 

On Tuesday, the 26th ult., Mr. A. A. Campbell 
Swinton, entering upon a second term as President 
of the Wireless Society, delivered an experimental 
discourse on *‘ Some Electrical Phenomena,” in the 


lecture theatre of the Institution of Electrical | discharge 


Engineers. Demonstrations in wireless telegraphy 
being out of the question at present, he stated, he 
would show some old ——— oftwentyand more 
years ago, which had led up to efficient radiotele- 
graphic instruments—pretty little things, as Mr. 
Duddell said, in moving a vote of thanks after the 
lecture, which had appeared of no utility at their 
time. In the first instance, Mr. Swinton repeated, 
with the aid of apparatus lent by Professor S. P. 
Thompson, some induction experiments due to 
Elihu Thomson. A vertical electromagnet was 
excited by alternating currents ; as soon as the 
current was turned on, rings of aluminium or 
copper, placed over the pole, were jerked off 
or repelled so as to remain floating in the air— 
pelle however, in constant motion—or rocked 


between the pole-pieces of an electromagnet in an 
alternating circuit. When an armature was wound 
for three-phase current, and a porcelain plate was 
put on the armature, rings, coins, egg-shells filled 
with iron-filings and coppered outside, eggs of 
metal, &c., began to spin round like tops on the 
plate ; a penny refused to spin, but a hollow sphere 
=> gee floating in a bowl of water rotated 
y- 
Mr. Swinton then showed the original Leiden- 
jar experiment of Cunaeus, of Leiden, 1745. 
Cunaeus tried to electrify the water in a glass 
bottle into which he had inserted a nail. Holding 
the bottle in his hand, he received a shock, and his 
teacher, Musschenbroek, felt the shock so severely 
that he vowed never to repeat the experiment, even 
for the Crown of France—which was not vacant 
then. That the discharge from the jar was generally 
oscillatory, as long, namely, as the resistance did 
not exceed a certain value, was proved by William 
Thomson in 1853. The critical value of the resistance 
was 2 ./L/, where L was the induction and F 
the capacity of the circuit, and the frequency of 
the oscillations was equal 
1 i _ RF 
27V L.F 4L%° 

When the resistance was small, the second term 
under the root vanished. The oscillatory character 
of the jar discharge was subsequently proved with 
the aid of rotating mirrors, by photographic means, 
and with the aid of Duddell’s oscillographs. The 
lecturer exhibited some instructive curves taken 
by G. W. O. Howe with the oscillograph on 
coupled circuits ; it could be seen that the ampli- 
tude of the wave changed with the degree of 
coupling. As a mechanical analogue of the dis- 
charge, Mr. Swinton showed an inverted pendulum 
(a flat spring with a weight on top) to which a vane 
(a piece of cardboard) was attached; that vane acted 
as a damper and corresponded to the resistance. In 
Tesla coils, he continued, the ae | was not 
high as such, but the oscillations were divided up 
into groups of impulses of very short duration. 
In the apparatus which the lecturer used each 
terminal of the coil was joined to the inner coating 
ofa jar, andthe two outer coatings were connected 
by astout copper wire, bent to an inverted U ; this 
U was bridged over by a glow-lamp which brightened 
up—though always short-circuited by the copper 
wire—when near the spark-gap, but shone less 
brightly when further away from it. When the 
oscillatory current was sent through a circular loop 
of copper wire, about 6 ft. in diameter, and a 
similar loop, from the top of which a glow-lamp 
was branched off, was held more or less parallel to 
it, the lamp lighted up ; Mr. Swinton, standing 
between the two loops, did not feel anything. 
When the lamp was held by two men, forming the 
secondary circuit, these men did not receive any 
shock or sting provided they gripped tightly. For 
these well-known experiments a carbon-filament 
lamp, the lecturer remarked, was better than a 
metallic lamp, one of the reasons being probably 
that the skin effect was greater in the thicker 
carbon filament. 

The physiological effects of the current, Mr. 
Swinton p ed, were not more dangerous when 
the pressure, so far not high, was raised by means 
of transformers to many thousands of volts. Even 
then sparks might quite safely be drawn by the aid 
of a metallic rod, gripped tightly ; but if the ex- 
perimenter happened to wear silk stockings, his 
soles would tingle unpleasantly. A pretty glow 
i was produced by joining the terminals 
to two concentric copper rings, the one about 1 ft. 
in diameter, the other 2} ft. The two rings could 
be replaced by a small disc and a ring of tinfoil 
fixed to a glass plate. Having exhibited photo- 
graphs of positive sparks (ramified lines) and nega- 
tive sparks (feathers or palm-leaves), and of both 
combined (produced with rapid oscillations when 
the air becomes warm and conducting), Mr. Swinton 
demonstrated that an arc could be produced be- 
tween glass terminals. Rods of soda glass, about 
as thick as a lead pencil and 2 in. long, were fixed 
to the terminals of the coil, and heated by means 
of a Bunsen burner. When the glass was hot, 
the arc appeared, but it went out again when 
the burner was removed to make the arc better 
visible ; the arrangement was convenient for spec- 





on their polar support. An aluminium ring, 
painted yellow (with mercury iodide probably) 
turned red as the ring became hot. Next, an 
aluminium disco was shown to turn when placed 


troscopic work with a yellow sodium arc, when 
| the burner could be kept under the glass rods. 
Having shown some kes’ vacuum bulbs— 


molecules than the actual British National Debt of 
900,000,000/. contained farthings, Mr. Swinton 
finally to Poulsen’s modification of Duddell’s 
musical arc for generating continuous electric waves. 
Mr. Duddell, himself, took charge of this demon- 
stration ; the arc was cooled by water and placed 
within a powerful magnetic field, and the arc-box, 
being filled with hydrogen, was provided with a 
spring lid in case an explosion should occur. 
Seenebabty fine effects were obtained with this 
apparatus, ¢.g., when vacuum tubes were held 
near the coil and waved so as to give the appear- 
ance of a luminous fan. 





NOTES. 


Lonpon’s Exectric Surpty. | 


THosE who have taken an interest in the unifica- 
tion of electric supply in London will be pleased, 
or the opposite, but will hardly be surprised, that 
the latest London County Council scheme has gone 
the way of its forerunners. One is t surprise 
at the failure of attempts to deal with this prob- 
lem. The intention to promote a Bill was defeated, 
as far as this year’s Parliamentary Session is con- 
cerned, at the meeting of the Council on Tuesday 
last. In order to proceed, it was necessary that 
the proposal should be supported by a full 
majority, but, owing neue to the absence 
of so many supporters on active service, only 
60 votes out of a necessary 69 were obtained. 
There were thirty dissentients. Had the scheme 
reached a Parliamentary stage, there was a pos- 
sibility it might have gone through, but hardly 
at any time a probability. Very strong opposi- 
tion from the borough councils recently developed. 
Defeat in a Parliamentary Committee-room would, 
however, have been more satisfactory than this 
abandonment of the proposal by ry Se which 
created it. It is useless speculating what the new 
situation may ultimately lead to. The only cer- 
tainty is that the field is now clear for the London 
Electric Supply Company Bill, which proposes a 
new company to deal with the matter much on 
the lines of the County Council scheme, but over a 
considerably smaller area. Certain of the existing 

wer companies, which are apparently interested 
in the Bill, are to be compulsorily acquired. From 
the remainder opposition may be expected, as their 
areas are threatened. Municipal opposition goes 
without saying. 

THe Corrosion oF ConDENSER-TUBES. 


We have received from Mr. E. Bates, White Bay 
Power-House, Sydney, N.S.W., a copy of a paper 
on the corrosion of condenser-tubes, read by him 
before the Electrical Association of New South 
Wales in 1913. In this paper Mr. Bates states 
that the exceedingly serious corrosion of condenser- 
tubes experienced at the Ultimo Power-Station of 
the Sydney Tramways had been completely checked 
by the simple procedure of painting the whole of the 
interior of the cast-iron water-boxes with an anti- 
corrosive paint. Following the success at Ultimo, 
the same procedure was adopted with equally good 
results at the power-station of the Adelaide Tram- 
ways, where much trouble had been experienced from 
condenser-tube corrosion. Attempts to check this 
by improving the contact between tubes and tube- 
eee and by suspending zinc plates in the water- 

xes had all failed, but on learning of the results 
achieved by Mr. Bates at Sydney, it was decided to 
try the same plan at Adelaide. In the first instance, 
the interior of the water-boxes, covers, and pipes 
of one condenser were painted with three coats of 
biturine solution. The result was that the corrosion 
did not recommence until the paint was washed 
off. Subsequently Hartman’s ‘‘ Red Hand” anti- 
corrosive paint was used, and was found to last 
three times as long as the biturine solution. As is 
very well known, many engineers have made claims 
to success in stopping condenser-tube corrosion, but 
in many cases an extended trial has proved these 
os to be illusory. An example brought 

orward at the discussion on Mr. Bates’s paper 
was one presented at the Ithaca meeting of the 
American Association for the Advancement of 
Science in 1906, by Mr. W. W. Churchill, who 
declared that tube corrosion at the Bayridge station 
of the Brooklyn Edison Company had been traced 
to stray currents, and that the trouble had been 
completely checked by installing a booster to 
provide a counter electromotive force. One of 
the speakers on Mr. Bates’s paper related, how- 





which, he stated, still contained 180,000 times more 


ever, that he had visited New York subsequently, 
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and learned that the plan in question had 
proved a complete failure, and that the booster 
sets providing the counter electromotive force had 
been thrown out of service. It is therefore inte- 
resting to learn from Mr. Bates that his system 
is still in use at the Sydney power-stations, 
and with excellent results. The trouble originally 
arose with the condensers of certain 5000-kw. 
turbo-generators. Electrolytic methods of pro- 
tection were tried on the installation of a new 
unit, and for eight months this condenser gave no 
trouble, and electrolytic protection was deemed a 
success. Then, however, the tubes began to fail 
rapidly. It was therefore decided to try Mr. Bates’s 
plan on two of the older condensers, and when it 
proved successful with them, the same process was 
adopted in the case of the new condenser, the elec- 
trolytic protection being dispensed with. Durin 
the succeeding nine months not a tube fail 
in this condenser. Mr. Bates’s method is based 
on the hypothesis that the corrosion being of the 

it-hole type, and practically confined to the 
Cothens of the tubes, must be due to the deposit of 
electro-negative material, and this material must, he 
concluded, have been derived from the corrosion of 
the cast-iron water-boxes. He states that once a 
pit-hole is started by the deposit of such material 
the corrosion will proceed even if the initiating cause 
be washed away cuhementtte, since when local corro- 
sion has commenced the ‘‘ balance” of the alloy is 
upset. The ordinary condenser-tube has, he says, 
a composition giving a minimum waste by corrosion 
in normal conditions. If the constitution is altered 
locally by selective dissolution following the deposit 
of electro-negative matter, then, even when the 
latter is removed, the corrosion will continue, 
owing to the ‘‘ balance” of the alloy having been 
disturbed. During the fifteen months which have 
elapsed since Mr. Bates’s paper was read the 
number of tubes removed from the two older 
5000-kw. condensers has, he informs us, not ex- 
ceeded three per month, whilst before the Bates 
method of protection was adopted it was not un- 
common to lose 150 tubes from one condenser in 
a single week. 








TRapgE COMPETITION WITH GERMANY AND AUSTRIA.— 
We have on several previous occasions drawn the atten- 
tion «f manufacturers and merchants to the inquiry lists 
now being published by the Board of Trade. e are 
informed that a new list of this kind has just been pub- 
lished. Like its predecessors, it is divided into two 
parts, listing, respectively, products which inquirers 
dssire (1) to purchase, (2) to sell. Firms whose sources 
of supply or whose markets have been interfered with 
by the war should refer to these lists, which embrace 
such a variety of articles that it is quite possible they 
may thereby get into touch with new supplies or markets. 
British firms interested in any of the goods mentioned, 
either as buyers or sellers, should communicate with the 
Director of the Commercial Intelligence Branch of the 
Board of Trade, 73, Basinghall-street, E.C. 





FRENCH GOVERNMENT Contracts.—The Board of Trade 
ask us to draw the attention of manufacturers, merchants, 
and shippers to the following regulations governing the 
export of articles destined for the use of the French 
Government :—1. Application for permission to =< b 
to France goods of which the export is prohibited by 
Proclamation will receive special consideration if it can 
be clearly shown that the goods are destined for the use, 
directly or indirectly, of the French Government. Such 
applications must be made to the Commission Inter- 
nationale de Ravitaillement, India House, Kingsway, 
W. 2. Documents issued by provincial military or 
naval officers, other local authorities, or Government 
contractors in France will not be recognised as evidence 
of the destination of the goods unless formally approved 
in writing by the competent Department of the French 
Government. 3. Brittsh manufacturers, m rchants, and 
shippers are ery warned that, before entering 
into any contracts for the supply of goods stated to be for 
the use of the French Government, they should first 
obtain from their clients written evidence that the 
approval of the Ministry of War, Ministry of Marine, or 
other department concerned has been obtr.ined. 4. Appli- 
cations for permission to ex the articles in question 
must then be made in writing to the Commission Inter- 
nationale de Ravitaillement, accompanied by the neces- 
sary documentary evidence. The applicants should not 
proceed with the execution of the order until they have 
satisfied themselves that a permit to export will be 
granted. Any firms accepting contracts without com- 
plying with the above regulations will do so at their own 
risk, and with full knowledge that permission to export 
the goods which they have contracted to supply may be 
refused. Applications for permission to export 
which are ordered by firms or individuals in France for 
a industrial purposes, and which are not destined 
or the use of the French Government, will continue to be 
made in the ordi 


manner to the Commissioners of 


THE LATE MR. WILLIAM EDGAR ALLEN. 


WE regret to have to record the death, which 
occurred on the 28th ult., at Whirlow House, Sheffield, 
of Mr. William Edgar Allen, the founder of the firm 
of Edgar Allen and Co., Limited, Imperial Steel 
Works, Sheffield. 

Mr. Allen was born in 1838, and after a few year’ 
echooling in this country he wa; sent, when still 
quite young, to the Collége Chaptal, in Paris, study- 
ing later on in Holland and in Germany. He su 
sequently resided in Spain, Portugal, and Italy, and 
was thus able to acquire a thorough knowledge of 
a number of foreign languages. Sie founded the 
Imperial Steel Works in the year 1868, commencing 
in a very small way as 6 tal and file manufacturer 
and merchant, and in this connection his former 
residence in several Continental countries stood him 
in stead. He gradually increased the number 
of his —, and his business rapidly developed. 
His works were repeatedly increased to meet both the 
home and export trades; they became so extensive 
that, in the year 1890, Mr. Allen converted the con- 
cern into a limited company. An idea of the present 
extent of the works may be gathered by the fact 
that the wages and salary bill now amounts to a total 
of about 200,000/. annually. His works have always 
been noted for steel castings and tramway and railway 
material. Their manganese steel points and crossings 
form one of their specialities, as also does high-speed 
tool-steel. In a recent issue (see ENGINEERING, vol. 
xevii., page 94) we gave an illustrated description of 
an intricate double-scissors cross-over for the Buen: s 
Aires Great Southern Railway, and built by Messrs. 
Edgar Allen and Co. 

Mr. Allen was a member of the Sheffield Literary 
and Philosophical Society ; he found time to read the 
books written by both the best British and foreign 
authors. He was a most munificent benefactor to the 
Sheffield University. When the Council of that in- 
stitution were appealing for funds, Mr. Allen offere.! 
to give 10,000/. on condition that four others would 
subscribe a similar amount, or 5000/. if nine others 
would give that sum. The conditions were not com- 
plied with, but Mr. Allen did not withdraw his offer, 
and on the occasion of the visit of the King and Queen 
to Sheffield in 1905, when the University was opened, 
the Duke of Norfolk, as Ch llor, d that 
Mr. Allen had given the 10,000/. with the special 
object of providing a library for the University, a 
building which was much needed, and which would 
complete the scheme. Here, again, Mr. Allen showed 
his love for literature, and gave practical evidence 
that young men going out into the world should have 
a store a knowledge which would fit them to fight 
the battle of life. A well-read man himself, he was 
anxious that students at the University should have 
the opportunity of acquiring the best that the world’s 
literature can give. 

In 1908, when Sir George Goldie spoke at the Uni- 
versity dinner on the importance of the study of 
geography, Mr. Allen was so impressed that he offered 
to establish a lectureship in geography at the Univer- 
sity of the value of 300/. a year, an offer which was 
gratefully accepted. 

Later, on the occasion of the opening of the Univer- 
sity Library in 1909, Mr. Allen received the honorary 
degree of Litt. D., and, in commemoration of the 
visit of their Royal Highnesses the Princa and 
Princess of Wales (the present King and Queen), he 
announced that he would giv 5000. to the Royal 
Hospital and 5000/. to the Royal Infirmary. Hea 
gave & generous sum to the Sheffield Guild of Help. 

We may add that the deceased never took any 
active part in public life. 

His latest contribution to the welfare of the city in 
which his industrial activity had so notably developed, 
thanks to his untiring energy and commercial skill, 
was the foundation by him, in 1911-12, of the Edgar 
Allen Institute for medico-mechanical treatment, Gell- 
street, Sheffield, the entire cost of which was borne by 
the deceased. This institute has proved a great boon 
to Sheffield. Its inception was due to the fact that 
some years previously, when travelling in France, Mr. 
Allen fell seriously ill, and, at a critical stage in his 
illness, he received so much benefit from the medico- 
mechanical treatment that he resolved he would do all 
he could to place this treatment within the reach of 
every working-man in Sheffield. Mr. Allen undertook 





ee of three years, and some idea of its value may 
gained from the fact that since the opening 2200 
patients have been admitted for treatment. 

The institute was the first of ite kind to be opened 
in this country, though on the Continent such insti- 
tutes had been working for a number of years in most 
of the large cities. At the present time many of our 
wounded soldiers in Sheffield are gradually regaining 
the use of their limbs through the efficacy of the treat- 
ment given at the Institute. During the last three 
months over two hundred soldiers have received atten- 
tion from the staff. 





Oustoms and Excise, 


House, E.O. 


to be responsible for the upkeep of the institute for a | ; 


benefactor to Church work in Sheffield. In 1862 he 
was admitted a member of the Britannia Lodge of 
Freemasons, and in later years he took a prominent 
part in the founding of the Hallamshire Lodge, with 
which he continued to be essociated up to the time of 
his death. He was; one of the oldest Freemen of the 
Cutlers’ Company, having been elected to that office 
in 1870. He been in bad health for several years, 
and away, as above stated, on the 28th ult., at 
the age of 77 years. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 20. 

Tuk steel industry throughout the United States 
failed to receive the expected boost in orders which 
previous inquiries foreshadowed. Business for the 
psst week has been of moderate and rather disappoint- 
ing pruportions. Expectations are stimulated by con- 
tinued inquiry, especially from railroads, shipyards, 
and car-building plants. Orders for steel plates for 
ships and boats aggregate some 10,000 tons, and more 
business is in sight. Car-builders report fair inquiry, 
but slow closing of orders. Present inquiries for cars 
aggregate 14,000, but these figures include two or three 
previously-announced inquiries. It is evident that 
car-building will be active throughout the year, but 
present dey is not to be explained in view of the 
very low prices at which mills are willing to book 
orders for plate and the certainty of a slight advance. 
Some well-posted authorities predict an early and 
general revival of demand, based on the fact that very 
little steel is under contract for delivery for assured 
work. Export orders for steel are also disappointing. 
General business is not up to expectations. The 
smaller industries are draggmg, yet all the elements 
are present for a general revival of business. Con- 
ditions are better throughout the Western States than 
the Eastern. A Canadian mill booked an order for 
30,000 tons of rails Domestic mills have orders for 
160,000 tons. Much higher figures were expected by 
this time. Wire products, especially for export, are 
very active. The supply of labour he mills and fur- 
naces has been considerably depleted by war causes. 





THE STANDARDISATION OF PIPE- 
FLANGES. 
To Tae Epiror or ENGINEERING. 

Sir,—Referring to your quotation of my remarks in 
your issue of Jan 29, on Mr. Dewrance’s Pa before 
the Institution of anical Engineers, at the end of 
ph 2 of my remarks you quote me as raying :— 
an alternative, however, a further table was intro- 
duced in which smaller dimensions were allowed for steel 
flanges in conjunction with steel pipes for cases where the 
flanges were riveted on the pipes.” 

This is incorrect, as the smaller flanges set out in 
Table III. of the Report of the Engineering Standards 
Committee referred to those cases where the flanges were 
welded on the mem (not riveted on). 

Further, referring to your re ‘“*D” representing 
steel pipes jointed on site by welding with oxy-acetylene 
gas, the diagram might give the impression that there 
was an a clearance between the spigot and socket 
of the pipe. I would therefore like to add that the 7“ 
is a driving fit in the long-sleeve socket. Further, that 
the length of the sleeve varies from about three diameters 
in the case of the smallest pipes up to about one diameter 
in the case of 12-in. pipes. Finally the cavity in the 
socket is completely welded up, and not partially welded 
up, as shown in the diagram. 


iii 


Yours ss K 4 


E. 
Winchester House, Old Broad-satreet, E.C., 
February 1, 1915. 





Messrs. Marsnaui’s Steam Roan - Rouer. — In 
describing the standard 10-ton road-roller by Messrs. 
Marshall, Sons and Co., of Gainsborough, which we 
illustrated on page 131 of our last issue, we omitted to 
mention the very complete system of lubrication applied to 
the transmission | of this new type of engine. In the 
case of the first intermediate shaft-bearings, oiling rings 
are provided, while chain-oilers are fitted to the second 
intermediate shaft-bearings and to the hind axle-boxes. 





Nationa ILLUMINATION COMMITTRE OF GREAT BRITAIN. 
—In his report, dated January 12, the chairman, Mr. 
Edward Allen, stated that the Committee, whose offices 
are at 66, Victoria-s 8.W., had the follow- 
been transmitted to the Secre- 


adopted for rating and ing all sources of light. Itis 
recommended by the Nati Tilumination mittee 
of Great Britain that the matter be considered at the 


next session of the International Commission on Illumina- 
administration of that Commission is asked 


4 


ing Society, and 
sets of definitions 





Mr. Allen was a strong Churchman and a generous 








appointed a sub-committee to draft 
nomenclature for consideration. 
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THE WORLD’S SHIPBUILDING IN 1914. 


Lioyp's Register of Shipping have just issued their 
annual return of shipbuilding throughout the world 
during the past year ; but, for obvious reasons, it has 
not been possible to disclose the warship work done in 
the European countries, and consequently the figures 
deal exclusively with merchant work. e world’s 
output is 1319 vessels, of 2,852,753 tons, which shows a 
decrease, as compared with the record output of 1913, 
of 431 vessels and of 480,129 tons, equal to 144 per 
cent., while on the figures for 1912 there is a reduction 
of 49,016 tons, equal to 1.7 per cent. ; but the totals 
for each of the five years preceding 1912 were all con- 
siderably less than the output for the past year. The 
British total, as recorded by Lloyd’s, is 1,683,553 tons, 
including 656 vessels, which with that given in 
our review of the year’s trade (page 77 ante), when 
allowance is made for the fact that we included all 
small ships, whereas Lloyd’s exclude ships of less than 
100 tons. The British tonnage is 248,600 tons less 
than in the previous year, which marked a record. 
The rate of decrease is 12.9 per cent., which is rather 
less than that for the world ; but it must be admitted 
that, owing to the war, Lloyd’s have not been able to 
ensure the usual absolute accuracv of their figures for 
all foreign countries. Holland, Japan, and Norway 
alone increased their output. 

An interesting point is that we maintain our posi- 
tion relative to other countries, as, of the world’s 
output of merchant ships, we have this year pro- 
vided 59 per cent. of the tonnage, as compared with 
58 per cent. in the preceding year. Both percentages 
are less than in 1912 and 1911, when our propor- 
tion was 60 per cent. and 68 per cent. respec- 
tively. In periods of depression our ratio is usually 
about 50 per cent., owing to the greater competition 


exceeding 10,000 tons, we produced 13, and other 
countries 15, included in the latter figure being six 
by Germany. The largest ship of the year was the 
German Hamburg-American turbine liner Bismarck, 
of about 56,000 tons; the second, the White Star 
liner Britannic, at Belfast, is returned officially at 
47,500 tons. 

Some interesting data are given regarding the 
developments in machinery. The vessels fitted with 
& combination of reciprocating engines and steam- 
turbines launched in Britain numbered six, and 
totalled 152,247 tons; and in —_ * countries five, 
of 87,805 tons. Of vessels driven by turbines only, 
Britain produced nine, of 57,305 tons, all having 
gearing between the turbines and the propellers, 
whereas foreign countries produced five turbine- 
steamers, of 83,080 tons. Internal-combustion pro- 
pelling engines were utilised for seven British-built 
sea-going vessels, of 28,898 tons, the largest being of 
4881 tons, while the foreign-built ships with such 
machinery numbered five, of over 3500 tons each, 
the aggregate being 21,386 tons. In addition, there 
wore tailt in this country ten small vessels, of under 
300 tons, and one of about 600 tons, fitted with 
motors; while abroad a greater number of similar 
vessels were constructed, five of them being between’ 
1000 and 2000 tons. The fastest ships of the year 
were the Princess Irene and Princess Margaret, built 
on the Clyde, for the Canadian Pacific Railway Com- 

any, and a vessel for the English Channel service, all 
Sestaped for a speed of 23 knots. Of the ships built 
in this country, 11 were capable of a speed of 16 knots 
and above. 

Regarding the machinery of the vessels in course of 
construction in this country, Lloyd’s Register states 
that 18 steamers, with a total gross tonnage of 
161,235 tons, are to be fitted with steam-turbine 





TABLE I.—Tas_e SHowine THE NuMBER AND TONNAGE OF VESSELS OF 100 Tons Gross AND UPWARDS 
(EXCLUDING WARSHIPS) LAUNCHED IN THE Various COUNTRIES OF THE WORLD DURING THE YEARS 1898-1914. 





F | United British | Austria- | Den- | 


France.| F- | Holland Italy. Japan| Norway 





United| Other 


States. Countries. Totals. 





» Kingdom. | Colonies. | Hungary. | mark. | Many. 
tons tons | tons tons tons | tons | 
1898 1,367,570 25,021 5,432 12,703 | 67,160 | 153,147 | 
1899 1,416,791 8,464 | 9,248 26,613 | 89,7! 211,684 
| 


1900 1,442,471 9,563 14,889 11,060 | 116,858 | 204,731 | 
1901) 1,524,739 28,134 | 20,013 22,856 | 177,543 | 217,593 
1902, 1,427,558 28,819 | 15,192 27,148 | 192,196 | 213,961 
1903 1,190,618 34,690 11,328 28,609 | 92,768 | 184,494 
1904, 1,205,162 30,965 | 16,645 15,859 | 81,245 | 202,197 
1905 1,623,168 10,798 16,402 17,557 | 73,124 | 255,423 
1906 1,828,343 26,042 | 18,590 24,712 | 35,214 | 318,230 


| 





1907. 1,607,890 46,443 | 8,717 28,819 | 61,635 | 275,003 
1908 929,669) 34,181 | 23,602 19,172 | 83,429 | 207,777 | 
1909 991,066 7,461 25,006 | 7,508 | 42,197 128,696 


1910 1,143,169 26,343 14,304 12,154 | 80,751 | 159,303 | 





1911 1,808,844 19,662 37,536 18,689 | 125,472 | 255,532 
1912, 1,738,514 34,790 38,821 | 26,103 | 110,734 | 375,317 
1913 1,982,153 48,339 61,757 | 40,982 | 176,095 | 465,226 | 1 





| 

















tons tons | tons | tons tons tons No. | tons 

19,468 26,530 | 11,424) 22,670 173,250 8,968 1290 | 1,893,343 
34,384 49,472, 6,775 27,853 224,278 16,382 1269 | 2,121,738 
45,074 67,522) 4,543 32,751 333,527 ! 21,174 1364 2,304,163 
29,927 60,526 37,208 36,875 433,235 28,890 1538 , 2,617,539 
69,101 (46,270 27,181) 37,878 379,174 38,2 2 7 
59,174 50,089 34,514, 41,599 381,820 35, 
55,636 30,016 32,969, 50,469 238,518 28,254 
44,135 61,629 31,725, 52,580 302,827 | 25,554 1576 | 2,514,922 
66,809 30,560 42,489 60,774 441,087! 26,913 | 1836 2,919,763 
68,623 44,666 | 66,254) 57,556 474,675 | 37,807 | 1788 | 2,778,088 
58,604 26,864 | 59,725) 52,839 304,543 32,981 | 1405 | 1,833,286 
59,106 (31,217 | 52,319' 28,601 209,604 19,276 | 1063 | 1,602,057 
70,945 23,019 30,215’ 36,931 | 331,318 29,401 1277 | 1,957,853 
93,050 17,401 | 44,359| 35,445 | 171,569 27,291 | 1599 | 2,6£0,140 
99,449 25,196 | 57,755, 50,255 284,223 60,622 1719 | 2,901,769 
04,296 50,356 64,664 50,637 276,448 61,979 | 1750 | 8,332,882 


§ 
1 
a 
g 
® 
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1914) 1,683,553 47,534 8+,335 | 32,815 | 114,052 387,192 |118,153 42,981 85,861; 54,204 200,762) 51,311 | 1319" 2,852,753 
| | 


* This table does not include particulars of vessels of less than 100 tons gross ; and takes into account only vessels that were 
launched in 1914, whether they were ee during the year or are still under construction. On account of the war, it is 


impossible to give full figures for the whole of the year 191 
tonnage has been excluded throughout this summary. 


of foreign countries. In years of great activity, 
however, the proportion is about 60 per cent. Thus 
in 1907, when we were at the end of the great boom in 
trade, our proportion was 58 per cent., and in 1906— 
a year of great prosperity—our proportion was 63 per 
cent. Germany’s proportion in 1914 was 13.5 per cent., 
as compared with 14 per cent. in 1913, 13 per cent. in 
1912, and 9.7 per cent. in 1911. In the case of the 
United States the proportion was 7 per cent., whereas 
in the three nthned years it was 8.3 per cent., 9.8 
per cent., and 6.5 per cent. The French total shows 
a marked decrease, and their proportion of the 
world’s aggregate tonnage is only 4 per cent., as com- 
pared with 5.3 per cent., 3.8 per cent., and 4.75 per 
cent. in the three preceding years. Holland has im- 
proved her position, her contribution being 4. 14 per cent. 
of the world’s total, whereas in the previous year it was 
only 3.1 percent. Both figures are superior to those of 
the three years preceding. Our position must there- 
fore be pronounced a satisfactory one, in the respect 
that we still produce six tons of merchant ships for 
every four tons by all the nations of the worl! com- 
bined. If sea-going ships of over 3000 tous only are 
considered, Britain launched 64 per cent. of the 
world’s output in 1914. Of the tonnage produced 
throughout the world, again, 45.2 per cent. was for 
British owners. 

Of our output of large merchant ships, 24.3 per 
cent. was for foreign owners, as compared with 214 per 
cent. fur the previous year, 24 per cent. in 1912, and 
22.3 per cent. in 1911. Holland occupies the foremost 
position among our clients for last year, having taken 
88,097 tons, or 5} per cent. of our output; then came 
Norway, 67,827 tons ; Greece, 41,543 tons; and Bel- 
gium, 35,951 tons. As regards ships of great size, we 
launched 71 vessels exceeding 6000 tons, whereas the 
othér countries produced 102. This is in large 
measure due to Germany, which has in recent years 
shown much preference for immense liners, this 


year produced 34 vessels of over 5000 tons. Of ships 


4 in respect of several countries ; for the same reason warship 


engines, including four of over 13,000 tons each. 
The largest is one of 21,000 tons for the Navigazione 
Generale Italiana. Of the above vessels, 12 are to 
be fitted with geared-turbine engines. Eight steamers, 
with a total gross tonnage of 144,250 tons, will be 
fitted with a combination of reciprocating engines and 
steam-turbines ; the largest being one ot 33,500 tons 
for the White Star Line, and one of 22,150 tons for the 
Union-Castle Line. Six vessels of over 3000 tons each, 
with a total tonnage of 32,960 tons, besides a number 
of small craft, will have in*ernal.combustion engines. 

Analysing the figures for the respective countries, 
as enumerated in Table I., it is pointed out by 
Lloyd’s Register that Germany’s ieturns (387,192 
tons) show an apparent decrease of 78,000 tons in 
the shipbuilding output as compared with last 
year. he figures do not in any year take into 
account a very considerable tonnage composed of 
a large number of river craft launched at yards 
situated on the upper rivers. The total output 
includes three vessels, of 60,500 tons, fitted with 
a combination of a engines and steam- 
turbines, the largest being the Johann Heinrich Bur- 
chard, 21,000 tons. The tonnage reported from the 


than that of the previous year. This decrease is spread 
generally over the various districts. During the year 
there were launched on the coast 15 sea-going merchant 
steamers of between 5000 and 8500 tons each, and one 
collier of about 10,600 tons for the United States Navy. 
The total output includes seven steamers, of 45, 
tons, built to carry oil in bulk, two of them being of 8374 
tors each. The total tonnage (118,153 tons) launched 
in Holland during the past year exceeds by 14,000 tons 
the output for 1913 and is the highest ever recorded 
for that country. This total does not include vessels 
known to be exclusively intended for river naviga- 
tion. The tonnage of steamboats, barges, and other 
river vessels launched duri: g 1914 amounts to nearl 
100,000 tons ; so that the total output, including ouen 





United States (200,762 tons) is nearly 76,000 tons less | Y°4™S, 


craft, would appear to reach over 218,000 tons. The 
t vessels launched during the year are the Jan 
Pieterzoon Coen, of about 11,000 tons, and 5 steamers of 
betaveen 5000 tons ard 8000 tons each. ere are NOW 
building 4 steamers of between 5000 and 10,000 tons. 
The French returns (114,052 tons) show a decrease 
of 62,000 tons as compared with the tonnage launched 
during 1913. The figures include 5 steamers of between 
5000 and 10,000 tons, and 4 of over 10,000 tons, the 
largest being the Massilia (14,980 tons), launched at 
La Seyne, to be fitted with reciprocating engines and 
steam-turbines. The work in hand at present com- 
prises a turbine-steamer of 30,000 tons, 1 steamer of 
11,500 tons, and 9 of between 5000 and 10,000 tons 
each. The tonnage launched in Japan during the year 
(85,861 tons) is nearly 33 per cent. higher than the 
output for 1913, and exceeds all previous totals. It 
comprises three steamers of between 11,000 and 
12,000 tons each, and one steamer of 7345 tons, fitted 
with geared-turbine engines. The remainder of the 
total is com of vessels of small tonnage. 

The figures for Austria-Hungary (34 335 tons) show 
an apparent decrease of 27,000 tons as compared with 
last year’s figures; but in this case, as in that of 
Germany, the figures may not be complete. The out- 
put is composed almost entirely of vessels of between 
6000 and 8000 tons. The Norway returns for the year 
show the output to be 54,204 tons, which is somewhat 
higher than the total for the previous year, and is the 
highest since 1907. As in other years, the total is 
practically composed of vessels of between 1000 and 
2000 tons each. Only two vessels of a larger tonnage 
have been launched—viz., one steamer of 3706 tons, 
and one motor vessel of 2368 tons. 

The output of the British Colonies (47,534 tons) is 
about the same as last year. It includes two large 
steamers, both built on the North American Lakes, 
one of 7462 tons, and the W. Grant Morden, 8980 
tons, which is the largest vessel ever built in Canada. 
The output in Italy for the year amounts to 42,981 tons, 
which is 7000 tons less than that of last year. There 
are five vessels of from 5000 to 10,000 tons included 
in the returns. There are now building four steamers 
of over 10,000 tons each, the biggest of which is a 
turbine steamer of about 22,000 tons. The figures 
for Denmark (32,815 tons) although over 8000 tons 
less than those for 1913, exceed the totals for any 
other previous year. Included in this total are four 
vessels of from 3700 to 5100 tons, which are to be 
fitted with Diesel engines. There are also now build- 
ing four similar vessels. 





Tue LATE Mr. ALEXANDER ELper.—We regret to 
have to record the death, which occurred on the 25th 
ult., at his residence, Fernholm. Hesketh Park, South- 
port, of Mr. Alexander Elder, J.P., the last surviving 
member of the family of the late David Elder, engineer, 
Glasgow. Mr. Alexander Elder was eighty-one years of 
age, and was brother of the late Mr. John Elder, the 
founder of the firm now known as the Fairfield Ship- 
building and Engineering Company, of Glasgow. Mr. 
Alexander Elder was one of the founders of the firm of 
Elder, Dempster and Co., Liverpool. He went to Liver- 
pocl in 1859 as superintendent of the African Mail 
Steamers. of which the late Mr. Macgregcr Laird was 
the founder. From 1866 to 1868 he was engineering and 
shipwright surveyor to the Board of Trade at Liverpcol, 
and also examiner of engineers for the district. At the 
end of 1868 he returned to the African trade, and founded, 
with Mr. John Dempster, the firm of Elder, Dempster 
and Co. About twenty-five years ago he retired from 
this firm, but afterwards he joined the board of the 
British and African Steam Navigation Company, subse- 
quently becoming its chairman. On the formation of a 
new company, in 1900, he retired. He was for many 
years a director of the Pacific Steam Navigation Com- 
pany. In 1909 he contributed a total sum of 20,000. for 
the establixhment of the Chair of Naval Architecture at 
Liverpool University. 





Lonpon County Councit ScHoLarsHips.—The Council 
will be pre d to award, in 1915, (a) fifteen scholar- 
ships for full-time day instruction, and (b) a number of 
exhibitions for evening instruction. These exbibitions 
are fur general competition. (a) The scholarships will 
be tenable for one, two, or, in certain cases, three years 
at recognised polytechnics, technical institutes, or insti- 
tutions of university rank. (b) The exhibitions will be 
tenable at polytechnics, technical institutes, &c., for two 
with a possible extension for a third year. Exhi- 
bitioners will be required to attend classes in science or 
technology on at least two evenings a week for a total 
of not less than four hours weekly. In addition to free 
tuition, successful candidates for the scholarships will be 
entitled to :—(a) A maintenance grant in cases where the 
Council thinks fit, not exceeding 50/. a year. ()) The 
supply of books and apparatus where necessary, provided 
that the cost does not exceed 7/. 10s. ayear. (c) Payment, 
subject to certain conditions, of the fees for the matri- 
culation, intermediate, and final-d examinations of 
the University of London. Successful candidates for the 
exhibitions will be entitled to free tuition and a main- 
tenance grant of 3/. a year. Further data and anplica- 
tion forms may be obtained from the Education Officer, 
Mr. R. Blair, lon County Council Education Offices, 


Victoria Embankment, W.C.; the forms must be returned 





not later than February 27, 1915, 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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METAL-PRICE DIAGRAM. 


In the annexed diagram the figures plotted for tin 
and copper are the official closing quotations of the 
London Metal Exchange for cash transactions in “ fine 
foreign” and «standard ” mets! respectively. The 
prices plotted for antimony and lead are for English 
metal in both cases, while those for spelter are for 
American metal—the only kind at present available. 
Steel ship-plates and heavy steel rails are plotted to 
Middlesbrough quotations ; the usual discounts are 
allowed in the case of ship-plates, but rails are net 
free on board at Middlesbrough. The figures plotted 
for hematite, Scotch and Cleveland irons are @ 
settlement prices, and these — are per ton, as also 
are those for all other metals previously mentioned. 
The price of quicksilver is, however, per bottle, the 
contents of which weigh about 80 lb., and the price of 
tin plates is per box of I.C. cokes free on board at 
Welsh ports. Each vertical line in the diagram 
represents a market day, and the horizontal lines 
represent 1/. each in all cases except those of hematite, 
Scotch and Cleveland irons and tin plates, where they 
represent Is. each. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information ing these 
projects can be obtained from the Comaneveial intoligunne 
= Board of Trade, 73, Basinghall-street, London, 


Australia : The Board of Trade have received a copy 
of a recent Act of the South Australian Government, 
which makes provision for the construction of railways 
(1) from Balhannah to Mount Pleasant ; (2) from Palmer 
te Sedan ; and (3) from Nuriootpa to Truro, The gauge 
of each of the lines will be 5 ft. 3 in., and the rails used 
a construction must weigh at least 60 Ib. to the 
y' 

Norway : The Acting British Vice-Consul at Chris- 
tiania reports that, according to the local Press, the 
electric power company at Drammen intends at once to 
rebuild and enlarge the bigh-nower station, at an eati- 
mated cost of nearly 40001. This is said to be due to a 
contract recently made with a cement company which is 
about to erect a new factory in the locality, and which 
will require, by October next, about 800 horse-power. 
Neighbouring villages have also asked the electric power 
company to supply them with light. ; 
in: The Gaceta de Madrid publishes a Royal Order 
dividing the award of a contract for the execution of 
street-paving works in Madrid between a British firm and 
a Spanish firm. The value of the works adjadicated to 
the British firm amounts to 15,280,029 pesetas (about 
605,150/.), while those to be undertaken by the Spanish 
firm  —., a value of 12,419,335 pesetas (about 
491,850/.). 


Chile: The Diario contains a decree, dated Novem- 
her 27, approving the plans of the Bethlehem Chile Iron- 
Mines Company for the construction and working of a 
railway between the mines of Tofo and Caleta Oruz 
Grande. The line will be ahout 23 km. (14 miles) Jong, 
and will have a gauge of 1.435 m. (4 ft. 84 in.). Con- 
structional work must be commenced within three 
months and completed within four years from the date of 
the decree. The concession is for a period of sixty years, 
but the State reserves the right to acquire the line any 
time after the expiry of the first twenty years, should 
public interests render such a measure advisable. 


Colombia : The Diario Oficial, Bogotd, publishes a law 
authorising the executive power to make arrangements, 
with a company, outside the Republic, specialising in the 
boring of artesian wells, for bringing to Colombia the 
necessary machinery and men for opening up such wells 
in various districts throughout the country. Artesian 
wells which are to supply water for irrigation purposes 
will become the property of the departments in which 
they are opened, while which are for the supply of 
drinking-water will belong to the various municipalitiee. 
The Government is further authorised to acquire in the 
town of Bogotd the land necessary for opening up artesian 
wells for the establishment of public fountains; these 
will be handed over to the municipality, which will also 
have the option of erecting baths and washhouses. 





Tue Lovpon Scxoo. or Economics AND POLITICAL 
Scrence (University or Lonpon) : Rosgpery Parizes.— 
A foundation has been endowed by Lord . 
whereby two prizes, one of 25/. and one of 10/., will be 
awarded annually for the best monographs on a question 
dealing with the history, theory, or or, ion of 
inland transport. The monographs may repredent either 
a piece of original research on a subject which has pre- 
viously been submitted for approval, or be written on a 
set subject. wpe ey be announced in = 
year preceding that in which the m must 
presented. For 1916 the subject is ** Woleons Trains.” 
Candidates must be present or past students of the London 
—— of a yt Scien < Twoor more 
~ ts may combine ¢ a joint monograph. 

hs must reach the Di of the School not 
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ELECTRIC STEEL-MAKING FORNACES.* 
By T. D. Ropertson. 


Tue melting and refining of steel on a commercial scale 
by means of the heat produced by an electric current has 
only been possible for a little over ten years. In this short 
time, however, considerable progress been made, and 
a new branch of the iron and steel industry has been 
successfully developed and established. 

The small electric furnaces for laboratory use, 
designed by Siemens over thirty years ano, attained con- 
siderable perfection ; but what preven their develop- 
ment into sizes applicable to the steel and other indus- 
tries was that electrical energy was far too expensive to 
produce. In later years the generation of electrical | 
power by means of rotary machinery at a low cost brought | 
thermo-electric processes into the commercial field. | 
In places where water-power can be developed, elec- 
trical energy can be produced wonderfully cheaply ; but 
in this country we bave to rely almost entirely on obtain- 
ing electrical power from steam, gas, or oil. 

The first electric furnaces to work on a commercial 
scale were all constructed about 1899, and all took their 
| a from water-driven plants. These were the Stassano 

urnaces in Italy, the Héroult in Savoy, and the Kjellin 
in Sweden, and it is interesting to note that from these 
three types have developed the three main classes of 
electric steel furnaces now in use. 

Of course, in all electric furnaces the necessary heat is 
furnished by resistance to the electric current, and the 
type of furnace depends upon the form which this resist- 
ance takes. Owing to the very small electrical resistance 
of a large mass of iron, it is impracticable to melt iron 
or steel in bulk merely by passing an electric current 
through it, as the very low voltage and very large cur- 
rent which would be required would be far too costly 
to generate and transmit, and, further, the small cross- 





section which the metal bath would have would involve | 


Fig. 2. ROCHLING-RODENHAUSER FURNACE. 
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such high radiation losses that the efficiency of the fur- 
nace would be much too low. 

Continuous current is not used for steel furnaces, as the 
cost of special generators to give furnace vol is high, 
and, further, electrolytic action would occur in the slag. 
Alternating current has many advantages, the chief 
being the ease with which its pressure can be trans- 
formed. For some furnaces, owing to considerations of 
power-factor, the frequency has to be specially low ; but 
this is a drawback, and most furnaces now work on the 
usual frequencies. Furnaces using single-phase current 
are gasety deing superseded by those using two-phase 
or three-phase current, as these latter can take their 
power through static transformers from the usual three- 
phase supply, instead of through a more costly and less 
effivient motor-generator set. Lower frequencies mean 
rather more exp-nsive transformers, but the inductive 
losses taking place in the low-tension leads are not so high. 

Bro idly speaking, there are two main classes of electric 
steel furnaces : induction-furnaces and arc-furnaces. 

In the simple and earlier types of induction-furnace 
the metal bath is in the shape of a ring, which is really 
the short-circuited secondary winding of a transformer 
contained in the body of the furnace itself. An ex- 
ample of this class is the Kjellin furnace. Single-phase 
current is supplied to the transformer, and an induced 
secondary current is developed in the iron ring forming 
the metal bath, of such intensity that the resistance 
offered by the Jength and small cross-section of the metal 
is so great as to generate sufficient heat to melt and 
maintain the metal in a fluid condition. Sections of the 
Kjellin furnace are shown in Fig. 1 in the adjoining column. 
A is the iron core of the transformer. The primary 
coil, marked B, is supplied with go wy current ata 
convenient pressure. The metal bath, .C, is concentric 
with the primary coil, and forms a short-circuited secon- 
dary winding of one turn. This ring is, of course, sur- 
rounded by suitable refractory material, and the channel in 
which it rests has movable covers for the working and 
inspection of the charge. The furnace shown in the 
diagram is fixed, the metal being tapped off through a 
convenient tap-hole. Later types of the Kjellin furnace, 
however, are made to tilt upon rockers and so discharge 
into the receiving ladle. The current in the secondary 

* Paper read before the Institution of Electrical 
Engineers, Manchester Local Section, on January 26. 
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at the conclusion of every ‘‘ heat” in order that a complete 
circuit may be maintained to start the furnace again. 
Cold materials to form the > are added to this 
residual metal, and a covering of slag is made to protect 
the charge from atmospheric oxidisation. Owing to the 
difficulty of keeping a suitable refining slag in a fluid 
condition, and of removing it after it has taken up 
ne a from the steel, it is found in practice that very 
little refining can be done in the simple induction-furnace. 
This means that in order to manufacture first-quality 
steels raw materials have to be used which contain very 
small percentages of the injurious elements sulpbur and 
phasgbenes ; in other words, the simple induction-furnace 
approximates to an electrical melting apparatus which 
is not, in general, suitable for refining common and 
impure materials for the production of a high-grade steel. 
¢ is essential for easy refining to have a hearth Jar, 

enough to allow refining slags to be introduced and with- 
drawn ; these considerations led to the introduction of 
the Réchling-Rodenhauser furnace, the principle of which 
is illustrated in Fig. 2. It will be seen that both legs of 
the transformer core are provided with primary windings 
surrounded by induction channels, which are joined in 
the centre to form a working hearth of ample dimensions. 
This middle part, which is of considerably greater cross- 
section, necessitates auxiliary heating, and this is accom- 
plished by means of a secondary winding connected to 

le-plates which are embedded in the sides of the hearth. 

he Réchling-Rodenhauser furnace, as now constructed, 
is tilted electrically, and the electrical connections are so 
arranged that the heating may be continued when the 
furnace is in a tilted position, thus facilitating the re- 
moval of the slag. The secondary winding is placed next 
to, and is separated from, the peer? wee by an air- 
spave, which serves as a cooling-chamber. This secondary 
winding is com of heavy copper strips, and carries 
very large currents at low voltages. From these strips, 
copper connections lead to pole-plates of mild steel 
embedded in the sides of the hearth wall and separated 
from the molten metal by this part of the basic lining. 
The transformer windings are air-cooled, as otherwise 
they would become too hot, partly from their own action 


and partly from the heat radiated to them from the | be 


surrounding furnace casing. 
In all induction furnaces there is a considerable circu- 
lation and rotation of the molten metal in the various 





channels. This is due to an electro-magnetic effect, and 
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whilst it results ina ona mixing of the charge, it 
— in some cases considerable wear and tear on the 
urnace lining. 


Réchling-Rodenhauser furnaces are made to take single- 
hase, two-phase, or three-phase current, usually the last 
for the larger sizes, as it permits the use of a somewhat 
higher frequency concurrently with a better power-factor 
than would be the case with the single-phase furnace, 
which, in the large sizes, really requires an abnormally 
low frequency. 
The other main class—viz., arc-furnaces—may con- 
veniently be subdivided into two classes of arc-radia- 
tion furnaces and arc-conduction furnaces, the difference 
between them being that in the former the arc is struck 
| between the ends of the electrodes themselves, and the 
| heat so produced is radiated on to the charge underneath, 
whilst in the latter the arc is struck between the ends of 
| one or more electrodes and the charge itself, the current 
| either ing along the surface of the charge to the 
| other electrodes, or else passing through the body of 
the charge itself to an electrode in the bottom of the 
| furnace. f 
| ‘The main furnace of the former class is the Stassano 
| furnace. This was first developed in Italy, and was at 
| that time used in the experimental reduction of iron ores. 
| Later, however, it cameto be employed entirely for steel- 
——. and in small sizes is in use at the present 
day. Its general arrangement is shown in Fig. 3. There 
are three electrodes inclined > ged to the horizontal, 
forming angles of 120 deg. with one another. Three- 
phase current is employed usually at a pressure of about 
110 volts. The furnace is charged almost up to the 
level of the electrodes with cold scrap-iron, and these 
are then adjusted to give a suitable length of arc. When 
the furnace is cold, the arc is only about 4 in. in length, 
but it increases as the temperature rises to about 12 in. 
long. It is evident that a considerable portion of the 
heat generated is radiated to the roof or dome of the fur- 


Fig.4. HEROULT FURNACE. 








nace, and were this made low, as in other arc furnaces, it 
would soon be melted away. It is therefore made high 
in order to avoid this difficulty, but at the same time a 
ter surface is exposed to radiation losses. Stassano 
| furnaces are usually made to rotate, as, of course, there 
| is no electromagnetic mixing of the charge. Furnaces 
of the earliest design rotated completely round an axle 
slightly inclined to the vertical. This involved several 
difficulties ; among them that of making a good electrical 
contact for the large current between moving surfaces. 
In the later designs, the arrangement shown in Fig. 3 
has been adopted, the complete rotating movement 
being altered to an oscillating movement, which allows 
the electrical contacts to be rigid. The Stassano furnace 
has the advantage of a very steady load when compared 
with other arc furnaces, especially when used for melting 
cold materials. It is also easy of regulation, but has not 
a high heat-efficiency, owing to the large radiation losses. 
There is also the drawback of a tap-hole which is used in 
this type of: furnace, as compared with the advantage of 
complete tilting of practically all the other types. hen 
the tap-hole is used, the coolest portion of the metal from 
the bottom of the bath enters the ladle first, and the 
danger of forming a scull in the ladle is thus much ter 
than is the case with the tilting furnaces, which com- 
mence to pour the hottest metal from the upper surface 
of the bath first into the ladle. : 

Another furnace belonging to this class has recently 
been introduced—viz., the Rennerfelt furnace. Three 
electrodes are used in this furnace with two-phase cur- 
rent. Two horizontal electrodes, each carrying a sepa- 
rate phase, enter from the ends of the furnace. A third 
vertical electrode passes through the centre of the roof 
and acts as a neutral return common to both phases. It 
is claimed that the arc in this case is not horizontal 
between the electrodes, but is deflected downwards on 
to the metal charge, which is thereby enabled to utilise 
the heat of the arc somewhat more efficiently than in the 
case of the Stassano furnace. ‘ 

Coming now to the second and more important class of 
arc furnace, in which the current, in addition to pas 
through thearcs, passes through the charge itself, it woul 

as well to commence with the earliest of these furnaces, 
namely, the Héroult furnace. This was y le 
to take single- current. The ment 
of one of these furnaces is shown in Fig. 4. The current 
enters by one of two upper electrodes, passes first through 
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the arc-gap, then along the surface of the metal, and back 
by means of the other electrode to the generator. It has 
the important drawback of requiring single-phase current, 
which means that the existing power —— have, in 
most. cases, to be transformed by means of a costly and 
rather inefficient motor-generator set to either single- 
phase low-tension current at the furnace voltage, or 
— current which has afterwards to be trans- 
formed down to the furnace voltage by means of a static 
transformer. The tank of the furnace itself is formed of 
steel plates, which are provided underneath with curved 
rails, u which the furnace tilts. This tilting may be 
effec either by hand in the small sizes, or by an 
hydraulic ram or an ey ae tilting-gear. The 
electrodes are carried in special holders, which are usually 
water-cooled, and attached to large brackets travelling 
up and down between vertical guides at the back of the 
furnace. These are driven by means of rack-and-pinion 
ing, which is usually motor-operated, the motors 
ing controlled by Thury regulators designed to work 
at constant vol for this type of furnace. The furnace- 
hearth is made of layers of either magnesite or dolomite 
mixed with tar and thoroughly rammed ther so as to 
form a solid bottom similar to that of the basic open- 
hearth furnace. The side walls are usually of magnesite 
brick, whilst the roof, which is detachable, is composed 
of silica bricks, held in a steel frame provided with two 
holes to allow for the insertion of the electrodes. There 
is usually a water-cooled ring resting on or embedded in 
the roof round the electrode holes. 


Fig.5. G1ROD FURNACE. 
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Latterly a three-phase Héroult furnace has been intro- 
duced suitable for construction in the larger sizes. Its | 
general design is similar to that mentioned above, except | 
that there are, of course, three electrodes ins' of two. | 
Each electrode carries a separate phase, and the a 
ment has the advantage that the usual three-phase supplies 
can be transformed by means of three single-phase trans- 


bottom of the furnace 
electrode, which acts as a neutral return common to both 


again the drawback of using the motor-generator set com- 


pared with static transformers is again in evidence. In 
this furnace, apart from inductive and resistance losses in 
the leads and the resistance losses in the carbon elec- 
trodes, tically the whole of the power is consumed in 
the arc itself, as the resistance of a mass of fluid metal 
several square feet in area, and probably 1 ft. or so in 
depth, is practically negligible. 

t is understood that although this arrangement of steel 
studs in the furnace-bottom is essential to the Gi 
system, yet it has its disadvantages, and in order to over- 
come theee and at the same time obtain a furnace which 
will work from the usual supply mains through static 
transformers, the ‘‘ Electro- Metals ” furnace was designed 
a few years ago. The original inventors were the three 
Swedish engineers, Messrs. Grinwall, Lindblad, and 
Stalhane, who have designed and developed the “‘ Elektro- 
metall” shaft furnaces for i 
have proved such a success in Sweden. The develop- 
ment of their steel furnace has taken place mainly in this 
country, where, after considerable time spent in experi- 
menting, the furnace has now been thoroughly established 
for commercial working. Fig. 6 shows the main prin- 
ciples of the furnace. Two-phase low-pressure current 
is employed, and this is obtained from a three-phase 
system through two single-phase transformers using the 
well-known tb connection. There are two upper 
electrodes each carrying a separate phase, whilst in the 
neath the basic lining isa third 





Fig. 6.PRINCIPLE OF ELECTROMETALS FURNACE. 
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a. Thus the current flows, on each phase, starting 
rom the transformer, along the copper leads to one of 
the wpe electrodes, through this, across the arc-gap, 
through the metallic charge, and thence through the basic 


- | lining to the bottom electrode, which consists of a layer 


of special carbon mixture covering the bottom of the 
furnace, where connections are made to the neutral return 


formers down to the furnace voltage. The Héroult fur- | leads, which are common to both transformers. 
nace has the disadvantage of surface heating. In other| The lining, which is made of either dolomite or mag- 
words, the upper layers of the charge are always much | nesite mixed with tar and thoroughly burnt in, is, when 


hotter than the lower, and this is undesirable when 
making high-quality steels requiring considerable quan- 
tities of ferro-alloys, as these sink to the lower portions 
of the furnace, where they melt only with difficulty. 
Otherwise the Héroult furnace is very efficient when 
melting cold charges, but the single-phase type is open to 
the objection that the fluctuations in the power taken are 
very serious, as it is obvious that if the arc underneath 
one of the electrodes is broken, for example, by the faliing 
away of melting pieces of the charge, the whole load is 
instantly thrown off the supply system. 

The Girod furnace is typical of the second class of arc 
conduction furnaces. Its principle is shown in Fig. 5. 
There are one or more vertical electrodes, according to 
the size of the furnace, and of like polarity. Embedded 
in the bottom, and forming an in part of the furnace, 
are water-cooled steel studs, which project slightly above 
the bottom of the hearth, and make contact with the 
charge itself, and so convey the current back to the 
generator. Apart from the difference in the bottom of 


the furnace, the general mechanical arrangements are 
similar to those of the Héroult type. The bottom elec- 
trodes are very interesting, and have at different 


times severely criticised. On the whole, however, by 
suitably regulating the supply of cooling water, they may 
be kept from melting away, or, on the other hand, from 
seriously cooling the bottom of the furnace. Published 
figures show that when melting cold materials the furnace 
bottom will last for 120 to 160 operations, which is a fairly 
satisfactory result. With these metal studs at the bottom 
of the furnace, fettling is very difficult, as care must be 
taken not to insulate them from the result 
of not being able to fettle the bottom is that the size of 
the hearth gradually increases, and, of course, radiation 
losses become greater owing to the thinner walls and 
bottom. Single-phase current is always used, and here 


hot, quite a good cunductor of electricity, and offers only 
a small resistance to the passage of the current. Thus, 
for example, if the pressure of each phase is 80 volts, there 
will only be a drop of about 3 volts through the lining. 
The beat developed by this is nob wasted, ae it serves 
to keep warm the lower portion of the furnace hearth, a 
very important feature, especially when making steels 
which require an addition of considerable quantities of 
ferro-alloys having a high melting-point. Further, this 
two-phase arrangement gives rise to a certain amount of 
electro-magnetic circulation which serves to keep the 
charge always in motion, thereby thoroughly mixing its 
contents, and to distribute the heat from the hot region 
immediately below the arcs evenly throughout the whole 
mass. 

The general construction of the furnace does nob 
differ greatly from that of the other arc-furnaces. The 
tank is made of steel-plate work suitably designed to 
avoid bulging when hot. The electrodes are held in 
steel holders carried on horizontal arms, and fastened to 
a carriage which runs over and between two vertical 
channels. The carriage is driven by a vertical screw in 
the centre of these channels, and the screw in turn is 
actuated by a worm-wheel and worm coupled to a small 
——— — RF back $ the Seenee Seats _* 
large door for the rging and general working of the 
furnace, and in the bottom of this door is a small spout, 
over which the is poured when removing it from the 
furnace. At the front of the furnace is another 
spout, through which the whole of the charge is poured 
into the ladle. The tilting- is placed below and be- 
hind the furnace, and it is driven by a motor. The latter, 
by means of suitable reduction gearing, drives a large 
bevel-wheel mounted on trunnions, in the centre of which 
there is a bronze nut. Through this nut passes the long 
screw which is fastened at the top to a bracket at the 








the reduction of iron ores which | be 


back of the furnace. Turning the bevel-wheel either 
pushes up this screw and so tilts the furnace forward, or 
else, when the motor is reversed, the screw is drawn 
down and the furnace tilted backwards. The screw is of 
such a length as to give a forward tilt of 45 deg. ard a 
backward tilt of 15 deg. . 

The roof, which is made of silica bricks, is held securely 
in a steel frame made separate from the furnace casing, 
so that the roof can easily be re by a new one in a 
short time. The lining of the furnace is similar to that 
of most other furnaces, except that over the bottom plate 
there is a layer about 14 in. thick of carbon mixture, 
which, when the furnace mes hot, is into a 
solid mass similar in composition and structure to the 
electrodes themselves. 
oe eye t) of the a 5 rh ae in 

ig. 7. e high-pressure supply, assumed in this case to 
three-phase, is taken to an isolating switch inside the 
high-pressure cubicle, and from this it is divided into two 
circuits, each of which passes to a suitable oil-switch, 
arranged with auxiliary contacts for charging resistances, 
to neutralise the effect of any sudden loads on switching 
in. Ibis found in practice that a fairly high pressure— 
say 80 volts—gives the best results during the melting 
stage, but that as much less power is required for the 
subsequent refining, a lower is desirable, as this 
gives much less wear and tear on the furnace roof and 
sides, especially during the latter stages of the process. In 
order to have these two pressures at the ready command 
of the operator, the switches mentioned above are con- 
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|mected to tappings on the high-pressure side of the 
| transformers, one tapping to give « high 


ure of, say, 

| 80 volts, and the other to give about 50 volts. These two 

| switches are interlocked, so that only one of them can be 

| put in at one time, and the change from the high to the 
low pressure is made simply by tripping one switch and 
then moving along the interlocking bar and putting in 
the other switch. 

The instruments installed are placed on the low-pres- 
sure side and consist of an ammeter on each phate and 
one on the neutral, which are operated by series trans- 
formers placed round the low-pressure bus-bars. A volt- 
| meter is installed which gives by means of a three-way 
| switch the pressure between either of the two phasts and 
earth, or the pressure across the two phases. 

As is the case in all arc furnaces, the current fi »wing 
|in the furnace is controlled by raising and lowering the 
| electrodes, thus increasing and decreasing the size of 

the arc-gap, and so making the resistance greater or less 
according as the current is smaller or larger. In small 
| furnaces this adjustment of the electrodes is made by 
| hand, but in the larger ones, where the moving portion 
| of the electrode and holders, &c., weighs several bundred 
| pounds, a motor has to be used. ese motors work in 
conjunction with some form of automatic regulator, 
ferably of the Thury type. The latter are connected to 
series transformers on phase leads, and by means of 
rheostats in the secondary circuits are set to regulate the 
current on each phase at a definite figure. hen the 
current falls below this figure the arm of the regulator 
swings over and makes «oxtact with the leads to the 
motor, so giving a series of impulses to the vertical screw, 
thereby lowering the electrode until the current in- 
creases to the proper value. Conversely, when the current 
becomes too great the regu reverses the rotor and 
raises the electrode, thus diminishing the current flowing. 
In addition to the control of the electrode motors by 
| means of the automatic regulators, a direct control is 
| effected by tramway-type controllers, which, in con- 
| junction with speed-regulators, enable the electrcdes to 
quickly hoisted out of, or lowered down into, the 
hie ctelan of thn estan ais ela aan 
escription the working of a typ» c ma 
not be out of place, as some of the difficultiss whic 
designers have to meet in electric-furnace work are onl 
brought out clearly by a consideration of the actual wor 
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that has to be done in the furnace itself. Assuming then 
that the previous has been “‘teemed” and the 
furnace festled, the cold scrap is thrown into the furnace 
hearth. This scrap, which is preferably of steel or 
wrought iron, is usually of very common quality, and 
contains anything up to 0.1 per cent. of both sulphur ana 
phosphorus. When the furnace is charged, the current is 
switched on, and the electrodes lowered down, until an 
arc is struck between them and the upper portion of the 
charge. The automatic regulators are then switched on 
and the rheostat is set to give the required current. In 
the case of a 4-ton furnace, which the author proposes to 
take as typical, the melting current is about 5500 amperes, 
the pressure at this load being about 75 volts on each phase. 
The heat of the arc soon melts a hole in the charge 
underneath and around each electrode, which continues to 
travel down as these holes become deeper, until a bath of 
fluid metal is formed in the bottom of the furnace. This 
bath gradually increases in depth owing to other portions 
of the charge melting into it, and the electrodes ually 
rise with the level of the metal. By the time they have 
risen to the usual working level of the bath any un- 
melted portions of the charge are detached from the sides 
and ed within the hot metal in the centre. During 
the melting the slag is added, consisting of a mixture of 
lime, fluorspar, sand, and either iron ore or hammer 

is slag, owing to its lower density, floats on 
the top of the molten metal, and the chemical actions 
of refining take place. The carbon in the scrap is 
oxidised by the iron oxide in the slag and is given off in 
the form of carbon-monoxide, which, rising through the 
metal, gives the appearance of boiling. This boiling 
serves to bring the slag and metal into more intimate 
contact. The silicon and manganese in the scrap are 
oxidised, and their respective oxides dissolve in the slag. 

The phosphorus is oxidised, and, in the presence of the 
lime in the oxidising . is formed into a paw of 
lime, which enters into the slag. A portion of the sulphur 
is also oxidised and passes away as a gas. When suffi- 
cient time for these reactions to take place has elapsed, 
the current is switched off and the furnace tilted back- 
wards until most of the slag has run off through the 
small spout at the back of the furnace into a slag bogie. 
The remaining portions of the slag are pulled off by 
means of rabbles until the surface of the metal is practi- 
cally free from slag. In this way phosphorus is removed. 
The recarburising additions are made to give the re- 
quired carbon to the steel, and another purifying slag is 
added. This consists of lime, sand, and fluorspar, and 
quickly melts when the current is switched on. The 
pressure is now reduced by changing over from one 
switch to the other, and the current at the same time 
is lowered to about 2000 amperes. The phosphorus, as 
stated above, has been removed. but there remains among 
the injurious constituents in the metal the bulk of the 
sulphur, and, in addition, a certain amount of oxide of 
iron which has come from the oxidation of the scrap 
during the melting, and from the oxidising slag that is 
necessary for the removal of the phosphorus. The metal 
must thus be freed from this oxide and from the sulphur. 
The oxide of iron in the metal is also soluble in this new 
slag, which takes it up until the solvent powers of the 
two fluids are equal. The oxide is then removed from 
the slag by means of the addition of finely-divided carbon 
in the form of powdered anthracite, which reduces the 
oxide of iron in the slag, and at the same time makes a 
reducing atmosphere of carbon monoxide inside the fur- 
nace. In these circumstances the oxide of iron in the 
steel is continually ing into the slag as the carbon 
reduces it, and in this way the whole of the metal is 
gradually freed from its oxide. At the same time, under 
the reducing conditions, and under the influence of the 
chemical See of the slag, the whole of the sulphur 
is automatically removed from the metal into the slag. 
— in this way the metal is purified into high-graae 
steel, 

These reactions result in some very int ing ng 
in the +lag iteelf Abt the commencement of the refining 
this slag is black in colour, but as the oxide of iron is 
removed from it, it becomes gradually white, and on 
cooling down to atroospheric temperature falls gradually 
into a white powder, The steel, being now purified, is 
ready for ‘‘ teeming ” into the ladle, its composition being 
adjusted to what is required, by means of additions of 
alluys, the quantity of which is based on the result of a 
test analysis taken from the bath during the refining. A 
small addition of aluminium or an alloy of aluminium is 
usually added at the end in order to remove any trace of 
gases which may remain in the steel. 

The ladle is brought under the tapping-spout of the 
furnace, the small door above this is opened, and the 
furnace is tilted right over, and its contents emptied into 
the ladle, from which it is teemed into the ingots or 
castings. 

_ Much has been written, and many data have been pub- 
lished, concerning power consumed by electric fur- 
naces in making a ton of steel. Many of the published 
figures are not trustworthy, very often referring to acci- 
dental or quite exceptional performances of the furnace. 
If it were possible to get comparative figures from differ- 
ent furnaces of the same size, using the same raw mate- 
rials, and manufacturing the same products, the question 
of therelative merits of the different types of furnace from 
the point of view of energy consumption could be settled. 
As far as one can ascertain, is really not much 
difference in the actual power needed when doing the 
same work in the different types of the better-known 
furnaces; and, in fact, when deciding on which t of 
ag ag —— of the bem: cost of the 
plant, its suitability for running off existing power 
—- the cost of repairs to the furnace, end tio ones 
with which these can be carried out, are all points which 
are as important as the question of low power consump- 


h 








tion. Much depends on the kind of raw materials used, 


upon the employed, and upon the quality which 
is desired in the final product. For example, it is quite 
ible by “‘ killing” the steel with silicon and manganese 
as is done in the open-hearth furnace) to produce a steel 
in less time, using less than when employing 
the deoxidising process described above ; but, at the same 
time, the steel produced, although showing a satisfactory 
chemical analysis, is not so good under actual — 
tests as is the steel upon which more time is spent an 
more power used for deoxidation in the best manner. 
Naturally, the purpose for which the steel is to be used 
determines the nature of the refining process which ought 
to be employed ; and mild steel suitable for steel castings 
can be produced much more cheaply than the highest 
— of tool and alloy steels. Then, again, the size of 
© furnace has an important bearing upon the energy 
consumption, as, of course, the larger furnaces have less 
surface from which to radiate heat, compared with the 
weight of metal which they hold, than those of small 
capacity. However, when melting cold scrap, using two 
slags, and refining to a first-class quality, the approxi- 
mate energy consumption decreases from 850 kw.-hours 
per ton, in the case of a 2-ton furnace, to 700 kw.-hours 
per ton in the case of a 5-ton furnace. : 7 

In addition to the melting of cold materials, electric 
furnaces are largely used for refining fluid metal taken 
from open- furnaces or Bessemer converters, this 

tice being more common in America and on the 

‘ontinent than it is in this country. In America there is 
a big field open for the electric furnace in the manufac- 
ture of even such common material as steel rails. The 
——— continually becoming moresevere, whilst 

e ores of the Lake Superior region are gradually 
becoming more impure, so that the steel made from 
them in the acid Bessemer vessels is ay on getting 
richer in phosphorus, so that a point been reached 
when some purification will have to be made in order that 
the rails shall be capable of fulfilling the required tests. 
It is of interest to note that several thousand tons of 
electric steel rails have been in service on some of the 
main lines in America for some years and have up to the 

t given excellent results. The process of refining 
uid metal is very similar to that employed in the ordi- 
nary way after the charge has become melted. A de- 
phosphorising slag is added to the metal as soon as it is 
poured into the furnace ; and after this has been allowed 
to work it is removed, the finishing slag is aided, and 
the process carried out in exactly the same way as that 
described earlier in this paper. x 

The electric furnace is also finding a field as anauxiliary 
to the open-hearth and mer processes, being used 
to melt ferro-manganese additions, as it has been found 
that the saving in the amount of this alloy required more 
than pays for the cost of melting it electrically. 

In this country the field for the electric steel furnace 
is mainly in the manufacture of tool and — steels, for 
making the smaller sizes of steel castings. and possibly in 
connection with the open-hearth and Bessemer plants 
for producing a superior product. Abroad, however, 

ially in those regions where a is plentiful 
and electrical energy can be produced very cheaply, it 
is possible, in fact probable, that electric furnaces will 
be used to produce steel in large quantities instead of em- 
ploying the older class of fuel-fired furnaces. 





IN THE DAYS OF WATT.* 
By Professor J. D. Cormack. 


I wisi, in the first place, to express my thanks for the 
honour you have conferred upon me in asking me to 
deliver this anniversary lecture. Following where so 
many distinguished men have gathered, there seems little 
left to glean, and I must first confess that I have nothing 
new to set before you either in respect to Watt’s lite or 
work. The siory has been told and retold, the ever- 
facinating story of aman who, with fewadvantages, with 
many difficulties of health, temperament, and finance, 
struggled constantly and patiently, and finally attainin 
success after success, reaped the rewards of his genius 
industry ; rewards rich in material comfort, and in the 
joy that comes from the knowledge of good work accom- 
plished and appreciated. 

The splendour of Watt’s achievements has lost nothing 
in the lapse of time, and his commanding place among 
the men of science of all time is secure. 

The chief features of his inventions have often formed 
the subject of these lectures, and to-night I wish to draw 
your attention more particularly to the relation of his 
work to contemporary life and science, and to the con- 
ditions under which that work was uted. 

James Watt was born in 1736, and died in 1819. 
William Thomson, Lord Kelvin, was born in 1824, and 
died in 1907. In these two great men the West of Scot- 
land takes an especial pride. Their lives cover a period 
unsurpassed in the annals of mankind for progress in 
science, especially chemical and physical science, for the 
birth and great development of new sciences, such as 

odynamics or heat and electrical science, with 
which names of Watt and Kelvin will be for ever 
linked; unsu for the application of science, to 
industry, to which end they contributed so largely, and 
unsurpassed for the invention and development of new 
methods of transit and of new modes for the communi- 
cation of intelligence, with which their work was closely 
associated, 

The jewel loses nothing of its brilliance in a suitable 
setting, and the work of Watt shines even more bril- 
liantly when viewed in its relationship to the work of 





- The James Watt Anniversary Lecture, delivered to 
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his contemporaries, and to the social and material 
conditions of his time. When Watt was born the 
- had only been circumnavigated once—that is, b 

e—and k’s first voyage was not made till 
1768-71. In 1736 the only colonies Britain had included 
most of our present West Indian islands, parts of the 
United States, New Brunswick, Nova Scotia, and New- 
foundland, some parts of India, and a few Settlements in 
Africa. Before his death we had lost the United States, 
but we had gained Australia, Tasmania, Canada, Cape of 
Good Hope, Ceylon, Guiana, Malta, Mauritius, Sierra 
Leone, moss of India, and many islands. 

m he was nine years old Scotland was embroiled 
in the 45, and during his lifetime there were the cam- 
paigns of Clive and Hastings in India, the War of Inde- 
pendence, the French Revolution, the Nile campaign, 
and the victory of Trafalgar, the Peninsular War, and 
the campaign which, before his death, terminated at 
Waterloo the career of Napoleon, the man who, a century 
ago, aspired to dominate Europe. 

In the story of Watt’s life, and in his correspondence 
we find occasional echoes of the clamour of war. During 
his apprenticeship with an instrument-maker in London, 
Watt was in fear of being captured by the press-gang, 
which at that time was -o— ef active. Later on, 
during a visit to Count Rumford, the distinguished 
~~ and scientist, he met the countess whom he 

previously known as Madame Lavoisier, the wife ot 
the a Lavoisier, who met his death during the Reign 
of Terror. It seems sti that the even tenour of his 
life was so little disturbed by the world’s events, but we 
must remember that in those times a battle was over in a 
day ; there were no telegraphs or cables, there was not 
the distraction of news, true and not so true, censored or 
uncensored, arriving hourly, and spread broadcast by 
evening papers at all hours of the day and night; nor 
was there the excitement of the arrival at home for a few 
days’ leave of a gallant sailor or soldier, who had but a 
few nee poe been in the firing line. Such leave 
is rende ible by aid of the rapid transit which the 
inventions of Watt did so much to hasten. 

Steam-boats and locomotives were unknown until the 
latter part of Watt’s life. The Comet made its first 
voyage on the Clyde in 1812. In 1814 James Watt, Jun., 
pages to Holland in a boat designed by Boulton and 

att, and Stephenson’s locomotive was invented in the 
same year. Prior to that, journeys had to be made on 
horseback, or by stage-coach, over roads which, except in 
a very few cases, were extremely bad. Watt’s journey 
to London, when he was apprenticed to Morgan, occupied 
twelve days, and was accomplished on horseback. 

The state of Scotland at the birth of Watt is well por- 
trayed in Sir Walter Scott’s ‘‘ Rob Roy.” Rob Roy died 
a year before Watt was born, and in Watt’s youth the 
wilds of Aberfoyle were a long way from the comfortable 
Saltmarket of Glasgow. 

General Wade's mission, to lay out suitable roads for 
the betterment of the Highlands, and incidentally for 
their subjugation, had indeed been begun in 1726, but 
had not been accomplished at the birth of Watt; and it 
was not until 1816 that MacAdam applied his system of 
road-making. 

Even in 1773 a journey to Scotland was considered as 
being somewhat in the nature of a perilous adventure, 
and the state of the country is well described in that 
delightful book Boswell’s ‘‘ Tour in the Hebrides.” In 
the middle of the eighteenth century the need for better 
methods of transit was clamant. The population of the 
country was increasing, and its indust products were 
multiplying rapidly, and had to be conveyed from one 
part of the country to anovher. Thus arose a great 
demand for the work of the civil engineer in bridge- 
building, river-training, road-making, in the making of 
canals, many of which were constructed at this time, and 
in the —s of harbours, water works, drainage 
schemes, &c. In this connection the names of such well- 
known civil engineers as Smeaton (born in 1724), who is 
regarded as the founder of the profession of civil engi- 
neering, and whose name is also associated with tbe 
development of the steam-engine ; Brindley (born 1716, 
and regarded as the father of inland canal navigation), 
Telford, Rennie, and Trevithick suggest themselves. 

We must not f t another West of Scotland man, 
born in Ayrshire—William Murdoch. In 1779 Murdoch 
entered ulton and Watt’s employment. He soon 
became their right-hand man, and eventually the works 
manager. He was most mmgeaiene. If anything went 
wrong, William was sent for. Many inventions came 
from him, and he will always be remembered as the 
inventor of gas-lighting—the man who made “ light 
without a wick.” 

In 1792 he lit his own house in Cornwall, and we read 
that in 1802 he illuminated the Soho works in honour of 
the Peace of Amiens. ’ : 

It is fitting that in the James Watt Engineering 
mae Fe of the ype | = Glasgow, on the occa- 
sion of the centenary of gas-lighting, a gas-engine was 
installed by the North Britesh tion of Gas 
Managers as a memerial of Murdoch’s work. 

A few figures to illustrate the value of money at that 
time may not be without. interest. Watt, during his 
apprenticeship in London, had to live on 8s. a ‘week. and 
found it difficult. For his work on the model of the New- 
comen engine he was et 5l. 11s., and for the supervision 
of the construction of a bridge at Hamilton he was paid 
71., his offer being less than that of Smeaton, who offered 
to do the work for 10/. For his work as superintendent of 
the Monkland Canal he received 200/. annum, and for 
his survey of the proposed Strathmore he received a 
sam of 80/.—not much, indeed, when the nature of the 
work, a survey of forty or. is considered. When Mur- 
doch entered Boulton and Watt’s works, his salary was 
15s, a week at Soho, 17s. when away from Soho, and 20s, 
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per week when in London. Later on we read of his olny 
being 20s. per week when engaged at Boulton and Watt's 
works in Cornwall, and eventually he was ap ted 
manager of Boulton and Watt's at a salary of 1 per 
annum. 

It is difficult to state adequately, and at the same time 
briefly, the store of scientific knowledge to which Watt 
had access at the inning and during the continuation 
of his life-work. e have a fair idea of the early know- 
ledge available from the books which, he states, were 
usetul. But as a young man he knew and associated 
with such men as Dick, Black, Robison, Cullen, Simp- 
son, Millar, and Adam Smith, and this communion with 
leading thought at the time, in various branches of 
learning, must have been a powerful stimulus and a 
source of useful information and suggestion. He has 
acknowledged his indebtedness to them, and they on 
their part have given testimony to the value of their 
association with Watt, and the high regard in which 
they held him. When he removed to Birmingham, he 
became a mem er of a small circle of distinguished men 
of science and art, which included Erasmus Darwin, 
Wedgwood, Galton, and Priestley. Watt’s partner, 
Boulton, was also a member of this group, and in bim 
Watt had indeed found his complement. In the practical 
development of Watt's inv ntions, and in the business of 
the firm, the services of Boulton were invaluable. Good 
inventions are often lost or belated through the inventor’s 
dislike of business. or his inability to find financial help. 
It is idle to speculate on what would have happened if 
Watt and Boulton had not met. Fortunately they did 
meet, and the credit that is due to Boulton we gladly 
admit. 

Perhaps nothing will illustrate better the state of 
science at the time than a reference to some of the books 
used by Watt. His aunt, Mrs. Campbell, writes that 
before he was fifteen he had read twice s’Gravesande's 
‘* Elements of Natural Philosophy” (translated from the 
Latin by Desagulier, and published in 1747, two volumes). 
There is a copy of this book in the library of Glasgow 
University. This particular copy is interesting, as at one 
time it was the property of Professor James Thomson, 
father of Lord Kelvin. Watt himself states that at the 
time he was ut work on the model of the Newcomen 
engine his knowledge was principally derived from 
Desagulier, and partly also from Belidor. Belidor’s 
‘* Architecture Hydraulique ” was published in Paris in 
1739. In this book occurs a warm appreciation of the 
steam-engine. It is compared to the human body, with 
its blood vessels and valves, in the regular performance 
of its functions and in feeding itself by its own labour. 
There is also a handsome acknowledgment of the fact 
that it was born and developed in England, and there 
is also the statement that all steam-engines at work at 
that date in France and Germany are due to English 
engineers. Three slides were shown of drawings givin 
the general arrangement and details of an engine erec 
at Fresnes, in France. Professor Robison states, also, 
that in 1753 Watt learned the German language in order to 
peruse Leupold’s ‘* Theatrum Machinarum.” This elab- 
orate book of ten volumes was published in 1724, and 
later, at Leipzig. Supplementary volumes were published 
afterwards by Beyer. The volumes of Leupold are in 
the library of Glasgow University. They were presented 
in 1753 by Archibald, Dake of Argyll, and they are very 
probably the books which Watt desired to read. Watt 
does not mention Leupold with Desagulier and Belidor. 
It is more elaborate, but more superficial, than the others, 
and maid not nearly so satisfying to Watt’s inquiring 
mina, 

s’Gravesande’s book is especially interesting. It deals 
with what we nowadays call ‘‘ practical pbysics,” and 
gives, in addition to a connected account of the various 
phenomena, full instructions for the conduct of experi- 
ments showing these phenomena, and for the verification 
of the laws relating to them. It is bekutifully illustrated, 
with figures drawn to scale of the apparatus as a whole, 
and of minute details of the construction. It must have 
been a fascinating book for a youth of sufficient mental 
capacity, with the love of things m: ical which Watt 
had, perhaps through inheritance ; and, indeed, this book 
may well have influenced Watt’s decision to become a 
mathematical-instrument maker. 

At the time when it was written Newton’s t work 
had placed the science of mechanics on a sure foundation. 
That science deals with the equilibrium and action of 
forces and with the relations between force, mass, and 
motion, and the method of calculation introduced by him 
also was a powerful instrument in solution of many 
problems. Thanks to Newton, that branch of science 
was relatively far advanced, and to-day we follow, to a 
large extent, his methods. 

The wonders of the heavens had, from the earliest 


days, claimed attention, and the work of Galileo, Tycho | of 


Brache, Kepler, Newton, Huyghens, Gregory, and others 
had p this science also in a relatively advanced state. 

Largely, no doubt, due to the necessities of the astro- 
nomers, the branch of science which deals with light had 
made great strides. The laws of reflection and refraction 
were known, and great progress had been made in the 
construction of Foye lenses and of good yo -— 
microscopes. motion was known, an 
Rémer had Mu, +, & .. of light. The nature 
of light was, however, still undetermined. According to 
Newton it was due to corpuscles shot out from the lumi- 
nous body, while Huyghens held that it was due to wave 
motion. Not until later did the proof that light travelled 
more slowly in denser media give the final victory to the 
wave theory. It is interesting to note that some relation 
between light and motion was ised, and that the 
perception of light was at this early considered to be 
due to the motion of the light being communicated to 
the fibres of the retina at the back of the eye. 


The chief phenomena of sound were also known ; the 
vibration of strings and plates, and the construction of 
organs. Indeed, at a later time, Watt himself was en- 
gaged on the construction of organs, and exercised his 
inventive faculty in producing new devices for these in- 
struments. The velocity of sound in air had been 
measured. Newton had also calculated it, but the cal- 
culation had omitted a factor which was necessary on 
account of the alteration of elasticity of the air due to its 
heating and cooling in the compression and expansion. 
The connection between heat and work was not known 
till a later date, and itfell to Laplace to meke the 


necessary correction. 

The laws of hydrostatics were known, and there had 

been many applications of hydraulics, and a great amount 
of ingenuity had been displayed in the construction of 
machines for obtaining power from waterfalls and 
streams. 
Boyle had shown the connection between the volume 
and pressure of gases, and Marriotte had established the 
relation between volume and temperature. Torricelli 
bad invented the barometer. Fahrenheit had graduated 
the thermometer in 1714, and the Guericke and other air- 
pumps were much used for scientific purposes. 

Relatively speaking, the sciences of chemistry and heat 
were much less advanced. In chemistry a number of 
bodies which we now called elements had been isolated, 
and many of their properties were known. It was 
emerging from the alchemistic stage, and the hunt for the 
‘elixir of life” was assuming a new form in the hands 
of medical men, who were cultivating chemistry for their 
— purposes. It is noteworthy in this connection 

t two West of Scotland men, famous in biological and 
medical science, though their chief work was not on the 
chemical side—namely, William and John Hunter— 
completed their work during Watt’s lifetime. William 
was in 1718, and died in 1783; Jobn was born ten 
years later, and died ten years later than his brother. 

Heat and chemistry were, and still are, bound up 
together. They were dominated, and their development 
was hampered, by the phlogistic theory. As Watt’s work 
was largely connected with heat, it may be well for me to 
attempt to indicate what was at that time the explanation 
of thermal phenomena ; but this is not easy, as the 
writer’s explanations were often inconsistent and obscure. 
Phlogiston, or fire, was conceived as having no weight. 
All bodies were supposed to contain it, and it was shut in 
by the surrounding ies. When, for any reason, it 
escaped into the surrounding bodies, heat, and sometimes 
light, could be observed. Some bodies could contain more 
phlogiston than others (thermal capacity), and some 
carried it away or parted with it more rapidly (thermal 
conductivity). 

When the metals lost their phlogiston they became 
calces (oxides); but these calces could be reconverted into 
metal by restoring phlogiston to them—for example, by 
heating with coal, which was supposed to be almost 
—= en. On the discovery of what we now 

now as hydrogen, it was considered to be phlogisti- 
cated air. 

The following quotations from s’Gravesrande give us an 
idea of some of the beliefs and some of the doubts of the 
philosophers of the time :— 

‘The philosophers know a few properties of fire, yet 
many things relating to it are concealed from them.” 

** The intimate nature of tire is unknown, but wherever 
7 find heat and light we say that there is what we call 
‘ re 7s 

**Sometimes there is heat and no light, sometimes 
light and no heat.” 

‘* We shall also see, though perhaps it cannot be fully 
demonstrated, that heat and light proceed from the same 
cause, which, notwithstanding, nobody can doubt.” 

“*We have no knowledge of any bodies but what con- 
tain fire in them.” 

“The fire contained in bodies is kept there by the 
bodies which surround them.” 

‘Fire moves, and its action is exceedingly swift.’ 

‘*For that there are subtil parts distinct from fire 
which trate bodies by the action of fire is evident 
from the increase of the —— of some bodies by the 
action of fire: since fire itself no sensible weight.” 

“The heat in a body must be distinguished from the 
heat which we feel ; for that is the action of the fire upon 
the body, which is said to be hot, from whence the parts of 
the y receive a certain motion by which a motion is 
communicated to some parts of our body which is united 
with the perception of heat. But heat with regard to us 
is nothing else but that perception, and all that is in the 
- by is only the motion arising from the action of 


Here we have a forecast of some of the discoveries 

established later—namely, latent heat and heat as a mode 
motion. 
The puzzling fact thata body in losing ~~ might 
gain in weight was not explained, and, indeed, had to 
wait for explanation until after discovery of oxygen 
in 1774 by Scheele, and by Priestley, and by Lavoisier’s 
application of that discovery in 1777 to the elucidation of 
ths nature and of combustion. 

Briefly stated, Lavoisier established that substances 
burn in oxygen, and increase in weight by the amount of 
oxygen consumed, and are conv either into acids or 
aq This opened a wide vista to the chemists, and 
was an early step towards deposing the phlogistic wo 
Lavoisier’s adherents were antiphlogistics, but the 
revolution was not at once accomplished. The struggle 
was long, and such notable men as Priestley and 
Cavendish remained phlogistics. Lavoisier’s work was the 
first step towards the establishment of the doctrine of 
the indestructibility or conservation of matter. 





e, , regarded heat as a substance matiére de 
chalewr, or caloric, which was invisible, and had no 
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weight, and the conception continued until the experi- 
ments of Rumford and Davy, Séguin, Mayer, and Gually 
Joule gave us the modern conception of heat as a mode of 
motion and a manifestation of the entity to whic!: Rankine 
ad the name of energy. Not till 1843 did Joule’s 
definite measurements piace our modern doctrine of the 
i 
f 


bility or conservation of energy on a sound 


The conception of heat as caloric was undoubtedly 
useful. Such eutstanding works as Fourier’s ‘* La Theorie 
Analytique de la Chaleur,” and Carnot’s “‘ Reflexions 
sur la Puissance Motrice du Feu,” 1824, were published 
while it still held ground, and the results are true when 
viewed in the light of the present conception of heat. 
According to the caloric theory, when work was done 
by the agency of heat the quantity of heat remained the 
same, but the temperature fell, and the work was done by 
the heat falling from one temperature to another, just as 
water remains constant in quantity, but does work in 
flowing from a higher toalower level. When two bodies 
were rubbed r and heat was preduced, it was 
considered that the caloric was being ground out of 


Rumford, in 1798, in bis experiments on boring cannon, 
sought to show that he could produce heat in unlimited 
quantity. Shortly afterwards Davy produced heat by 
rubbing together two pieces of ice and thus melting 
them. Now water was put to be ice plus caloric. 
Starting with ice alone and without adding cak ric, but 
og mevely rubbing the pieces of ice together he got water 
: ich contained caloric. Where did the caloric come 

rom ? 

Séguin suspected that the heat in the condenser of an 
engine was less than the heat supplied to the engine in 
the steam, and sought to measure the loes. Mayer and 
Joule, choosing cases where practically the sole ¢ffect of 
work isthe production of heat, determined the relation 
between the heat evolved and the work done. Joule 
showed that by rubbing the water against itself heat 
was produced, and he ed the t 

All these experiments now find their complete expla- 
nation in the modern conception of beat as « manifesta- 
tion of energy. This modern conception states that 
energy may manifest itself in various forms, which we 
may designate as potential, kinetic, heat, strain, light and 
radiant energy, electric, magnetic, and chemical energy, 
that forms are convertible, and that throughout 
the transformations the sum total is constant. 

It is from this summit we look back to-day on Watt’s 
work, and to rate it at its true value we must constantly 
bear in mind that it was accomplished during the reign 
of the phlogistic theory, and ata time when the nature 
of heat was anny penperted, and its true relationshi 
were unknown. e must also take account of, and —— 
ye + ree for, the materials, tools, and craftsmanship 
of his day. 

As regards craftemanship, it was excellent in light 
work, such as clocks, watches, astronomical instruments, 
&c. ; but for heavy work it was hampered by the lack of 
suitable tools and materials. We read of the difficulty 
of boring his cylinders, of the crude way in which the 
pistons, to be steam-tight, were packed—sometimes with 

per, cork, putty, pasteboards, and old hats; and of his 
satisfaction when the difference in diameter between the 
ee and piston at any t was not more than the 
thickness of a shilling. rly boilers were made of 
copper with lead domes; early cylinders were hammered 
out or made of cast brass; cast iron was difficult to 
bore out, and needed to be about 1 in. thick, whereas 
brass could be made 4 in. thick and conducted away the 
heat faster, an advantage in the early type of Newcomen 
engine, but a disadvantage in the Watt engine. * 

Before the days of the steam-engine men had to rely for 
motive power on animals, incl g the h animal, 
on wind, and on water. From the day that the steam- 
engine was established as a suitable general method of 
obtaining power—reliable, regular, and efficient, and 
applicable to diverse industrial processes—the growth of 
industry received an enormous impetus. Pumping and 
haulage engines made it possible to pursue and win coal 
at ever-increasing depths. 

steam-engine was y ible for the in- 
crease in the output of he, ond weenie iron. It 
could supply the blast work the rolling-mills. In 
1713 the use of coal or coke in the blast-furnace, instead 
of charcoal, led to a tly increased production of pig- 
, t time we obtained a considerabie 
supply of iron from Sweden and Russia, but thencefor- 
ward, and especially after the application of the steam- 
engine, we produced an ever-increasing amount. The 
pow a wn figures will illustrate the growth in the 
output :— 








Tons of Pig-Iron.. 


1740 17,350 

1788 68, 

1796 125,079 

1806 258, 

187! 5,964, (48.8 per cent. of 
world’s output) 

1910 10,217,000 (17.2 cent. of 


world’s output) 
Fortunately, further, Cort’s processes for the producti 
f awe, and for the rolling of wrought iron, wespintes- 
duced in 1783-4. » ? 
The steam-engine made it possible to deal with larger 
masses of metal, and to uce machine-tools, both 


heavier and more accurate. ith these new tools, on the 
pay’ ey ey = ect prime movers were possible, and, 
on the 


, Dew machines of an increased power, 


* A number of lantern-slides were shown from s’Grave- 
sande, Belidor, and Leupold. 
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delicacy, and range of usefulness could be produced and 
driven. Muny inventions in textile manufacture were 
made in Watt's time, and all demanded power to drive 
them. Among these noteworthy advances may be men- 
tioned :— 

Hargreaves’ spinni jenny, 1767; Arkwright’s first 
atent for spinning with rollers, 1769; Crompton’s mule, 
779 ; Cartwright’s power loom, 1787 ; Jacquard’s loom, 

1800; cast iron was used for bridge-building about 1779 ; 
cast iron was used for water-pipes about 1810.* : 

In all Watt’s life, from his boyhood onward, science 
and practice went hand in hand. He was not content 
with rule of thumb, and looked for an accurate scientific 
basis for his calculations. If the necessary data were 
wanting, heattempted tosupply them. He determined the 
relation between the temperature and pressure of steam, 
and found the total heat of steam at pressures in the 
neighbourhood of those he used. He provided his boiler 
with a steam-pressure g2 to measure the pressure and 
a@ gauge to indicate water-level. He invented the 
indicator to show the working of the steam in the cylin- 
der, and a counter to record the revolutions, and de 
a unit—the horse-power—by which thé activity was 
measured. ‘ 

It is characteristic of Watt's attitude to scientific 
problems that when asked to repair a pipe-organ, he 
interested himself in the general construction of organs, 
and introduced regulators and indicators of the strength 
of blast that ‘‘no organ-builder ever dreamed of” pre- 
viously. ‘ 

He provided his workmen with rules by which the 
dimensions could be ascertained, and by means of the 
Soho sliding-rule the arithmetical operations were easily 
performed. Many slide-rules had n made, but they 
were little used, and chiefly regarded as interesting 
mathematical inventions. Watt recommended its use, 
and though for a long time it was neglected, it has 
recently again come into favour and is now largely 
employed. 

Lord Kelvin used to say that if we could measure 
a thing we knew something about it. When he 
hastened the development and application of electrical 
science by his investigations and his invention of 
measuring instruments, he repeated what Watt did for 
the steam-engine. Permanent acknowledgment has been 
made of Watt’s contributions to the science of measure- 
ment by denominating as a watt the unit which in electri- 
cal science corresponds to the horse-power. Current is 
charged for by the kilowatt-hour, and an alternating 
current which conveys no energy is called a wattless 
current. 

There is no time to touch on the useful pioneer work 
of others, such as Hornblower and Trevithick. Watt's 
engine was 60 complete that others had no difficulty in 
applying the results of his labours. Steam navigation, 
satura and the application of the engine to all kinds of 
industrial processes soon became realities. 

All he touched was benefited by his genius and skill, 
and it is fitting that once a year in his ee we 
should gather together and consider the benefits bestowed 
on mankind by the labours of James Watt. 





LapPtanD Ors.—The route by which the Lapland, or 
rather, perhaps, the ore from the Kirunavaara deposits, 
is to be shipped has been the subject of considerable 
disoussion—that is, whether it should eontinue to be 
sent, as now, principally by way of Narvik, or to an 
ini extent via Lulea. or the benefit of the 
Swedish State Railways the latter route has been advo- 
cated ; but it now seems as if the Griingesberg Compan 
means to give the Norwegian port the preference. Ib 
bas, in any case, announ: that in 1916 it means to ship 
all the ore by way of Narvik, and for that year the pro- 
duction of ore should be 3,950,000 tons, compared with 
3,740,000 tons for the eee pees. It may, however, be 
open to doubt whether the railway can grapple with this 
large quantity in one direction, although the electrifica- 
tion of the line will materially increase its capacity. 





New American RarLroaps. — The length of new 
American railroad completed last year was 1532 miles. 
This was a discouraging result, as will be seen by a com- 
parison of the annual additions to the American railroad 
network during the ten years ended with 1914 inclu- 
sive :— 


Year. Miles. Year. Miles 
1905 ee ee 4388 1910 as 7 4122 
1906 a - 5623 191) ie 2 3066 
1907 ee «e 6212 1912 ee es 2997 
1908 - ee 3214 1913 we os 3071 
1909 3748 1914 1502 


The number of freight and passenger cars built in the 
United States during the ten years was as follows :— 
Year. Care. Year, Cars. 


1905 ee -» 168,006 1910 185,357 
1906 ee +» 248,670 1911 76,407 
1907 ee -» 299,645 1912 155,489 
1908 es ae 78,271 1913 210,980 
1909 ee oe 96,419 14 108,232 


There was thus a marked contraction of new equipment 
in the past twelve months ; 1907 will be seen to have 
been the year of highest construction. 

* Slides were shown of l’apin and Savery engines, of 
Newcomen’s engine, and of Smeaton’s improvements, of 
Watt's engine for pumping, and Watt's engine with sun- 
and-planet motion, with crank. Watt’s inventions 
were summarised and described. Many of the slides were 
from Farey’s “‘Steam-Engine,” 1827, a very interesting 

whi om a short history of the steam-engine, 
and deals with the theory. design of the parts, costs, and 





CATALOGUES. 

Electric Cooking A — Messrs. Ferranti, Limited, 
Central House, Kingsway, W.C., have issued a catalogue 
giving full particulars of their electric boiling-plates, 
stew-pans, grills, ovens, and other cooking apparatus. 

Electric Mine Haulage.—We have received from the 
Electrical ineering and Equipment Company, Limited, 
of Bank Buildings, 109-111, New Oxford-street, W.C., 
a small descriptive pamphlet of electric mine-haul: 
gears manufactured by them. Examples of main, main 
and tail, and endless-rope haulage gears are illustrated, 
and the general features of their construction are dealt 
with. e electrical equipment is also manufactured by 
the firm, the motors being specially designed for hau 
work. Special —r motors and controllers are e 
to comply with Rule 8 of the Coal-Mines Regulation Act. 

Pelton Wheels and Governors. — Mr. Percy Pitman, 
of 25, Victoria - street, Westminster, S W., has sent 
us @ circular relating to his patent governors and 


ned | Pelton wheels, both of which have recently been 


illustrated and described in ENGIngERING. Mr. Pitman 
now undertakes to supply the trade with any of the 
separate parts, such as buckets, nozzles, shaft- in 

.» required for the construction of Pelton wheels. 
Engineers can thus construct efficient wheels at a mini- 
mum cost, as all the heavy and less important parts can 
be made by themselves or obtained on the site. He is 
also willing, in certain cases, to supply foreign and 
Colonia] customers with wood patterns and working draw- 
ings, so that the heavy parts can be made abroad, freight 
charges being greatly reduced by this arrangement. 


Puint.—A pamphlet giving some particulars of their 
**Zinox” paint has reached us from Messrs. John Line 
and Sons, Limited, 14, Alfred-place, London, W.C. 
**Zinox” is a white paint, in paste form, consisting of 
pure hydrated oxide of zinc, und in linseed oil by a 
— process invented by M. Petit, a French engineer. 

fore use it has to be thinned with raw linseed oil, 
turpentine, and liquid leadless driers, and, if desired, 
it may be tin with any staining colour. It is then 
suitable for all classes of interior and exterior decorating 
work, as well as for use as a protective covering for iron 
and steel work. This paint is claimed to be non-poisonous 
and practically odourless, and also to be more durable than 
white-lead paints; at the same time all the oe nee 
perties of the latter are said to be retained. ent 
results, we understand, have been obtained with ‘‘ Zinox” 
paint on the upper decks of steamships and other struc- 
tures ex to sea air. A similar paint ready for use is 
sold by the firm under the trade name “‘ Zinoxoline.” 


Cleaning Water Mains.—A pamphlet describing their 
system of removing incrustations from water mains has 
come to hand from the “Eric” (Patent) Pipe-Scraper 
Company, Limited, of Chepstow, Mon. The cleaning is 
effected by means of a machine comprising a pair of 
pistons, which are forced along the pipe by the water 
pressure, and draw behind them cutters or scrapers 
mounted on spring blades. The pistons are each com- 
posed of a double set of steel blades arranged after the 
manner of a shuttle-cock, and kept water-tight by a 
leather cup. They are connected ther, and to the 
cutters, by flexible joints, which enable the machine to 
pass round any ordinary bend in the pipe. In order to 
prevent any possibility of water-bammer action, a device 
is provided which causes the blades of the piston to be 
drawn inwards in the case of any sudden shock, thus 
relieving the pressure. Particulars of several interesting 
contracts carried out with this machine are included in 
the pamphlet, and one of the illustrations shows a pile 
of 8 tons 13 cwt. of nodules removed from a length of 
2550 yards of 7-in. water main. The firm use a cutting 


tool drawn through the pipe by means of a cable if cir- | be raised 


cumstances do not permit of the use of the pressure-driven 
machine. 


High-Specd Ti yraphy.— We have received from 
Messrs. Creed, Bilie and Co., Limited, Telegraph Works, 
Selsdon-road, Croydon, Surrey, an attractive booklet 
relating to the Creed system of telegraphy. The Creed 
apparatus comprises a keyboard perforator, a transmitter, 
a receiving perforator, and a printer. By means of the 
keyboard perforator, which somewhat resembles a type- 
writer in general poy the message is first trans- 
ferred, at the rate o 
of paper in which a series of holes is punched. By means 
of the transmitter and the receiving perforator, an exactly 
similar strip of paper is produced at the other end of the 
line at the rate of about 200 words a minute. This = 
is fed into the printer, which translates the message, an: 
prints it in large capital letters on another strip of paper, 
its maximum speed of working being 775 letters a minute. 
This strip is then neatly pasted on a form by a semi- 
automatic process ready for delivery. The pamphlet 
illustrates and describes the various instruments in detail, 
and prints statements relating to the working of the 
system by several Government telegraph administrators, 
cable companies, and newspaper owners. Several in- 
teresting installations are illustrated. 


Botlers.—Messrs. Holdsworth and Sons, Limited, of 
Croft Boiler Works, Leeds-road, Bradford (with which 
firm the Yorkshire Boiler Company, Limited, is now 

L ted), have issued an attractive catalogue giving 
culars of the different sizes of Cornish, Lancashire, 
orkshire, Cornish-multibular and vertical boilers con- 
structed a ; some examples of tanks are also illus- 
trated. The catalogue also includes the results of several 
trials carried out with Yorkshire boilers, and in one o' 
these trials an efficiency of 70.3 per cent. was obtained 
for the boiler alone. Several testimonials from users of 
these boilers are also printed, together with some useful 


about 60 words a minute, to a strip | regu 





notes and tables fur steam-users, engineers, and others. 
The “C.K.” feed- water diffuser, for cashire and other 
cylindrical boilers, is also illustrated and described in the 
catalogue. With this device the feed passes along the 
usual horizon‘al pipe inside the boiler, down a vertical 

ipe into a horizontal, cylindrical chamber resting on the 

ttom of the boiler between the fiues. This chamber is 
perforated on its upper side, so that the feed water rises 
up and thus passes round the fiues. Among other ad- 
vantages it is claimed that this device has a beneficial 
effect on the circulation in the boiler, and also assists in 
keeping it clean. The upper part of the vertical down- 
pipe, above referred to, is open to the steam space, so 
that syphonic action, due to leaky check-valves, is avoided, 
and boilers at different levels may be supplied from a 
common feed. 


Boiler Feed- Water R. .— We have received from 
Messrs. Scholey and Co., Limited, 151, Queen Victoria- 
street, E.C., a — illustrating and describing 
Cope’s feed-water regulator, for which they have recently 
acquired the British and Colonial rights. is appliance 
differs essentially from other feed-water regulators in 
that it is not intended to keep a constant water-level 
in the-boiler. The water-level, in fact, is allowed to vary 
according to the demand for steam, the water being 
lowest when the steam production is greatest, and vice 
versi. The arrangements are such that, when the 
boiler is working at its normal full load, the water-level 
is about half-way between its upper and lower limits. 
Then, if any sudden demand for steam occurs, it is at 
first supplied by the water in the boiler, the feed not 
being increased until the water-level has fallen to some 
lower value corresponding to the increased load. At 
times of light load the water-level is raised nearly to its 
upper limit, so that there is plenty of water at a high 
temperature in the boiler ready to produce more steam as 
soon asitisrequired. It will be seen that, with thisarrange- 
ment, the heat of the furnace, in the case of a momentary 
overload, is used only for evaporation, and not for heat- 
ing extra feed. The working conditions are thus more 
uniform for the boiler, and for the feed-pumps and 
feed-heaters. We cannot here fully describe the con- 
struction of the regulator, but will briefly indicate the 
principles upon which it depends for its action. The 
most essential part of the apparatus is a thermostat, 
which consists of a comparatively long inclined tube of 
Montz metal, supported by a heavy angle-iron base, and 
connected at its upper end to a vertical fork, the three 
parts being arranged in the form of a triangle. The tube 
is also connected at its upper end to the steam space of 
the boiler, and at its lower end to the water space. The 
inclination and length of the tube are such that when 
the water in the boiler is at its highest permissible 
level, the tube is full of water, and when the water is at 
its lowest level the tube is full of steam. The upper end 
of the tube is also connected to the feed-control valve 
through a bell-crank lever, which magnifies the expansion 
and contraction of the tube, and so regulates the valve. 
If, when the boiler is working at its normal load, and 
the thermostat tube is half filled with water, a sudden 
increase in the demand for steam should come on, the 
water-level in the boiler (and consequently in the thermo- 
stat-tube) will rise owing to the more violent ebullition. 
This has the effect of cooling the tube somewhat, so that 
it contracts and closes the feed-valve a little, thus reduc- 
ing the feed and allowing the boiler to respond more 
readily to the increased demand for steam. If this 
increased demand be maintained, the water-level in the 
boiler will, of course, be lowered, and the thermostat- 
tube will then expand and increase the feed, so as to 
maintain the water level constant at its lower value. It 
will be easily understood that, if the demand for steam 
be reduced to below the normal, the above-described effects 
will occur in the opposite sense, and the water-level will 
ised to some value abuve the normal. Similar appa- 
ratus, which is also explained in the pamphlet, can be 
arranged to beng a constant water-level in the boiler if 
this is preferred, as might be the case in plants not sub- 
jected to rapidly-fluctuating loads. In either case feed 
is applied to the boilers continuously, at a varying rate, 
and not periodically at a more or less uniform rate, as is 
the case with some feed-water regulators. In a 24-hour 
trial of two boilers working side by side, under exactly the 
same conditions, except that une was fitted with a Cope 
feed-water regulator and the other with a float-type 
lator, it was found that the latter opened and 
closed 192 times, while the former opened and closed only 
four times, the closed periods occurring only when the 
boiler-load was taken off. 





“Tue Guink To Sourn anp East Arrica.”—We 
have received a copy of the 1915 edition of this guide, 
which is edited annually, for the use of tourists, sports- 
men, invalids, and settlers, by Messrs. A. Samler Brown 
and G. Gordon Brown, F.R.G.S., for the Union-Castle 
Mail Steamship Company, Limited, 3 and 4, Fenchurch- 
street, E.C. It contains a vast amount of information 
on South and East Africa, carefully indexed, and illus- 
trated by a large number of admirable maps. The price 
of the guide is 1s. 
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coking processes for peat are g put to the 
reeneen Bn in both cases being men of technical and scien- 
tific standing. In the meantime some new peat ex- 
ploitation stations are about to be erected, and they 
should be ready for operation this spring ; they comprise 


f| one in the neighbourhood of Lillehammer, and one at 


Ringsaker. In both these cases the N ian Society 
for the Advancement of Peat Utilisation acted as con- 
sulting engineers, 
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COBALT. 


In a certain measure cobalt still appears to de- 
serve the name ‘“‘ cobold” (goblin), which the miners 
conferred upon the fine ores they met in their 
excavations, because those ores would not smelt 
down to metal ; nickel received its name for the 
same reason. The names had further justifica- 
tion later on, when the peculiar colour changes 
of these metals, the difficulty of the separation 
of the metals and of their oxides and hydrates, 
and other peculiarities, were re ised. Of the 
metals of the iron group, cobalt is still the least 
useful. The metal was isolated by Brandt in 1753, 
and there are now plenty of cobalt ores, especially 
in Canada; but the reduction is laborious, and as 
the utilisation of metallic cobalt is limited, and 
has not advanced much beyond the “‘ promising ” 
stage, the metallurgy of the metal is not pushed 
as it might be. With a view of increasing the 
economic importance of cobalt and cobalt alloys, 
the Canada Department of Mines charged~ the 
Queen’s University, Kingston, Ontario, with con- 
ducting an investigation. The work was under- 
taken * Dr. H. T. Kalmus, in conjunction with 
C. W. Day, C. Harper, W. L. Savell, and R. Wilcox, 
and two reports have been submitted to the Canada 
Department of Mines ; abstracts—almost reprints 
—of these reports by the authors have also appeared 
in the Journal of Industrial and Engineering 
Chemistry (published by the American Chemical 
Society), of February, 1914, and January, 1915. 
Further reports are to follow. The first of these 
reports deals with ‘‘The Preparation of Metallic 
Cobalt by Reduction of the Oxide,” the second with 
‘The Physical Properties of the Metal Cobalt.” 
We will begin with the oxides. 

Oxides.—Formerly cobalt used to be brought 
on the market as a very impure oxide, which was 
sold under various names and used chiefly in 
the ceramic industry, because the cobalt blue 
stands very high temperatures. The oxide now 
producd by Canadian smelters is fairly pure. It 
contains about 70 per cent. of Co, 1 per cent. of 
nickel, and less than 1 per cent. each of iron, 
sulphur, arsenic, silica, and lime. How most of 
the impurities of this crude oxide can be elimi- 
nated in the laboratory is explained in the report 
under notice. The purified oxide, which is also a 
commercial article, is regarded as Co,0,. But 
text-books refer to nearly a dozen cobalt oxides, 
from Co,0 down to CoQ,. The existence of 
several of these oxides is doubtful, and the manu- 
facturer’s interest is practically limited to three, 
viz. : Co,9,, Co,0,, and CoO. The ordinary 
commercial black oxide is essentially Co,0,, and 
contains some Co,0, ; itis obtained from its hydrate 
by calcination at about 750 deg. Cent. This 
cobalto-cobaltic oxide corresponds to the magnetic 
iron oxide Fe,O,; heated above 910 deg. Cent., 
the Co,O, turns rapidly (slowly at lower tempera- 
ture) into CoO with loss of oxygen. The mon- 
oxide CoO generally results from calcination near 
1000 deg. Cent. ; it is obtained in two modifica- 
tions, grey and yellow-green; both are non- 
magnetic and become oxidised to Co,0, between 
385 deg. and 910 deg. Cent. The Co,O,; of the 
Canadian investigators resembled the Co,0,, and 
could not so far be obtained in the pure state at 
Kingston. 

Reduction of the Oxide.—The Deloro Mining and 
Reduction Company of Deloro, Ontario, having 
placed about 1000 lb. of commercial black oxide at 
the disposal of the investigators, they purified this 
oxide by dissolving it in hydrochloric acid, precipi- 
tating the hydrate with bleach, and calcining the 
hydrate at 750 deg. ; the resulting Co,O, contained 
72 per cent. of Co, instead of the theoretical 73.4 
per cent. This oxide was then reduced by four 
different agents. 

Reduction by Carbon.—The reduction of the oxide 
intimately mixed with carbon, both materials being 
powdered, was carried out in graphite (lined or 


unlined) crucibles or in clay crucibles, in oil-fired | C 


Steele-Harvey furnaces, or in a modified Hoskins 
electric (resistor) furnace. Up to 10 Ib. of oxide 
were used for a charge, the carbon being anthra- 
cite, charcoal, or lampblack. With anthracite, 
reduction did not become energetic until the tem- 
perature reached 1200 deg. Cent.; then the reduc- 
tion was fairly complete. In the oil furnace an 
excess of 10 per cent. of coal was required, but not 
in the electric furnace, in which much carbon mon- 
oxide was liberated. Charcoal (and lampblack 
also) effected a more complete reduction at a lower 





temperature, 900 deg. ; when briquetting of the 
charge with a small proportion of molasses was 
resorted to, the temperature was lowered to 
800 deg. The resulting metal did not necessarily 
contain more than 0.2 per cent. of carbon, and the 
power consumption in the electric furnace was 
moderate. 

Reduction by Hydrogen.—In effecting the reduc- 
tion by hydrogen the oxide was placed in an 
alundum boat which was pushed into a tubular 
electric furnace, a stream of purified hydrogen 
being passed over the oxide. The experiments 
were made at temperatures ranging from 500 deg. 
up to 1070 deg. Cent. Between 500 deg. and 
700 deg. 90 per cent. of the oxide were reduced 
within a few minutes, the further reduction being 
veryslow. At higher a complete reduc- 
tion was quickly realised, but the metal had always 
to be cooled in an atmosphere of hydrogen. 

Reduction by Carbon Monoxide.—In the similar 
experiments with carbon monoxide, the CO was 
generated oy teasing purified carbon dioxide (from 
calcium carbonate and limestone) through glowing 
charcoal (electrically heated) and over the cobalt 
oxide in a tubular furnace (silica tube, 2 ft. long, 
1 in. in diameter). Considering that nickel is 
reduced from its volatile CO compound by the Mond 
process, special interest attaches to these experi- 
ments; but no reference to nickel carbonyl is 
made in the report. Reduction of the cobalt 
oxide was quickly effected above 500 deg. Cent., 
and was complete when a temperature of 900 deg. 
Cent. was used ; at lower temperatures, 350 deg. 
to 450 deg., a partial reduction was observed, but 
the liberated cobalt decomposed the CO again, and 
carbon was deposited. The results were promising 
for the use of producer gas instead of CO. 

Reduction by Aluminium Thermit.—This was 
carried out in an ordinary thermit welding furnace 
and was quite successful. The product contained 
less than 0.1 per cent. of aluminium ; Al-Co alloys 
can also be made in this way, of course, and where 
a carbon-free cobalt is desired the method appears 
to be the simplest, though rather expensive. For 
the preparation of small amounts of very pure 
cobalt, free from carbon, the hydrogen reduction 
would have advantages. 

Propertiés of Metallic Oobalt. Density; Hardness.— 
The metal was prepared in these several ways from 
commercial or from pure oxide, which yielded 
‘*pure cobalt” (99.9 per cent. of Co) and ‘‘com- 
mercial cobalt” (96 per cent. of Co and more). 
The polished pure metal looked like nickel with 
a bluish cast; there is no mention of a slight red- 
dish tint, which is sometimes ascribed to cobalt. 
The density of the pure metal was: unannealed, 8.79 
(17 deg. Cent.); annealed, 8.81 (14.5 deg.); swaged, 
8.925 (16.5 deg.). These densities are slightly higher 
than those of other observers, except that Winkler 
found 8.9678 for the swaged metal. The Brinell 
hardness was determined on an Olsen machine, 
with a ball of 1 cm. in diameter, and a load of 
3500 1b. (asarule). The pure cobalt yielded Brinell 
numbers of about 1306 and 124 when cast from 
just above the melting-point and cooled in an iron 
mould ; annealing made little difference. With 
commercial cobalt about the same numbers were 
obtained, but the values more frequently were 
lower (down to about 100). On the same machine 
wrought iron gave Brinell numbers 75 to 100; cast 
iron, 84 to 104; tool-steels, up to 260. Ruer and 
Kaneko had found 132 for cobalt. The hardness 
of cast cobalt would appear to be considerably 
greater than that of iron and nickel, and the 
addition of carbon (0.06 to 0.37 per cent.) would 
not appear sufficient to offset the effect of slight 
variations in the heat treatment. 

Melting-Point.—The melting-point was deter- 
mined in an Arsem vacuum electric furnace, with 
crucibles of alumina, or of graphite lined with 
alundum, and with the aid of a Wanner optical 
pyrometer. These appliances gave for nickel and 
copper melting-points of 1444 deg. and 1084 deg. 
ent.; assuming these values to be correct, the 
pure cobalt melted at 1467 deg. Cent. (average of 
sixteen determinations); if the value of Bu 
and Waltenberg for the melting-point of nickel, 
1452 deg., were accepted, Kalmus and Harper 
would exactly agree with these latter workers as to 
the melting-point of cobalt. The value of Guertler 
and Tammann (Co of 98.3 per cent.) was higher 
—namely, 1528 deg. 

Strength.—The tensile strength, measured on a 
Riehle machine, of the pure cast metal, cooled in an 
iron mould and turned to test bars on a lathe, 





was about 34,000 Ib. per ad. in.; this strength was 
slightly raised (to 36,900 lb.) by annealing, very 
much raised by rolling (to 100, lb. and more in 
swaged wire) ; the tensile yield-point was very close 
to the breaking load, which was considerably greater 
than that of iron and nickel. The effect of adding 
carbon to the cobalt nearly doubled the breakin 
load, but this increase (observed in commercia 
cobalt) need not entirely be due to the carbon; the 
reduction of area and Gengiliie were also greater 
in the commercial metal. 

The compressive strength of the pure cobalt, cast 
as before, was 122,000 lb. per sq. in. (against 
20,000 Ib. for nickel); it was little lowered by 
annealing, whilst the yield-point was raised from 
42,000 Ib. _ sq. in. unannealed to 56,000 Ib. 
annealed. The impurities of the commercial cobalt 
(up to 0.3 per cent. of carbon, in addition to iron, 
nickel, sulphur, and silicon) raised the com ive 
strength to 175,000 lb. per eq. in., which was 
lowered to 140,000 lb. by annealing, whilst the 
pt oy was raised by annealing from 39,000 lb. 
to 53,000 Ib. per sq. in. 

Machining, Rolling, Swaging.—The pure cobalt 
could readily be machined on the lathe, although it 
was somewhat brittle ; the commercial metal was 
less brittle, and gave a longer turning chip. This 
commercial cobalt could also be sw: in a Dayton 
machine. The pure cobalt had first to undergo a 
heat treatment before swaging. Bars heated to 
700 deg. Cent., cooled for several hours, and then 
reheated before being put in the swaging-machine, 
crumbled at 900 deg. Cent., although not containing 
more than 0.02 per cent. of sulphur. At 700 deg. 
they still cracked ; at 600 deg. or 500 deg. they 
could be passed through two dies of the machine, 
but could not further beswaged, inspite of re-anneal- 
ing. As this behaviour might have been due to 
— absorbed by the molten metal, the bars were 

ept at 700 deg. Cent. in a good vacuum, but with- 
out any better results. Success was finally obtained 
by slowly heating the bar up to 1150 deg. and cool- 
ing it slowly from that temperature under pressure. 
For this purpose the bar was squeezed in ite iron 
mould by means of clamps and heated within the 
mould ; the outside of the mould was then chilled 
to produce contraction and pressure, under which 
the bar cooled for three or four hours; it could 
afterwards be swaged at dull-red heat. 

Electric and Magnetic Pr ies.—The specific 
electric resistance of wires 0.03 in. in diameter, of 
pure cobalt, not annealed after swaging, was 
89.64 . 10-7 ohm per cm. cube, or 0.769 » a per 
metre-gramme (about five times the resistance of 
copper); by annealing the wire in vacuo for several 
hours at a temperature of 350 deg., by the heat of 
an electric current, the resistance was decreased 
about 5 per cent.. When the annealing was done 
in an atmosphere of COs, the resistance first in- 
creased and then dropped at 600 deg. by about 
7 percent. ; this behaviour indicated the presence 
of occluded gas. The resistance of the commercial 
cobalt was increased several times by 0.5 per cent. 
of impurities ; annealing in vacuo and in CO, again 

uced the resistance, greatly this time. “The 
potentiometer method was used. Particulars of the 
test of magnetic permeability and hysteresis are to 
be published when the study of some alloys has been 
brought to a certain conclusion. 
ific Heat.—The specific heat was determined 
by heating pieces of wire with their enclosure in 
steam of 100 deg. Cent. and then dropping the 
mass into the calorimeter. The metal in these 
determinations had the composition: Co 99.73 
per cent., Fe 0.14 per cent., S 0.019 per cent., 
Si 0.040 per cent. ; Ni, C, Ca, P, none. @© mean 
specific heat found between 15 and 100 deg. Cent. 
was 0.1053, which agrees well with measurements 
made, with the same material, by W. J. Drisko at 
the Massachusetts Institute of Technology, and is 
also in fair agreement with the work of previous 
investigators, notably that of Tilden, who investi- 
gated the range — 182 to + 630 deg. Cent. 

Conclusion.—At the present time it cannot be 
said that cobalt is a matter of immediate interest 
to the engineer. It has qualities which are dis- 
tinctive, but they are accompanied by numerous 
defects. That, of itself, does not necessarily 
deprive the metal of value in the eyes of metal- 
ao We are entering upon an age of alloys, 
and the usefulness of new metals seems to lie 
rather in their ability to lend the assistance of 
certain of their qualities to other metals than in 
the possibility of them being used alone. The 
great metallurgical advances of recent years have 
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come from the skilful additions of unlikely metals 
to those of greater all-round efficiency, and the 
same result may possibly follow the use of cobalt 
when further experiment has been made of it in 
combination with better-known materials. 





SOME INTERESTING AND USEFUL 
CURVES. 
By Avouste Esnour, A.C.G.I. 
(Concluded from page 115.) 

So far, all difficulties concerning cast iron and 
mild steel have been met; but should it be desired 
to design a cast - steel or aluminium or gun-metal 
column, what will be the situation in regard to this 
new problem? Will all the labour spent in reason- 
ing out the present particular results be wasted 
when we have to deal with other metals or alloys? 
That would be disappointing, and such a conclu- 
sion cannot be accepted without an attempt being 
made to find a general graphic solution of Claxton 
Fidler’s formule, when Poth E and f are variable. 

Let it be assumed we can keep / constant for 
a time, and allow only E to vary. Taking 
that constant f, say f, in conjunction with any 
value of E, say E,, we have already learnt how 
to draw a curve picturing the relationship between 


p and 5 ; acurve like those of Fig. 4, page 114 ante, 


for instance, might be plotted ; but such a graph 
would not afford the maximum of ease obtainable in 
the course of the various operations about to be 
described. Although that curve is quite accept- 
able, it is advisable to plot the connection between 


p and 7° according to the following scheme :— 


Let the 7 straight line intersect a given vertical 


straight line, such as XX’, at a point A (Fig. 5). 
Then plot a point P such that its ordinate = ordi- 
nate of point A, its abscissa = p; draw a curve 
through all such points P. 

Clearly, if we want to find p from such a curve, 


we simply draw the © straight line, and note the 


int where it intersects the vertical datum line ; 
rom that point we draw a horizontal straight 

line to cut the curve, and read the abscissa of the 
point of intersection. 

Now, how would the result be modified if E were 
altered from the chosen value E, to some other 
value, E, ? 

Consider two columns | and 2, of equal length 1,, 
and able to resist the same crippling stress p; let 
their r and E be res ively r,, E,, and ry, Ey. 

Then, from equation (ii.), 

r;2 = r2 
R, = E, 3? Le and R, = E, 7? 12° 
But, since fa is constant, and p is the same for both 
columns, R, = Ro. 


v1 Hy wl = By 8%, or Ey rit = Ey ri 
i? 12 
K, 
E, 
So the crippling stress for column 2 may be got 


at by reading from the curve p for a column (1), 
such that 


oo My EM 


=, 
Kk, 

We need not work out the value of r,; we are 
only concerned with it inasmuch as it determines 
a straight line whose intersection with the vertical 
datum line gives the required ordinate to the p 
curve ; but, for columns of equal length, the height 
of the point of intersection on that vertical datum 
varies directly as r. So, if OB, Fig. 5, is the 


2 straight line cutting out BX on the vertical 


Tr, = Te 


datum, the height of the point of intersection 


for a ? straight line would be 
1 —_—— 
BX “=Bx ¥= 
r2 v K, 
This is the required ordinate to the p curve; 
but it is also the ordinate to the point $ on the 


straight line O B, whose abscissa U C is 
ox¥% 
v 
That practically means that we may find the 


ordinate to the p curve straight off, by causing the 
? straight line to intersect, no longer the datum 
line, but another vertical straight line (C D, Fig. 5) 
at a distance from 0 = 0X ¥* (06, Fig. 5). 
The distance O C we acti graphically from 
a curve such that x = OX ¥ 5 (a parabola, of 


course), values of E being measured as ordinates ; 
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the parabola has not been plotted with the same 
axes as the p curve, in order to avoid confusion ; 
but, of course, the axis of Y for the two curves 
must coincide. 

In short, to find the crippling stress for a given 
column having f =/,, the value of its E should 


at the point of the parabola whose ordinate is = E 
(say K, Fig. 5); thea the point Lis marked and 


a straight-edge is laid through © and that point 
(O L, Fig. 5), the needle from the parabola is 


brought vertically downwards until it meets the 





straight-edge (at D) and is there fixed; the straight- 
edge is rotated about the needle until it is hori- 





zontal (G DH) and, on the p scale, the abscissa 
GH is read out of the p curve where the straight- 
edge intersects it. 

Variations of f are still to be considered. Values 
of p corresponding to any f may be accurately deter- 
mined from the curve drawn for f=/f,, by the 
process explained in the Appendix. But reference 
is made much easier by drawing a series of p curves 
for the same chosen E, and various progressively 
increasing or decreasing values of f. As each one 
of those curves applies to columns for which the 
ultimate or breaking stress is the same, perhaps 
the name ‘* isoclastic curves ” or ‘‘ isoclasms” may 
be coined for them. 

Fig. 7 showssuch a series of isoclasms for columns 
having E = 20,000 tons per sq. in. One isoclasm 
—viz., the f = 50 tons per sq. in. curve—was 
ae from the calculated values given in Table 

IL., the others were derived from the first by the 
graphical method discussed in the Appendix (they 
might as well have been calculated independently), 
TaBLE III.—Conmection between p (Crippling Stress in 

Z'ons per Square Inch) and r (Least Radius of Gyra- 

tion) for Columns 100 Units Long and Free at Both 

Ends, when E = 20,000 Tons per Sq. In., and £ = 50 

Tons per Sq. In. 





, 
ie J 








Pp. r. | Pp. r. p. r. p. r. 4 
oe nai ese 

1; 0.226 | 8 0.660 | 20 1.181 | 32/| 1671 | 44/ 3.02 
2), G.321 | 10 0.746 | 22| 1.208 34)! 1781 | 46 3.69 
3 0.395 | 12 0.826 24] 1.288 | 36 | 1.919 | 47| 4.95 
4) 0.458 | 14 0.905 | 26 1.871 | 38 | 2.982 | 48 | 6.19 
5! 0.514 16 0.979 | 28/ 1.461 | 40! 2295 49] 7.315 
6) 0.565 | 18 1.054 | 30/ 1558 | 42! 2.560 49.5 10.30 


On the same Fig. 7 there further appears the 
parabola of Fig. 5, but in a reversed position, the 
plane on which it had originally been drawn being 
supposed to have been rotated about its axis of X 
through an angle of 180 deg. 

Scales of least transverse dimension and area 
might be added, as well as the factor of safety 
curve of Fig. 4, thus allowing the safe load to be 
read direct from the figure ; but it has been thought 
that whatever might be thus gained would be more 
than outweighed by the loss in clearness and the 
increased confusedness of the graphs. 

The following numerical example of a column is 
worked out in order to demonstrate the method of 
reference to Fig. 7. 

E = 6250 tons per sq. in. ; f = 35 tons per sq. in. ; 
1 = 94 in. ; and r = 4.38 in. 

Starting from the reading of E (= 6250 tons per 
sq. in.) on the appropriate scale, at A, the operator 
travels horizontally until the parabola is reached at 
B; there he fixes a needle. He then finds the 
point C, having abscissa = | (94 in.) and ordinate 
=r (438in.), and lays a straight-edge to pass 
through O and C. 

He brings the needle vertically from B to touch 
the straight-edge at D, and rotates the straight-edge 
about D until it is horizontal. Note is to be made 
where it now intersects isoclasms for f = 34 and 
f =36 tons per sq. in., and the point G is found by 
estimation where it would intersect the 35 tons per 
sq. in. isoclasm, if such had been drawn; the 
abscissa of that ideal point of intersection is the 
required p (31.05 tons per sq. in.). (The result 
may be compared with the one obtained from Fig. 2 
for a cast-iron column of the same dimensions. ) 

Without digressing much longer, the author 
wishes to point out that the curves of this 
family are applicable to the almost instantaneous 
solution of many problems, engineering or other- 
wise. As instances, he would state that such 
graphs have already been plotted for the deter- 
mination of the weight of any length of round, 
square, or flat steel; for the computation of the 
horse-power of steam and gas-engines, and for 
establishing the relationship between the volume, 
the weight, the pressure, and the temperature of a 

. They seemed likely to prove helpful in the 
solution of the interwoven equations that govern 
the scientific design of reinforced-concrete struc- 
tures; a prelimioary survey of that ground was 
accordingly carried out, with the most promising 


be read on the appropriate scale, and a needle set | results 


The writer hopes, sooner or later, to publish the 
outcome of all that work when it has been com- 
pleted and brought into coherent shape, either as 
series of papers, or, better still, as an atlas of 
graphs for reference. x 

In conclusion, he feels bound to express his indebt- 
edness to the author— whose name he cannot recol- 
lect—of a paper published a few years ago in the 
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technical Press, which, although it differed in every 
respect from his own present work, certainly gave 
him the clue to the ibilities of equations with 
more than two Bios eg 

He also wishes to tender his thanks to his 
friend J, Coutanceau, not so much for his valuable 





assistance in working out or checking values for the 
curves and in preparing tracings, as for his vivid and 


g.7. 


a; 


Least Radius of Gyration (r) 


Mark out point H, having abscissa = G D, ordi- 
nate = AB, and get a straight-edge through O 
and H, to cut X X’ in L. 

; GC ae 
XL= ABU) = ABa//, 


XL _ fa 
AB r;° 






Tons per Sg.in. 


thi 





(38546) 2 


persistent enthusiasm, which was no negligible, 
factor in keeping up his own interest in the work. 





Appendix.—Graphica! method for obtaining p 
when f differs from a certain value f,, for which 
a p ourve has already been plotted. 

Let p, be the required p, and r,, l,, E,, f, the 
characteristics of the given column. 

Consider another column, crippled by a stress 


pz, such that 2s = P= 
characteristics a E,, a> let us try and find out 


what will be the value of r, for that column. 
From equation (i.a) :— 


K, and having for its 


_ fa2(1-0.6K) _ , 1-0.6K. 
ea ee 
and, similarly, 
R, = f. 120.6 K, 
1-K 
Ra a Sa - Ta? 
Re fe 2" 


Hence 


fa? = ry? fa, ra = re A/ I. 
fy Sz 


Having obtained r,, we find p,, from the p curve, 
and we know that p, = p.°2. 


The result is got at graphically as follows :— 

Let the parabola of Fig. 5 be rotated about its 
axis of X’ through 180 deg. (Fig. 6). 

Let the height of ordinate to the p, curve be 
determined (as previously set forth) for a column 
having characteristics 1,, r,, Ez. f.; take it to be AB. 

From X’ downwards, read X’ C = f,, and draw 
a horizontal straight line C D G through C, cutting 
the parabola at D. 


ep =G0r/£. 


15 20 5 80 
Crippling Stress (p) tn Tons per Sg. In. 


20 
x 


XL is therefore the ordinate to the p curve for 
column A, and p, = 0M. 
Put a straight-edge through Y and M, cutting 
GC in N. 
YG Se 
GN=OM yo =P, 


= px. 





Tue German Iron-Union Nucoriations.—The dif- 
ferent branches of the German iron industry have just 
been holding a number of meetings in order to discuss the 
present position and the outlook. As regards the plate- 
rolling mills, it was held that it was necessary to raise 
the quotations, on account of the increasing cost of manu- 
facture. No definite arrangements, at least as far as 
inland sales go, were, however, arrived at, but the works 
agreed that during the war, and in the meantime until 
the end of June, all sales to abroad should be made 

through one bureau—that of the Shipbuilding 
Steel Bureau, at Essen, which was formed after the dis- 
solution of the former heavy-plate union. The report 
that the bar-iron works had arrived at an understand- 
ing on the basis of the former bar-iron union agreement 
is not correct. At the meeting of the steel works the 
market position of the ‘‘B” products was gone into, more 
especially with reference to bar iron, and the opinion was 
generally expressed that higher prices would have to be 
insisted upon, and for the first quarter of 1915 a price of 
1124 marks net, Oberhausen, was su; , and for the 
second quarter a price of 115 marks. No binding arrange- 
ment, however, was arrived at,and there is no question of 
anything like a substitute for the old bar-iron icate 
having come into existence. There has been a discussion 
about price agreements concerning the three leading ‘*B” 
products, bar-iron, plates, and tubes as a kind of inter- 
mediate step to the contem cope Ln syndicate. It 
appears at t questionable whether such an arrange- 
= can - onion at on account of the dislike for 
conventions+of this kind which prevails in many indus- 
trial circles. The plate-rolling mills, in any case, as has 
already been mentioned, have decided not to go beyond 
an arrangement about the export business, which cannot 
be of much importance at present. For bar-iron syndi- 
cate negotiations may be said not to have commenced 


jointl 








yet. 
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Modern Practice in Mining. Vol. III. Methods of Work- 


ing Coal. By Sir R. A. 8S. Repmayrneg, K.C.B., &c. 
lliustrated. London: Longmans, Green and Co. 
[Price 6s. 6d.] 


Havine in two previous volumes discussed the 
manner of occurrence of coal and of the sinking 
of shafts, Sir R. Redmayne now carries the process 
of winning the mineral one step further, He 
considers here the factors that should determine 
the laying out of a mine, so as to secure the most 
economic working, from initiation to exhaustion, 
and the nature of the conditions that render the 
adoption of particular mechods as the most suit- 
able for facilitating mining operations. It might 
be thought that the experience gained in coal- 
mining is so great that there is little or no oppor- 
tunity for originality, that all the facts have been 
mastered and systematised, and that the mining 
engineer can only follow tried precedente, more 
especially as legislation hampers initiative by 
requiring the fulfilment of a definite routine 
arranged to meet given conditions. But probably 
every mine brings a new set of problems, and 
it often becomes necessary to make precedents 
as well as follow them. It is generally admitted 
now, that in deep mines worked under what is 
known as the ‘‘ long-wall” system, as distin- 
guished from the ‘* bord-and- pillar” method, 
great improvements have been effected; there is 
less waste of coal, less consumption of timber in 
roviding supports, and generally greater safety 
3. the operators. Yet long years were required 
to bring home these facts and overcome the con- 
servative methods sanctioned by uniform practice. 
Only half a century ago, nearly all coal-mines 
were worked with slight modifications of the 
‘*bord-and-pillar ” system, as is still the case in 
the Durham coal-fields, which has been the train- 
ing ground for so many experts. This does not 
mean that Durham engineers adhere obstinately 
to obsolete methods, but that conditions obtain 
there which are peculiarly fitted for the ‘‘ pillar ” 
system, and the danger is rather that a system 
might be introduced into other districts where, 
starting from initial conditions, another plan might 
rove more economical. Having regard to past 
Steam it is not impossible that ingenuity may 
devise fresh methods, or variations of known 
methods, as much in advance of ‘‘ long-wall” as 
that methcd is superior to older forms. At least, 
we gather that, in the opinion of H.M. Chief In- 
spector of Mines, further improvements of a 
generic character are possible, and this book, 
written as a guide to those about to enter the pro- 
fession, is as suggestive in developing untried as it 
is rich in typical examples and historical informa- 
tion. 
ln deciding the system of working and the plan 
of laying out the mine, a point of paramouut im- 
rtance is to select such a plan as shall ensure as 
far as possible the complete exhaustion of the mine. 
In these days, when greater attention is paid to the 
longevity of the mine, and supervision is more 
strict, doubtless this point is adequately con- 
sidered ; but in the past, we imagine, the mineral 
wealth of the nation was sadly squandered. It was 
easy to devise a method that for a while should 
ensure a sufficient return on the capital expendi- 
ture, if the precautions that made provision for the 
future were neglected, and mineral-owners and 
mine-lessees were content to extract only the most 
valuable and easily-procurable coal. In such un- 
economical schemes there comes a time when there 
is still coal, valuable coal, in the mine; but it 
cannot be worked at a profit in competition with 
more skillfully-planned methods, and the mine is 
abandoned as unpayable. The loss to the nation 
by reason of unworked coal is well known to the 
engineer, but it is not appreciated by the public. 
Tn those periodic panics, when we are reminded 
that our national stores of ene are strict] 
limited, and a more economical use of coal is a 
we are accustomed to see estimates of the number 
of acres of coal still available, multiplied by the 
number of tons to the acre, and the _ total is 
reassuring. But such estimates rarely show what 


is the percentage of inevitable loss due to a 
We hear much of the wasteful consumption of fuel ; 
the cheerful domestic fire is condemned by the 
aang who see a shortage lurking in the near 
uture; the extravagance of the reciprocating 
engine is compared with the less costly turbine ; 
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the possibilities of the gas - engine are loudly 
acclaimed ; and many are the schemes that are 
bruited to make available more of the total energy 
in the coal. But few have computed with any 
degree of accuracy the wastage at first hand, or 
considered the energy that is lost in the ‘‘goaf,” 
or worse than lost, since it may conceal a source 
of danger that makes itself apparent in ‘‘ gob- 
fires’ or spontaneous combustion. 

The author, however, goes to the root of the 
matter, and makes evident the loss due to in- 
complete exhaustion by pointing out the con- 
ditions that led to the adoption of the ‘‘ bord-and- 

illar” system, and the causes that, operating in 
its favour, enabled the method to hold its own so 
long unchallenged. He compares the primitive 
method with later improved modifications that 
have been evolved through the development of the 
industry, compelling the adoption of less wasteful 
methods. In days when the mineral was encoun- 
tered near the surface, it was natural to leave 
standing in the neighbourhood of the shaft huge 
pillars of unworked coal, as support for the over- 
lying material, with the intention of recovering the 
coal in these shaft-pillars when the more remote 
portions of the mine had been exhausted. The 
size of the pillars was an important factor. If they 
were left too small, the coal in them was crushed 
and rendered unsaleable. If too bulky, the actual 
work of mining had to be conducted at a distance 
from the shaft, and the working expenses were 
in As a rule the supporting-blocks were 
left too slender, and suffered such deterioration 
that they not infrequently became derelict. With 
increasing depth of mine, these pillars were left 
more and more solid, but, as a matter of calcula- 
tion, it is evident that there is a point when the 
pressure of the superincumbent strata exceeds the 
crushing stress of coal. This depth will depend on 
many variables, but at a depth of about 4000 ft. 
the statical pressure must approach the cohesive 
strength of the coal, and if allowance is made for 
lines of weakness or intrusive dykes, this critical 
depth may be reached earlier, and, in any case, 
protective measures will be necessary. The size of 
the pillars has to be very rapidly increased with the 
depth. Two examples are given : in one, when the 
depth below surface was 750 yards, the diameter 
of the shaft-supporting pillars was 600 yards ; in 
the cther case, with a depth of 433 yards, a dia- 
meter of 200 yards was considered sufficient support. 

If the pillars in the old workings were not 
sufficiently massive, the ‘‘ bords,” or roads, through 
the mine, usually driven at right angles to the 
main cleavage, were made wide, and the ‘‘ walls” con- 
necting the ‘‘ bords”” as narrow as consistent with 
haulage and travelling. The system was extravagant, 
an enormous amount of coal being sacrificed. In 
only a few instances would more than 65 per cent. 
of the available area be recovered. So late as the 
beginning of the last century, before the great drain 
on the coal-flelds became manifest, itis assserted that 
under no mode then practised could more than 
454 per cent. of the contents of a fiery seam be 
obtained. With a greater output, with deeper pits, 
and with a demand for more economical working, 
the necessity for improved methods made itself 
felt, and the advantages of leaving far larger pillars 
in the first working of the mine, and the recovery 
of the coal in them in the second working, were 
perceived. Then arose the ‘‘ panel” system, a 
decided advance on the simple ‘‘ bord-and-pillar,” 
since it provided some defence against the evils of 
** creep ’’—that is, the filling up of the roads, due 
to the pillar being forced through a soft, yielding 
floor, and ‘‘ thrust,” the crushing of the coal in the 
pillar owing to the floor being composed of a hard 
ungiving material. In the ‘‘ panel” system, the 
modern development of the original ‘‘ bord-and- 
pillar,” the seam is divided into districts of, perhaps, 
30 acres or more, each district or panel” treks 
separated from the one adjcining by a barrier of 
solid coal some 30 to 60 yards wide, which, when 
the district has reached its Soundary, is worked 
off at the same time as the pillars. Variations 
of this general scheme will be caused by the 
nature of the seam to be worked, its inclination, 
thickness, and other factors. The more charac- 
teristic deviations are known as ‘‘ the single and 
double stall ” method, which offers the advantages 
that a larger number of hewers can be employed in 
a limited area, and a less length of roadway has to 
be maintained for a given output ; and the ‘‘ wide” 
or ‘* square work” method, a sati method of 
working thick, flat seams, but which is apt to prove 


wasteful. It will happen occasionally, as in the 
South Staffordshire coal-field, that the seams are 
very highly inclined, approaching the vertical. 
Locally such steep seams are known as “‘ rearers,” 
and have to be worked by particular devices, into 
which the author enters with some careful detail. 
Although the general plan offers little difficulty, 
authorities differ on minor points which need not be 
considered here. The author’s descriptions and 
examples are adequate and lucid. 

The great competitor with the various forms of 
‘** bord and pillar ” is the ‘‘ long-wall ” tape the 
main feature of which consists in entirely recover- 
ing the coal in one working and packing the vacancy 
with stone. In the ordinary ‘‘ long-wall,” the 
travelling and ventilating are maintained through 
the ‘‘ goaf”’ or waste, but in a variation known as 
the ‘‘ retreating” system, the roads are driven out 
to the boundary, and the coal worked ‘‘ home” 
towards the shafts, a method to be recommended 
on grounds of safety, but necessitating a con- 
siderable loss of time before a return can be ex- 
pected on the capital. As in the case of the 
‘**bord and pillar,” that the ‘‘longwall” has, to a 
considerable extent, superseded, modifications in 
the general plan will be required when working 
inclined seams and thick seams; for, as a rule, the 
**long-wall” in its simplest form is peculiarly 
adopted to thin seams, or where the seam is inter- 
stratified with a layer or bed of stone, a difficulty 
that in the old days often led to a sacrifice. There 
are other conditions connected with the character 
of the roof and the hardness of the coal that will 
make themselves felt practically, necessitating 
peculiar treatment ; but here again detail interferes 
with the general process. Very valuable and 
illuminating are the author’s analyses of the con- 
ditions that obtain in certain selected examples, 
both in Great Britain and on the Continent. 

We have not touched upon the measures neces- 
sary for providing adequate support to the mine 
during working, or for securing the safety of the 
miners, the two being narrowly connected. In these 
days of war stress, when suitable timber cannot 
be relied on for supports, some substitute is prob- 
able. Reinforced concrete, which has been found 
useful in some of the deepest mines for carrying 
the pressure, will probably find a new application. 
There are two other factors that have to be kept 
in view with every suggested improvement or 
innovation. These are the working costs and the 
requirements of the various mining and workmen’s 
Acts, codified to a great extent in the Mining Act 
of 1911. The author pays great attention to these 
points, making the book worthy of his reputation. 
Owing to its eminently practical character, it 
should prove very welcome to those interested in 
the working of coal-mines. 





The Devilopment of British Locomotive Design. By E. L. 
AHRONS, on: The Locomotive Publishing Com- 
pany, Limited, 3, Amen Corner. [Price 5s. 

Tus book, the author states, consists largely of 
matter contributed in the form of a series of 
articles to the Locomotive Magazine, ‘‘ revised for 
publication in book form.” We are inclined to 
think that the revision might have been a little 
more thorough. The work still bears the impress 
of a magazine style, and is hardly up to the level 
of works intended for more or less permanent 
interest. With the selection of material we can 
hardly quarrel, of course, since the author of such 
a work is quite entitled to include in it, or discard, 
any examples he may please. There are, however, 
a few points which have attracted our — 
attention. For instance, why in a work relating 
to British design introduce an account of the 
Krauss - Helmholtz truck, of which the author 
himself uses the following expression ? :—‘‘ Strictly 
speaking, this form of truck does not come within 
the description ‘ British locomotive design,’ as it 
has, unfortunately, never been used in this 
country.” Again, the fact that one small indus- 
trial tank-engine fitted with a Brotan boiler has 
been built here for private works does not, 
in our opinion, warrant the connection of this 
development with what may be considered British 
practice. 

In certain cases we are inclined to think that 
the author has overlooked more notable examples 
than those he has included, while in giving reasons 
there is apparent at times a lack of appreciation of 
engineering, and the savour of an attempt at a 
little literary flourish. It is of little permanent 





interest to record the fact that the author fired 





for some weeks on one of the locomotives illus- 
trated, while in view of certain events of 1899 the 
author’s account of the derivation of the wide 
fire-box boilers on the Great Northern Railway 
from the old broad-gauge Great Western Railway 
is far from convincing. Further, while we com- 
mend him for acknowledging his indebtedness to 
so large a number of people for assistance rendered 
in compiling his book, it becomes a little mono- 
tonous to read page after page that ‘‘ through the 
kindness of Mr. the author is able, &.” 
How many times such acknowledgment is made 
in this book of rather more than 200 pages we 
would not like to guess. The place for that sort 
of thing is in the preface, where, unless the case 
is exceptional, the matter may be dealt with, 
briefly or at length, and dismissed once for all. 

Probably what we have said will convey the 
impression that this work is in reality a sort of 
interesting scrap-book. The author has displayed 
an immense amount of assiduity in its compila- 
tion. Some of the developments placed on record 
are unique experiments, but of historic interest. 
The engineering side is not taken very seriously, 
but the book contains a collection of information 
not hitherto put together in this way. More —_ 
will probably find their way on to the bookshelves 
of the railway enthusiasts than into the drawing- 
office. 
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THE GEARED-TURBINE MAOHINERY 
OF THE “TRANSYLVANIA.” 
(Concluded from page 137.) 

Havine in our previous article described the general 
arrangement of the propelling machinery of the 
Transylvania—the largest steamer so far fitted with 

mt turbines—we give in this issue detailed draw- 
ings of some of the interesting units. On the oppo- 
site there are reproduced drawings of one of 
the boilers (Figs. 23 to 28). On page 186 are illustra- 
tions of the manceuvring-valve (Figs. 29 to 36), on 
Plate XVI. details are given of the steam-strainers 
between the boilers and the turbines (Figs. 37 to 42). 
The condensers are illustrated on the same Plate 
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MANCZEUVRING-VALVES FOR THE TSS. 
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is shown in Fig. 29. Fig. 3lis a 
detail section of one of the valves 
shown in position in Fig. 33. The 
simplicity and completeness of 
control which these manceuvring- 
valves gave were very evident dur- 


Fig 35. 
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ing the trials of the vessel. In 





addition to the direct steam con- 
nection to the low-pressure turbine 
referred to above, a by - ing 
device is provided for cutting out 
the low-pressure turbine, and pass- 
ing the exhaust steam from the 
high-pressure turbine direct to the 
condenser. 

The condensers, two in number, 
are of the *‘ Uniflux” type, and 
are designed to give a high vacuum 
at all the sea temperatures likely 
to be encountered on service. The 
circulaving-pumps, of centrifugal 
type, are capable of passing over 
13,000 gallons of cooling water per 
minute through the tubes. The 
engines driving the pumps are of 
single-cylinder enclosed forced- 
lubrica'ion type. Drawings of the condeneer are 
reproduced in Figs. 43 to 47, on Plate XVI. The 
shell of the condenser is of steel, and the water-ends 
of cast iron. It will be noted that the water passes 
twice along the full length of the condenser. Three 
examination-doors are fitted to each end of each con- 
denser. Details of the joints between the doors, 
water-bexee, tube-plates, and shell are given in 
Fig. 47, on Plate XVI. 

tach set of turbines operates a propeller shaft, the 
vessel being driven by twin screws, and each set 
includes, as shown in Figs. 48 to 50, one high and 
one low-pressure turbine. Each of these drives a 
pinion engaging with a gear-wheel of nearly 120 in. in 
diameter, giving a reduction of 12.5tol. The gear- 
ing is of the double helical type, having a spiral 
angle of about 44 deg. ; the depth of tooth engaging 
isonly about 3 in., but this does not seem so strange 
when one takes into consideration the peripheral 
speed, which is approximately 3700 ft. per minute, 
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while the number of teeth engaged at all times is 
over 50. The wheel and pinions are each stepped, 
dividing the tooth portion in two, to facilitate tooth- 
cutting, and also to provide a centre bearing on the 
pinion-shafts to prevent distortion, due to the load 
upon them. The pinions and wheels are clearly 
shown in the sections through the gesr-casing in 
~~ 50 to 53, on Plate X VIL. 

‘he principal factor to contend with, after securing 
a well-cut gear, is efficient lubrication ; this is brought 
about by having sprayer-nozzles set at convenient in- 
tervals to spray the oil on the engaging teeth. This 
point, as does also the class of oil, determines the 
silent runn'ng of the gearing, as, if well designed and 
looked afier, the metals of the engiging teeth do not 
come into contact, but have a film cf oil forming a 
cushion between them continuously. The doors 
carrying the oil-sprayers may be seen in Fig. 52. 

The turbines are connected to their respective 





| pinions through specially-designed flexible couplings, 





“TRANSYLVANIA.” 
MESSRS. SCOTTS’ SHIPBUILDING AND ENGINEERING COMPANY, 


LIMITED, GREENOCK. 
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DETAIL OF GUIDE BRACKET 


shown in Figs. 48 and 49, which allow for relative 
movement between turbines and gearing, due to 
expansion and contraction. The high-pressure and 
low-pressure turbines are of the Parsons type, with 
reaction blading. The high-pressure drum is in two 
steps, one being 18 in. in diameter, and the other 
24 in. in diameter, the mean blade heights on each 
being 1.3in. and 2.6 in. respectively. The low-pressure 
ahead drum is 32 in. in diameter, and the mean 
blade height 5.8 in. The astern turbine is incorpo- 
rated with the low-pressure turbine, and is in this case 
placed at the forward end. It is of the impulse 
reaction type, the impulse blading dealing first with 
the steam from the boilers. 

The machinery trials of the Transylvania took place 
on Wednesday, October 28, 1914, over the Skelmorlie 
course. The weather was good. Rune onthe measured 
mile were made at speeds of from 104 knots up to 
full speed, and were followed by a run to Liverpool, 
at which port the ship was handed over. The shaft 
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horse-power of the main engines was measured bY 
means of ee torsion-meters placed i? 
the tunnel. The shafts on which these meters were 
placed had been experimentally calibrated at the 
makers’ works, so that the power delivered was 
closely known. A tank and water-measuring orifices 
were fitted on board for the trials, and these 
means water-consumption readings were obtained 
under different conditions. From the readings taken 
on trial, it was found that for 164 knots a shaft 
horse-power of 9350 was required, the revolutions 
of the propellers then being 128.5 per minute. At 
13 knots the shaft horse-power was 4000, and the 
propeller revolutions 983. Under these conditions the 
Admiralty coefficient equalled 350. During the high- 
power runs, the exhaust steam from the auxiliary 
machinery was led to the low-pressure turbines and 
a portion of it was taken to the heater. The water 
consumption rate of the turbines under these condi- 
tions was 12.35 lb. per shaft horse-power per hour, 
but at full power this will be considerably less. The 
trials were conducted without the use of any of 
the by-pass valves on the turbines. The machinery 
worked well under all conditions. Any anticipations 
which may have been entertained of a considerable 
noise from the gearing were happily dispelled. The 
usual tests to determine the manceuvring qualities of 
the machinery were made, and during one of the full- 
power runs, through the close approach of another 
ship, the orders to stop and to go full speed astern 
were given. These were quickly carried out, and the 
ease with which the change over was made was very 
marked. The guests, who were in the dining-saloon 
at the time, were quite unaware that the machinery 
had been stopped. 

The ship, with its machinery, was construct:d by 
Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock, and the gearirg was cut by the 
Parsons Marine Steam-Turbine Company, Limited, 
Wallsend-on-Tyne. 








THE ANCHOR LINER ‘ TUSCANIA.” 

Tue twin-screw geared-turbine Anchor liner 
Tuscania, built by Messrs. Alexander Stephen and 
Sons, Limited, Linthouse, has completed her trials on 
the Firth of Clyde, and is now being prepared to take 
up her station on the New York and Mediterranean 
service of the Anchor Line. The feature of the vessel 
is the adoption of Parsons geared turbines. Along 
with the sister-ship Transylvania, built by Scotts’ 
Shipbuilding and esinention Company, Limited, 
Greenock, for the Cunard Line, the vessel is the 
largest so far fitted for the Atlantic service. It is 
notable that the first turbine steamer to cross the 
Atlantic was built by Messrs. Stephen and Sons in 
1903 ; this was the yacht Emerald. They had the 
further distinction of building one of the first two 
turbine Atlantic liners to go on service—the Virginian, 
for the Allan Line, and the sister-ship, the Victorian, 
the latter constructed by Messrs. Workman, Clark 
and Co., Belfast. The Tuscania, however, is a dis- 
tinct step in advance of the Virginian, especially 
in respect of the machinery. The earlier ship, 
completed in 1905, had a length of 520 ft., a beam of 
60 ft., and a depth of 41 ft., the gross tonnage bein 
10,750 tons, and the displacement, when fully load 
to a 29-ft. 6-in. draught, 17,000 tons, The Tuscania 
of the present day has a length of 548 ft., a breadth 
of 66 ft. 3 in., a depth of 45 ft., and a gross tonnage of 
14,348 tons, with a displacement when fully loaded 
to 30 ft. 6 in. of about 22,000 tons. In the earlier 
vessel the accommodation was tor 1650 passengers of 
three classes, 470 first class, 180 second class, and 
1000 third class ; while in the latest ship built for the 
Atlantic service by the firm there is room for 2500 
passengers, including 300 in the first class, 200 in the 
second class, and about 2000 in the third class. 

The power in the Virginian was 12,000 shaft horse- 
power, the turbines driving three shafts at 280 revolu- 
tions per minute and giving the vessel a speed of 
19 knots. The high-pressure turbine operated the 
centre shaft, and the low-pressure ahead turbines the 
wing shafts, the two latter having astern turbines. 
The turbine design showed a saving in weight of 
400 tons as compared with a triple-expansion engine 
installation, while the coal consumption was proved 
to be 1.4 per equivalent indicated horse-power. The 
geared turbines in the Tuscania develop 11,000 shaft 
horse-power, and on trials on the measured mile gave 
& mean speed of 17.65 knots, with the turbines running 
at 1700 revolutions and the propellers making 136 
revolutions. As regards economy, the water a 
tion for the turbines only has been reduced from 14 Ib. 
per shaft horse power per hour in the Virginian to 
11.25 Ib. pershaft ieenll qomen per hour in the Tuscania. 
These figures show a very satisfactory improvement, 
and indicate that not only has great pregress been 
made with the Parsons turbine, but that Messrs. 
Stephen continue to contribute satisfactorily towards 
the development of marine propulsion. 

On Plate XVIIL. we give two views from the forward 
end of the port set of turbines of the Tu:cania with 





condenser, one view being without the top half of the 
casings, and the other with the machinery closed in. 
On Plate XIX. there is reproduced a broadside view 
of the same set of turbines, the blading and helical 
gear being very well shown, as the top parts of the 
covers are entirely removed. The turbines, it should 
be said, are exactly the same design as those in the 
Transylvania, described in the preceding article. On 
Plate XVII. are reproduced the drawings of the tur- 
bines and gear of this latter vessel, and, as already ex- 
plained, the description given will apply also to the 
engines of the Tuscania, and it is not therefore neces- 
sary to refer further to the turbines. 

The two views on Plate XVIII. show well the 
governing arrangements, and of these a brief descrip- 
tion may be given. The gear consists of a revolving 
eccentric disc, fixed to the horizontal shaft, which 
drives a Proel governor. The governor is connected 
to a lever, to which a loose wheel is attached, so that 
when brought into gear with the eccentric-disc, the 
wheel is thrown to one side, and so operates the 
actuating valve on the manceuvring gear (see page 186). 
The governors are principally intended to come into 
operation if a shaft should break, as the geared tur- 
bines are not affected by the propellers racing to the 
same extent as reciprocating engines; they can be 
driven nearly at full speed in heavy weather. 

All the bearings are under forced lubrication by 
means of Weir’s pumps, one pump for each set of tur- 
bines, while another is held in reserve. In the broad- 
side view on Plate XIX. are seen the oil-pipes leading 
to the bearings, and also to the nozzle-boxes of the 
gear-cage, from which five jets of oil are sprayed on 
the pinion-wheels. On the one side the jets are under 
the pinions, and on the other eide they are above, so 
as to ensure that they are always running in a con- 
tinuous cushion of oil, which obviates any noise 
from the gear. The oil from the bearings and 
gear-case drains into a tank receszed into the double 
bottom of the ship, whence it is pumped by the oil- 
pumps and discharged through water-circulated oil- 
coolers back to the bearings. Owing to the high 
number of revolutions at which the turbines run, 
special attention has been given to providing means 
for showing that the flow is maintained continuous. 
In the end views on Plate XVIII. the oil-outlets are 
seen led into a vessel, so that when the lid is open the 
flow of oil can be seen, and, as an additional pre- 
caution, this vessel contains a float electrically con- 
nected to a bell and red lamp. The large bent pipe 
from the strainer to the middle of the low-pressure 
turbine is only intended to be used to allow the exhaust 
steam from the high-pressure turbine to pass direct 
to the condenser, should the low-pressure turbine be 
disabled. 

The condensers—and the auxiliary machinery gene- 
rally—co md to those of the Transylvania, while 
the boiler installation is almost exactly the same. 
The whole of the machinery, it may be said, has been 
constructed by the builders to the requirements of the 
Board of Trade and the British Corporation, as well as 
to conform to American and Italian laws, as the 
vessel will be used in the Mediterranean service for 
part of the year. 

The vessel proceeded on her steam trials on the 
measured mile at Skelmorlie on the Ist inst., under 
moderate weather conditions. Progressive runs were 
taken, ranging from 114 knots to full speed. The 
machinery throughout worked with complete satisfac- 
tion. The results are tabulated :— 


Revolutions. 
| Steam. Vacuum Speed.| Slip. | 8.H.P. 


Turbine. Propeller. } 
ee) Se 








knots. |per cent 


1387 lll 200 28.7 4.6 | 10.8 5,700 
1582 127 200 28.4 16.5 12.0 8,600 
1707 137 200 28.3 17.65 12.6 10,900 


It may be added that, as regards accommodation, 
the first-class public rcoms are fitted on the prome- 
nade or ‘‘A” deck, and consist of a writing - room, 
lounge, smoke-room, and garden lounge. These 
rooms are all fitted up in a most attractive style, and 
special attention has hese given to the lighting and 
ventilation, both natural and artificial, First and 
second-class state-rooms are situated on the bridge- 
deck and shelter-deck amidships, and are all of large 
size and handsomely furnished, and all built of special 
fireproof material to Messrs. Stephen’s patents. The 
smoke-room and drawing-room for second-class pas- 
sengers are on the shelter-deck at the after end of the 
bridge, and in the fittings and furnishings everything 
has been done that would commend itself to ensure 
the comfort and pleasure of this class of passengers. In 
the shelter ’tween-decks are the dining-saloons for both 
first and second-class passengers. These rooms occupy 
the full width of the ship, as does also the space be- 
tween them, which is occupied by the galley, pantries, 
eculleries, &c. The remainder of the shelter-deck is 
devoted to the accommodation of the ship’s engineers’ 
and crew’s quarters, as well as the hospitals, lavatory 





accommodation, and promenade for third-class pas- 
sengers. Third-class passengers’ dining-saloon, with 
bakery, galley, pantry, and scullery, &c., are fitted in 
the main ‘tween decks amidships, the remainder of 
the deck being taken up with accommodation for 
third-class and crew’s quarters. 

Refrigerating chambers and other store-rooms are 
fitted in the orlop ’tween decks forward of the ma- 
chinery space. The installation for electric lighting 
ison a very complete scale, and an emergency plant, 
motor-driven, is fitted for use in the event of the 
three ordinary dynamos being put out of action. 
Heating and ventilation have received special atten- 
tion, part of the accommcdation being heated by 
steam and part by the thermotank system. In addi- 
tion to a complete installation of natural ventilation, 
electrical fans, as well as the thermotank system, 
are employed. The sani arrengements are 
thoroughly up-to-date, distinct water services being 
fitted throughout the accommodation ; and for fire- 
extinguishing purposes there is, in addition to the 
usual water service and hose arrangement, a complete 
installation of steam fire-extinguishing pipes, fitted 
with the Rich arrangement of fire-indicating. 

Life-saving appliances have been provided to meet 
all the requirements of the International Conference 
for the Safety of Life at Sea, the number of lifeboats 
installed being fifty. The arrangements for handling 
these are of the most improved description, Welin 
quadrant davits being fitted, and special steam-winch 
arranged for working the falls. A complete installa- 
tion of water-tight doors on the Stone-Lloyd —— 
has also been —_— the doors being operated from 
the bridge-deck. 

For the handling of large general cargoes, which the 
vessel is designed to carry, powerful steam-winches 
and steel derricks are fitted at the hatches. Coaling 
will be effected through the ship’s side, 34 ocoaling 
ports and shoots being fitted for this purpose. 








MARTIN’S TWO-.CYCLE SEMI-DIESEL 
ENGINES. 

Tue well-deserved popularity of the two-cycle hot- 
bulb or semi-Diesel engine is directing the attention 
of designers toward the perfecting of this simple type 
of prime mover. The chief objection to the type— 
namely, the fact that in early examples it proved 
rather uneconomical com with the four-cycle 
engine—has been gradually reduced, if not actuall 
removed, while other advantages often prove onseed- 
ingly attractive. In many quarters, when an engine 
is run intermittently, the actual fuel consumption, 
——s it is within reasonable limits, is not a 

eciding factor. Much more important are often euch 
points as ease of starting, reliability, &c. In this 
respect the hot-bulb semi-Diesel engine has an un- 
doubtd advantage over some other forms, and it is 
little wonder therefore that it has been —_— im- 
proved since it was first taken up seriously a few 
years ago. 

This type of engine was much in evidence at the 
Royal Agricultural Show, and also at the Smithfield 
Club Show last year, at both of which Messrs. 
Martin’s Cultivator Company, Limited, of Stemford, 
showed several examples. These engines we now illus- 
trate in Figs. 1 to 15, on pages 188, 189, and 192, and, 
as we will proceed to point out, they embody several 
interesting features. The vertical engine illustrated 
in Figs. 1 to 13 8 the same details of design as 
the others, and for the moment we will therefore con- 
fine ourselves to this. The engine illustrated gives 
9 brake horse-power, and has a single cylinder, 7 in. 
in diameter, the stroke being 8 in. e normal s' 
is 475 revolutions per minute, and we can testi y 
the steadiness and quietness of the running. Fig. 
shows a longitudinal section, Fig. 2 being a p 
Fig. 4 is @ cross-section, and Fig. 5 an end view 
with the belt-pulley and governor removed. Fig. 3 
is a horizontal section across the cylinder. The 

iston is shown in detail in Figs. 6 to 9, while 
Figs. 10 to 12 show the fuel-pump and governor 
gear. The general view, shown in Fig. 13, will 
at once convey the impression that the engine is a 
simple machine of very workmanlike appearance. As 
in other two-cycle machines, this machine com- 
presses the scavenging air in the crank-case. It is 
drawn in through a grid in the base, and parses up 
through a passage shown at a, in Fig. 4. Itisdrawn into 
the crank-case through a flap-valve, which is adjust- 
able, co that the degree of compression can be regu- 
lated. On the down stroke of the piston the air is 
forced into the cylinder through the passage b, to be 
seen also in the outside views, Figs. 5 and 13. On 
entering the cylinder it strikes against the piston, is 
deflected upwardr, ard then passes out to the 4 
sion-box, carrying the products of combustion with it. 
It will be seen that the lower part of the crank-case 
is solid with the engine-base. To the base is bolted 
the upper above which is fixed the cylinder. 
The cylinder and head are interesting. The head is 
fixed to the cylinder, but fits over the jacket-walls, 
with which the joint is made by means of a rubber 
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9-BRAKE-HORSE-POWER TWO-CYCLE SEMI-DIESEL ENGINE. 
CONSTRUCTED BY MESSRS. MARTIN'S CULTIVATOR COMPANY, LIMITED, ENGINEERS, STAMFORD. 






Fig. 1. 
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ring, as in the jacket of gas-engines. Thus indepen- 
dent expansion of the cylinder and jacket is provided, 
and only one metal-to-metal joint between the 
cylinder casting and head has to be made. The 
head is water-jacketed. It contains a moderately 
wide neck, opening out for the bulb, which is a 
separate dome-sha casting. The hot bulb is not 
bolted down, but is held down by the cover, which 
forms a ring pressing evenly all round on the flange of 
the hot bulb. These features have contributed very 
considerably to the complete elimination of hot-bulb 
failures, 80 common an occurrence in some engines of the 
two-cycle t Another interesting point often over- 
looked is the desirability of placing the scavenging and 
exhaust-ports in line the crank-shaft. It will be 
seen from our illustrations that this is done in the 


engine under notice, Often they are placed on a line is case- 


at right angles to the shaft, and therefore reduce the 
area of the wearing-face provided in the cylinder for 
the piston at a point where the thrust is severe. 


Fig. 3 is a section taken across the ports, the exhaust- 











port being shown in dotted lines in Fig. 4, 
as well as in other views. 

The piston is shown in Figs. 6 to 9. It is 
of the long-trunk type, of cast iron. It is 
fitted with five piston-rings, and with one 
snap-ring at the front end. It is designed 
in such a way as to prevent as much as 

ible the heat of the cylinder passing 
own to the crank-case. With this object 
the piston-head is provided with an insulat- 
ing air-chamber, which also protects the 
gudgeon- in and little end from the heat in 
the cylinder. This insulation keeps the heat 
in the crank-case down, the big end cool, 
and generally improves the running by 
facilitating lubrication. The gudgeon-pin 
hetined steel, ground parallel to fit. 

It is kept in place by two wedge- bolts, which 
hold it hard 


screwed ends, 


against the upper side of the 
The wedge-bolts are drawn in by nuts on their small | foul any ports or ; 
No harm can come if the nuts should | The gudgeon-pin is lubricated with oil taken from one 
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piston. | by any mischance come off, as they cannot either 
gain access to the crank-chambers. 














Fes. 12, 1915.] 


ENGINEERING. 





189 











9-BRAKE-HORSE-POWER TWO-CYCLE SEMI-DIESEL ENGINE. 
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of the two forced-feed supplies to the inside of the 
cylinder at positions shown in Fig. 1. It is taken 
into the pin by a brass wiper kept against the cylinder 
wall by aspring. The arrangement is shown in Fig. 7. 

The regulating and governing gear, shown in Figs. 
10 to 12, are among the most interesting features of 
“he engine. The regulating and governing is effected 
by varying the stroke of the fuel-pump. The engine 
is regulated by turning the small knurled wheel c. 
This wheel is mounted on a bracket, and on the end of 


13. 


|its spindle is a small eccentric bearing against the 
| stem of the pump-starting handle e. The adjustment 
of the eccentric regulates the length of the outward 
|movement of the fuel-pump plunger, and therefore 
the amount of fuel drawn into the pump and sub- 
sequently sent to the cylinder. The small wheel c is 
fitted with a ratchet which holds it in et desired posi- 
tion. In running, the supply is effected by the pump 
driven by a cam on the main shaft through the rocker /. 
| The governing varies the fuel supply by altering the 


















ENGINEERS, STAMFORD. 
























stroke of the pump. This is accomplished by altering 
the throw of a cam or eccentric. The manner in 
which this is done will be clear from Fig. 12, &c. 
The cam surface actually in contact with the roller 
on the rocker f ig the wide periphery of the eccen- 
tric g. This eccentric is a sliding fit on 
a skew cylinder h, keyed to the shaft. A feather 
prevents y from revolving on A. It will be 
clear that the eccentricity of g is capable of ex- 
tremely fine adjustment, movement in a direc- 
tion parallel with the main shaft. The required con- 
trol of the position of g is from the governor weights 
through the clips j, j, which engage with a groove in 
g. In connection with the pump there is a safety-stop, 
which prevents the pump-plunger being given a stroke 
in excess of that required for full-load capacity. This 
stop consists of a plate k, in which are two slanting 
slots. The slots pass over two fixed studs. The plate 
stands out far enough to foul the pump-plunger head, 
and therefore limits the outward stroke. The adjust- 
ment of the plate is obtained by a set-screw underneath 
it, the studs and slanting slots above referred to causing 
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the plate to move towards, or away from, the pomp: 
thus shortening or lengthening the stroke, as the set- 
screw is screwed down or up. The set-screw and studs 
can be clamped, and the plate thus locked at the full- 
load position. Should anything happen to the adjust- 
ing-screw, or the locking me loose, the plate can 
only fall and reduce the fuel supply to the cylinder. 
Failure therefore is on the safety side. 

Force-feed lubrication is provided for the cylinder, 
gudgeon, and thecrank-pin. The cylinder oil is sup- 
plied through two small drilled porte over-run by the 
piston-rings at the bottom of the stroke. Near the 
open end of the trunk piston there is an oil groove 
just above the snap-ring. The crank-pin is supplied 
with oil from the force-feed lubricator. The oil is 
forced into a centrifugal ring oiler, mounted on the 
crank-shaft, which delivers oil through a hole drilled 
in the crank. The bearings are ring-oiled. Water 
circulation is by pump, chain-driven, and with a free- 
wheel sprocket, so that it is unaffected by pre-ignition, 
should such take place. 

The engine has a large expansion-box attached just 
outside the exhaust-port. The fly-wheel is of the disc 
type. The belt pulley which accommodates the 
shaft governor is furnished with an outside sheet- 
iron cover, while at the other extremity a neat cap is 
een over the end of the crank-shaft, covering in the 

y-wheel key. The engine is started by a tye 
and will start up in about 3 minutes from the cold 
on crude oil, and in 5 minutes on paraffin. The water 
injection is regulated by hand. 

The engine illustrated in the figures thus far referred 
to is, as already stated, of 9 brake horse-power 
capacity. Two other single-cylinder engines of this 
type are built—viz., 16 and 25 brake horse-power. 

he former has a cylinder 9 in. by llin. and the 
latter one 104 in. by 124in. Ths speed of the former 
is 375, and of the latter 300 revolutions per minute. 
These two engines are similar to that described in 

eneral details, except that they have outsid + pedestal 
Ceesiens the fly-wheel being keyed to an extension shaft 
bolted to the main shaft by flinged couplings. The 
18-horse-power engine, illustrated in Fig. 14, page 192, 
is of the twin-cylinder type, with fly-wheel on a shaft 
extension and pedestal hearing. The whole is mounted 
on a separate bace-plate. The two cylinders are 7 in. 
by 8 in., and the speed 475 revolutions per minute. 
Fig. 15 shows a 9-horse-power engine mounted as a 
portable, with a belt-driven fan producing a current 
of air for cooling the water, which flows over gauze in 
the cooling-tank. 





Tue Tata Hypro-E.ectric Power-Suppty INsTaa- 
TION.—We are informed that on th 8th inst. the Governor 
of Bombay switched on for the first time this hydro- 
electric installation, thus formally inaugurating it. In 
two preceding issues (see ENGINEERING, vol. xcvi., pages 
547 and 578) we gave a detailed illustrated description of 
the instal ation in question. 





CoMPkTITION WITH GERMANY AND AvsTRIA-HunGary. 
—In connection with the campvign undertaken by the 
Board of Trade, on the advice of their Advisory Com- 
mittee on Commercial Intelligence, to assist British 
manufacturers and merchants to secure trade formerly in 
the hands of German or Austro-Hungarian firms, the 

continue to receive a very large number of in- 
quiries for the names of sellers or buyers of articles of 
which the sources of supply or markets have been inter- 
fered with by the war. ee arrangements have been 
made in the Commercial Intelligence Branch of the 
Board of Trade for dealing with these inquiries, and lists 
are prepared and circulated of articles which inquirers 
desire tn) to purchase and (5) to sell. List 8a is now 
ready, and may be obtaived by United Kingdom manu- 
facturers and traders. British firms interested in any of 
the goods mentioned, either as buyers or sellers, should 
communicate with the Director of the Commercial In- 
telligence Branch of the Board of Trade, 73, Basinghall- 
street, London, E.C. 





Tue German ALKALI SynpicaTse.—Ata meeting held on 
January 22 it was decided to leave over several important 
questions fur decision at a su uent meeting to be held 
on bh 31. By that time a definite resolution about 
oe pemee tion of the Alkali Syndicate until the year 
1926 will have to be disposed of. Sales oa 
were stated to be satisfactory, but the war had a very 
serious effect upon aggregate sales of 1914. Whilst 
up to July 1 there had been a» increase in the aggregate 
sales of 12,000,000 marks, as compared with the same period 
last year, the year ended with a shortage of some 
30, 000 marks on the whole of last year, mostly 
attributable to the falling off, during the first months of 

war, in the export business. By degrees sales 
to neutral countries had again increased. The last 
allotment list for the Alkali Syndicate comprises 168 works, 
the allotment figures ranging between 12.1241 (out of 


1000, the allotments being in thousandths) to ag Soy the | d 


former beirg for the State concern. new 
agreement has already been under consideration for a 
year or more. Theefforts have been especially directed 
towards finding a form which would not only bind the 
syndicate works, but also the outside undertakings and 

interests of the States of the Bund in a decisive 
manner. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 27. 

THE anticipated improvement in the steel industry 
has not come, but business is a little better. The rail- 
roads are waiting to see how much the 5 per cent. 
increase in rates, recently allowed, is worth. The 
financial condition is strong, but other influences cause 
delay. Inquiries are pending this week for material for 
ten ocean-guing vessels, and orders have been recently 
closed for important shipyard work. Two inquiries 
are in for export of billets—one for 7000 tons, and one 
for 4000 tons. High freight rates delay closing. 
Domestic demand for billets is better. Demand for 
pig-iron is weak. Pipe-makers are closing for 5000 
tons. Rolling-mills are making slight gains every- 
where. The Pittsburg district is up to 55 per cent. of 
capacity. Rail orders for the week are 68,000 tons, 
with 30,000 tons under inquiry. There is a moderate 
inquiry for cars. All roads are delaying orders, 
though needing more rolling-stock. Inquiries are 
out for 15,000 tons of material for shrapnels. 
Western track-elevation schemes will take 20,000 
tons ; Ohio and Mississippi river bridges require some 
40,000 tons. Minimum prices still hold, and will 
continue so long as there is so much idle capacity. 
Many new enterprises are heard of, but no steps are 
taken to purchase material for them. General busi- 
ness drags, but perfect confidence prevails as to a 
most satisfactory outcome. A stimulus has been im- 
parted to agricultural and stock-raising activities, 
and crops with favourable weather conditions will 
surpass all records. Four or five blast-furnaces will 
soon blow in. The trade is awaiting some vitalising 
influence from some quarters, and there is every con- 
fidence that it will manifest itself soon. Coke is dull, 
and large consumers prefer to buy only enough to 
keep going rather than, as in past years, to contract 
for a year’s future delivery. 








ACCIDENTS AT QUARRIES.—In 1913 there were 80,909 

rsons employed in quarries in the United Kingdom. 
The death rate per 1000 was 1.05, and the accident rate 
per 1000 65; both these rates showed increases over the 
previous year. 





Roya. TrounicaLt Couurcr, GLAscow.—A list of over 
a thousand officers, non-commissioned officers and men of 
His Majesty’s Forces who are either members, students, 
or past students of the Royal Technical College, Glasgow, 
has reached us from this Institution. The list is known 
to be far from complete, and the College authorities 
would be glad to receive particulars of other past students 
now on the King’s service, for inclusion in the list. The 
particulars desired are the full name, rank, name of 
regiment or ship, home address, and last year in the 
College. 





Tue Conorete InstTituTe.—At the fifty-sixth ordinary 
general meeting, held on Thursday, the 4th inst., a joint 
draft report of the ¢ecience and reinforced - concrete 
practice standing committees of this Institute, on ‘‘A 
Standard Specification for Reinforced Concrete Work,” 
was submitted for discussion prior to its amendment and 
subsequent issue in final form. The next meeting of the 
Institute will take place on Thursday, the 18th inst., at 
Denison House, Vauxhall Bridge-road, Westminster, at 
7.20 p.m., when Mr. T. A. Watson, Assoc. M. Inst. C.E., 
will read a paper entitled ‘‘ Economy in Reinforced- 
Concrete Construction.” 





Tae Institution oF Exvecrrican ENGiIngeRs.—An 
examination for associate membership of the Institu- 
tion of Electrical Engineers will bs held on Friday 
and Saturday, April 30 and May 1, at the Examination 
Hall of the yal Colleges of it a and 8 ns, 
Queen Square, Bloomsbury, W.C. Should a sufficient 
number of candidates mske application, arrangements 
will be made for the examination to be held concurrently 
in local centres. Entry forms, which must be returned 
not later than March 1, may be obtained, together with 
the examination regulations, on application to the Secre- 
tary of the Institution. 





ANGLO-NORWEGIAN TRADE JouRNAL.—A copy of the 
first issue of this journal, which is the official organ 
of the Norwegian Chamber of Commerce in London, 
has recently come to hand. This publication has been 
established to foster trade between the United King- 
dom and Norway, and is intended to act as a con- 
necting link between the buyers and sellers of the 
two countries. The first issue contains several statis- 
tical and other articles on trade, shipping, and finan- 
cial matters. Another very valuable feature is a trade 
inquiry section, which is being developed for .the 
pur; of supplying members, advertisers, and sub- 
sori with the names and addresses of manufacturers, 

ts, importers, or exporters of goods required in 
either country. The Chamber, we understand, is inun- 
ated with such inquiries, and the council considered that 
to _— them in a journal would be the surest method 
of bringing the right parties into touch with each other. 
The journal is to be published monthly, and all com- 
munications concerning it should be addressed to the 
y, the Norwegian Chamber of Commerce, London, 
ve way Chambers, Kingsway, London, 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasyow Pig-Iron Market.— Last Thureday morning the 
pig-iron market opened with an easier tone, and 2500 tons 
of Cleveland warrants were done at 56s. 114d. and 57s. 
one month, and 57s. 74d. three months. Closing sellers 
uoted 563. 84d. cash, 57s. 04d. one month, and 57s. 8d. 
three months. In the afternoon quotations eased off 
still further, and Cleveland warrants changed hands at 
56s. 5d. six days and 56s. 6d. fourteen days. Theturnover 
was limited to 1000 tons, and at the close sellers named 
56s. 5d. cash, 56s. 9d. one month, and 57s. 6d. three 
months. On Friday morning weakness again pre- 
vailed, and some 2500 tons of Cleveland warrants were 
put through at 56s. 3d. cach, 56s. 54d. eighteen days, and 
56s. 104d. April 12, and ecellers’ closing prices were 
563. 34d. cash, 56s. 74d. one month, and 57s. 3d. three 
months. A slight improvement took place in the 
afternoon, when 3000 tons of Cleveland warrants were 
dealt in at 563. 5d. seven days, and 56s. 9d. and 563. 94d. 
one month, and closing sellers quoted 563. 6d. cash, 
563. 10d. one month, and 57s. 61. three months. On 
Monday morning the market was quiet and easier, and 
dealing was limited to one lot of Cleveland warrants 
at 563. 5d. eleven days, and the closing rates were 
563. 44d. cash, 56s. 84d. one month, and 57s. 44d. three 
montbs sellers. The afte:noon session was steady, and 
2000 tons of Cleveland warrants were done at 563. 4d. 
cash, 563. 6}d. eighteen days, and 56s. 8d. one month. 
At the close the prices were 56s. 44d. cash, 56s. 84d. one 
month, end 57s. 4d. three months sellers. On ‘luesday 
morning there was aguin little doing, business being 
confined to 1000 tons of Cleveland warrants at 56s. 44d. 
thirteen days, and closing sellers quoted 563. 4d. cash, 
56s. 8d. one month, and 57s. 4d. three months. The 
market was slightly weaker in the afternoon, when 
the turnover consisted of 1500 tons of Cleveland warrants 
at 56s. 24d. six days, and 56s. 54d. twenty-fourdays. The 
close came with sellers naming 56s. 2d. cash, 56s. 6d. one 
month, and 57s. 2d. three months. When the market 
opened to-day (Wednesday) the tone was again easier, 
and the total dealing only amounted to 1000 tons of 
Cleveland warrants at 563. 04d. five days, and 56s. 2d. 
one month. The closing quotations were 56s. cash, 
56s. 4d. one month, and 57s. 1d. three months eellers. 
The afternoon session was more active, but Cleveland 
warrants kept steady. The turnover was 7000 tons at 
56s. cash, 563. 14d. eight and twelve days, 56s. 3d. twenty- 
one days, and from 56s. 44d. to 56s. 34d. and 56s. 4d. 
one month, and sellers’ closing quotations were called 
563. cash, 56s. 44d. one month, and 57s. three months. 
Hematite was idle. 


Sulphate of Ammonia.—The sulphate of ammonia 
market shows little sign of weakening, and as the demand 
continues good and on-costs are getting higher, the price 
remains firm. For prompt lots the current price is 14/. 
to 14/. 5s. per ton, Glasgow or Leith. 


Scotch Steel Trade.—Little change has taken place in 
the state of affairs in the Scotch steel trade, and great 
activity prevails. Despite the fact that deliveries are on 
a large scale, much pressure still exists; but this is only 
on home account, as the demand for export, except to 
France, is not very heavy. Ship and boiler-plates, and 
black sheets of the heavier quality, are all meeting with 
an excellent request, the latter oe ee urgently 
wanted by the Allies for war purposes. The thin gauges 
and galvanised sheets are both rather quiet, but for 
structural material there is a splendid outlet. Prices are 
very firm and are tending upwards, as raw material and 
fuel are both advancing and labour is scarce. The follow- 
ing may be taken as the current prices :—Ship-plates, 
81. 10s. per ton; boiler-plates, 9/. per ton; and angles, 
8. 5s. per ton ; all lees the usual 5 per cent. for Clyde or 
equal delivery. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron makers continue to be well employed, although the 
present high prices are not conducive to much new busi- 
ness. All the same, there is quite sufficient material 
already booked to keep things going steadily for a bit, 
especially as workers are none too plentiful. The demand 
for steel is good, and pricesare firm. For ‘crown ” 
bars the current quotation is 8/. 2s. 6d. per ton, less 
5 per cent. delivered, and for mild steel bars it is 8/. 10s. 
per ton, less 5 per cent. 


Scotch Pig-Iron Trade.—The past week has not brought 
forth much in the way of fresh business, but orders already 
ked account for a fairly tonnage, and as costs 
are rising steadily, there is little inclination on the part 
of holders to sell too far ahead. This is undoubtedly 
rather a difficult time, and one never knows what 
a day may bring forth, with the result that operators are 
dealing with caution. The deliveries are very satisfactory 
for home use, but the heavy freights now demanded are 
keeping back export business. Hematite iron is moving 
ree , a8 the requirements at the various steel works are 


very and the price is now round 923. 6d. per ton, 
deliv: locally. The following are the market quota- 
tions for makers’ (No. 1) iron:—Clyde, 75s. 6d. ; alder 


and rtsherrie, 76s. ; gloan, 77s. ; and Summerlee, 
77s. 6d. (all shipped at Glasgow); Eglinton, 7(s., and 
Glengarnock, 75s. (both at Ardrossan) ; Shotts, 76s., and 
Carron, 77s. 6d. (both at Leith). 





British Rai Exports.—January showed a marked de 
cline in our rail export, the total for the month falling to 
28,411 tons, as compared with 57,904 tons in January. 
1914, and 35,523 tons in January, 1913. Shipments to 
the Argentine Republic declined in January to 40 tons, 
as compared with 7853 tons and 3641 tons respectively. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Hult Coal Tra fic.—The official returns of coa] traffic at 
Hull show that the receipts for 1914 amounted to 


5,652,633 tone, as com with 7,945,965 tons in 1913, 
a decrease of 2,293,332 tons. Last month’s imports 
totalled 377,906 tons, as against 510,037 tons in January, 
1914. During the year shipments abroad reached 2, 968,801 
tons, as compared with 4,519,289 tons in 1913, a falling off 
of 1,550,488 tons. Last month 184,653 tons were sent 
abroad, as ay 223,565 tons in January, 1914. The 
strength of the London demand is shown by the fact that 
during the month 48,765 tons went tothe Metropolis. Com- 
with January, 1914, trade shipments last month to 
uth America, Denmark, France, and Italy increased. 
South America took 20,735 tons, as compared with 5399 
tons in January, 1914; France, 86,473 tons, as against 
25,229 tons; Italy, 19,715 tons, as against 17,254 tons; 
and Denmark, 8681 tuns, as against 4084 tons. On the 
other hand, no shipments are shown to Belgium, Ger- 
many, Portugal, North and South Russia, or Spain, 
while shipments to Norway and Sweden substantially 
declined. Among the South Yorkshire pits that sent 
i es during the month were Brodsworth, 
Cortonwood, Dinnington, Elsecar, Hoyland Silkstone, 
Hardwick, Kiveton Park, Mitchell Main, Maltby. 
Rothervale, Shireoaks, Thorncliffe, and Wharncliffe Silk- 
stone. At the largest pits—Denaby and Cadeby Main and 
Carlton Main—smaller tonnages were sent. These figures 
are exclusive of coal supplies for Admiralty purposes or 
for use of the Allies’ Governments. 


South Yorkshire Coal Trade.—Collieries and merchants 
have many more orders on their books than they can deal 
with promptly, and deliveries of all kinds of fuel are in 
arrear. The big demand for household sorts from London 
and the immediate district has been fully maintained, 
and prices are 6d. to 9d. higher on the week. Low-grade 
fuel is selling at prices usually paid for the best 
qualities. Steam hards continue firm. Manufacturers 
bought substantial tonnages in the open market to 
supplement stocks, and so Bawa ed against the possi- 
bility of a strike in West Yorkshire ; big prices were 
paid. Shipments have been on a slightly larger 
scale. The output of slacks is greatly reduced, and with 
the enlarged requirements arising from industrial expan- 
sion, prices are on the up-grade. The strength of the 
coke market is attributable more to decreased output than 
to any improvement in the demand, though that is on 
a fair scale. Quotations :—Best branch hand-picked, 19s. 
to 20s.; Barnsley best Silkstone, 16s. 6d. to 17s. 6d.; 
Derbyshire best brights, 16s. 6d. to 18s.; Derbyshire 
house, 15s. to 168. ; best large nuts, 15s. to 16s.; small 
nuts, 13s. to 14s.; Yorkshire hards, 15s. to 163.; Derby- 
shire hards, 15s. to 16s.; best slacks, 7s. 6d. to 8s. 6d.; 
seconds, 7s. to 8s. ; smalls, 5s. 6d. to 6s. 6d. 


Iron and Steel.—The consumption of common and 
hematite pig-iron continues on an enormous scale, 
owing to the demands made by the British and foreign 
Governments — local manufacturers of iron and 
8 goods. liveries, however, are mostly re- 
stricted to contract orders. The small of 
hematite on offer in the open market is quoted at such 
high figures that consumers show little disposition to 
buy. est Coast and East Coast prices are about on a 
level. The prompt market for common irons is similar] 
quiet. Lincolnshire mastersare not quoting, and thoug’ 
business in Derbyshire sorts shows a decline, prices are 
no lower. i 
week ago. There is a steady undertone in bar iron. The 
advance of South Yorkshire bars to 8/. 15s. had been 
anticipated, and has not reflected adversely upon late 
bookings. The heavy engineering trades are working at 
great pressure, and there is consequently a big run on 
tools and machinery. To facilitate increased output at 
the armour, gun, and shell works trade-union restrictions 
on overtime have been minimised, and skilled workers 
are —— exceptionally big wages. The total of 
wages paid per week in the engineeri trades is 
computed to be the largest on record. “The glut of 
Government work is keeping busy not only the big arma- 
ment wor also a big section of the general steel 
trades, and while it is apparently true that but for war 
pressure slackness would be general, it is also a fact that 
owing to the large amount of work arising out of the war, 
orders from abroad on general commercial account are 
being turned away. There is a brighter outlook in rail- 
way steel, and wagon-builders have more work on hand. 
The lighter trades are sending a considerable share of 
their output to Russia and France. Steel billets are firm 
with an upward tendency: Siemens acid are quoted at 
91. 15s. to 10/., and Bessemer acid at 9/. A strong tone 
prevails in basic billets. Big tonnages are going away on 
contract account, and open market sales are few. Hard 
basic rules at 7/. 10s. and soft basic at 7/. Good steel 
scrap is in strong demand, and realises high prices. All 


quotations for steel alloys are on the upgrade. 








Our Locomorive Exports.—The new year has com- 
menced tolerably well, the value of the engines shipped 
in January having been 324,893/., as compared with 
387,682/. in January, 1914, and 210,145/. in January, 1913. 





THe Late Mason WattER JoHNSON.—We regret to 
have to announce the death, which occurred suddenly at 
Redcar, on the 9th inst., of Major Walter Johnson, 
brother-in-law of Sir Hugh Bell, Bart. Major Johnson 
was a director of Messrs. Bell Brothers, Limited, and of 

essrs. Dorman, Long and Co., Limited; he was also 
for many years chairman of the Middlesbrough Chamber 
of Commerce. Major Johnson was seventy-two years 


Forge iron, in fact, is 6d. to 1s, dearer than a | rail 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.essroucH, Wednesday. 
The Cleveland Iron Trade.—At present a quiet feeling 
prevails in pig-iron. Home consumers have, apparently, 
satisfied their Len py eet for the time being, and de- 
mand from ab islimited. Under such circumstances 
it is not surprising to find values falling a little. The 
oo situation, however, is not unsatisfactory. Pro- 
ucers state that their stocks are not increasing to any 
extent, due to the facts that a number of furnaces are on 
slack blast, and that local steel works are taking ab- 
normally large supplies, a great deal of which is for use 
in the manufacture ot Government work. Oleveland 
pig in the public warrant stores, however, continues to 
accumulate steadily. No. 3 g.m.b. Cleveland pig is 
66s. 3d. ; No. 1 is 58s. 3d. ; No. 4 foundry, 55s. 9d.; No. 4 
forge, 55s. 3d. ; and mottled and white iron, each 54s. 9d. 
Buyers of East Coast hematite pig are not keen to operate, 
ms on the other hand, makers, most of whom are well 
placed, are not pressing sales. The general market quota- 
tion for Nos. 1, 2, and 3 may be given at 90s., though 
there are makers who ask more, whilst some second- 
hands might accept a trifle less. The latter, however, 
have not com of a great deal of iron. Foreign ore 
prices are falling, the situation having been relieved by 
the release of interned steamers to convey 
France, and proceed to Spain and other countries to bring 
ore to this district. Freights have thus considerably 
lowered. Freights Bilbao-Middlesbrough are now bein 
fixed at 13s., whereas a week ago 20s. was demanded. 
Market rates for foreign ore are based on a maximum of 
27s. ex-ship Tees for Rubio of 50 per cent. quality. 
Imports of ore to the Tees to date this month were 
officially returned to-night (Wednesday) at 41,382 tons. 
Coke is steady and in fairly request for local use. 
Owing to reduced make there is not a great deal offering, 
and sellers are not disposed to make concessions. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 119,964 tons. 
Since the beginning of the month, the stock has been in- 
creased by 3312 tons. Shipments of pig-iron from the 
Tees show an improvement on those of a month ago, but 
they fall greatl low those of February last year. To 
date this month they average 624 tons per working day, 
the total despatches being returned at 5615 tons, all of 
which have gone from Middlesbrough. To the same date 
last month the loadings were given at 3575 tons, or a daily 
ave’ of 397 tons, and for the corresponding part 
of February, a year ago, the clearances reached 32,975 
tons, or an average of 3663 tons per working day. 


Manufactured Iron and Steel.—In the manufactured 
iron and steel industries works are going at full ure, 
and producers are unable to deliver to the full extent 
demanded by customers. Shortage of trucks ham 
deliveries. Prices all round are very strong. Princi 
market quotations stand :—Common iron bars, 8. 10s.; 
best bars, 8/. 17s. 6d.; best best bars, 9/. 5s. ; packing- 
iron, 7/.; iron “4 ¥y 81. 10s.; iron ship-angles, 8/. 10s. ; 
iron ship-rivets, 9/. to 9/. 5s.; iron girder-plates, 8J.; 
steel bars (basic), 8/.; steel bars (Siemens), 8/.; steel ship- 

lates, 82. 10s.; steel yor 81. 5s.; steel boiler-plates, 
Bi. 10s.; steel joists, 8/. 7s. 6d. to 8/. 10s.; steel hoops, 
82. 5s.; steel strip, 7/. 10s.—all less the customary 24 per 
cent. discount; cast-iron columns, 7/. 7s. 6d.; cast-iron 
railway chairs, 4/. 7s. 6d. to 4/. 10s.; light iron rails, 
7l. 158.; heavy steel rails, 61. 7s. 6d. to 6/. 10s.; steel 

ilway sleepers, 8/.—all net f.o.b. ; vanised corrugated 
sheets, 24 gauge, in bundles, 11/. 10s. to 12/. f.0.b.—less 
4 per cent. 

Cleveland Miners. — As the result of a conference 
between the Cleveland Ironstone Mineowners and the 
Cleveland Miners’ Association regarding the question 
of working extra hours to maintain the supply of 
ironstone for the furnaces where Government con- 
tracts are being carried out, the Miners’ Association 
decided to ask for a modification of the Eight-Hours 
Act in order that the back - shift men, who are at 
present not able to work six shifts a week because 
of the interval of sixteen hours having to elapse be- 
tween the commencement of one shift and the conclu- 
sion of another, might be able to put in an extra shift 
each week. The Miners’ Federation, however, have taken 
objection to this, but as the Act enables sixty extra hours 
to be worked each year, the Cleveland Miners’ officials 
have advised their members that an extra two hours per 
week may be worked at ordinary overtime rates without 
infringement of the Act. 





Emercency Saipr-Licutine Ser: Erratom.—In our 
description of the Thornycroft ship-lighting set, which 
a on page 166 of our last issue, there was an error 
in the oe Pe the quantity of make-up cooling 
— required. The correct figure is 180 gallons for 
‘our hours. 





Pia-TRon IN Upper Siiesia.—A_ better tone continues 
and buyers are increasing their orders. The capacity of 
the blast-furnaces is also on the increase, corresponding 
with improved activity on the part of the rolling-mills. 
The current contracts, which by the union are generally 
entered upon for only three months at a time, are carried 
out satisfactorily. The ag some of the army, the 
railways, and other public ies give sufficient employ- 
ment for the hands left at the works. Foundry pig and 
iron for steel works are especially in strong demand, and 
the production is a Prices are ing. The 
cessation of the export e is fully counterbalanced 
the lively demand from the northern and central districts 





of age. 





of Germany, which formerly drew a great deal of their 
supplies from England. 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown considerable 
strength, and colliery-owners are anticipating a furtber 
advance in prices. There are no indications of the 

uirements of the British and French Navies being 
ros ee and the demand in other directions is also 
becoming more difficult to provide for, colliery preduction 
being curtailed by labour shortages. There is especially 
a pew pressure for smalls, but colliery-owners bave also 
full order-books for large. House , patent fuel, and 
coke have shown stength. The best Admiralty large has 
made 21s. to 21s. 6d. ; best secondary qualities have realised 
19s. 9d. to 2%s. 6d.; other secondary descriptions bave 
made 19s. to 19%s. 6d.; best bunker smalls have ht 16s. 
to 16s. 6d.; and cargo smalls 13s. 6d. to 14s. 6d. per ton. 
The best household coal has been quoted at 21s. to 22s.; 
households have realised 19s. to 20s.; No. 2 Rhondda 
has brought 16s. 6d. to 17s. 3d.; and No. 2 smalls 
have made 13s. to 14s. per ton. ial foundry coke has 
realised 30s. to 33s.; good foundry coke 25s. to 26s.; and 
furnace coke 203. to 223. per ton. Asregards iron ore, 
Rubie has been quoted at 26s. to 28s. per ton, u ” 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


The Bute Docks.—The imports at the Bute Docks last 

ar amounted to 1,881,394 tons, as compared with 

071,300 tons, in 1913, showing a falling off of 189,906 
tons. The imports of iron ore were 733,833 tons last 
year, as com with 746,381 tons. Mining timber, 

it Props, and pit wood were imported to the extent of 
B36, 1 tons, as compared with 409,507 tons. The imports 
of grain and flour were 309,914 tons, as compared with 
311,667 tons. The exports from the docks last year were 
11,173,025 tons, as compared with 11,605,641 tons in 1913. 
In these totals coal and coke figured for 10,276,963 tons, 
as compared with 10,576,506 tons. The directors of the 
Cardiff Railway Company report that the general dis- 
location of affairs occasioned by the war has rendered it 
extremely difficult to carry on work at the docks, and 
that there has been a substantial increase in working ex- 
penditure. 


Dowlais.— lather more activity has been observable at 
the Dowlais Works. The blast-furnaces have been doing 
well, and the Siemens and Bessemer furnaces have been 
fully employed. The Goat Mill has completed some 
miscellaneous orders for heavy steel rails, tin-bars, and 
steel sleepers. The Big Mill had been engaged upon 
tram-rails for underground workings, as well as n 
props and curves for colliery air-way workings, tab 
plates, &c. 


The Forest of Dean.—Speaking at a meeting of miners 
at Yorkley, Mr. G. H. Rowlinson, miners’ agent for 
the Forest of Dean, said the local coal trade since the 
es of the - a ex — — un- 
parall pros} ty, and there m three advances 
In wages. Still, the advance in the price of coal gener- 
ally in districts where men’s wages had not been increased 
was such as to call for Government intervention. It was 
about time that Government fixed a maximum price for 
coal. Referring to the shortage of timber, Mr. Rowlin- 
son said there might be a time when one of the large 
collieries of the Forest would have to close down in con- 
sequence of the deficiency. The Forest of Dean coal 
interest was, however, living in a forest, with any amount 
of timber round it, and it was the duty of the wn to 
come forward and offer its timber at reasonable prices. 





NegvuTRaAL CommErce.—The commerce of the neutral 
countries is admittedly being greatly inconvenienced 
and ham by the war—many neutrals think unduly 
so—and the question of establishing new routes in lieu 
of those stopped by the belligerents engages serious 
thought. Thus the export of Swedish timber via Norway 
has not worked quite so smoothly as could have 
been desired, and an export bureau, domiciled at Oster- 
sund, has been formed to improve matters. A block 
occurred on the Norwegian side, and for some days all 
despatch of Swedish timber via Norway had to be 
sto b e Norwegian railway authorities then under- 
took to forward 60 wagon-loads Py day; but this soon 
proved insufficient, and some wagon - loads were 
allowed to accumulate north of Ostersund and on the 
Norwegian side. The export bureau referred to is to 
serve as an intermediate both between the Swedish 
shippers and the Swedish railway authorities, and 
between the latter and the Norwegian railways. If 
only sufficient Norwegian rolling-stock, especially en- 
gines, can be made available, the new route is —— 
to become one of = importance. Although the 
Stockholm - Raumé (Finland) route, which has been 
closed since three Swedish steamers were blown up by 
German mines, was resumed a day or two before the new 
year, the Russian authorities appear very anxious to 
establish a connection by railway between the Russian 
and the Swedish systems. For this purpose the Russian 
railway has been pastes on as rapidly as possible as 
far as Karungi; but the line is only of a temporary 
nature, and Russian statements about an impendin 
connection between this line and the Swedish State rail- 
ways are being officially contradicted in Stockholm. The 
Swedish ment in question is of opinion that should 
a Swedish- jan railway connection some day be estab- 
lished, a plan which the Swedish authorities Lave never 
encouraged, it would have to be effected south of Hapa- 
vanda, and not at Karungi. The Swedish line from 
Hapavanda to a is not expected to be ready until 
the latter part of 1915. Of the Russo-Finnish-Norwegian- 
Swedish traffic conference, to which leading Russian 








have referred to as about to be held, nothing is 
Enown in Sweden. 
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ENGINEERING AND ARMY SUPPLIES. 


Redon mee“ ane has been pa in our columns to 
the part play y engineering workers in maintaini 
the aaeine of the Army, and consequently to the vital 
importance of workers exerting themselves and working 
continuously. Most interesting corroboration comes in a 
despatch from the “ Eye-Witness” present with the 
General Headquarters, issued on the 8th inst. He says :— 

A good deal has been said at different times about the 
way in which our troops are — It is possible, 
however, that by some of those who are not conversant 
with military phraseology the term ‘‘ supply ” may be 
taken to be applicable only to the — of an army. 
This is not the case, for, essential as is food, its provision 
is only one part of the problem of maintaining a force in 
the field. To be efficient as a soldier a man requires more 
than the adequate nourishment of the body. 

The scope of the branches into which the whole subject 
of supply is divided is somewhat complicated, and can- 
not be accurately explained in a few words, for these 
branches are not all exactly defined, and in some cases 
overlap. It may be said that the furnishing of food of 
every Lina for man and beast is the duty of the Army 
Service Corps, the furnishing of every drug and appli- 
ance necessary for the treatment of the sick and wounded 
is carried out by the Royal Army Medical Corps, assisted 
by the various voluntary organisations, which started 
their effective work when war began, while the provision 
of stores for disabled animals falls to the Army Vete- 
rinary Department. The Royal Flying Corps gatees 
its own machines, as does the Mechanical Transport 
Branch of the Army Service Corps. Broadly speaking, 
however, with these exceptions, the Ordnance Depart- 
ment supplies the Army with all the clothing, equipment, 
arms, ammunition, tools, appliances, machinery and ex- 
pendible material that can be required, from guns weigh- 
ing many tons to tin-tacks. 

he vastness of the work of maintaining the army— 
apart from feeding it—may be deny from a few figures. 
In one month there were issued to the troops 450 miles 
of telephone wire, 570 telephones, 534,000 sandbags, 
10,000 Ib. of dubbing for boots, 38,000 bars of soap, 150,000 
pairs of socks, and 100,000 pairs of boots. In ten days 
the number of fur waistcoats given out amounted to 
118,160, while during the same period 315,075 flannel 
belts were distributed. The way that insignificant items 
mount up where large numbers of men are concerned is 
shown by the fact that the weight of the average weekly 
issue of vaseline for the feet is 5 tons, and that of horse- 
shoes 100 tons. 

On the other hand, some idea of the complexity of 
the work can be gathered by reference to the official 
** Vocabulary of Stores,” which er to the price- 
list of a large shop, and contains 50, separate items. 
The different patterns and varieties of the same article 
stocked is also somewhat songeueee. For instance, there 
are several hundreds of kinds of s ers in use in the 
Service, spanner No. 203 being listed as required for 
- - and valve of cap securing inner chamber of air- 
cylinder and filling valve, spindle intensifier ; barbette, 
B.L., 9.2-in., Mark IV., also filling and emptying valve 
gland air-cylinder; barbette, B.L., 9.2-in., Marks V. to 
VB.” Even such unusual demands have been made as 
those for bitter aloes—to put on head-ropes to prevent 
horses biting them-—and permanganate of potash for 
dyeing grey horses brown. And not only is the variet: 
of the stores used greater than it was formerly : roe | 
article tends to become more complicated in itself. Guns, 
and their mountings and carriages, and ammunition, with 
its delicate fuzes, the handling of which originally formed 
the chief duty of the department, are, of course, far more 
elaborate than they used to be, as are the electrical 
instruments used by the Engineers for tel h, wire- 
less, and telephone—the employment of which has to 
such a large extent superseded. the old simple flag and 
lamp signalling and heliography. Even such things as 
water-carts are now fitted with an elaborate arrangement 
of filters. 

The duties of the department can be divided into those 
of supply and maintenance. The first consists of estimat- 
ing betimes what will be required, of framing ies of 
issue and checking demands for it, of ordering, procuring, 
and testing or making it, of providing the troops with it, 
and of accounting for itafterwards. In most cases the 
articles used by the Army are made either in Government 
or private factories at home ; but some are manufactured 
by the Ordnance Department in its own workshops in 

rance. In the case of anything of a mechanical 
nature the duties of the ‘‘Ordnance” are not finished 
when the article is handed over to the troops who 
use it, for it is still carefully watched, gauged, and 
tested, maintained in order, and, if necessary, re- 
paired or replaced. The importance of this work in 
connection with guns, ammunition, or explosives needs 
no emphasis. To carry on, indeed, the officers and 
men of the department must not only a know- 
ledge of their own work, but have to be well acquainted 
in the establishments. formations, und requirements of 
every kind of unit. For the testing and repair of machi- 
nery there is a specially and technically-trained staff of 
officers, warrant officers and men, and stationary and 
travelling worksho whilst all armourers, whether 
employed in the ordnance workshops or with regiments, 
belong to the department. 

Tt must be remembered that since the units of an army 
on active service are either fighting, or waiting ready to 
fight, and are therefore scattered over a large area, 
problem of distribution, whether it be of food, ordnance 
stores, parcels or letters, is bound to be one of great 
difficulty. It is in most cases impossible for the soldiers 
to go collectively or individually to some central oo 
or shop, where they can draw what they want. 
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stuff must be taken out and delivered tothem. This, of 
course, applies equally to the question of food ; but there 
are two points which make the distribution of ordnance 
stores less easy than that of food, and that is the variety 
of the former and the fact that some of them have toa 
certain extent to meet special requirements. 

Briefly, the procedure adopted to ensure that the troops 
receive promptly what they need is as follows :—For all 
ordinary stores for which there is a steady demand, and 
of which an estimate of requirements can be framed in 
advance, the ordnance officer with a division sends down 
to the base—which is really a dépét, or reservoir, of 
stores—an order for a week’s supply made out in 
anticipation. If this order were complied with at one 
stroke, and the whole of the week’s supply sent up 
in one consignment by rail from the base to rail-head 
—the point where railway transport ceases—the result 


the | would be congestion and confusion, for the mass could 


not be handled and sent out to the troops at once, 
nor could it be stored where it was unloaded. More- 
over, it might happen that the troops would not at the 
moment be in a position to take delivery of the stores 
for which they had asked. From the base, therefore, » 





proportion of the weekly demand is sent up to railhead 
daily, and from this amount the divisional ordnance 
officer is able to satisfy each day part of the current re- 
quirements of the units. “I'wo great principles which are 
strictly adhered to are, on the one hand, not to unload 
from the rail, and accumulate a stock at a temporary 
point, such as railhead, where it cannot be handled, and, 
on the other hand, not to lock up railway rolling stock by 
keeping trucks under load. To avoid a block, therefore, 
it pays to send back to the base the unexpended balance 
of a day’s consignment which is not issued to troops on 
arrival at railhead. 

For all technical stores for which there is not a steady 
demand and which are not uired in bulk the system 
is different. The divisional ordnance officer wires to the 
base to send up from stock at once whatever is — oe 
Once on rail, ordnance supplies follow the same channel 
of delivery as the food. to railhead they are con- 
veyed on special trucks in the supply trains and thence 
by motor transport to the refilling stations, whence they 
are taken up to the fighting line in the horsed vehicles of 
units. So far as the ordnance is concerned, the base, 
besides being a dépét, includes huge workshops. 
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NOTICES OF MEETINGS. 


Tue Norra or Exeuanp Instrrute or MINING AND MECHANICAL 
ENoInwERs.—Saturday, February 13, st 2 p.m., in the Wood 
Memorial Hall, Newcastle-upon-Tyne. The following papers will 
be open for discussion :—‘*A Portable Electrical Gas-Detecting 
Device for Use with Miners’ Lamps,” by Mr. George J. Ralph. 
“Notes on Coal-Mining in the State o* illinois, United States of 
America,” by Mr. tamuel Dean. “Hydraulic Stowing in the 
Gold-Mines of the Witwatersrand.” by Mr. B. ©. Gullac’ . 
‘* The Maikop Oilfield, South Russia,” by Mr. William Calder. ‘‘ The 
Killingworth Colliery (New South Wales) Explosion,” by Mr. James 
Ashworth. ‘‘ Coal-Mining in the State of Pennsylvania, United 
States of America,” by Mr. Samuel Dean. The following papers 
will be read or taken as read :—“ The Lateral Friction of Winding. 
Ropes,” by Mr. H. W. G. Haulbaum. ‘* Winding-Enogine Signals,” 
by Mr. Wilfrid H. Davis. A mine-signalling apparatus will be 
exhibited, described, and demonstrated by the Sterling Telephone 
and Electric Company, Limited. 

Tne InstirvTion or Post-OrFick ELECTRICAL ENGINEERS : 
Lonpon CENTRE.—Monday, February 15, at 6 p.m., at the Institu- 
tion of Electrical Engineers. A paper will be read by Mr. L. B. 
Turner, M.A. (Cantab ), A.M.I.E.E., on “‘ Wireless Call Devices.” 
There will bea demons ration also. 

Tue Rovau Society or Arts.—Monday, February 15, at 8 p.m. 
Fothergill Lecture —‘‘ Motor Fuele,” by Professor Vivian B. 
Lewes, F.1.0., F.C.S. (Lecture L.). Wednesday, February 17, at 
8p.m. ‘‘The Decorative Textile Industries and the Designers’ 
Relation thereto,” by Mr. Arthur Wilcock. Sir Charles Waldstein, 
Litt.D., Ph. D., late Director of the Fitzwilliam Museum, and Slade 
Professor of Fine Arts, Cambridge, will preside. 

THE ILLUMINATING ENGINEERING SocieTY.—Tuesday, February 16, 
at 8 p.m., at the House of the Royal Society of Arts, John-street, 
Adelphi, London. A discussion on “The Development and 
Design of Lighting Fixtures in Relation to Architecture and 
Interior Decorations” will be opened by Mr. F. W. Thorpe. 

Tue Notrixenam Society or Encinrers.—Wednesday, February 
17, at 7.30 p.m., at the Welbeck Hotel. Professor C. H. Bulleid 
will read a psp2r on ‘‘ The Apprentice Question.” The chair will be 
teken by the President, Major W. E. Walker, and Mr. L. W. Crosta 
will occupy the vice-chair. 

Tue Royat Mereoro.oeicst Soctery.— Wednesday, February 17, 
at 7.30 p.m., at the ae oe! Institution, 12, Great George-street, 
Westminster. Papers to be read :—1. ‘‘ Observations of the Upper 
Atmosphere at Aberdeen by Means of Pilot Balloons,” by Mr. 

M. Geddes, M.A. 2. *‘ The Influence of Weather Conditions 
upon the Amounts of Nitric Acid and of Nitrous Acid in the 
Rainfall at Melbourne, Australia,” by Mr. Valentine G. Anderson. 

Tue INSTITUTION OF PETROLEUM TRCHNOLOGISTS.—Thursday, Feb- 
ruary 18, at 8 p.m., at the House of the Royal Society of Arts, 
John-street, Adelphi, W.C. The following paper will be read :— 
“* The ‘ Cracking’ of Oils, with a View to Obtaining Motor Spirit 
and Other Producte,” by Mr. William A. Hall. The chair will be 
taken hd the President, Sir Boverton Redwood, Bart., D.S8c., 
F.R.S.E. 

Tue Ipswich ENGINEERING eee Lae 18. 
Paper on ‘‘Gear Cutting,” by Mr. V. Garside, of hdale. 

Tue InsTITUTION OF MINING AND MBTALLURGY.—Thursday, 
February 18, at 8 p.m., at the Rooms of the Geological Society, 
Burlington House, Piccadilly, London, W. The following papers 
will be discussed :—‘‘ Notes on Some Gold Occurrences in 
Ashanti,” by Mr. J. Morrow Campbell, Member. ‘‘Some Fea- 
tures in the Mining Problems of the East Witwatersrand Area,” 
by Mr. W. G. Holford. “Prospecting Tin Land in Malaya,” 
by Mr. W. B. Middleton, Member. 

Tue InsTiTuTION OF MecHanicaL Engineers. — Friday, Feb- 
ruary 19, at 8 p.m. The annual general meeting will be held, 
and the annual report of the Council will be read. The following 
paper will also be read and discussed :—‘* Convertible Combustion- 
Engines,” by Mr. Alan E. L. Chorlton, Member. 

m Roya Sanrrary Ixstirure. — Friday, February 19, at 
7 p.m., in the Municipal School of Technology, Sackville-street, 
Manchester. A _ Provincial Sessional Meeting will be held, 
when discussions will take place on “‘The Construction 
of Sewers” (illustrated by lantern-slides), to be opened by Mr. 
8. 8. Platt. M. Inst. C.E., Borough Surveyor, Rochdale; and 
“ Housing from a Sanitary I tor’s Standpoint,” to be opened 
by Mr. H. Dryland, Sanitary rtment, Manchester. General 
dovunten is invited. The chair will be taken by Sir Henry 
Tanner. C.B., 1.8.0., F.R.1.B.A., Chairman of Council. 

Tue Royat Instirvtion oy Great Brrrain.—Friday, February 19, 
at 9 p.m. The discourse will be delivered by Professor Henry E. 
Armstrong, Ph.D., LL.D., F.R.S., M.R.L, on ‘* The Visit of the 
British Association to Australia.” Afternoon lectures next week 
at 3 o'clock. On Tuesday, February 16, Professor Charles 8. 
Sherrington, M.D., LL.D., D.Sc., F.R.S., Fullerian Professor of 
Physiology, R.I., on ‘‘Muscle in the Service of Nerve” (Lec- 
ture V.). On Thursday, February 18, Mr. P. Chalmers Mitchell, 
M.A., D.Sc., F.R.S., on ‘‘ Zoological Studies War and Evolution 
—Struggle of Species” (Lecture IL.). On Saturday, February 20, 
Professor Sir J. J. Thomson, O.M., LL.O., D.Sc., F.R.S , M.R.L, 
Professor of Natural Philosophy R.1., on ‘‘ Recent Researches on 
Atoms and Ions.” 
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THE GOVERNMENT, TRADE UNIONS, 
AND WAR MUNITIONS. 


THE appeal to the Labour Party in Parliament 
to assist in obtaining some relaxation of trade- 
union rules and regulations, especially in armament 
works, made by the Under-Secretary of the War 
Office, Mr. H. J. Tennant, in the House of 
Commons on Monday, comes not a day too soon. 
Those Government departments concerned with 
the supply of munitions of war have realised 
the difficulties of manufacturers of war muni- 
tions ; and there have this week been confer- 
ences between representatives of such departments, 
manufacturers, and trade-unionists. Sir George 
Gibb, who, because of his great organising ability, 


206 | was called upon to assist in connection with war 


supplies, has been specially active in the last few 
weeks in attempting a solution of the problem, 
and has naturally had the co-operation of Sir 
Francis Hopwood, a Civil Lord of the Admiralty, 


Sir G. R. Askwith, of the Board of Trade, and the 
Financial Secretaries of the War Office and Admi- 
ralty, Mr. H. T. Baker and Mr. T. J. Macnamara, 
both of whom are in large measure responsible for 
what may be termed the ‘‘spending sections” of 
these two important Government departments. 
The difficulty to be faced arises, primarily, from the 
necessity which exists for the creation in the mini- 
mum of time of the maximum of war supplies. 
Germany entered upon the war with a mighty 
military machine, far transcending that possessed 
by any nation in any time. 'We—more, perhaps, 
than any of our Allies—were entirely unprepared 
for great field operations. As a consequence, we 
had to begin, in August, to create a mightier mili- 
tary machine, in association with our Allies. Our 
manufacturing resources are admittedly superior in 
every respect, and particularly in their productive 
capacity, to those of any nation, but the demands 
made are far in excess of the normal rate of out- 
put, and there has been added the further dis- 
ability that many of the finest mechanics in the 
factories answered promptly the call to arms. This 
latter result, however gratifying as a revelation of 
patriotism and the appreciation of a true sense of 
the grave danger which menaced our position, in- 
creased the difticulty of meeting the requirements 
of the army in the field. Indeed, this has been so 
rave that, as Mr. Tennant pointed out in the 
ouse of Commons, some of the experienced 
mechanics who had gone from the armament 
works have already, by the instructions of the 
Secretary for War, been brought back from France 
or Flanders in order to keep these works going at 
full strength. This single fact in itself is testimony 
of the importance of the work being done in the 
factories engaged on war supplies, proving, as it 
does, that the service of the worker is as vital to 
the ultimate success as the brave fighting, amid 
hardship and danger, of the troops in the field. 

There is no need to enforce this point, but it is 
well at the outset that there should be established 
in the minds of all those constituting the immense 
range of workers in the British factories. Oppor- 
tunely, there comes from that graphic writer who 
is unofficially attached to the Main Headquarters 
Staff as ‘‘ Eye- Witness,” an impressive narrative of 
the work of supplying the army in the field, and we 
reproduce on the opposite page the greater part of 
his latest despatch. This should be studied by all 
workers, because from it there emerges the fact 
that the scope of the influence of his or her work is 
almost without limit. While the works directly 
responsible for war munitions must take precedence 
of others, the importance of other manufactures 
must not be ignored. Even in the case of war 
munitions it has been found necessary to erect new 
shops and to produce new machine-tools, without 
both of which shot and shell, guns and limber, 
cannot be produced in sufficient quantities. 

The cry of the manufacturers, which was re- 
echoed by Mr. Tennant in the House of Commons, 
is for more workers to meet the abnormal demands 
and for greater continuity and increased application 
on the part of those engaged. As to the latter phase 
of the subject, we have, in a previous article, made 
the stronge-t plea possible, and in returning to the 
subject now our main aim is to investigate to what 
extent the existing labour may be utilised more 
directly, and in greater numbers, towards meeting 
the requirements of the Navy and Army. At once it 
must be admitted that great things have been done 
already, and that our troops have been supplied 
with marvellous punctuality with all the necessities 
for maintaining their position and operations in the 
field; and, further, that vast strides have been made 
towards the completion of that mighty military 
machine which, as is well known, will be utilised 
at the psychological moment for a great forward 
advance. Every day by which this advance can be 
anticipated brings victory nearer; life will be saved, 
the cost of the war minimised, and all the miseries 
attendant upon war lessened. The need, therefore, 
for great effort by the working classes should be 
realised, and petty questions laid aside in the 
interests of all, and particularly of Imperial 
existence. 

The first method by which work and manufac- 
ture can be expedited is in the concentration of 
labour towards the desired end. The war has 
brought about a very considerable dislocation in 
trade. In some trades there is little demand for 
workers, and while some effort has been made to 
direct the unemployed into lines enabling the out- 





put of war munitions to be increased, ifficulties 
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have arisen in the full utilisation of men in trades 
to which they were not brought up. The extent 
to which unskilled labour should be employed is an 
old problem. Equally ancient, and even more 
conducive to disputes, is the question of demarca- 
tion. On the one hand, it is recognised that many 
machine-tools, particularly of the automatic and 
semi-automatic type, can be attended by unskilled 
labour, even by women or boys, provided there 
is skilled supervision, particularly in the setting 
of the job in the machine. This employment 
of unskilled labour naturally seems a medium 
for increasing the output in the absence of a sufli- 
cient number of skilled workers for the machines 
existing ; but, unfortunately, the trade unions have 
refused to — deviation from their regula- 
tions, or, indeed, from their line of policy. The 
same applies to questions of demarcation and the 
extent to which overtime can be worked; and, 
indeed, to the whole of the rules controlling the 
engineering factories in the country. 

The point of view of the trade unions must not 
be ignored. It is the right of every man to sell 
his labour at the highest obtainable price. Trade 
unions were formed, in the first instance, with the 
primary object of accomplishing this condition as 
far as possible. The members have fought, not 
without sacrifice to themselves, in order to force 
upon employers, even inst sound economic 
principles, rules of employment to appreciate 
remuneration either by increased rate of wage or 
by other means. They have gained enormously in 
strength because they often embrace the best of the 
workers, so that they have in the majority of cases 
been able to establish a ‘‘ close corporation ” in the 
factory. In such cases the employer was prohibited 
from engaging non-union skilled workers. The 
Legislature even has assisted towards the estab- 
lishment of the power of trade unions. From being 
classed in some respect as combinations inimical to 
trade, they have in other instances been made 
superior to law. Thus the rules and regulations 
of the trade unions have become their magna charta, 
and it is not unnatural that they should look with 
extreme jealously on any proposal for the voluntary 
relinquishment, even during the progress of the 
war, of the restrictions imposed by these rules and 
regulations. We need not enter into the ethical 
question—of the subservience of individual claims 
to communal or national interests. That is rather 
too large a question to be considered as a side issue. 
There is, however, in this case the fact that indi- 
vidual interests must be affected if the national 
aim is not achieved. Victory for the Allies in the 
war will bring a greater reward for the worker than 
for almost any other class of citizen, since it will 
conserve freedom to continue to work out the 
amelioration of the condition of the people. Defeat 
must bring tyranny, which would tell. most hardly 
upon the working classes, because they are the least 
able to stand the strain which must result from the 
necessity of providing the spoil for the victor. 

We believe that the situation is being more and 
more realised by the workers. Many are thought- 
less and a few are careless. The men responded 
splendidly to the direct call to arms. While many 
workers have allowed themselves an unjustifiable 
amount of idle time, others have done well. We 
cannot, however, excuse those engineers who, pend- 
ing settlement of questions at issue, have refused to 
work overtime. We admit that it is difficult for men 
who have worked long to establish their trade regu- 
lations now to relinquish voluntarily the advantages 
which these regulations bring. There is always the 
difficulty that any temporary relinquishment might 
establish clearly that the restrictions which the 
rules impose are unjustified on economic grounds. 
If during war a skilled worker, with the assistance 
of some handy men, boys, or women, were able to 
run a number of machine-tools, automatic or semi- 
automatic, and if an expert turner, with a little 
extra vigilance, could su ise the work on two 
or more lathes, instead of confining himself to one, 
the economic advantage established might have 
influence on the future possibility of restrictions 
in trade-union regulations which are opposed to 
sound economic principles. 

There lies the crux of the whole difficulty. Em- 
ployers are willing to guarantee that at the end 
of the war the old conditions will be reverted to, 
and that no concession now made will militate to 
the disadvantage of unionists in future disputes. 
The trade-unionists refuse, however, voluntarily 
to relinquish any point that they have in course 
of time established, and we are therefore forced 








to the point that military necessity, which is of 
the greatest and most vital importance, must 
become the dominant factor in the solution of the 
problem. This military necessity can only be 
enforced by military power. The Government 
have made short work of many of the prized 
liberties of action of the people. Stock Exchange 
transactions, bank facilities, the collection of debts, 
the control of railways, and the social amenities 
of the people have all had to yield to uational 
need. The Defence of the Realms Act” even 
threatens some of the cherished principles estab- 
lished by King John’s Magna Charta. Surely the 
trade unions’ Magna Charta must similarly yield 


during the progress of the war to national needs. | 


As Mr. Tennant said in his speech : ‘*‘ The Govern- 
ment have already made inroads into important 
industries upon which large bodies of the public 
depend.” Others must be made if the demands of 
the Navy and Army are to be met within the 
limits of time prescribed by tactical considerations. 

We are inclined to the belief that definite Govern- 
ment compulsion would solve the problem we have 
enunciated. It would enable the trade unions to 
offer nominal resistance and give them the right, 
when the Government compulsion was withdrawn, 
to hold to the principles and to the letter of the 
present rules and regulations of their unions. It 
would be established, further, that the change was 
not for economic reasons, but by force majeure. 
The means by which Government compulsion is to 
be exercised is more or less a matter of detail. It 
would probably suffice if a military administrator 
were attached to districts, in order that he might 
arbitrarily settle disputes between trade unions 
and employers, apart altogether from the limita- 
tions imposed by the trade-union regulations or by 
the customs of each employer. This measure may be 
regarded as drastic, but the situation calls for strong 
action. We believe that it would succeed, and would 
simplify a return to the status quo ante bellum, and 
would, at the same time, increase on the part of 
the workers their recognition of the importance of 
their contribution to victory, particularly as Lord 
Kitchener, according to Mr. Tennant, is considering 
the possibility of issuing at the termination of the 
war a medal to certain technical workers in the 
armament firms who have served the nation faith- 
fully and well in the manufacture of those articles 
which are required, and by whose skill and zeal 
the Army in the field has been supplied. This is a 
method of encouraging men which we have advo- 
cated in previous articles, and we are glad that the 
mind of the Secretary of War is travelling in this 
direction. 





CHEMICAL SCIENCE AND INDUS- 
TRIAL PROBLEMS. 


It would not be very astonishing if the British 
public, and the British manufacturer in particular, 
were becoming tired of being told that the days of 
the rule-of-thumb are over, that industry can only 
thrive if based on scientific research, and that the 
country could supply the scientific investigators if 
the manufacturers would only call for them. In 
this general form, we think, the lesson no longer 
needs reiteration. Discoursing at the Royal Insti- 
tution last Friday on ‘‘Science and Industrial 
Problems,” Professor Arthur W. Crossley, D.Sc., 
F.R.S., did not fall into this mistake. @ accen- 
tuated the general features of the question, of course; 
but he quickly turned to his chief aim, to demon- 
strate to his audience, by the aid of a few well- 
selected exemplifications, what the application of 
scientific methods and organised research—that 
point deserves emphasis—really signify; in that 
form the lesson was very acceptable. 

We need not dwell on the first exemplification, 
the utilisation of atmospheric nitrogen, as achieved 
by Norwegian science and enterprise, hecause we 
have dealt with that subject repeatedly, also in 
conjunction with two lectures which Dr. Crossley 
delivered in the same place two years ago. Dr. 
Crossley’s second example concerned “The Har- 
dening of Fats’’—more properly designated ‘‘ The 
Hardening of Oils,” he pointed out—an industry of 
recent birth, largely carried on in this country. 
The chemist, he explained, regarded oils and fats 
as glycerides, i.e., compounds of certain acids, 
chiefly palmitic, stearic, and oleic acids, with the 
alcohol glycerol (or glycerin) ; the formule of the 
acids were : C),H,.0,, C,,H¢9,, C,,H,,0,. The first 
two acids were saturated,” containing twice as 
many hydrogen atoms as carbon atoms ; the oleic 





acid was ‘‘ ansaturated”” and contained two atoms 
of hydrogen too few to come up to that rule ; but 
under certain conditions these two hydrogen atoms 
were taken up, and the oleic acid was then con- 
verted into stearic acid. Now the tripalmitin and 
tristearin glycerides were solid, the triolein was 
liquid ; in fats the former two compounds pre- 
vailed, and the fats could be purified with relative 
ease, because they were solid; whilst in oils the 
latter glyceride predominated, and the purifica- 
tion—the removal of other constituents of un- 
pleasant odour and taste—was exceedingly diffi- 
cult. The hard fats were, at present, largely 
utilised for making margarine and other food- 
stuffs, and the soap-makers and others were de- 
prived of their raw materials, the hard fats. The 
world’s supply of whale-oil, on the other hand, 
amounted to 1,200,000 barrels in 1912; but, 
owing to its offensive smell, that oil had found 
only a very limited application for lubricating and 


| in the tanning industry. The weight of hydrogen 


required for converting the oil into fat was small ; 
by volume the quantity was enormous, 75,900 litres, 
or 2680 cub. ft. per ton of triolein. That, however, 
was not the difficulty; for Linde machines gave 
enough hydrogen to treat 100,000 tons of oil 
annually, and one electrolytic factory in Norway 
could supply the hydrogen for hardening 150 tons 
of whale-oil every 24 hours. 

The difficulty, Dr. Crossley continued, was to 
make the oleic acid combine with the hydrogen ; 
many attempted hydrogenations had failed. That 
hydrogenation could be effected at temperatures 
between 280 deg. and 300 deg. Cent. in the pre- 
sence of finely-divided nickel as catalyst, had been 
shown by Sabatier and Senderens during the last 
decade, and the commercial processes of hardening 
oils were the direct outcome of the researches 
chiefly of these scientists, though they had only used 
their substances in the state of vapour. Thanks 
to patent litigation, an instructive insight had been 
gained into the technics of the process. The first 
patent dealing with the hydrogenation of oils in 
the liquid form had been taken out by Normann, 
who, after referring to Sabatier and Senderens, 
stated that the hydrogenation of unsaturated 
fatty acids was easily effected by causing the vapour 
of pure oleic acid or of commercial fatty acids, 
together with kydrogen, to ae over the catalytic 
metal, which was preferably distributed over a 
suitable support, such as pumice stone ; it was also 
sufficient to add fine nickel powder, obtained by 
reduction in a current of hydrogen, to the heated 
oil, and to pass a current of hydrogen through the 
oil. The quantity of the nickel added and the 
temperature were immaterial, and only affected 
the duration of the reaction ; it was not necessary, 
= to use pure hydrogen ; water-gas might 

used, 

That, Dr. Crossley said, was briefly the wording 
of the problem submitted to practical chemists for 
decision as to whether it was a workable process or 
not. Dr. Crossley then proceeded to discuss the 
different statements from this point of view. He 
firat explained that, though the manufacturer chiefly 
wanted a hard fat, the criterion of hardness was not 
sufficient for controlling the reaction ; unsaturated 
acids absorbed also iodine and bromine, however, 
more readily than hydrogen, and the reaction was 
therefore controlled by determining at intervals the 
‘*iodine number ”—.e., the amount of iodine still 
being taken up by the oil. He then pointed out that 
the specification spoke of ‘‘ reduction in a current 
of hydrogen.” Reduction of what? he asked. One 
might think that it should not matter whether the 
nickel was reduced from some oxideorfrom hydroxide 
itself prepared from the sulphate, nitrate, &c. But 
it mattered a very great deal, as he demonstrated 
with the aid of many curves, the results of syste- 
matic organised researche:. Nickel from oxide was 
practically useless as a catalyst ; reduced from 
hydroxide, the metal was most active when the 
hydroxide had most carefully been purified. The 
sulphate was a bad salt to start from, because traces 
of sulphur were injurious. To exemplify these points 
Dr. Crossley dusted some very finely-divided iron 
on a piece of cardboard, which it blackened, some- 
what like graphite ; he then opened a sealed glass 
tube containing iron reduced from the oxalate ; the 
exceedingly fine iron particles at once caught fire 
when they left the tube. The physital condition 
of the nickel was thus of great importance. Other 
curves proved that the amount of nickel and the 
temperature of the reaction were not immaterial, 
asthe patent said, but most essential. Again, the 
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hydrogen had to be pure; hydrogen generated 
from good commercial zinc and acid was inetticient, 
on account of the arsenic and sulphur in it; yet 
infinitesimal proportions of sulphur made little 
difference. Hence the statement that water-gas 
could be substituted for hydrogen required con- 
iderable modification. 

But even if the manufacturer were prepared to 
psy full attention to all these points, he could not 
go into his works and start the new process. The 
process had to pass from the hands of the experi- 
mental chemist into those of the technical chemist, 
who, if not himself a chemical engineer, would 
have to work in conjunction with an engineer to 
design and erect suitable plant. The technical litera- 
ture on the subject was, unfortunately, very meagre, 
and one had largely to rely upon the information 
offered in the numerous patent specifications. Of 
these the lecturer singled out one, because of the 
novel method by which the oil and catalyst were 
brought into contact. According to R. Leesing’s 
patent, hydrogen containing from 5 to 10 per 
cent. of carbon monoxide was passed over nickel, 
which need not be pure; the hydrogen, together 
with the nickel carbonyl formed, were then 
passed into the oil at a temperature of 200 deg. 
or 240 deg. Cent., when the carbonyl was decom- 
posed again, and the nickel was liberated in 
the nascent, most active condition. Returning 
to the general problem, Dr. Crossley stated that 
most of the hardened fats were used in soap- 
making and for lubricating ; some served in food- 
stuffs. As regards the physiological question, that 
the hardened fats (snd the soaps made from them) 
contained up to 4 milligrammes of nickel per kilo- 
gramme of fat (Offerdahl), further investigations 
would have to be conducted, though that amount 
of nickel was smaller apparently than what was 
taken up from nickel-plated cooking utensils. 

We can only say a few words about the third 
example discussed by Dr. Crossley, the anthra- 
quinone colour industry. That anthraquinone (a 
derivative of anthracene) gave the beautiful alizarine 
or Turkey red, the lecturer explained, had long 
been known. But to produce other shades with 
alizarine had required the use of metallic mordants, 
until, twenty-five yeirs ago, it had been discovered 
that certain derivatives of anthraquinone yielded 
directly fast colours in any variety of shade. 
‘*Compound making,” as the work of the organic 
chemist was scornfully catled sometimes, by hun- 
dreds of trained chemists, had been wanted for long 
years to make this industry one of the greatest 
commercial enterprises of modern times. At pre- 
sent the constitution of a new dye of a particular 
desired shade could at once be written down, and 
its mode of preparation outlined, without experi- 
menting. Luck had sometimes come in. Thus a 
sky-blue variety had once altogether failed to turn 
up when a new apparatus had been used. After 
long inquiry, it had struck the chemist that the 
copper lid (the other apparatus had been all iron) of 
the apparatus might have something to do with the 
failure ; and a long laborious research had revealed 
the fact that traces of copper modified these and 
other reactions in a striking manner. 

Throughout his lecture, Dr. Crossley accentuated 
the point that research must be both systematic 
and organised, and he opened and concluded his 
discourse with a quotation from one of the most 
prominent industrial chemists of this or any other 
time—whose name, R. Schmidt, of Elberfeld, was 
given in connection with the anthraquinone 
industry : ‘‘It is pure and organised scientific 
research work, carried out in the laboratory, which 
is the soul of industrial prosperity.” 








HISTORY OF THE METALLURGY OF 


IRON AND STEEL. 


THE annual Graduates’ Lecture was delivered at 


the Institution of Mechanical Engineers, West- 
minster, on Monday, the 8th inst. 


concerned, as was natural under the circumstances, 


with ‘‘The History of the Metallurgy of Iron and 
Steel.” In his introductory remarks, Sir R. A. Had- 
field spoke of the connection between metallurgists 
and mechanical engineers. Without the former, the 
latter’s progress would have been far slower than 
He also referred with satisfaction to 
the public acknowledgment of the services of the 
engineering officers of the Navy, which recently 
took the form of classifying them as a military 


it has been. 


This year Sir 
R. A. Hadfield, F.R.S., Member of Council of the 
Institution, undertook the duty, and his lecture was 


branch of H.M. Navy. While everyone had 
the highest admiration for the brave men form- 
ing the fighting side of the Royal Navy, credit 
was equally due to the engineering officers. In 
reviewing the history of the metallurgy of iron 
and steel, the lecturer referred to the early 
examples met with in India and Ceylon, of which 
mention has been made in papers before the Iron 
and Steel Institute, &. A brief review was 
then given of the developments in England, after 
which the lecturer made a few remarks on the 
conservation of natural resources, expressing the 
opinion that in several recent years there had 
really been an over-production of pig-iron, and 
that the output of 1914 was more nearly normal, 
and according to actual requirements, than had 
been the case for many years. 
Sir Robert Hadfield next referred to his own 
work, which commenced in 1882. He confined his 
remarks chiefly to the development of manganese 
steel, low-hysteresis steel, and to low-temperature 
investigations. As regards manganese steel, a 
series of lantern-slides were shown of manganese- 
steel rail material subjected to numerous tests. 
The material had a tensile strength of 65 tons and 
an elongation of no less than 57 per cent. on 6 in. 
A number of photographic slides were exhibited 
showing such material in use on curves on the 
Paris Metropolitan, and in cross-overs on the 
London tube systems, as well as in large tramway 
crossings in Sheffield. The latter example was in 
service for over six years, the lay-out which it 
replaced having lasted less than a year. Passing 
on to the characteristics of the low-hysteresis steel 
which he had developed, Sir R. Hadfield said it 
contained silicon in quantities thirty to forty times 
in excess of that in ordinary steel, and less than 
1 per cent. of carbon. This material, after heat 
treatment, was of a quality which avoided energy 
losses, was stable, and did not age. The energy 
losses ‘were so small that transformer output could 
be increased 50 per cent. beyond that ible with 
revious materials, without increase of dimensions. 
he eddy current losses were so small that there 
was no advantage in using sheets thinner than 
0.02 in. It was superior to ‘‘Lohys” steel as 
regards non-ageing. The first small transformer 
made of this material was exhibited at the meeting ; 
it weighed 30 lb., and was produced in 1903. The 
total capacity of the transformers made of this 
low-hysteresis material in America alone was, in 
1910, approximately 14 million k.v.a. Some in- 
teresting figures were given showing how the 
magnetising losses fell with the age of the trans- 
former, and estimates were given in specific cases 
of the saving this would result in. This iron alloy 
was more magnetic than pure iron itself. 
Reference was then made by the lecturer to low- 
temperature research made jointly with Sir James 
Dewar, and to the properties of iron-nickel alloys. 
Attention was drawn to the alloy with 19.9 per 
cent. Ni, which had a tensile strength of 157 tons, 
and an elongation of 15.5 per cent.on2in. Sir R. 
Hadfield next referred to the question of research, 


science and scientific work was more highly esteemed 
than in Great Britain. It was often customary 
to say that we lacked appreciation of scientific 
merit; but he did not believe it. Though the 
fight for the cause of advance and progress was 
severe, in the end the English recognised the value 
of research to its full and true merit. The lec- 
turer backed up that opinion by reference to the 
names of a long list of eminent men, of whom he 
said this little island had no need to be ashamed. 

Perhaps the most interesting part of the lec- 
ture under present circumstances was the refer- 
ence to armour and armour-piercing projectiles. 
Sir R. Hadfield showed numerous lantern-slides to 
explain how the cap of a projectile expanded on 
striking the plate, and reinforced momentarily the 
point of the projectile proper, so that it could with- 
stand impact with the plate and break through the 
hard skin. It was explained that usually the cap 
expanded to form a ring of a size corresponding to 
the diameter of the projectile, which through 
it. In some cases, however, the rings had been 
found to have a diameter somewhat larger than 
that of the projectile, though how that became 
possible was at present inexplicable. This part of 
the lecture was illustrated by a very ingenious 
cinematograph display, the film being composed of 
a very large number of sketches showing a projec- 
tile leaving the gun, striking the plate, the cap 
expanding and flying to pieces, and the projectile 





and considered that there was no country where | K 


iercing the plate, and exploding on the far side. 
he whole effect was very excellent, and the care 


taken to produce such a film from diagrams drawn by 
hand must evidently have been very considerable. 


Sir R. Hadfield explained that the series had been 
built up from well-established facts. Although 
clearly an artificial representatiou, the production 
was very effective, and the series of drawings from 
which the film was made must have been very 
cleverly and carefully executed. 
A very comprehensive exhibition was arranged 
round the hall of samples and test-pieces, micro- 
ce pom and so on, the collection embracing 
istorical specimens dating from 125 B.c , books on 
metallurgical subjects dating from 1505 a.p., speci- 
mens of manganese steel, low-hysteresis steel, tool 
steel, alloys, testing and other apparatus, &c. 
Not the least interesting were some 13.5-in. and 
15-in. projectiles, which had been shot through 
armour-plates 16 in. thick, and an exhibition of 
typical projectile caps, unfired, and also in the 
form of rings recovered and pieced together after 
firing. A great deal of trouble had, without doubt, 
been taken to make the lecture interesting and 
instructive to those to whom it was addressed. 
The chair was occupied by Dr. W. C. Unwin. 





THE LATE MR. ARTHUR KEEN. 
Mr. Arnruur Keen, who, we regret to record, 
died, at the age of eighty, on Monday last, was 
a man whose almost boundless energy carried him 
into a large variety of enterprises. He was born in 
Cheshire on January 23, 1835, so that he had only 
recently celebrated his birthday. His business life 
commenced on the London and North-Western 
Railway, and he was soon promoted from Crewe to 
be goods agent at Smethwick, then, of course, a 
small place compared with the large borough into 
which it has now grown. 

Mr. Keen’s first independent venture was of a 
rather interesting character. Through negotiations 
conducted by his father-in-law, Mr. Astbury, he 
entered into partnership with Mr. Watkins, the 
inventor of a nut-making machine. The firm of 
Messrs. Watkins and Keen very soon developed 
an important business, which expanded until, in 
1864, it was converted into the Patent Nut and 
Bolt Company. The success of this concern under 
Mr. Keen’s management was continuous. It 
absorbed other concerns and increased its capital, 
and, as it grew, its prosperity increased. Mr. 
Keen’s activity then tempted him to launch out in 
another direction. In 1900 he purchased the well- 
known Dowlais Iron Company, including their 
works and mines. The result of this move was that 
the Dowlais Company, the Patent Nut and Bolt 
Company, and Messrs. Guest and Oo., colliery- 
owners and iron and steel manufacturers, all com- 
bined, with a capital of 2,000,0001., to form the 
firm of Messrs. Guest, Keen, and Co. Mr. Keen 
was chairman of this company, and also managing 
director. The other managing directors were the 
late Mr. E. P. Martin ond eae. A. T. and F. W. 


een, 

Still on the alert for further possibilities, this 
new concern, under Mr. Keen’s active leadership, 
very soon acquired the business of Messrs, Craw- 
shay Brothers, Cyfarthfa, Limited, iron and steel 
makers and colliery-owners, while a still more 
interesting move was made almost at the same time 
in the amalgamation with the well-known firm of 
Messrs. Nettlefolds. In the new company of 
Messrs. Guest, Keen, and Nettlefolds, Limited, 
Mr. Arthur Keen was chairman, the managin 

directors being Messrs. E. Nettlefold, A. T. al 
F. W. Keen, and C, and E. Steer. 

The business capacity of Mr. Keen may be 
gauged by the fact that even with all these matters 
to occupy him he found time to attend as a direc- 
tor to the business of Messrs. Bolckow, Vaughan 
and Co., while he was chairman of the New 
Cransley Iron and Steel Company and director of 
the Loddington Tronstone Company. For a long 
wey he also was actively interested in the Muntz 

etal Company, being chairman for some time and 
a director for another period. His connection with 
this firm and with Messrs. Bolckow, Vaughan and 
Co. only ceased when the ever-increasing business of 
Messrs. Guest, Keen and Nettlefolds made such 
calls upon his time that he felt he was prevented 
from efficiently attending to the duties of the offices 
he held in them. Though all these concerns are 
related directly to the engineering industry, Mr. 





Keen’s activity was not confined solely to such 
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matters. Some thirty-five years ago he became a 
director of the Birmingham and Midland Bank, 
then largely concerned with local business. We 
believe Mr. Keen was instrumental in so extending 
the scope of its business that it was largely as a 
result of his work that it was decided to give it a 
wider character. It was converted into the London 
and Midland Bank in 1891. In 1898 an amalgama- 
tion was effected with the City Bank, the resulting 


concern being the present London, City and} 


Midland Bank, of which Mr. Keen was for some 
time chairman. 


Mr. Keen was elected a member of the Iron and | 


Steel Institute in 1885. In 1891 he was elected a 
Member of Council, and was made a Vice-Presi- 
dent in 1895, the year in which the Institution 
visited Birmingham. As a member of the local 
committee on that occasion, he largely assisted in 
its success. He also subsequently visited the 
United States with the Institute. He was still a 
Vice-President of the body at the time of his death. 
Mr. Keen was also connected with the Institution 
of Mechanical Engineers, having been elected a 
member of that body in 1869. He was a Member 
of Council from 1891 to 1897, when he was elected a 
Vice-President, which office he retained until 1911, 
when he resigned. He officially welcomed the 
members to Birmingham in 1897. He was active 
in public work in the neighbourhood in which he 
was interested, being for long a member and chair- 
man of the Local Board of Smethwick, a Justice 
of the Peace for Staffordshire, a life governor of 
Birmingham University, &c. 





THE LATE MR. 8. B. WORTHINGTON. 


WE regret to have to record the death, on 
Monday last, of Mr. Samuel Barton Worthington, 
who was widely connected with the railways of this 
country in their early days. Mr. Worthington 
died at the ripe age of ninety-four, and in his early 
life had the good fortune to be connected with 
many interesting and historic incidents at a period 
when railways were beginning to make good head- 
way. He was articled to Joseph Locke, and under 
him was occupied with surveys for several railways 
in the southern counties. He was, we believe, 
engaged on the survey of the London and South- 
ampton Railway, and also subsequently of the 
Glasgow and South-Western line. Work of this 
kind involved many unpleasant experiences, the 
relations with landowners sometimes becoming 
strained to breaking-point. 

He joined the Institution of Civil Engineers at 
the age of nineteen, in 1839, and few members can 
have had so long a connection with that body. 
While still a pupil of Locke’s he went to France on 
Locke’s staff, in connection with the construction of 
the Paris-Rouen Railway, the first on the Conti- 
nent, and wholly constructed by Englishmen, the 
contractors being Messrs. Brassey. It is interest- 
ing to note that some of the viaducts and works 
then put up have only lately been reconstructed. 
He lived for two years, about 1841-2, in Paris, 
while engaged in this way. Although still only a 
pupil, he had full responsibility for large portions 
of the work. A little later Locke was engaged on 
the construction of the Lancaster and Carlisle 
Railway, and when the line was completed, about 
1846, Mr. Worthington was installed as engineer, 
this post embracing responsibility for both con- 
struction and locomotive departments. Mr. 
Worthington ran with Robert Stephenson on the 
first locomotive to make the journey between Liver- 
pool and Birmingham. 

He remained on the Lancaster and Carlisle R il- 
way until it joined the Manchester and Birmingham, 
the Grand Junction, and the London and Birming- 
ham, which had already combined in 1846 to form 
what is now called the London and North-Western 
Railway. This was in 1859, after which he 
remained chief engineer of the northern division 
of that system until he retired in 1885. During 
the thirty years since his retirement from the 
railway Mr. Worthington did a certain amount 
of consulting work and undertook a great deal 
of public work in connection with engineering 
matters of the Manchester Corporation. He was 
elected a Member of the Institution of Civil Engi- 
neers in 1861, and joined the Institution of Mecha- 
nical Engineers in 1860. 

He enjoyed good health up till the end, having 
been quite well on Sunday last, and he continued till 
last week to enjoy daily exercise. His death severs 





one of the last links with our early railways, and 
there can have been very few men who have seen, 
or have been in such a position to appreciate, so 





Photo. by Lafayette. 


many interesting changes brought about in any 
country, to say nothing of the wider effect the 
development has had on the world at large. 





THE BRAYSHAW INDUSTRIAL FURNACES. 


An exhibition of industrial furnaces organised by 
the Brayshaw Furnaces and Tools Company, Limited, 
Manchester, was opened in the Large Hall, 83, 
Nursery-street, Sheffield, on Monday last, the 8th 
inst., by Professor J. O. Arnold, D.Met., F.R.S., 
Mr. Hanbury Thomas, of the Sheffield Gas Company, 
occupying the chair. The Exhibition is to remain 
Open one month. 

In the course of a short introductory speech, Mr. 
Thomas dwelt upon the great importance played in 
metallurgy by heating, annealing, tempering and 
melting furnaces, and called attention to the great 
rapidity with which gas-heated furnaces had forged 
ahead during the last few years. He enumerated 
briefly the Sheffield trades, and stated that there 
was very little material manufactured in the town 
and district for dealing with which a gas-furnace 
could not be used. He pointed out the ease with 
which the gas consumption could be regulated. He 
invited steel-tool manufacturers to visit the Exhibi- 
tion with theirown materials and to have them dealt 
with there, when it would be easy for them to decide 
whether the treatment in a gas-furnace were better 
than their own form of treatmentor not. He thought 
they would find it greatly to their advantage to use 
the gas furnaces. 

Professor Arnold expressed his pleasure at inaugurat- 
ing the Exhibition, for he saw in the furnaces which 
surrounded the hall an example of applied science. 
The makers were gas engineers, and they had suc- 
ceeded in giving to the steel trade furnaces which 
had long been wanted. They were furnaces made by 
gas engineers, the performance of which were regis- 
tered by instruments made by the Cambridge Scientific 
Instrument Company, and perfect regulation of tem- 

rature in the various phases of manufacture was 

ecoming more and more important. This. condition 
was not obtainable in the past; he was afraid that 
formerly steel metallurgists had relied too much on 
irregular and uncertain methods. The visitors to the 
Exhibition would be able to study both the furnaces 
and the recording instruments brought to their notice. 
Sheffield, Professor Arnold stated, had with one ex- 
ception the cheapest yas supply in the United King- 
dom ; the price varied from 10d. to ls. 3d. per thou- 
sand cubic feet. He called attention briefly to the 
various furnaces exhibited, referring specially to two 
new Brayshaw types for annealing, giving a perfect 
radiant heat, with no cutting flame ; these were about 
the most perfect furnaces he had ever seen. He 
hoped that one of the results of the present war would 
be to cause Sheffield to regain a very large portion of 
the trade which the town had lost, the manufacture 
of swords among other things, and he had great 
pleasure in declaring the Exhibition open. 

Mr. 8. N. Brayshaw, in thanking Professor Arnold, 
stated that seventeen years ago he and his brother 
started the manufacture of milling-cutters. They had 
very good Sheffield steel, and had no trouble with the 
hardening. He carried out the hardening himself, 





and very frequently, whilst he was so working, he had 
the correspondence read out to him, and dictated the 
replies. hen, however, the trade w, he had to 
employ workmen to carry out the hardening, and then 
the trouble began. This led them to design types of 
furnaces and to fit them with recording instruments, 
which latter they obtained from the Cambridge 
Scientific Instrument Company. Gradually Messrs. 
Brayshaw perfected a furnace which reduced harden- 
ing to a mechanical operation. They first put 
down for their own use a salt-bath furnace, several of 
which were exhibited ; they then manufactured it for 
sale to other tool-makers, and most of their com- 
petitors now used it. They then introduced their 
twin-chamber furnaces for the treatment of high- 
speed steels. They also introduced quenching in 
special kinds of salts ; the question of quenching was 
one that would be dealt with in a lecture during the 
time the Exhibition remained open. A feature of 
their furnaces was the burner, for which a patent was 

ranted to them in Germany, but only after they had 
Sica made to show that it embodied new technical im- 
provements. The burner was tested at Messrs. Bray- 
shaw’s request at the National Physical Laboratory, 
and on the certificate issued by the Laboratory, the 
German Patent Office finally decided to grant the 
inventors a German patent. The furnaces shown were 
fitted with the patent burner in question. He called 
attention to the fact that the Brayshaw furnaces were 
used at the Royal Mint, and that all the gold coin of 
the present reign had passed through them. No 
demonstrations could be given at the opening meet- 
ing ; they would be given, however, during the follow- 
ing days. He moved a vote of thanks to Professor 
Arnold, who briefly responded. 

A vote of thanks to Mr. Hanbury T'homas concluded 
the proceedings. 

The visitors then inspected the various furnaces, 
recording instruments, and steel-cutting tools exhi- 
bited. The furnaces are arranged on the two sides of 
the hall, and include the following :—A new pressure- 
gas annealing furnace, having four thermo-couples, 
connected to a quadruple-thread recorder, giving four 
records on one chart ; the gas is supplied at ordinary 
pressure, with an air pressure of about 1 lb. per 
sq. in. The chamber of this furnace is 15 ft. 
long inside. Adjoining this is an annealing draught- 
gas furnace, the chamber of which is 16 ft. long 
inside, fitted with three thermo-couples, and con- 
nected to a single-thread recorder with triple com- 
mutator, giving three records on one chart. There 
are, besides, three salt-bath furnaces, one work- 
ing and connected to a Callendar recorder; twin- 
chambered furnaces for hardening high-speed steels ; 
oven furnaces for hardening, annealing, reheating, &c., 
in conjunction with which Féry pyrometers are used, 
these being suitable for very high temperatures where 
thermo-couples cannot be resorted to; a crucible fur- 
nace working and one not in use, and adjoining the 
latter another salt-bath furnace. All the furnaces 
working are heated with town gas, the air pressure, 
where this is required, being supplied by two electri- 
cally-driven fans. We described in one of our preced- 
ing issues (see ENGINEERING, vol. xciv., page 568), 
Messrs. Brayshaw’s twin-chambered furnace for har- 
dening high-speed steel, their salt-bath furnace with 
rising and falling tray, and their patent burner. 





Tue Employment or Boys 1n Mines.—Out of 926,359 
persons employed underground in the mines of the United 
Kingdom in 1913, 51,801 were under sixteen years of age. 
The average death rate from accidents was 1.37 per 1000 
for persons under sixteen, and 1.76 per 1000 for persons 
over sixteen. 





Contracts. —The Canadian Bitumastic Enamels Com- 
pany, Limited, Montreal, the agents for Wailes, Dove 
and Co.’s ‘‘ Bitumastic ” materials, have secured the con- 
tract to clean and apply “‘ Bitumastic” enamel to the 
interior surfaces of the emergency intake water-pipe for 
the city of Montreal. This pipe is approximately 1400 ft. 
long by 8 ft. in diameter; and was built to prevent a 
recurrence of such a water famine as the city — 
enced in 1%13.—A contract for Osram en has n 
placed with the General Electric Company, Limited, by 
the Bibby Line of steamers, stipplanting carbon and 
other makes of lamps. This contract covers an exceed- 
ingly large quantity of lamps, and was placed after 
cokeauiies tests.—The Stirling Boiler Company, Limited, 
of 54, Victoria-street, Westminster, S.W., report that 
they have obtained the following orders, all of which have 
come from firms which have already installed Stirling 
boilers:—One boiler for the Newcastle and District 
Electric Lighting Company, Limited ; two boilers for the 
Admiralty, for Portsmouth Dockyard; four boilers for 
the Corporation of Huddersfield; and five boilers for 
a large firm of ordnance makers in the North, fulfilling 
contracts for munitions of war.—Messrs. A. R. Brown, 
Mcfarlane and Co., Limited, Glasgow, have placed an 
order with Messrs. Edward Bennis and Co., Limited, of 
Little Hulton, Bolton, for sixteen mechanical stokers 
and self-cleaning compressed-air furnaces ; also a bucket 
elevator and conveyor, weighing-machine, &c._ Thiscom- 
plete stoking and coal-handling plant is to be installed in 
the Mitsui Bishi paper mills, Takasaga, Japan. 
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ELECTRICAL CONTROL-GEAR FOR DALMUIR SWING-BRIDGE OVER CANAL. 


CONSTRUCTED BY THE IGRANIC ELECTRIC COMPANY, LIMITED, 


ENGINEERS, LONDON. 
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Fie. 2. Deraits or Contro, Gear. 

On Wednesday last the official opening took place readers. The requirements of the authorities concerned 
of 'the my Sn over the Forth and Clyde Canal (the Caledonian Railway Company and the Corpora- 
at Dalmuir, lasgow. This is believed to be the first tion of Glasgow), aud of the consulting engineers 
movable bridge in the world where the whole of the (Messrs. Crouch, Hogg, and Easton, of Glasgow), 
operations of opening and closing the bridge, as well | regarding the scheme of control were somewhat exact- 
as the control of the pedestrian, vehicular, and water- ing, because it was, at first, doubted whether all the 
borne traffic, can be performed electrically by one man | desired functions could be satisfactorily performed 
from one position. The following description of the | by electrical means. It was thought unnecessary to 
electric controlling-gear, all of which has been designed employ electrical control unless a scheme could be 
ond manufectured y the Igranic Electric Company, | devised which would place the whole control of the 

imited, of 147, Queen Victoria-street, London, will bridge in the hands of one man, who should be stationed 








therefore be of considerable interest to many of our in acabin from which he would have a view in each | 





direction along the road leading to the bridge, as well 
as in each direction along the canal which the bridge 
spans. He was to be able to control the bridge without 
leaving his cabin, and the whole equipment was to be 
eafe and mistake-proof. 

The bridge carries pedestrian and vehicular traffic of 
all kinds, including two electric-tramway tracks, and 
precautions had to be taken to give notice to approach- 
ing traffic of the intention to open the bridge. The 
electric-current supply from the tramway had to be 
cut off, and the gates at either end had to be closed 
before the bridge was unbolted or moved, Run; 
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away pointe had also to be operated before opening 
the bridge, so that a tramway-car disregarding the 
signal or getting out of the driver’s sontrol, would be 
turned into a siding if the bridge were open, instead 
of running through the gates into the canal. 

Electrical operation was decided on to avoid unne- 
cessary expense, and at the same time to provide 
safeguards against every form of accident which could 
be foreseen, and to eliminate entirely the human 
element. Consequently the control has been made so 
entirely automatic that the operator is unable to 
depart from the correct order of working, although he 
can, in the case of need, stop operations at any point 
in the cycle, and reverse them if necessary. As 4 
result, it is possible to entrust this very onerous and 
responsible duty toan unskilled employee. 

All the operations are performed by means of the 
small master-switch shown in Fig. 3, and also visible 
in the lower part of Fig. 2, which shows the whole of 
the control-gear for the bridge. The master-switch 
will be seen to have a rotary handle, which must be 
moved in one direction for opening the bridge, and in 
the opposite direction for closing it. This switch 
is the only piece of apparatus that has to be manually 
operated, att the rest of the control-gear being auto- 
matic. By moving it the automatic switches shown on 
the panels in Figs. 1 and 2 are operated, and these 
switches start the motors by successively short-circuit- 














Fic. 3. Mastrer-Switon. 


ing sections of the resistances in series with the 
armatures. 

In the cabin, for the operator’s wig pe is fixed 
an indicator, shown on the left of Fig. 2, and having 
a double row of panels, lettered as follows :— 


Tramway disconnected. Bridge nearly closed. 


First gate nearly closed. Bridge cl > 

Second gate nearly closed. Bridge bolted. 

First = closed. Bridge jacked. 
Second gate closed. Second gate open. 
Bridge lowered. First gate open. 
Bridge unbolted. mway connected. 
Bridge nearly open. 

Bridge open. 


When it is ~ ey he open the bridge the operator 
moves the handle of the master-switch in the opening 
direction to the first notch, and this causes semaphore 
signals on each end of the bridge to be set at 
‘*danger,” and a loud alarm-bell at each end to give 
a warning for a fixed period. Until the bell has run 

for the specified time, the operator is unable to procee 

farther; but when the bell has ceased to ring, if the 
state of the traffic is suitable, the operator moves 
the master-switch to the second notch, and this cuts 
current off from the tramway, opens the runaway 
points, and causes the road-gates on one side of the 
canal to commence to close. They continue to move 
until nearly closed, leaving a gap of, say, 18 iv. to 
2ft., and at this point the —_ s ‘*tramway discon- 
nected” and ‘‘ first gate nearly closed ” appear on the 
indicator. The operator then moves the master- 
switch to the next notch, with t1e result that the 
road-gates on the opposite side of the canal close to 
within 18 in. or 2 ft. of each other, and the legend 
**geocond gate neatly closed ” appears on the indicator 

The object of partly closing, instead of entirely 
closing, the gates is to enable the operator to control 
the traffic better, and to avoid the danger of trapping 
any child or careless pedestrian who might make a 
rush through the gates. Having got the gates on 
both sides of the canal nearly closed, the operator, 
if he sees that all is clear, moves the master-switch 
on to the next notch, with the result that the first 
gate is closed and bolted, and the legend “‘ first gate 











closed ” appears on the indicator. He then moves 
the master-switch one notch further, thereby closing 
and bolting the second gate, and the fact that this 
has been accomplished is announced on the indicator. 

The next movement of the master-switch causes 
the bridge to be lowered ready for > and 
a futher movement of one notch unbolts the bridge, 
the completion of both movements being duly an- 
nounced on the indicator. On moving the switch to 
the next notch the bridge commences to open, and 
when the movement is nearly completed, the fact is 
signalled on the indicator. The operator can then 
move the switch to the final notch, when the bridge 
is slowly and automatically brought into the full- 
open position, and the fact announced on the indi- 


cator. 

It should be noted that the ition of the gates 
or of the bridge does not depend upon how far or how 
quickly the operator moves the master-switch. The 
— at which either the gates or the bridge will 

sto depends upon automatic limit-switches, 
over which the operator has no control. No damage 
can be done by moving the master-switch too quickly; 
the handle must be kept on each notch until the 
— has been completed. If the operator moves 
the handle forward without waiting, he produces no 
result, and has to come back to the required position 
in order to continue the operations. In case of 
emergency, however, he can, as previously men- 
tioned, stop the operation and reverse it, if neces- 
sary. by bringing the master-switch to the *‘ off” 
position, and turning it in the opposite direction. 


When it becomes necessary to re-close the bridge and | p 


open the road, the operator brings the master-switch 
to the ‘‘off” ition and turns it, notch by notch, in 
the —— irection, when every operation will be 
carried out in proper sequence, each being announced 
as it occurs on the panels of the indicator. 

An important pvint in the design of the control- 
gear is that the speed of acceleration and retardation 
of the motors in no way depends upon the discretion 
of the operator, and neither is it affected by such 
factors as variation of load due to wind pressure. 
The operator cannot damage the motor by cutting- 
out the resistances too quickly. Each of the motors 
is started automatically at the proper rate of accele- 
ration, and each operation of the bridge or gates takes 
place at the = for which it has been adjusted, no 
matter how the conditions may vary. The operator, 
in fact, cannot produce an accident by a wrong move- 
ment of the switch. The only result would be to stop 
the operations and give the man an opportunity to 
correct his mistake. 

The main contractors for the whole of the work were 
Messrs. McAlpine and Sons, of Clydebank, and the 
Brandon Bridge-Building Company, of Motherwell, 
were the sub-contractors for the bridge and the 
mechanical work. Messrs. Osborn and Hunter, of 
Glasgow, were the sub contractors for the installation 
of the electrical gear, and also supplied the motors. 





THE LATE ENGINEER-CAPTAIN WILLIAM 
HENRY BRAMSDON. 

WE regret to have to record the death, at his 
residence at Southsea, on the 7th inst., of Engineer- 
Captain Bramsdon, who, after 37 years’ service in the 
Navy, retired five years ago. He was born on March 
21, 1852, and entered H.M. service as assistant 
engineer (acting) second class, with seniority of 
September 20. 1873. In August, 1874, he was ap- 
pointed to H.M.S. Glasgow, on the East Indies 
station, being subsequently transferred by the Com- 
mander-in-Chief to H.M.S. Shearwater. He returned 
home in August, 1875, and in the following February 
was appointed to H. M.S. Orontes (Particular Service). 
While in this ship he was promoted to acting 
assistant engineer (first class). His next ship was 
H.M.S. Elk (South-East Coast of America) in May, 
1877. He remained in her for four years, and was 
advanced successively to assistant engineer (April 1, 
1877) and acting engineer (March 20, 1879). In May, 
1882, he was appointed to H.M.S. Agincourt, and in 
the ss November to H.M.S. Tamar (Particular 
Service). He was transferred from the latter ship to 
H.M.S. Himalaya in May, 1883, remaining in that 
oh till May, 1886. His next appointment was to 
H.M.S. _ at Portsmouth, in July of the 
same year. In October, 1888, he received an appoint- 
ment to H.M.S. Seagull (building), and remained in 
that ship on his promotion to chief engineer (Dec- 
ember 1, 1888). 

He went to the Erquimault Dockyard in January, 
1891, and there remained until June, 1896, when he 
returned to England, being borne upon H.M.S. Vic- 
tory for service with gun and torpedo-boats in August 
of that year. While at Esquimault he was advanced 
to Staff Engineer (December 1, 1892). His next 
appointment was to the Howe (Mediterranean Station) 
in September, 1896. He was, however, transferred in 
the following November to H.M.S. Ramillies, where 
he remained until February, 1900, being advanced while 
on this ship to Fleet-Engineer (December 1, 1896). He 





was next transferred to H.M.S. Sultan in April, 1900. 
On April 1, 1903, his title was changed to Engineer-Com- 
mander under the new nomenclature. In October, 1903, 
he went to H.M.S. Hannibal (Channel Fleet), where 
he remained until promoted to Engineer - Captain 
(seniority July 9; 1904). On July 21, 1904, he was 
appointed to the Fleet Reserve at Sheerness. He 
remained at Sheerness until May, 1905, when he pro- 
ceeded to Sydney, South Australia, as chief engineer 
of the naval establishment there. He returned to 
England in January, 1909, and in the following April 
was placed on the retired list at his own request. He 
was the brother of Sir Thomas Bramsdon, late M.P. 
for Portsmouth. 








THE LATE MR. JOSEPH HALLETT. 

WE regret to learn of the sudden death, on Tuesday 
last, of Mr. Joseph Hallett, who had for the past four 
years been Chairman of the Council of the Insti- 
tute of Marine Engineers, and had done splendid 
service for the Institute, especially by his efforts in 
connection with the working out of the scheme for the 
new a Mr. Hallett was in his fifty-fifth 
year. e served five years’ apprenticeship as an 
engineer in the locomotive and marine department 
of the London, Brighton, and South Coast Railway 
Works at Brighton. After this he entered the service 
of Messrs. J. and G. Rennie, where he continued for 
nine years, at a time when the firm were occupied in 
constructing machinery for some of the most important 
naval ships. Forthe last four years of his term of service 
e was responsible for the fitting out of several ships, 
including the Hero, Basilisk, Goldfinch, and Widgeon. 
At the same time he was connected with the fitting 
of torpedo gear to a large number of torpedo-boats. 
One of the ships for which he was reeponsible was the 
Calliope, which came into great prominence because 
she was successfully navigated out of Samoa in the 
teeth of a great gale, when the ships of other nationali- 
ties had to succumb. The soundness of the machinery 
was an important contributory influence to this 
splendid piece of navigation. 

When Messrs. Rennie closed down, Mr. Hallett 
became principal assistant to the late Mr. Archibald 
Thomson, consulting marine engineer, and his wide 
experience was in this position of great service. He 
ultimately succeeded the late Mr. Thomson as the 
representative of the Leeds Forge Company and 
Messrs. Bow, McLachlanand (Co. For several years he 
was the representative of the Liverpool R -frigerating 
Company, who supplied the plant of all the large 
Nelson ts and of many other ships. Three years 
ago he succeeded the late Mr. W. T. Taylor as the 
London representative of the Darlington Forge Com- 
pany. 

e was a member of the Institution of Naval 
Architects and has been for long closely identified with 
the Institute of Marine Engineers. His loss to this 
Institute will be great, for, as we have said, he had been 
Chairman of the Council for fuur years, and took a 
very prominent part in the city premises scheme, being 
personally very energetic and successful in obtaining 
subscriptions ; in this he excelled all other members. 
He was the Secretary of the Fund and of the Executive 
Committee, and personally had to do with most of 
the questions which arose in connection with the 
building, and there were many, especially owing to 
the builders’ strike. He represented the Tstitute on 
the Board of Trade Advisory Committee, and in 
this respect was specially qualified, because many of 
the members are superintendents of the shipping com- 
panies, and may not therefore in all cases judge 
matters without some bias. Mr. Hallett was, however, 
free from all association with shipowners or ship- 
builders. Moreover, he brought to the work of the 
Committee high professional qualifications, a close 
contact with all that was current practice, and wide 
———. 

c. Hallett was not only a thorough, practical 
engineer, but a man of solid integrity, willing and 
ready to assist his confréres. He was modest and 
unassuming in character, and his sndden death, due 
to heart failure, will be regretted by a wide circle of 
professional and personal friends. 





Burma.—The first 65 miles of the Southern Shan States 
Railway have just been opened for traffic, and they bring 
Kalaw, the finest hill station in Burma, within 24 hours 
of Rangoon. Kalaw is 70 miles nearer Rangoon than 
Maymyo, and although, according to present arrange- 
ments, a journey will occupy about the same time, when 
the new line is in thorough working order it will be pos- 
sible to reduce the trajet by several hours. Kalaw is 
about 1000 fs. higher than Maymyo, and it hasa = 
portionately cooler climate and a smaller rainfall. The 
mosquito, which infests Maymyo, is almost non-existent 
in Kalaw. The new extension — a high-level 
girder-bridge at Yinmabin. Upon the main ghaut, 18 


miles in length, there isa continuous ascent of 1 in 25, 
and it is considered the heaviest ascent in India. There 
are four reversing stations on the section, and the descent 
will be one requiring great care. 
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INDUSTRIAL NOTES. 


On the 2nd inst. the executive committee of the 
Miners’ Federation passed a resolution protesting 
against the suggestion of suspension of the Eight- 
Hour (Mines) Act. At the close of the meeting the 
following statement was issued :— 

“This meeting emphatically protests against the 
movement at present being engineered by certain 
mine-owners, manufacturers, chambers of commerce, 
gas companies, and others interested in various parts 
of the country to bring about a suspension of the 
Eight-Hour (Mines) Act. We desire ——— to 
bring before the Government and the public the fact 
that any shortage in the supply of coal is not in any 
way due to the operation of the Eight-Hour Act, 
large numbers of miners at collieries scattered up and 
down the country not having had the opportunity of 
making more than a few days per week down to the 

resent time. The committee further desire that public 
attention be drawn to the fact that the workmen in 
certain important districts have quite recently suffered 
a reduction in wages solely on account of the fall in 
the price of coal, and this circumstance shows that 
the coal supply, so far as the workmen are concerned, 
has been adequately maintained. 

‘*In the opinion of this committee no shortage in 
supplies is due to this cause, but is rather due to the 
congestion of goods traffic on the railways, excessive 
freight charges on the railways and coasting vessels, 
&c., the exploitation of middlemen, and other costs 
entirely outside and irrespective of the Eight Hour 
Day Act.” 

The further following statement was also made :— 

‘*A strong desire has been expressed by the mine- 
owners in the ironstone district of Cleveland to have 
the Eight Hour Day (Mines) Act suspended at the 
mines in that district because of the extraordinary 
demands for raw material in the production of iron 
and steel and also for by-products which are secured 
in the manufacture of iron from iron ore. It was 
reported that the miners of Cleveland had been 
requested to meet the mine-owners with a view to a 
mutual understanding being come to regarding work- 
ing under the eight-hour day system, and the possible 
temporary suspension of the Act. The executive 
committee of the Federation, after fully considering 
the matter, cannot see their way to countenance the 
suspension of the Act in any part of the mining dis- 
tricts of Great Britain.” 





The National Boiler-Makers’ Society has presented 
an application to the Shipbuilding Employers’ Fede- 
ration for an advance of wages for the men employed 
at the Federated shipyards. The increase in the price 
of food-stuffs is the principal reason for the request. 

The employers have not yet replied to the applica- 
tion, butit is expected that this will form the subject 
of an early conference between the Federation and 
representatives of the society. 





The movement among the members of the Boiler- 
makers’ Society employed in the shipyards of the 
North-East Coast for an advance of wages has been 
followed by an application for advances from other 
classes of shipyard workers, and from the men engaged 
in the engineering shops. 
the National Union of Gas and General Workers has 
been instructed by the members of the union employed 


in the shipyards and engine-shops to apply for an 


advance of 3s. per week on time rates and 10 per cent. 


on piece rates ; also to apply for a minimum rate of 


26s. @ week for all labourers. 





The annual meeting ot tne Sprin 
Amalgamation was held at the 
Sheffield, on the 3rd inst. 

Starting with a membership of under 400, they 


emperance Hall, 


closed the year with 1700 financial members on the 
The income had amounted to 1709/. The 
sage to the 


books. 
principal item of expenditure was &86/., 
National Amalgamated Union of Labour for national 
insurance against all labour disputes, strikes, lock- 
outs, victimisation, and legal benefit. The Amalga- 
mation had been able to add 443/. to the local fund, 
which was purely for benevolent purposes. 


They had been able to make great strides in the 
A 


matter of settling labour disputes by conciliation. 
joint b ard had been formed, composed of representa- 


lives uf employers and workmen, which would deal 
took 
with 


with all disputes in the trade before a stop 
place. Any matter in dispute must be Healt 
within fourteen days, and failing a settlement b 
mutual agreement, an arbitrator should be appointed. 


Councillor Bailey addressed the meeting, and said 
that the 10 per cent. advance for which the men had 


applied on December 11 was still under discussion. 


He urged that, while matters were under negotiation, 


both sides should keep out of the Press. 


At the clore of the meeting the following resolution 
, greed to:—‘‘ That this mass meet- 
ing fully endorses the action of the committee in 
respect of the application for a further advance of 10 


was unanimously a 


The general secretary of 


Knife-Workers’ 


_ cent., and expresses regret at the attitude adopted 
the Employers’ Association in reference thereto. 
urther, we hereby express our determination—and 
definitely instruct our representatives on the joint 
Board—to press for an immediate percentage advance.” 





As a result of negotiations between the National 
Sailors’ and Firemen’s Union and the Admiralty, 
seamen on vessels in the Government service sailing 
from Bristol Channel ports have been granted 
increase of 1/. ag month, raising the wages to 7/. 10s. 
per month. It is stated that diesatisfaction is ex- 
ressed in regard to seamen being drafted into Bristol 
hannel ports whilst local men are available. 





A meeting of the executive of the National Union 
of Railwaymen was held on the 3rd inst. at Unity 
House, London, to consider the question of the general 
unrest among railwaymen. A conference took place 
during the meeting with representatives of the various 
railway companies, and the result was reported to the 
executive in the afternoon, but no decision was 
come to. 

Another conference between the representatives of 
the railway companies and representatives of the 
National Union of Railwaymen and of the Amalga- 
mated Society of Locomotive Engine Drivers’ and 
Firemen, took place on Saturday. The meeting was 
in reference to the demand put forward by the men 
for an all-round increase of wages, to meet the higher 
cost of living. The conference was adjourned for 4 
day or two, Bat the opinion is confidently expressed 
that an amicable agreement will be arrived at. 

At a meeting of Birkenhead railwaymen, held on the 
3rd inst., a resolution was passed demanding an imme- 
diate advance in wages of 5s. per week and double-pay 
for Sunday work. It was also decided that, should 
the companies fail to grant the increase, the men 
would refuse to work overtime or do Sunday work. 

A meeting of 1500 Liverpool members of the National 
Union of Railwaymen was held on Wednesday, when 
@ resolution was passed to the effect that, ‘‘ owiug to 
the enormous rise in the prices of commodities, 
nothing less than a 5s. weekly increase, with time 
and a half for overtime, and double time for Sundays, 
will meet the present requirements.” 





The General Federation of Trade Unions in their 
sixty-second quarterly report, dated December 31, 
state the following :— 

‘*Serious and immediate unemployment had been 
regarded as an inevitable consequence of the outbreak 
of war, but the statistical returns from affiliated 
societies show that unemployment is not so prevalent 
as was expected, except in such trades as the cotton 
trade, the printing trades, the furnishing trades, and 
amongst the felt hatters. Returns from several 
societies show that in some cases 20 per cent. of the 
members have enlisted in the New Armies. The dock, 
wharf, and riverside workers give 10,000 as the 
approximate number of members with the Colours, or 
nearly 25 per cent. of their total membership. From 
the staff of the Federation 13 members have either 
joined or rejoined the Colours ; this is equivalent to 
15 per cent. The management committee rejoices 
over even the tponement of excessive unemploy- 
ment, but does not hide from itself the certainty of 
dark days after the war isover. It hopes to mitigate 
the seriousness of the after-war situation by securing 
that soldiers shall be diecharged in such a manner as 
to prevent too sudden an ivflux of labour upon strained 
industries.” 

The Federation comprises 182 societies and unions, 
having a total membership of 993,126 ; the contribu- 
tions during the quarter ending December 31 amounted 
to 17,533/., and the expenditure to 4800/. 





According to their monthly report for January last, 
the Nationa] Union of Boot and Shoe Operatives have 
a membership of 49,055, which includes 4609 proba- 
tionary members. The total funds of the union 
amount to 171,760/. 


An important action to trade-unionists was heard in 
the Chancery Division, London, before Mr. Justice 
Warrington, on the 2nd inst. The object of the 
action, brought by Charles Bennett, of Hebburn-on- 
Tyne, a en of the National Society of Operative 

ouse and Ship Painters, was to obtain a declaration 
that the application of 100/., money of the Society, to 
the subscription for 100 shares in the Labour News- 
papers, Limited, which publishes the Daily Citizen, 
was an illegal application. For the plaintiff, Mr. 
Bower, K.C., said he had been a member of the 
society since 1889. He added that all the invest- 
ments the suciety were empowered to make were con- 
fined to trustee securities. He described the invest- 
ment as a “ really wicked one,” because the trustees 
did not take the slightest advice. At their ie 
they proposed to invest 25/., but when they h 
evidence of the really disastrous career of the paper, 
they at one time pro to increase the amount of 
their investment to 1000/. He declared that the 





investment was not authorised by the constitution of 
the society, and therefore was illegal. 

Mr. Clausen, K.C., for the defence, said the ques- 
tion was whether the society could invest in a news- 
pa r which had for one of its objects to support the 
our movement; he added that what i) been 
done was not subsidising the Labour Party. It was 
investing in shares of a trading company, the busi- 
ness of which was of interest to the society and other 


an | societies having for their object the promotion of the 


interests of workmen. 

Mr. Justice Warrington, in giving judgment, said 
he was quite satisfied that the resolution of the society 
to obtain an allotment of the shares in Labour news- 
papers was not a resolution to make an investment 
in the ordinary sense. He was satisfied that the 
object was not simply to invest the money as an 
ordinary commercial traneaction, but to make a con- 
tribution towards the expenses of publishing of a 
particular newspaper. 

The — was whether this application of the 
funds of the society was a proper application. It was 
quite beyond being an investment of the funds ; it was 
an application of the funds for a particular purpose. 

Did the objects of this society, as set out in 
its rules, include the contribution of money to the 
funds of a company such as Labour Newspapers, 
Limited? In his Lordship’s opinion, they did not. 
The main object of that company, as shown by its 
memorandum of association, was the promotion of the 
interests and views from time to time of a political 
party which called itself the Labour Party. There 
was nothing in the rules which authorised the appli- 
cation of the funds of the society for such an object 
as that, and therefore it was ultra vires. 

The Trade Union Act, 1913, did not carry the 
matter any further ; Section 3(1) of that Act did not 
give a trade union power to apply its funds to any 
political purpose. The original application of the 
money of the society in the purchase of these shares 
was unauthorised, and there must be a declaration 
that the payment was illegal and wltra vires, and that 
the defendants must refund the money to the society 

d py ts costs of.the action. 

His Lordship to suspend execution if there 
was an appeal. The execution would suspended 
until the appeal was heard. There would be costs 
against the defendants. 

We are able to report that the West Yorkshire 
coalowners have conceded the men’s demands during 
the continuation of the war. A ting for consider- 
ing the points in dispute was held on Tuesday last at 
Leeds, and at the close the secretaries of the employers 
and of the men issued the fcllowing statement :— 

The owners, with the object of avoiding the disas- 
trous consequences of a coal strike in a national crisis, 
will, during the continuance of the war between this 
country and Germany, concede the contention of the 
workmen’s representatives respecting the Conciliation 
Board’s resolutions, and will pay to workmen paid by 
contract the minimum wage fixed by the new award 
of his Honour Judge Ampblett, dated July 21, 1914, 
plus 15 per cent. of not less than two-thirds of the 
minimum wage, fixed for such workmen by Judge 
a original award of June 10, 1912. Signed :— 
C. Crawshaw, for the West Yorkshire Coalowners’ 
Association ; John Wadsworth and Herbert Smith, 
for the Yorkshire Miners’ Association ; and Robert 
Smillie and Thomas Ashton, for the Miners’ Federa- 
tion of Great Britain. 

The arrangement, it is stated, will commence to 
take effect from the next making-up day, and the 
arrears will be paid on or before the second week in 
March next. 








Prorectine Iron rrom Corrosion.—Ferro-zincing or 
ironising as & means of protecting iron and steel from 
corrosion has many applications, one of the chief, at the 
present time, being for coating tubes to prevent pitting 
and corrosion. The use of zinc as a protective coating is 
due to the fact that zinc is electro-positive to iron and 
steel, and in the presence of moisture a galvanic couple 
is set up. The zinc, being electro-positive to iron, 
corrodes first, and as long as any zinc is left in contact 
with the iron the iron is protected. r. -Co! 
the inventor of the process known as “‘ ferro-zincing.” has 
found by experiment that pure electrolytic iron forms 
a very effective protective coating, chemically pure iron 
being practically rustless. Thus if sheets of electrolytic 
iron ordinary rolled iron be freed from scale and 
oxide and placed in a very dilute solution of sulphuric 
acid, and connected to a muillivolt-meter, it will be found 
that the current flows in such a direction as shows that 
electrolytic iron is electro-positive to ordinary rolled iron. 
The only impurity of any importance in electrolytic iron 
is hydrogen, which a to be partly alloyed with the 
iron, but this is found to render the iron more é! 
fe en —— a or Se ide ee the 

ydrogen being t y ex , an against 
& piece of unannealed electrolytic iron by the above test, 
it will be found the unannealed sample is electro- positive 
to the annealed sample. It will thus be seen that a coating 
of electrolytic iron forms an excellent protective coating, 
and if afterwards coated with zinc the resultis still better. 
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**GERMAN METHODS.” 
To tHe Eprror or ENGINEERING. 
S1zr,—Your article on German methods (page 168 ante) 
is very much to the point. The general answer is that 
British manufacturers have ample expert chemical and 
other assistance, and can do as well. Ido not wish to 
suggest that our scientists are inferior to those uf any 
other nation—granted they are equal, or even superior ; 
yet it should not be too hastily assumed that we 
are applying efficiently the technological knowledge 
which we undoubtedly possess. Most men of any scien- 
tific attainments are specialists t.-day ; it is the surest 
and perhaps the oaly way to secure a livelihood. But the 
requirements of a single manufacturing or other indus- 
trial enterprise are frequently diverse, and none but 
great corporations can command the services of an army 
of specialists. If others can fill each branch of their 
requirements with one, it may necessarily be at a rate 
of remuneration insufficient to command more than the 
average product of the technical college. Putting aside 
the quality of the specialist, his utility is impaired if 
he has not that knowledge of the common man’s troubles, 
or the language in which he expresses them, which is 
necessary to enable him to assist to the best advantage. A 
generation seems to have away since a general 
knowledge of what was then called ‘‘ natural philosophy ” 
was fashionable and more or less common. Moreover, 
the language of specialists has developed to such an 
extent that it is difficult for anyone whose time and 
energies are occupied with practival matters to keep in 
touch with the advance of modern scientific knowledge, 
still more with the theories which generally precede defi- 
nite knowledge. I would ask the proprietors and rs 
of our industrial undertakings to consider whether they 
have any confident and certain knowledge that they are 
buying the materials and tools best suited to their require- 
ments, and what steps they are in a position to take to 
fiad a substitute for any supply of which they may 
bappen to be deprived. 
he chemist may tell them what they are using, and 
what has similar p:operties, but he will not always know 
enough of the mechanical processes involved in the use 


to say which of many properties is essential and which | , 


immaterial. Hence may arise a time-wasting resort to 
experiment a:.d methods of trial and error, or the usual, 
but often disappointing, expedient of sending « sample 
into the shop to see what the foreman thinks of it. Lven 
when so-called practical tests are made, the results are 
frequently vitiated by a want of sufficient knowledge of 
the methods of experiment to enable the experimenter to 
eliminate extraneous causes. 

What is the remedy? In the first place there should 
be in the works or head-quarters of any large consumer 
of materials, tovls, or stures, a laboratory, where any 
material which may be required or offered can be sub- 
jected to at least the sim ler operations of testing by 
mechanical, physical, and chemical means. This shvuld 
be in charge of a man of wide, rather than special, 
knowledge, supplemental to, rather than superseding, 
the expert required in some cases to control the actual 

rocess of manufacture (as in a steel works or chemical 
industry). He must, to be of real use, have not only 
such a general knowledge of physics and chemistry that 
he is able to follow and understand the writings of 
specialists, and cannot be imposed upon by any traveller 
with a statement out of accord with the laws of nature; 
but he should also have such practical knowledge of the 
manipulative or other processes of the ticular in 
dustry that he can appreciate its needs and discuss intelli- 
gibly with heads of departments, or, if necessary, with 
intelligent workmen, their difficulties; and he should 
also have sufficient knowledge of cx ci teers and 
the cost of things to reject, or, at least, to subject to 
rigorous examination, any proposition to supply articles 
at . price which is inconsistent with their known cost of 
production. The happiest results in the past have been 
achieved when the personal proprietor of an undertaking 
had this equipment, and there may still be many who 
have. But for those who have not, the problem is one 
demanding at this time the gravest consideration. 


Yours ay 
A. H. Sure.p, M. Inst. C.E. 
10, Richmond-road, Ealing, W., February 6, 1915. 








‘OUTLOOK FOR BRITISH ELECTRICAL 
MANUFACTURE.” 
To THe Kprror or ENGINEERING. 

Sir,—Your leader to-day (page 139 ante) on the 
* Outlook for British Electrical Manufacture” has greatly 
interested me. As an old Continental traveller and 
Anglophile foreigner, I have often put to myself the prob- 
lems you have touched in your issue to-day, and I have 
made suggestions to the Commercial Intelligence Bureau 
of the Board of Trade. But I must confess that I do not 
see what the British manufacturer can do in the matter. 

I have been connected with two of the most important 
German firms in the electrical branch, and, excluding 
Germany and Austria, I ask myse:f in which of the Conti- 
nental countries could the representatives of a British 
manufacturer hope to find remunerative orders. 

Those three giant trusts, the Siemens - Schuckert 
and the Allgemeine General Electric Company and 
Thomson- Houston, all confederated under the same and 
other names all over the world, represent the interests 
of Jews, mostly of German origin ; and I should not 
be surprised at all if some firms here, who are in the same 
swing, were to try and transport, temporarily or defi- 
nitely, during the time of hostilities, their work under 
the British flag. What does it matter to them if it is the 


same capital that lies underneath’? You have not one firm | 


motor-car, or a rator, to a typewriter, like the 
A.E.G. A traveller or representative for a firm like 
that can make his expenses, because if he does not 
sell one item he will find an outlet for another. But 
what could minor firms do? 

Take, i.e., Russia. There the distances are enormous ; 
it takes you months to visit the principal towns, and the 
least you can spend is an “er of 3l. per diem, to re- 
present the firm decently. There, again, the German 
firms have taken their precautions, and have local men to 
work for them. The Union Works in Riga belong to the 
A.E.G., and many other concerns are so complicated and 
entangled that you hardly know where German interests 
finish and where American or socalled American in- 
terests begin. 

In Italy, in Spain, and in South America you have Ganz, 
Labinayer, and Oerlikon doing their share where the big 
German concerns have not reached. Until all these 
countries have sided against the nation which has the 
present monopoly, very little chance is left to the British 
manufacturer, unless he amalgamates, and this is a very 
difficult matter for him to do, and against his grain. 

Is is true that a few British manufacturers in the 
electrical machinery branch have made a strong position 
in certain special cases—viz., in connection with cotton 
and mining machinery—mostly where the concerns are 
themselves emanations of British capital. But this has been 
done with a great struggle against local interests, and it 
means providing from the Mother Country even spare 
parts and screws, so to say, for fear of being handicapped 
in case of breakdown. Germany has, besides, been in a 
very convenient geographical position for the Continental 
trade, manufacturers being able to send machinery, 
unpacked, in wagon-loads trom the very doors of their 
works, distributing the machinery to various agents and 
buyers with the least expense. An insular country could 
never attain such results, and therefore the goods 
become necessarily dearer. 

These and other reasons your makers will never under- 
stand. When they realise the conditions they will tell 
you that the game is not worth the candle; and the 
are right, because it is not in the race, not in the Britis 
traditions, to give away and undersell, as the Germans 
ave done,in order to supplant others and acquire political 
influence and supremacy. 

After the present war, I am afraid, people will forget, 
and go on buying from Germany as before. To cap- 
ture German trade one must brag less, and forget 
for a while the traditional statement that British goods 
are superior and of better material, People are satisfied 
if the machinery lasts them long enough to make a profit, 
and, as for the superiority in design, it is not always easy 
to demonstrate at first sight. 

In conclusion, to know one’s defects entails more pro- 
gress than to deny them, especially in business, and if 
the present difficulties take from some of your people a 
little conceit, they will effect a great stride forward in 
the reconquest of lost markets. 

Yours truly, 
Oscar Bertoya. 

Sunnymead, Borebam Wood, Herts, January 29, 1915. 





To THE Epitor oF ENGINEERING. 

Sir,—In your issue of January 29 you published, under 
the heading *‘ Outlook for British Electrical Manufac- 
ture,” an article discussing, among other things, whether 
electrical industry in this country has met in the past 
with sufficient support from the connected industries as 
well as from the capitalists. Though quite confident as 
to the fulfilment of expectations regarding the future 
of British industry, I, as a foreigner, am not in a posi- 
tion to question the reasons given by the author, when 
complaining of Britain’s inadequate share in the world’s 
electrical market. You will, however, allow me to offer 
some suggestions concerning a natural and desirable 
extension of Britain’s economical activity into the coun- 
tries of her allies. Belgium is especially to be kept in 
view, a land where, apart from a political point of view, 
matters will prove most satisfactory for a fresh effort on 
the part of British industry, while none of the drawbacks 
quoted by the author as working unfavourably here 
would be encountered in my country. 

For instance, the electrical - will no doubt 
receive the needed support from the several other 
industries using electricity itself or the products of 
electrical elaboration. Belgium’s industrial plant has 
suffered heavily from the war, and what has been spared 
may be exp to further devastation. Unfortunately, 
of course, for my country, but providing, on the other 
hand, a fair opportunity for a systematic reconstruction 
on the basis of electrical installation throughout, there 
will be a lot of shops and factories awaiting rebuilding 
from the bottom. The Belgian State Railways are not 
likely to escape the general disaster, and their fitting 
out with electrical power will turn out lees expensive 
than would have been the retention of the actual steam 
traction. x 

Should the British electrical industries intervene, the 
enterprise would prove doubly profitable for them. 
Firstly, your workshops would be enabled to improve 
their insta!lations under the most favourable conditions, 
— as they would be with a sound feeding of 

igian orders. 


your industry in Belgium by agreement with electrical 





| works nies & that country, and, thanks to the 
| intimate collaboration of both, the home factory and the 
| — — you ~ be — Bagi take 
| advan of the lower rates of wages ruling in ium. 
Thus, beng possessed with extensions into Belgi 

ty of production of the British industry would be 
under just those conditions of working coste 


in the United Kingdom who make everything from @ required for the world competition, 
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As to the ways and means, the war indemnity to be 
levied on y will be discounted with the bankers, 
and thus furnish y the needed money for the new 
inatallations in Belgium. Perhaps, however, if really the 
war must be fought out to exhaustion, the financial 
question would grow a critical one, and the support of 
America’s industry might be welcome. Therefore it 
would be advisable to associate from the sturt with the 
said industry in the great work of Belgium’s resto- 
ration. 

Another point is that, of course, to put into execution 
the whole scheme would involve some rather long pre- 
liminary consideration ; also we must confess that, as 
long as abnormal conditions prevail, business people are 
not likely to fall in readily with large projects in the 
future. There .is no lack of confidence as to the final 
issue of the present war; but, as a very disvinguished 
friend whispered to me: ‘‘ Each time one makes up one’s 
mind to prepare for the future era of peace, some quite 
unexpected odds, such as that recent submarine raid, 
come to shatter one’s dream.” Now, my esteemed friend 
is not British born, and 1 am quite sure that a remedy 
will be found against the submarine plight, just as the 
big German howitzers have been matched on the Allies’ 
side. Those who have experienced the German character 
go still further and do not at all regard attrition as the 
only possible end for this war. As a matter of fact, the 
German business man has never been fond of the war. 
Were not Germany’s trade and industry on their way to 
conquer smoothly and pacifically the whole Continent ’ 
German oy 8 geo may boast that their nation will 
fight to the mark and man; yet the moment the 
captain of industry sees his factory in the Rhinelands or 
elsewhere seriously threatened by the enemy, he will give 
in, and, may be, bring about a peace at all costs. 

But, to close the parenthesis, the prudent man, what- 
ever be his opinion of the duration of the war, must 
clearly see that, unless Britain takes steps to ensure in 
good time that her industries shall be represented in the 
reconstruction of Belgium, she will be running grave 
risks of finding her place already taken up. As soon as 
the war is over, a mushroom growth of companies—Swiss, 
Dutch, American, and even Belgian and French in name 
—will appear in Belgium as if renee, and no 
one will be able to ascertain whether they cover German 
enterprises or not. 

Thus it would be no extravagant anticipation of the 
results of the actual crisis if the British electrical indus- 
tries were to meet for the purpose of ve come te imme- 
diate steps to be taken towards assuring their future 
co-operation in the reorganisation of the industries of 
their Allies. This would take the form of a committee 
constituted for the investigation of preliminary measures 
to be taken. 

For the sake of your generous country, I seriously hope 
that she will rise to the great opportunity, and am per- 

y pre to contribute the material, statistical 
and otherwise, that I have gathered on the question. 

With apologies for the length of my communication, 

I remain, Sir, yours gp 

London, February 3, 1915. H. IERS. 





**GASEOUS EXPLOSIONS.” 
To tTHx EpiTor oF ENGINEERING. 

Srr,—In vour issue of January 29 there is an article on 
**Gaseous Explosions,” in which is discussed the possi- 
bility that after the complete inflammation of a gaseous 
mixture an appreciable time elapses before the partition 
of energy between molecular vibration—the immediate 
result of chemical combination—and translation is com- 
plete. The suggestion is that this time may be com- 
parable with the period of combustion in a gas-engine, 
and that the pressure reached (which depends on the 
translational energy) is reduced accordingly. 

This suggestion was originally advanced by R. von 
Helmholtz (son of H. von Helmholtz), who based it on 
some experiments which he had made on the radiation 
from flames. It is strongly supported by these experi- 
ments and also by other facts about radiation from flames 
pase of which are mentioned in your article), which have 

discovered since. On the other hand, the relative 
slowness of partition of energy which it requires is diffi- 
cult to reconcile with the kinetic theory of gases and with 
such facts as the production of sound by the passage 
through air of an intermittent beam of radiant heat. 

An account of Helmholtz’s experiments is to be found 
in the Third Report of the British Association Uom- 
mittee on us Explosions (Sheffield meeting, 1910), 
where the whole question is fully discussed. 

am, Sir, your obedient servant, 
B. Hopkinson. 

Engineering Laboratories, Cambridge, 

February 9, 1915. 








Inquiry UNDER Borner Expiosions Acts.—A formal 
investigation was held in the Town Hall, Dewsbury, 
from Soames 19 to 23, inclusive, into the circumstances 
attending the explosion of a vertical boiler used for gene- 
rating steam for driving power, which occurred at an 
iron and steel works in the neighbourhood of paoeny 
on August 10, 1914. The internal flue of the boiler col- 
apsed, and was ruptured over the whole . The 
Board of Trade Commissioners found that explosion 
was caused by over-pressure of steam, due to the over- 
loading of the safety-valves by the eer of the works, 
who, accordingly, they adjudged solely responsible for 
the explosion, although, in the circumstances of the case, 
made no order for costs nst him. The Com- 
missioners specially drew attention to the desirability of 
so fixing safety-valves as to ensure that they will be abso- 
lutely protected from interference. 
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RATHER more than five years ago* we illustrated 
and described what was then a new form of regulating 
and emergency throttle-valve, introduced by Messrs. 
Cockburns Limited, of Cardonald, Glasgow. Since 
that time a large number of these valves have been 
used, especially in connection with marine engines and 
turbines, and the experience gained during this period 
has enabled the design to be improved in some respects. 
In the original design two types of valve—one single- 
beat, and the other double-beat—were made, according 
to the size and to the conditions under which the valve 
was to be employed. The single-beat valves had 
always to be operated by steam pressure acting on a 
piston controlled by a small auxiliary valve, the hand- 
wheel being used merely to regulate the amount of open- 
ing, and to lock the valve in its closed position. This 
was undesirable in some circumstances, and the new 
design is such that the valve is opened and closed posi- 
tively by means of a hand-wheel and regulating-screw. 

The accompanying illustrations show one of the 
latest patterns of these valves, which are manu- 
factured under the Cockburn-MacNicoll patent. As 
now made the valves are all of the balanced double-beat 
type, and to ensure absolute steam-tightness the valve 
is provided with a flexible disc, as shown in Fig. 1. 
As previously mentioned, the valve is normally 
operated by means of a hand-wheel and screw acting 
on the valve-spindle through the lever A, which rocks 
on # fulerum pin held up by a pair of detents formed 
on one arm of a we lever B; but when the 
valve is open to any extent it can be rapidly closed 
and opened again by means of the emergency gear, 
which we shall now describe. Referring to Fig. 1, it 
will be seen that the valve-spindle is fitted with a 
piston, which works in a flanged cylinder held in 
place by the valve-cover casting. The latter is formed 

with a steam-chest containing a small slide-valve, 
which controls the supply of steam to the cylinder, 
and also enables it to be put into communication with 
the condenser. This slide-valve, it may be mentioned, 
takes the place of a mushroom-valve used for a similar 
ag in the original design. The valve is moved 
y the bell-crank lever B, to which is connected 
& vertical rod, controlled by hand or by means of a 
governor. The normal position of the slide-valve is 
that shown in Fig. 3, when the piston is in equi- 
librium, and the main valve is free to move under the 
control of the hand-wheel and regulating-screw. But 





* See Encingerina, vol. lxxxviii., page 395. 





if, when the valve is open, the control-rod is pushed | 
upwards, the slide-valve will move to the left, passing | 


through the position shown in Fig. 4 to that shown in | 
Fig. 5. In Fig. 4 it will be seen that the bell-crank | 
lever has moved sufficiently to release the fulcrum- | 
pin, on which the lever A rocks when the main valve 

is operated by the hand-wheel. This renders the main 

valve free to move independently of the hand-wheel, | 
since the lever A can swing on a pin on the nut of 

the regulating-screw. The main valve does not move | 
when the slide-valve is in this position, since steam is | 
now admitted to the bottom of the eylinder, and the 

top of the cylinder is put into communication with 

the condenser, so that the main valve is still held open 

by the steam pressure on the piston. Further move- 

ment of the control-rod, however, moves the slide- 

valve into the position shown in Fig. 5, in which 

steam is admitted to the top of the cylinder, and the 
bottom of the cylinder is connected to the condenser, 

so that the steam pressure on the piston closes the 
main valve. 

On pulling the control-rod downwards the above- 
described sequence of events takes place in the 
opposite order, and the main valve is re-opened and 
restored to its original position ready to be operated 
positively by means of the hand-wheel and screw. 

In ition to the advantages already men- 
tioned, the makers claim that these valves occupy 
the minimum space, and are as little complicated as 
it is possible to make them. As now constructed the 
valves can be opened up for examination of the work- 
ing parts in about ten minutes, which is an important 
improvement on the older design. These valves are 
and they obviously throw very little work on to any 
governing mechanism they may be used in connection 
with. Our illustrations show the hand-wheel imme- 
diately below the valve, but it can be placed in any 
other position, with suitable connecting gearing, if 
the position shown should be inconvenient. 





Tue Ruenish Licnire Company.— The Rhenish 
Lignite Company had, during the last nine months 
of 1914, a uction of 3,952,672 tons, against 4,236,025 
tons for the same period of the preceding year, a decrease 
of 283,353 tons, or 6.69 per cent. ; the uction and 
sale of eae von Amy and 9.44 

cent. ivi or the ing two years 
Pad been 10 and 11 per cent.; as regards the pro<pec's 








for the current year no opinion ean be ventured, 


especially suitable for use with superheated steam, 





REGULATING AND EMERGENCY THROTTLE-VALVE. 
CONSTRUCTED BY MESSRS. COCKBURNS LIMITED, ENGINEERS, GLASGOW. 
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POSITION I. 
Neutral Position no Exhaust 
taking Place. 
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trom Bottom to Condenser 
ENGINEERING OPERATIONS FOR THE 
PREVENTION OF MALARIA.* 


By Frank Dupuy Evans, Assoc. M. Inst. 0. E. 


ANYTHING which relates to the health of communities 
and labour forces is of importance to engineers, but the 
disease referred to in this paper, malaria, is of particular 
interest to them. The effects of malaria are often terrible, 
and may lead to very high death-rates. Its effect on works 
in new countries is greatly to increase their first cost and 
cost of maintenance, and it may lead to their abandonment. 

Malaria occurs more or less in all warm climates, and 
is caused by parasites of the blood which are injected by 
anopheline mosquitoes. These mosquitoes first take the 
parasites from infected man when sucking blood. Thus 
part of the life of the parasite is spent in man and part in 
the mosquito. Quinine is the remedy for malaria. No 

| attempts to transmit malaria, = through the agency 
| of mosquitoes, huve been successful. 

Mosquitoes are distinquished from other insects b 
various characteristics, but, like other insects, their life 
is divided into four stages—the egg, the lava, the pupa, 

|and the imago. The egg is laid on water and develops 
| into the imago, or adult winged insect, in about ten 
|days. Mosquitoes are favoured by certain conditions 
and diminished by others. The principal families of 
| mosquitoes that concern man are those belonging to the 
| groups Culua, Steyomyia, and Anophelina. 
| Some Culux mosquitoes carry elephantiasis. 
| Some Stegomyia mosquitoes carry yellow fever. 
| Some anopheline mosquitoes carry malaria. 
| Anopheline larve and adults ‘ ! be distin- 
guished from Culux and Stegomyia. ey are, as a rule, 
swamp breeders, hence the long-observed association of 
marshes with malaria. The measures to combat and pre- 
| vent malaria are :— : 

1. Destruction of anopheline mosquitoes, either of 

| adults or larve. 

| 2. Protection of man from the bites of infected mos- 
| quitoes. ; 

| 3. Prevention of mosquito infection by suitable treat- 
ment of infected man. 

Most maslarious countries have applied to some extent 
one or all of these measures. A few exampies of anti- 
malarial campai and their results are given in 
Appendix I. of the paper. 

Quinine may be used as a remedy and a preventive, 
Screening is effective in peageng, metenteee away from 
man under certain conditions. oequito larve may be 
killed by oiling or poisoning their breeding-places ; or 
breeding-places, such as water- vessels, may be screened. 

The most important method of reducing anophelines is 
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* Abstract of a paper read before tha Tnatitution of 
_ Civil Engineers, on Tuesday, February 9, 
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by drying land by means of thorough drainage. In hill- 
land subject to heavy rainfall such work presents many 
novel problems, but has been successfully accomplished 
in the Federated Malay States at a reasonable cost. 

Ravines in the Mala ‘States, unless exceptional, 
can only be laid dry by a continuous drain running com- 
pletely round the hill-foot, cut on a line at a little above 
the wet surface level. Open or masonry drains ure 
useless for the purpose, and it has been found that the 
only way to construct permanent hill-foot drains is to use 
agricultural drain-pipes as subsoil drains, and to provide 
outlet drains of open masonry or subsoil pipes to carry off 
their discharge. The pipes are propor to run not 
more than ons-quarter full in ordinary dry weather 
(one-fifth full for drains over 6 in. in diameter). The use 
of pipe-drains less than 4 in. in diameter is not ordinarily 
advisable, owing to the liability of their choking. The 
pipes are laid at a depth of 3 ft. to 4 ft. (or even deeper 
on steep slopes); they have been laid at the heads of 
ravines on slopes of 1 in 3 with satisfactory results. 
Trees.must be removed from the vicinity of pipe-drains, 
as their roots may grow into and choke the pipes. Under- 

rowth and long grass should not be allowed to grow up, 

or the same reason. : : 

As economy is all important in anti-malarial work, it 
is rarely possible to provide masonry drains large en 
to carry all flood-water, and these are, therefore, usually 
calculated to run one-sixth to one-fifth full in ordinary 
dry weather, and are surcharged during floods. An in- 
expensive and thoroughly efficient type of drain has been 
evolved to meet the conditions, f of concrete-blocks 
of half-egg shape, laid close, but unjointed. The blocks 
are laid without foundations, even on bad ground in flow- 
ing water. Should they move out of line or gradient, it 
is easy to re-set them correctly when the surrounding 
ground has settled, after which they give no trouble ; but 
re-setting is rarely necessary. ‘ ent 

The principal difficulty in draining hill-land lies in 
maintaining the drained surface unda . Afber 
some years’ experience, it has been found t the most 
economical method is the use of grass, kept close cat. 
Small masonry dams are used in rock-cuttings, and 
timber dams are used under certain circumstances. The 
method to be used depends on the quantity of silt carried 
by flood-water. 

With proper care open drains may be connected to 
subsoil drains, if necessary. Maintenance of drainage 
work is most important, as small faults, if neglected, may 
cause a whole system to be ineffective. The co-opera- 
tion of engineering, » and medical authorities is 
necessary to success in carrying out measures directed 
against malaria, but engineers can effect much on con- 
struction work by giving effect to a few simple rules. 
Two important problems in malarious hill countries are 
those connected with the enormous quantities of silt 
which are washed off agricultural estates, and mine tail- 
ings, which, if not dealt with, may do immense damage 
and ruin large tracts of country. 





True Hanoverian Petrroteum Inpustry.—The German 
Mineral Oil Company, which belongs to the German 
Petroleum Company, proposes to reduce its capital from 
16,000,000 marks to 8,000,000 marks on account of the 
disappointing results of the company’s undertakings in 
the Wietzer district. This is not the first time that capital 
has had to be reduced in connection with this venture. 
During the last financial year the daily production of 
petroleum decreased, and unless the future has some 

leasant surprises in store for the company, it must 

taken that the Wietzer petroleum area is smaller 
than was expected. Although remunerative working 
may be expected to go on for many yeirs, an increase 
in production is out of the question. The borings 
outside the Wietzer district, which have been going on 
for some considerable time, do not give great promise 
either. The revenue from working and other sources 
was :—4,343,411 marks for the year 1913-14; 5,197,558 
marks for the year 1912-13 ; 6.425,003 marks for the year 
1911-12. The surplus for the last financial year, however, 
only amounts to 417,458 marks, against 1,012,212 marks 
for the preceding year, which sum, together with the 
8,000,000 marks reduction, will be — to extraordinary 
writings off, so that no dividend will be paid ; the dividend 
during the two preceding years was respectively 5 and 
7 per cent. 





Cement-ConoreTe Roapways.—This was the title of 
@ paper read at the meeting, held at the close of last year, 
of the American Association for the Advancement of 
Science by Mr. Percy H. Wilson, Secretary, Association 
of American Portland Cement Manufacturers, Philadel- 
phia, Pa. In this it is stated that in Massachusetts, 
Connecticut, Rhode Island, New York, and New Jersey, 
the average maintenance costs on macadam roads have 
exceeded 800 dols. per mile per year. The New York 
Highway Department is now putting down many miles 
of concrete roads under the conviction that they will 
greatly facilitate travel and lessen maintenance charges. 
A concrete road was built more than twenty years ago at 
Bellefontaine, Ohio; it has been in constant use since, 
and the upkeep charges have been less than 25 dols. per 
mile year. The most renowned concrete roads in the 
world are in Wayne County, Michigan, where about 125 
miles have been built, the first of them putdown six years 
ago. The average cost of their maintenance has been a 
little less than 30 dols. per mile per year, under heavy 
traffic of all kinds. Statistics compiled in 1912 show that it 
costs from 20 cents to 30 cents to haul a ton over a mile 
of ordinary road almost anywhere in the United States. 
On a concrete road of Lal 
haul could be made for about one-fourth of this cost. 
Compared with a road of soft loam or sand, there would 
be a ten-fold advantage in favour of concrete. 
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THE PHYSICAL SOCIETY OF LONDON. 
At the meeting of the Physical Society of London, 
held on January 22, 1915, at the Imperial College of 
science, Professor Sir J. J. Thomson, O.M., F.R.S., 
President, in the chair, a paper entitled ‘‘ Practical 

Harmonic Analysis” was read by Dr. A. Russell, M.A. 
ing the assumption that the graph of a periodic 
function is given, the problem of the best way of deter- 
mining the Fourier constants in the series equation which 
represents it is considered. The ordinary method of pro- 
cedure is to neglect all the harmonics above a certain 
order, and determine the coefficients of the harmonic 
terms by making the curve ——— > this equa- 
tion through a number of arbitrarily selected points 
on given curve. This is the method used, for in- 
stance, by Runge and Grover. A serious defect in this 
solution is that the values found for the amplitudes of 
the harmonics, more especially for the higher ics, 
may be very different from their true Fourier values. The 
method gives no indicationof the magnitude of theseerrors. 
Gauss pointed out many years ago that the solution of 


this limited problem could be written down at once mathe- | P. 


matically, and that it was of importance in certain inter- 
= ion problems in astronomy. Another method has 

suggested recently by Silvanus Thompson. He 
uses certain series formule for finding the Fourier 
constants. The author suggests other series formule of 
a similar kind. If the given curve be approximately 
sine-shaped so that the amplitudes of the higher harmonics 
are small, this method is both simple and accurate. For 
distorted waves, however, the lack of accuracy is serious 
in practice. It has also the drawback that an error made 
in computing the value of one of the constants may 
introduce errors in the computed values of others. The 
author gives numerical examples to illustrate the accuracy 
attainable by the use of infinite series formule. He 
concludes by pointing out that in the great majority of 
cases much the best method of procedure when deter 
mining the constants is to evaluate Fourier’s integrals by 
the methods of mechanical quadrature given in books on 
the calculus of finite differences. In particular he has 
found that Weddle’s rule is admirably adapted for the 
practical computation of the Fourier integrals. By means 
of this rule, a new and simple proof of which is given, 
each constant is determined separately toa high order of 
accuracy. Numerical examples are given to illustrate 
this. The series formule used by Thompson can be 
usefully employed either for verifying the values found 
by mechanical quadrature or for indicating when the 
higher harmonics cannot be ee 

The President thought the t way of impressing on 
students the importance of Fourier’s theorem was to begi 
with the fundamental, and add the successive harmonics 
one at a time, thus showing how the resultant curve ap- 
Oa ayn more and more nearly to the analysed original. 

n the problem treated by the author, the periods were 
selected arbitrarily. Very often it was necessary in Lye 
tical problems to determine both the coefficients and the 
periods of harmonic constituents. The inverse process 
was performed in mechanical integrating machines, such 
as Kelvin’s tide-predicting machine, in which the curve 
resulting from the integration of a number of harmonic 
— of known amplitude and period was ob- 
tained. 

Professor 8S. P. Thompson thought any method which 
would give increased accuracy in the determination of 
the higher harmonics was welcome. He had 4" in 
a recent paper that one should begin with the — 
harmonics, and work backwards towards the lower. is 
had the defect that any error in the initial determina- 
tions tended to accumulate. He wished to challenge the 
accuracy of Weddle’s rule. He applied it to the case 
of an isosceles triangle, the length of which was three 
times the base. Dividing it into six parts and applying 
Weddle’s rule, the area is given as 1.6 (the base being 1) 
instead of 1.5. He thought this rather discountenanced 
Weddle’s rule, except for very smooth curves. It had 
1 been desirable to have some harmonic analyser 
which would pick out a particular period without pre- 
vious knowledge, as the ear does in the case of sound. 
This was done to a certain extent in Schuster’s periodo- 


gram. 

Mr. F.J.W. Whipple, criticising Professor S. P. Thom 
son’s example of the triangle, said that a triangle could 
not be regarded as the simplest curve through the six 
points chosen. If we have a smooth curve which is 
ae. and apply Weddle’s rule to the area included 

y ® complete period divided by, say, six ordinates, we 
would get six separate values of the area if we start re- 
spectively a, ¥%, ¥1, Ye. -.- Taking the mean of these, 
we get the simple, well-known expression :— 

d (Yo + M1 + Ye + Ys + Yat Ys) 
He exhibited two slides showing a simple way by which 
an interpretation of a Fourier’s series, such as :— 
sin 6 + sin 3 0/3 + sin50/5...+..&e., 
is easily obtained. 

The author, in reply, agreed with the President that 
one of the best ways of impressing the meaning of 
Fourier’s theorem on the mind of the student was to 
construct graphically the curves formed by adding in 
succession the various harmonics to the fundamental, 
thus illustrating how the resulting curves approximated 
more and more to the shape of the original wave analysed. 
Michelson and Stratton have constructed a machine for 
drawing these curves <a. It is described in 
the Phslosophical Magazine for 1898, and many curves 
illustrating its use areshown. They show, for instance, 

curves obtained by adding capetaer 3 tesa, 6 terme, 


7 terms, 21 terms, and 79 terms respectively of the 
Fourier series for a rectangular wave. The last figure 
they obtain is almost indistinguishable from a rectangle. 





He also referred to Arthur Wright’s device for finding 
the harmonics electrically. Professor Thompson points 
out that when Weddle’s rule is applied to an isosceles 
triangle the error is nearly 7 percent. The reason of the 
large error is-that the vertex of a triangular wave is a 
point of discontinuity. As mentioned in the paper, 
therefore, Weddle’s rule ought to be applied over each 
half of the base separately. When this is done the correct 
answer is obtained. Dies a ae at the lack of 
accuracy sometimes obtains when this rule is applied indis- 
criminately, and is doubtless responsible for its neglect by 
many ma’ ticians, notwithstanding the high commen- 
dation passed on it by Professor Boole nearly sixty years 
ago. It has a sounder theoretical basis than any similar 
rule, and in conjunction with the series formule given in 
the paper it affords a method in many cases— possibly the 
only method—of computing the Fourier constants with 
high accuracy. The avthor much appreciated Mr. 
Whipple’s graphical method of showing how the sum of 
Fourier’s sine series for 7/4 gradually approximated to 
- value. ses 

paper, enti ** Measuring the Focal Length of a 

tc Lens,” was read by Mr. T. Smith. 

The focal length of a compound lens is obtained solely 
by focus on the camera screen the image of a distant 
object on lens axis by the complete lens and by each 
of its components separately. One additional focussing 
of the same object when the separation of the components 
is altered determines the focal lengths of each compo- 
nent. The method is both accurate and quick, and 
requires only a camera and the lens. 

Dr. A. Russell thought the method was extremely 
neat and likely to become very widely used by those who 
had such measurements to perform. 

Professor G. H. Bryan, in a communication which was 
read by the Secretary, described a ‘‘ rough-and-ready ” 
method which he had used to find the focal length of a 
lens when nothing was available but a photograph taken 


- | with the lens of some suitable object, such as a rectangular 


building. The two infinity points of pective I and J 
are found by producing the horizontal lines of the building 
until they meet. On I J a semi-circle is described, and 
a line oe compe wd to I J, and ing through the 
centre C of the picture, is erected. » this cut the semi- 
circle in P and the horizonI Jin M. Then, if C is on or 
near I J, P M is the focal length of the lens. 

The author, in reply, said that the method, while very 
ingenious, could never be relied on to give the focal length 
with any great accuracy. It would be quite easy to find 
cases of a quite ordinary nature in which the result of 
Professor Bryan’s construction would be in error by as 
much as 75 per cent. As extreme cases he cited lenses 
of the telephoto type, in which the principal plane from 
which the focal length should be measured is situated 
considerably in front of the lens. 

An instrument called the ‘‘ polyscope” was shown by 
Professor A. W. Bickerton. 

It consisted of three narrow strips of plate-glass, about 
1 ft. long, arranged as a truncated pyramid. The object 
end has an area of about} sq. in., while the eye end is 
made very small (about .; sq. in.), in order to get the 
maximum number of reflections. To get metrical 
accuracy in the interfacial angles the edges of the strips 
overlap instead of being butted. Three types were shown. 
In No. 1 the cross-section is an cquilahenst tilansie. This 
produces the simplest type of pattern. In No. 2 the 
section is a right-angled isosceles triangle. This produces 
patterns with two centres of symmetry of eight reflec- 
tions each and one of four reflections. In the third type 
the angles are 30 deg., 60deg., and 90 deg. This produces 
patterns in which one centre has twelve reflections, one 
six, and one four. When a group of nondescript objects 
—irregularly-shaped pieces of coloured gelatine mounted 
on a glass plate are very effective—are viewed through 
the instrument, an exquisitely-coloured symmetrical 
pattern may be seen, the character of which changes con- 
tinuously as the object is moved about. 

The designs were shown projected on a screen, a narrow 
beam of light from an arc-lamp being passed through the 
polyscope, which was moved about until the maximum 
illumination was obtained. The beam before reaching 
the object-slide passed through a water-tank and aground- 
glass plate to ensure uniform brightness. 

The instrument forms an invaluable aid to designers of 
tiles, floor-cloths, fabrics, &c , as an innumerable sequence 
of designs can be reviewed by the artist in a short time, 
those which give satisfaction being sketched or photo- 
graphed. If the slide is suitably mounted and moved 
reasonably slowly, it is quite easy to repeat any particular 
pattern. 





GrrmMaN Steet Union. — The last report on the 
market states that the home consumption shows no 
material change, nor can such be expected for some 
months to come. From the neutral countries larger orders 
could be recorded. As regards railway material (rails, 
&c.), the Mecklenburg-Schwerin and the Oldenburg 
State Railways had placed their orders for the current 
year, but in both cases the orders were below those of 
the preceding year. Some fairly substantial contracts in 
heavy railway material had been secured from neutral 
countries. December orders for mine rails were 
somewhat better than those of November. The yearly 
settlement as regards mine rails for the coal and alkali 
mines had taken place, with the exception of those of 
the State mines, which were generally rather later. 
The orders for mine rails, as far as the foreign market 
was concerned, been comparatively small. The 
home sale of shape-iron, as usual at this time of the 
year, falls = ig As far as the foreign markets are 
concerned, there was no change since the last report ; the 
sale was almost entirely confined to the neighbouring 
neutral countries. 
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SEA-BORNE TRAFFIC IN WAR-TIME. 


THE numerous and involved questions which have been 
raised of late in the matter of contraband of war, sea- 
borne traffic, and the trade of all nations during the 

t hostilities, lend special interest to an article 
under the above title, contained in one of the last 
numbers of the German naval journal Ueberall to reach 
us before the war broke out—the issue for June. The 
article is by Admiral Stiege, of the German Navy, who 
quotes Admiral von Maltzahn, also of the German Navy. 
It states the following :— . 

War to commerce, carried on by one nation, has for 
its object the endeavour to destroy in all its branches 
the ‘* naval commercial life” of the enemy. Action to 
this end is, however, to a certain extent, limited by 
international maritime law. Attempts have been made 
to formulate both the rights and the duties of the 

rties in conflict, and also those of neutral States, 
in order to prevent both unnecessary cruelty to the 
nations at war, and avoidable injury to neutrals. The 
contrasts which such a situation creates are exceedingly 
numerous. There are, further, many questions in 
which no complete accord can reached, since no 
Svate will take a definite stand in regard to future 
occurrences in war, and also in regard to the immense 
possible consequences of such occurrences. An effec- 
tive and binding international naval war-code is, accord- 
ingly, not to be expected to be reached in the future, 
owing to the lack which will prevail of any adequate 
force to apply such a code. Notwithstanding this, 
the naval war-code, incomplete as it may be, is of 
value as affording a line of conduct, to deviate from 
which is always hazardous; such deviations must not 
too greatly outrage international opinion, and in certain 
circumstances may have to be maintained by armed force 
against neutrals. : 

It may occur in war time that the fundamental inter- 
pretation of international naval law in regard to the 
freedom of the seas may not remain a criterion, for 
although the seas afford in time of peace a free pas 
to all and everyone, when a war breaks out certain rights 
are conceded to the belligerents—rights which they did 
not possess in peace time, and which they may exercise 
in the war sphere; that is to say, both in the open sea 
and in the waters of the countries at war. These rights 
are the following :— J 

(1) The right of seizure, which allows the warships of 
the belligerents to capture the enemy’s private property. 
(2) The taking of prizes, which gives them the authority 
to declare neutral ships as also being lawful prizes should 
they break a legal blockade, or should they carry con- 
traband of war to the enemy. (3) The right of visit, 
which empowers them to stop all ships in the waters of 
the countries at war in order to ascertain their nationality, 
cargo, and destination. 

It is easy to see what the above conditions may lead 
to in regard to differences in views and opinions. How 
far any goods may be considered as belonging to the 
enemy or belonging to a neutral, and, as such, covered 
by a neutral flag, admits generally of a subjective inter- 
pretation. The conception of what is contraband of 
war is an elastic one, as is proved by the terms 
“absolute,” ‘‘ relative,” and “‘quasi-contraband.” The 
wider tho sense in which one of the belligerents 
uses the term—and its interpretation belongs practically 
to him alone—the larger will be the damage caused to the 
economical life of the enemy. If, as took place in the 
Russo-Japanese war, coal, food, railway and telegraph 
material are, together with war material, considered as 
contraband of war, then the existence of many a country 
which is dependent upon the import of such articles may 
be seriously menaced. Such a definition of contraband 
of war strikes materially at the rights of neutral shipping; 
it would mean little less than the extension of the right 
of seizure to neutral nations. 

Further, according to the law of naval warfare, a 
blockade is to be considered valid in law only when it is 
‘ effective’—that is to say, according to the Paris d 
tion, so long as it be maintained by a belligerent, and is 
really successful in preventing access by the enemy to the 
coasts which are declared to be blockaded. This is an ex- 
ceedingly vague determination, since it does not establish 
what appertains to a belligerent, and what ap i 
to it cannot be established for all eventualities, and 
cannot, above all, be controlled. It is absolutely evident 
also that in a naval war the interpretation of what is 
meant by the “waters of the belligerent countries,” 
‘sphere of action,” ‘‘ continuous journey,” ‘‘ blockading 
squadron,’ will frequently fluctuate, and that it will be 
easy to contest the official ‘‘declaration of a blockade,” and 
consequently its lawful efficiency. When a naval war is 
in progress, the antagonism between the interests of the 
belligerents and those of neutrals becomes apparent all 
over the world. Powerful neutrals will seek to set limits 
to the direction of the war; the belli t which dis- 
poses of the n power will find it an easy matter 
to comply with the rights of neutrals. and also with 
international naval war law. The Mephistophelean pro- 
nouncement to the effect that ‘‘ who owns the power owns 
the right . . . war, commerce, and piracy forma trinity, 
inseparable one from the other,” at this point enters the 
thoughts of the whole community. 

At the p 
ships by individual warships or warship squadrons cannot 
be effected, owing to the diversity and the intricacy of 
the routes over all oceans, the multiplicity of commercial 
interests, and also the diversity in the types of merchant 
ships. Nevertheless, the right of seizure will have to be 
maintained, notwithstanding humanitarian exigencies, 
which are rightful in themselves and have served as a 
motive for demanding its abolition. The mere fact of 
desiring to prevent war to commerce from forming part 
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of hogtilities would mean the questioning of the right to 
carry on any naval warfare. No nation will care to let 
its subjection depend solely upon a ‘‘gladiator fight” 
between its war fleet and that of its o t, when the 
points at issue are questions of life and death. If the 
commerce and sea-borne traffic of the opponent be not 
destroyed, there remains only invasion as a means for 
enforcing peace, and invasion even after having destro 
the enemy’s fleet is not possible for all sea Powers ; in thi 
Great Britain and the United States afford an example, 
their land forces being small in numbers. War to com- 
merce, with the damage it may cause to the whole 
population of the enemy, doubtless opens out far-reaching 
perspectives. In certain circumstances, it is quite con- 
ceivable that the losses it inflicts upon the enemy may be 
heavier than the conditions demanded on signing peace. 
The tendency has occasionally to exaggerate the 
importance of thie form of naval warfare, and in the 
case of nations having extensive coast protections the 
view has gained ground that it may be pursued sucocess- 
fully as principal end, and naval actions proper shunned. 
The ‘‘modern school” in France has fora long period 
entertained such views, and it argued them so convin- 
cingly that naval construction in France fell in the 
background. The result has been that the French Navy 
retreated from the second to the fourth place, and that 
the sea power of France has suffered prejudice which it is 
difficult to make good. 

After quoting Admiral Mahan, Admiral Stiege con- 
tinues by considering the economical conditions which 
the German Empire would have to face upon the break- 
ing out of a naval war, and more especially a war to com- 
merce. There are 44,000,000 Germans—a number equal 
to the population of Great Britain—who depend either 
directly or ee upon an oversea commerce which 
in main passes through the large commercial towns 
on the North Sea. The imports radiate from Hamburg 
and Bremen into the whole empire ; German exports, in 
the main, also, are distributed to the whole world through 
those same towns. The imperilment to sea-borne traffic 
due to the outbreak of a naval war would mean the cessa- 
tion of imports and exports. Food, raw materials, goods, 
&e., the supply of which is assured in peace time would 
be cut off altogether, or be so reduced as to become quite 
insufficient. Exports of home products would cease almost 
completely ; innumerable factories would be paralysed 
and their o tives would be without bread; other fac- 
tories would have to continue running under most diffi- 
cult circumstances, though to some extent with special 


labour would also rule in agriculture, owing to the 
absence of foreign hands ; from the point of view of 
labour, matters would be rendered more complicated still 
by the mobilising of the men for service in the army and 
navy. In short, there would reign over the whole land 
the danger of revolution, want, dearth, and scarcity of 
money. But upon the outbreak of war means would be 
immediately taken for carrying on industrial and agri- 
cultural work until the iron ring in the North Sea loosened 
and disappeared. Normal industrial conditions would 
only return after the enemy’s fleet had been defeated to 
such an extent that it could no longer hold supremacy 
on the sea. 





CANADIAN Srxet Rartis.—One of the largest Eaatern 
American railroad companies has purchased from a Cana- 
dian steel-rail mill some 10,000 tons of steel rails, to be 
delivered in the course of this year. The original order, 
which amounted to 20,000 tons, has now been divided, as 
far as possible, equally between the United States and 
Canada. It is Fe wom te that the Canadian rails will be 
delivered at about 264 duls. per ton. This purchase 
of Canadian steel rails by an eastern American railroad 
company follows closely a shipment of steel rails from 
Canada to the middle west of the United States. Cana- 
dian steel rails are admitted free into the United States, 
while Canada has imposed a general duty of 7 dols. per 
ton upon American steel rails. 





Szwace Disposat aT Sgastpe ‘Resorts. — At the 
December meeting of the American Association for the 
Advancement of Science, Mr. Marshall R. Pugh read a 
paper on the above subject, in which he reviewed the 
problem in detail from the bacteriological point of view. 
He illustrated various installations, among which we 
—y mention the outfall into the. sea at Ocean Grove, 
N.J., where the pipe is carried over the bar and dis- 
charges the sewage beyond this point in about 30 ft. of 
water. The distance of the bar from the beach is an 
important factor in determining the length of the pipe- 
line. Itis preferable to end in deep water, and the outer 
end of the pipe must be securely held by an anchor of 
sufficient weight. The sewage stream should be directed 
outward, and not upward, asis too frequently done. In the 
installation illustrated at the ey the outlet anchor 
consisted of a rectangular cast-iron -plate py 4 
45-deg. bend, which deflected the pipe upwards. A straight 
pipe was inserted in this bend of sufficient length to bring 
the outlet end from 5 ft. to 6 ft. above the bed-plate ; 
another 45-deg. bend at the top directed the sewage flow 
outward. The pipe leading to the outlet anchor might be 
made of either cast or wrought iron. Flexible joints, so 
ul in river and bour crossings, have frequently 
ea trouble in ocean work. Mr. Pugh’s experience 
ed him to prefer wrought iron (not steel), galvanised. 
One such outlet, put down eleven years ago, was un- 
damaged till a heavy storm this year, when two lengths 
se at low-water line. They were od at a 
cost of 48 dols., and it was found that the galvanising at 
this most trying part of the line was absolutely intact ; 
no sign of rust was visible. This, with air and salt-water 





intensity, despite the prevailing lack of labour ; lack of | PF° 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
foreign engineering, peters, taken from the Board of 
Trade Journal. urther information concerning these 
poms be obtained from the Commercial Tetelligence 
-c Board of Trade, 73, Basinghall-street, London, 
Australia ;: H.M. Trade Commissioner for Australia 
reports that tenders are invited by the Hawthorn Tram- 
ways Trust, Melbourne, for the supply and delivery of 

ial work, points and crossings (Contract No. 4). 
pies of the specification, form of tender, and drawings 
may from the offices of the Hawthorn 
Tramways Trust, 31, Queen-street, Melbourne, at a cost 
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} on the proper 
form, will be received by the Chairman of the Hawthorn 
Tramways Trust, at the above address, up to 3 p.m. on 
February 17. It will be observed that the time for the 
receipt of tenders is limited, and this intimation will 
therefore be of use only to firms having agents in the 
Commonwealth who can be instructed by cable. 


Netherlands: H.M. Consul at Amsterdam reports 
that a firm in that city desires to purchase from United 
Kingdom manufacturers steel rails and and cast- 
steel wheels This firm’s orders for rails and sleepers 
amount to 10,000 tons annually, and for wheels to about 
60001. worth annually. Permanent relationship with 
United Kingdom manufacturers is desired. Quotations 
should preferably be made out in metric weights and 
measures and in the Du currency. H.M. Consul 
also reports that an Amsterdam firm desires to secure 
the sole agency of a United Kingdom manufacturer of 
drawn tubes in iron, steel, or co . fittings and 

steel plates, cast steel, &c. United Kingdom manufac- 
turers of the above-mentioned goods may obtain the 
names and addresses of the respective inquirers on appli- 
cation to the Commercial Intelligence Branch. Further 
communications regarding the inquiries should be ad- 
dressed to the British Consulate, Amsterdam. 


Spain: The Gaceta de Madrid notifies that Ro 
Assent has been given to the proposals of the Direccién 
General de Obras Piiblicas for the distribution of the sum 
of 25,000,000 tas (about 990,000/.) among the various 

vincial enthorities in Spain, with a view to the carry- 
ing out, by contract, of the necessary -improvement 
works during the years 1915, 1916, and 1917. The total 
amount to be spent on such works during the current 
year must not exceed 8,441,458 pesetas (about 334,300/.). 


Argentina: A London agent (engineer) desires to act 
as buying representative for firms in Argentina purchas- 
——— hydraulic, mining, milling, traction, and 
oO machinery ; as an engineer he is able to test con- 
signments before shipment. Communications in this 
connection should be addressed to the Statistical and 
Information Department, London Chamber of Commerce, 
97, Cannon-street, F.C. 

Chile: The Diario Ofcial, Santiago, publishes a decree, 
dated November 30, granting permission to the Bethle- 
hem Chile Iron Mines Company to erect an electrical 
transmission line between the mines of Tofo and the San 
Juan mine, in the mining district of La Higuera. The 
concessionaires must submit plans for the approval of 
the Direccién General de Telégrafos, giving details 
regarding the central and sub-stations, cable lines, &c. 
Work must be commenced within a period of six months 
from the date of the decree, and completed within a 
further twelve months. The Diario Oficial also pub- 
lishes the text of a law providing for the ex iture of 
16,000,000 pesos on irrigation works in Chile. Of this 
amount, 1,200,000 pesos will be devoted to the con- 
struction of an irrigation canal fed by the Rio Aconcegua, 
in the Province of Valparaiso ; 8,500,000 pesos on a canal 
fed by the Rio Maule, to the east of the Province of 
Talca ; 4.500,000 pesos on a canal fed hy the Rio Melado 
and the Rio Ancoa. Province of Lindres, and 1,800,000 
pesds on a canal fed by the Rio Laja. For the initiation 
of the works the President of the blic is authorised 
to raise a loan of 2,000,000 pesos. (Peso = about 74d. at 
the present rate of exchange.) 





RatLways In ALBERTA.—I¢ will, perhaps, be a matter 
of some surprise to learn that nearly 1000 miles of new 
railway were completed in the single ian province 
of Alberta last year. The new was made up as 
follows :—Edmonton, Dunvegan, and British Columbia 
system —Smith to Big Smoky River, 159 miles; Alberta 
and Great Waterways system—Edmonton to north of 
Lac la Biche, 140 miles. Central Canada system— 
McLennan toa pointwithin 20 miles of Peace River cross- 
ing, 30 miles. Canadian Pacific system—Ooronation North 
in the direction of Sedgewick, 25 miles; Red Deer to 
Rocky Mountain House, 644 miles ; Monitor to boundary, 
82 miles; Stirling branch, easterly from Foremost, 
miles ; Suffield branch, Retlaw to Lomond, i 
Gleichen to Shepard, = miles ; 

1184 miles. Canadian Northern 
Pembina, Edmonton to Orawar. OS miles; Edmonton to 
Camrose, 47 miles; and W: i 

178 miles. The 333 miles brought into operation by t 
Canadian Pacific have opened up some well-se 
districts, and the same observation applies to branches 
completed by the Canadian Northern. Some mileage 
was worked for the first time last year by the Oanadian 
Northern between and 


Camrose Calgary, and 
Grand Trunk Pacific between Tofield and Calgary ; rails 





outside and sewage inside, was a most excellent result. 


were laid upon these latter lines in 1913, 
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WORKMEN’S COMPENSATION CASES. 


SxvERAL decisions of considerable interest to all em- 
ployers of \abour have recently been given in the Court 
of pea. 

Butsring a Train in Motion in Course of Employ- 
ment.—In the first of these cases, Messrs. Chadwick 
and Co., builders, of Rotherham, successfully appealed 

ainst an award, made by the Judge of the Rotherham 
County Court, in favour of the dependants of one of their 
employees, who was fatally injured through attempting 
to enter a train in motion. The deceased man, a foreman 
joiner, was employed on work at Sheffield, and part of 

is duty was to make a report at the firm’s office in 
Rotherbam on the work done each dey. He was thus 
obliged to travel daily between Rotherham and Sheffield, 
and for this purpose was provided with a season-ticket at 
the firm’s expense. In order to reach the office before 
closing-time, 6 Eo. it was necessary for him to catch a 
train leaving Sheffield at 5.26 p.m. ; and on the day in 
question, arriving at the station as the train was moving 
out, he attempted to enter a carriage, fell between the 
train and the platform, and received such injuries that he 
afterwards succumbed. Y 

The County Court Judge held that the accident arose 
out of and in the course of his employment, and inst 
this decision the employers eppesied, the case being 
heard by the Master of the Rolls, Lord Justice Swinfen 
ay and — ae ny i are ‘ 

gainst the ap it was wi that, by the nature o 
his employment, the man was more exposed to railway 
risks than ordinary people, the season-ticket provided 
by his employers being mentioned in this connection ; 
that the man’s action was in his master’s interest to 
enable him to reach Rotherham before 6 p.m.; that even 
if the act which caused his death were serious and wilful 
misconduct, that was an irrelevant circumstance ; an 
that it was quite a common thing to enter a train in 
motion. 

The Master of the Rolls stated that he was not satisfied 
that the man, by reason of his employment, was more 
exposed to railway accidents than ordinary persons, and, 
moreover, the accident in question was not a railway 
accident, but arose from an unauthorised and illegal act 
on the part of the man. It was, he continued, not suffi- 
cient to say that the act was performed in the master’s 
interest, and nov for his own pleasure. There was no 
evidence to show what the deceased was doing between 
5 p.m., when the men left work, and 5.26 p.m., when the 
train started. To carry out his duty to his employer 
in a proper manner, the deceased should have set out for 
the station in sufficient time to reach it before the train 
started, so that he was not —— to do this illegal 
act, either expressly or by implication, as incidental to 
his employment. The risk involved in attempting to 
enter a train in motion was not reasonably incident to or 
‘arising out of” hisemployment. He therefore thought 
the appeal should be allowed, and the Lords Justices gave 
judgment to this effect. 

In What Circumstances is Drunkenness an Answer to 
a Claim for Compensation?—In the second case, the 
employers, the Llandudno Coaching and Carriage Com- 
pany, Limited, appealed, unsuccessfully, against an 
award of the Ju of the Llandudno County Court 
in favour of the widow of a stableman who was killed 
by falling from a ladder when in a state of intoxica- 
tion. The man’s duty was to chop and mix food 
for horses in a loft which was reached by a vertical 
ladder fastened to the wall. On the day of the acci- 
dent, while mounting the ladder under the influence of 
drink, the man slipped, and, in falling, struck his head 
against a window sill, causing injuries from which he 
died about a fortnight later. On an application of his 
dependants for compensation, the County Court Judge 
found that slipping off the ladder was a risk incidental 
to the man’s employment, but that the accident was due 
to the man’s intoxicated condition. He therefore held 
that the accident, though due to serious and wilful mis- 
conduct, was, nevertheless, an accident arising out of, 
and in the course of, the man’s “yy -y~ and he 
therefore made an award in favour of the dependants. 
The employers appealed against this award. 

The Master of the Rolls stated that the question 
involved was in what circumstances drunkenness is an 
answer to a dependant’s claim for compensation. He 

uoted a case in which a drunken sailor fell from the 

eck of a ship and was drowned, and another case in 
which a sailor, also in a state of drunkenness, fell from 
a way and broke his neck. In both cases it was 
held by the Court of Appeal that the accident did not 
arise out of the men’s employment, but was due to their 
drunken condition. Another case cited was that of a 
traction-engine driver who fell off the footplate in a state 
6f intoxication and was fatally injured. In this case the 
arbiter refused compensation, and held that the accident 
did not arise out of the man’s employment. The Court 
of Session, however, held that man was certain! 
performing the duty for which he was employed, althoug’ 
ilty of serious and wilful missonduct. His lordship 
thought that the County Court Judge was right in 
holding the dependants entitled vo compensation in the 
case under consideration. He stated that the true 
principle was as follows:—A workman who, while doing 
an act which it was part of his duty to do, met with an 
accident, to which he was more apa than not 
so engaged, was—or, in the case of death, his dependants 
were — entitled to compensation from the employer, 
although the act was done negligently or contrary to 
rules, assuming that it was a case in which the defence 
of serious or wilful misconduct was not available. He 
failed and must be 
Justices delivered 


therefore thought that the a 
dismissed with costs, and the 
judgments to the same effect. 


and | Burn Coal Company 





Taxi-Cab Driver Shot by Sentry.—In this case a taxi- 
cab driver, while driving an officer to Fort Rennie, near 
Plymouth, in the early hours of the mornivg of Septem- 
ber 5 last, was shot by a sentry. The bullet entered the 
man’s leg which had to be ———— in consequence. 
The man had been warned by the officer to be careful of 
sentries, and was, in fact, travelling slowly and looking 
out for them at the time of the accident. He, however, 
failed to hear the challenge owing to the noise of the 
engine, the presence of a glass wind-screen, and to the 
fact that a high wind was blowing at the time. He was 
awarded compensation by the Judge of the Devon County 
Court, sitting at Plymouth, on ground that he was 
more ex to the risk of the accident than ordinary 
members of the public. , 

His employers, Messrs. Humm and Co., squeiet against 
the award, and the case was heard in the Court of Appeal 
before the Master of the Rolls and Lords Justices Swinfen 
Eady and Phillimore. In giving his judgment the 
Master of the Rolls said that there was ample evidence 
to justify the finding of the County Court Judge. The 
applicant’s duty was to drive to the forts, which were 
surrounded by sentinels at all times. For this purpose 
he had to use a machine which prevented his hearing the 
challenge owing to the noise of the engine and the pre- 
sence of the screen. The applicant was therefore exposed 
to a special risk, and the appeal must be dismissed. 
_ en Justices also delivered judgments dismissing 

© appeal. 

, pon pm of Compensation for Industrial Disease.— 
In this appeal an interesting point was raised as to the 
apportionment of compensation between a number of 
employers of a workman who had gradually contracted 
an industrial disease. The applicant was a coal-miner 
who had become totally disabled by miners’ nystagmus 
while in the employment of the respondents—the Seaton- 
He was awarded com tion by 
the Judge of the Newcastle-upon-Tyne County Court 
sitting as arbitrator under the Workmen’s Compensation 
Act, 1906. The respondents submitted to the award, but 
claimed contribution from four other colliery-owners in 
whose employ the man had been during the twelve months 

ing the date of disablement.. The East Walbottle 

‘oal Company was one of these concerns, and they con- 
tended that the conditions of working in their colliery 
were such that the disease could not have developed 
materially while the man was in their employ, and that, 
if liable at all, their contribution should be smaller than 
that of another employer at whose colliery the conditions 
were such that the direase would develop Paper 

The County Court Judge refused to admit evidence as 
to working conditions in the different collieries at which 
the man had been employed, and held that it was not 
open to an employer in whose service the man had been 
in the twelve months preceding the disablement to dis- 
pute his liability under the Act, or to have the working 
conditions inquired into with a view to increasing or 
diminishing the respective contributions of the various 
employers. He therefore directed that the East Wal- 
bottle Company should contribute to the compensation 
in Ye mage to the period of the man’s employment 
with them, and the said company appealed against this 
decision. 

In giving judgment, the Master of the Rolls said that 
the question was, What were the rights of the five col- 
liery companies inter se? The East Walbottle Company 
complained that they had not been properly treated. The 
Act provided that “if the disease is of such a nature as 
to be contracted by a gradual process, any other em- 
ployers who, during the said twelve months, employed 
the workman in the employment to the nature of 
which the disease was due, chal be liable to make to 
the employer from whom compensation is recoverable 
such contributions as, in default of ent, may be 
determined in the arbitration under this Act for settling 
the amount of the compensation.” There had been no 
agreement between the five colliery-owners, and the 
matter therefore fell to be determined in the arbitration 
under the Act. His Lordship knew no — that 
would justify the view that the arbitrator had nothing to 
do but to work out the proportionate amounts by a 
mathematical calculation. © matter was one which 
must be dealt with by the arbitrator in the same way as 
every other matter was which was left tohim. He must 
listen to the evidence, and he — say, if that was the 
effect of the evidence, that the colliery of one owner was 
so well arranged that almost assuredly nystagmus was nob 
contracted there to the extent that it was in the colliery of 
another owner. He must hear the evidence, and then do 
the best he could to —— the liability between the 
five colliery-owners. @ case must go back to the 
County Court Judge to deal with the matter after hear- 
ing the evidence. 

rd Justice Swinfen Eady and Lord Justice Philli- 
more also gave judgment allowing the appeal. 





Canapian Stream Rariways.—In 1918 there were 
29,304 miles of steam railway in operation in Canada, as 
compared with 18,988 miles in 1 15,005 miles in 1893, 
9597 miles in 1883, 3832 miles in 1873, 2180 miles in 1863, 
506 miles in 1853, and 16 milesin 1843. It will be seen 
that Canadian steam - railway construction proceeded 
much more rapidly during the ten years ended with 1913 
than in any former similar period in Canadian history. The 
hast of line in working year by year in the decade 

led with 1913 was as follows :— 


Year. Miles. Year. Miles. 
1904 ee en 19,431 1909 os oe 24,104 
1906 os os 20,487 1910 a nee 24,781 
1906 es éw 21,353 1911 6 ee 26,400 
1907 o = 22,452 1912 os o. ° 96,787 
1908 se ba 22,966 1912 os aa 29,204 


GERMAN IRON AND STEEL IN 1914. 


AccoRDING to a statement by the Union of German 
Iron and Steel Industries the production of pig-iron 
within the German Customs Union for December, 1914, 
amounted to 853,881 tons, against 1,611,250 tons for De- 
cember, 1913, or not very much more than half, whilst 
there was an improvement as com with November, 
1914, for which the figure was 788, tons. The produc 
tion of pig-iron per day, since the war began, averaged :— 


Tons. 
August ss Se ie - me 18,925 
September ... tis cad ant a 19,336 
October... Sie - ali ies 23,543 
November ... sé ot re Sai 26,299 
December ... ide 27,545 


As far as the different kinds go, the production for 
December comprised :— 


148 881 
Foundry pi aa ok a ia . 

Bessemar ps b ie ie me 8,778 
Thomas pig a ni 7 ... 642,808 
Steel, &. ... cad ms ad ... 128,317 
Puddle a - ‘ pi 25,097 


As regards the different districts, the production divides 
itself as follows :— 


Tons. 
Rhineland-Westphalia ... oon ... 895,600 
Siegerland, Wetzlar, and Hessen- 
assau... oe dis oie sh 52,172 
Silesia _ oes Lay = ‘ise 61,166 
North Germany ... vit “ ns 14,830 
Central Germany... vo sins 1 25,299 
South Germany and Thuringia - 15,473 
Saar district ab itt a sn 53,554 
Lorraine... iid bes _ ... 124,464 
Luxemburg... i .- 111,323 


More especially in the last three districts the production 
shows a considerable increase of late. 

The aggregate production of the different brands for 
the last two years was as under :— 





1914, 1913. 

Tons Tons 
Foundry pig me 2,494,527 3,657,326 
Bessemer pig... 237,988 368,840 
Thomas pig sia 9,289, 989 12,193,336 
Steel, &e. ... ae 1,996,786 2,599, 887 
Puddle... vd 370,257 489,783 
14,389,547 19,309,172 


The reduction in the production was, as might be 
expected, most marked in Lorraine, with Luxemburg, 
and next in Rhineland and Westphalia, whilst less pro- 
nounced in Silesia. The figures were : 


1914. 1913. 
Rhineland and Tons. Tons 
Westphalia... 6,610,119 8,209,157 
Lorraine and 
Luxemburg... 4,267,573 6,417,727 
Saar district a 954,738 1,370,980 
Silesia fhe ae 853, 957 994,604 








Tue Cottapsinc PressurE or Tusrs.—Whilst it is 
probably true that for the immediate ends of the boiler- 
maker the usual empirical rules for the strength of flues 
exposed to external pressure fulfil all requirements, cases 
do occasionally arise in which the limits of past experi- 
ence are transcended, and in which, therefore, an applica- 
tion of these empirical rules may be fraught with disaster. 
Much interest therefore attaches to a paper by Mr. R. V. 
Southwell, published in a recent issue of the Philosophical 
Magazine, in which an attempt is made to provide a 
rational theory of tube collapse applicable to every case. 
Mr. Southwell assumes that in thick tubes failure may 
be taken to occur when the stress exceeds the yield-point 
of the material ; that is to say, when the external pres- 
sure is in accord with the equation :— 


t 
P=27 > 


where ¢ denotes the tube thickness, d the diameter, and 
ye the yield-point of the material. On the other hand, 
when the tube is very thin compared with its diameter 
and length, the actual resistance approximates to its 
theoretical value :— 


Be 
P=3.E.5. 


An interpolation formula which reduces to these values 
at both extremes can, by analogy with Gordon’s formula 
for the strength of columns, be written, he suggests, as :— 


74,000 


“7. .¢ 

7 + sb e 
This expression is applicable for the streneth of all tubes 
of which the length is more than 1.73 f= Stiffening- 


rings, he concludes, are of no advantege unless the 
diameter is ter than 28 times the thickness. In 
order that fhe collapsing pressure shall be equal to 


* - Yc, the stiffening rings must not be further apart 
than given by the relation :— 


d.E B 
s = 1.73 9 ° a 





where s Cenotes the distance between the rings. 
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CATALOGUES, 


Coal-Screening and Sorting Plant.—From Messrs. Head, 
Wrightson and Co., Limited, of Stockton Forge, Norton- 
road, Stockton-on-Tees, we have received a booklet illus- 
trating examples of coal-screening and sorting plant 
constructed by them. 


Saws and Accessories-—A useful catalogue of saws and 
accessories has come to hand from Messrs. C. D. Monnin- 
ger, Limited, 124, Clerkenwell-road, E.C. Full par- 
ticulars are given of band-saws, saw-brazing appliances, 
saw-sharpening vices, band-saw guides, circular saws, 
hand cross-cut saws, saw-sets, ‘‘drunken” saws, ving- 
saws, and circular saws with i rices are 
stated in all cases. 


Hose Fittings.—Messrs. T. J. Carr and Oo., 78, Wel- 
beck-Road, Newcastle-on-Tyne, have sent us a circular 
dealing with their ‘‘Gem” hose specialities. Among 
them are included hose-couplings and clamping devices, 
a cleaning-valve and nozzle for compressed air, saddle off- 
set connections, air-cocks, and fluid atomisers. The latter 
are specially adapted for laying dust in mines, and also 
for agricultural and horticultural requirements. 

Aluminiwm.—The latest publication of the British 
Aluminium Company, Limited, of 109, Queen Victoria- 
street, E.C., is a loose-leaf et-book of tables and data 
relating to aluminium. e@ tables give the weights, 
areas, Sn pone pn capacity, and resistance of rods, 
wires, and stranded cables, sags of cables, corona voltages 
on overhead conductors, comparisons of wire and sheet 
gauges, data relating to bars, strip, and sheets ; sizes and 
weights of tubes, safe pressures for tubes, and other 
information likely to be required by users of the metal. 
The price of the book is 3s. 6d. 


Gas-Engines.—The National Gas-Engine Company, 
Limited, Wellington Works, Ashton-under-Lyne, have 
pee epee 8 giving particulars of large vertical gas- 
engines manufactured by them. These engines, which 
are of the malti-cylinder tandem type, operate on the 
four-stroke cycle, and can be used for all kinds of gaseous 
fuels. They are made in convenient sizes ranging from 
300 to 2000 horse-power. The catalogue fully describes 
their construction, and explains the conditions necessary 
for satisfactory running. Several examples of engines 
direct coupled to electric generators, and of engines used 
for driving textile mills, are illustrated in the catalogue. 


Cableways.—The Lidgerwood Manufacturing Company, 
96, Liberty-street, New York, U.S.A., have sent us a 
pec attractive catalogue ilustrating the use of Lidgerwood 
cableways in connection with the construction of dams and 
locks. Among the many important works on which these 
cableways have been -_ om are the Panama 
locks, the Cataract and Burrinjuck dams in Australia, 
the Croton and Ashokan dams in New York, and the 
Roosevelt and Shoshone dams for the United States 
Reclamation Service, all of which are illustrated and 
pr od described in the catalogue, together with many 
others. 


Engineers’ Tools, &cc.—We have received from Messrs. 
8. A. Daniell, Limited, of Lion Works, Edward-street, 
Parade, Manchester, a useful price-list of stocks and dies, 
taps and tap-wrenches, reamers, drills, screw-wrenches, 
spanners, tube - cutters, pipe - wrenches, tube - vices, 
ratchet-braces, bench drilling-machines, joiners’ cramps, 
screw - jacks, pulley - blocks, smiths’ tools, fly - presses. 
milling-cutters, vices, metallic labels and checks, belt- 
fasteners, and many other tools and sundries for engi- 
—_ The firm — hand and power- 

riven screwing - machines, copying-presses, embossing 
presses, &c., ——_ of which img "arenes but they 
are moro fully dealt with in other catalogues. 


Hollow Bars.—From Messra. Dunford and Elliott 
(Sheffield), Limited, of Attercliffe Wharf, Sheffield, we 
have received a circular calling attention to the hollow- 
steel bars they manufacture. These bars, which are 
suitable for making spindles, shafting, crank-shafts, stay- 
bolts, &c., can be supplied either black or bright, and of 
square, round, octagonal, or hexagonal section. The hole 
formed in these bars serves as a pilot-hole for drilling, 
or tv supply lubricant to different parts of a shaft or 
spindle ; in the case of stay-bolts, the hole serves to give 
a warning if the bolt should break. Round bars are 
stocked in sizes —ae from § in. to 3 in. in diameter, 
and all sections can be supplied in any quality of iron or 
~~ 9 including nickel, nickel-chrome, and other alloy 
s' 


Air-Compressors.—A bulletin to hand from the Chicago 
Pneumatic Tool Company,-of Fisher Building, Chicago, 
gives full particulars of a new line of air-compressors 
driven by oil-engines capable of running on low-grade 
fuel oils. In these machines the oil-engine cylinder, 
which is of the two-cycle type, is mounted in tandem 
with the compressing cylinder. They are made in both 
stationary and portable types, and in four sizes, in which 
the engines develop 10, 16, 25, and 46 horse-power ; they 
are listed for air pressures of 50 lb. per sq. in. and 100 Ib. 
per >> Their construction is illustrated and fully 
described in the bulletin, and particulars of vertical and 
horizontal air-receivers are also given. Another bulletin 
from the firm gives particulars of small air-compressors 
driven by belts, electric motors, or petrol-engines, and 
suitable for use in connection with such work as inflating 
motor-car tyres, stone carving, blowing dust from elec- 
trieal a yy vy Me &c. The London 
address of the firm is nsolidated Pneumatic Tool 
Company, Limited, 9, Bridge-street, Westminster, S. W. 


Commercial Motor Vehicles.—We have received from 
Commercial Cars, Limited, of Biscot-road, Luton, a copy 
of their catalogue of commercial motor vehicles for 


Canal buildings for ventilation agp mene 


transporting goods and passengers, and also for municipal 
purposes. he catalogue gives ——— with prices 
and full particulars, of seven is for loads ranging 
from 1 to 6 tons, and with engines of from 20 to 45 horse- 
power. A War Office subsidy type vehicle, and four 
special passenger chassis, are similarly dealt with. Many 
fferent types of bodies, suitable for the requirements of 
all trades, are illustrated, and prices are stated in all 
cases. One section of the catalogue is devoted to vehicles 
for use overseas, and another section deals with motor 
fire-engines, street - watering wagons, street - sweeping 
machines, and other vehicles for municipal requirements. 
In conclusion a long list of users is given, and a number 
of testimonials from customers are printed. The catalogue 
is well printed and very fully illustrated, and is therefore 
a very useful and highly creditable publication. 
Roller-Chains.— copy of their latest catalogue of 
roller-chains has reached us from ‘‘The Coventry” 
Chain Company, Limited, Spon End Works, Coventry. 
The catalogue relates particularly to chains for power 
transmission on commercial vehicles, lorries, &. Stan- 
dard single-roller chains are made with pitches ranging 
from 4in. to 3in., and full ticulars, including dimen- 
sions, weights, breaking vd oy &c., are given for all sizes. 
Particulars are also given of the firm’s detachable roller- 
chains for heavy vehicles. In these chains every pair of 
rivets throughout the whole length of the chain is 
held in place by a heavy cotter-pin, thus enabling a 
thorough repair to be nned & very rapidly, wituout the use 
of any special tools, by withdrawing the cotter-pin, 
detaching the damaged part, and substituting new spare 
links and rollers as required. Useful notes on the care 
of chains are included in the entoleges, and particulars of 
sprocket-wheels are also given in tabular form. Examples 
of compound chains, which are made with two, three, or 
four sets of rollers in parallel, are illustrated. These 
chains have been found very efficient for certain drives, 
particularly those in which the diameters of the wheels 
are limited, and the loads on the chains are propor- 
tionately heavy. Usually such drives would be dealt 
with by employing pinions with very small numbers of 
teeth, and using a chain of large pitch. It has, however, 
been found advantageous to keep the numbers of teeth in 
the pinions as large as possible by reducing the pitch of 
the chain, and to obtain the necessary strength in the 
hains by i ing the widths. Any of the firm’s single- 
roller chains can be supplied in this form. 


Air-Purifying Apparatus.—Messrs. Davidson and Co., 
Limi of Sirocco i Works, Belfast, have 
issued a bulletin illustrating and describing the ‘‘Sirocco ” 
air-washer, which they have just placed upon the market. 
The apparatus is intended for purifying the air supplied to 
3, and also for cooling 
turbo-generators and other electrical machinery. It is 
claimed to give a high degree of purification, and to offer 
a very low resistance to the passage of the air. The 
washer consists of a rec casing constructed of 
ag po sheets, provided with g inspection- 

oors, and mounted on a comparatively shallow tank. 
Water is supplied to the tank, and is maintained at a 
constant level, by means of a ball-cock. At one end of 
the casing are a number of spraying-nozzles, which are 
supplied with water from the tank by a motor-driven 
centrifugal pump. The pump draws from a o— in the 
tank, and the walls of the sump are composed of fine-wire 
mesh, which forms a primary filter for the water. A 
secondary filter, 





sump, so that all possibility of cl ng the nozzles is 
avoided. These two strainers, which are made of still 
finer wire mesh than the primary filter, can be removed 
and cleaned while the apparatus is at work. Each 
strainer is fitted with a spring-valve, which closes as soon 
as the strainer is removed, and thus prevents any un- 
filtered water from reaching the pump. The air to be 
purified enters the casing at the end nearest the water- 
spraying nozzles, travels along in the same direction as 
the spray, and leaves at the other end, after i 
through two sets of zig-zag plates in series. On first 
set of plates, any —— matter which may remain in 
the air is caught by the film of water trickling down 
them, while the second set of plates serves to eliminate 
all free moisture from the air. The bulletin illustrates 
and describes the construction of the cogenstan, and 
gives general particulars of fifteen standard sizes, with 
capacities varying from 4000 cub. ft. to 60,000 cub. ft. per 
minute. 





Tue Commercia, Moror-Users’ Association (INC.). 
—The ninth annual inspection of comm motor 
vehicles organised by this Association, with the object of 
encouraging drivers, by means of mone. other 
awards, to take a personal interest in 
take place in London during the month of May, 1915; 


prizes an 


but the usual Whit Monday assembly or parade o 
vehicles will not be held this year, owing to the difficulty 
of sparing vehicles from services during the present period 
of stress. Series of lectures have been specially prey 

for petrol, steam, and electric drivers, and these will be 
sent to the drivers by post fortnightly, commencing next 
month, thus constituting a correspondence course of 
technical education for drivers. Prizes will be awarded 
to drivers, for results obtained in written and oral 
examinations, based on the information contained in the 
lectures, coupled with inspection of their vehicles under 
running conditions, and in this way it is hoped to carry 
on the educational work among drivers, which has been 
one of the aims of the Association since ite formation. 
Full particulars and entry forms may be obtained from 
Mr. Frederick G. Bristow, F.C.1.8., secretary, the Com- 





mercial Motor-Users’ Association (Inc.), 83, Pall Mall 
S.W. 








com of two removable circular | : 
strainers, is also SaT tes the pump suction and | ™ 


eir vehicles, will | 





THE RHENISH-WESTPHALIAN COAL 
SYNDICATE. 


THe last report of the Rbenish-Westphalian Coal 
Syndicate states that the sale of coal in December 
amounted to 4,469,072 tons, against 4,600,119 tons 
for November, and 6,183,209 tons for December, 1913. 
Of the allotments—respectively 7,099,798 tons, 7,046,159 
tons, and 7,082,826 tons—there were sold 62.95 per 
cent. in December, 1914, 65.29 per cent. in November, 
1914, and 87.30 oe cent. in December, 1913. The 
quantities despatched were respectively :—3,622,478 tons 
in December, 1914, 3,827,765 tons in November, 1914, and 
5,099,492 tons in December, 1913. Of coke :—1,114,147 
tons in December, ag 1,023, 294 tons in November, 1914, 
and 1,618,124 tons in mber, 1913. Of briquettes :— 
355,843 tons in December, 1914, 360,086 tons in November, 
1914, and 329,604 tons in December, 1913. Of the above 
quantities the yy | were for account of the Syndi- 
cate : —3,078,378 tons of coal in December, 1914, against 
4,421,599 tons in December, 1913 ; 615,717 tons of coke in 
December, 1914, against 873,471 tons in December, 1913; 
and 330,273 tons of briquettes in December, 1914, against 
306,382 tons in December, 1913. The production was 
5,661,200 tons of coal in December, 1914, against 7,956,552 
tons in December, 1913, or, respectively, 233,452 tons 
and 329,805 tons per working day. 

The sale of coal and briquettes somewhat decreased 
during December, but there was no falling-off in the 
demand. The demand continued active, and could not 
be satisfied to its full extent. The decline in the sale 
must be attributed to a diminished ny» | of produc- 
tion on account of an increased shortage of labour. On 
the other hand, the sale of coke has somewhat risen. 
The despatch by railway was regular ; the activity in the 
Rhine harbours was affected by the decreased sale. 
way of the Rhine-Herne there were despatch 
in the direction of Ruhr of coal, coke, and briquettes 
altogether 77,275 tons. 

_ At the last meeting of the Coal Syndicate the negotia- 
tions about its prolongation were continued without 
leading to any definite results. On the other hand, it 
was decided to prolong the term for sales outside the 
peg to October 1, 1915. It was further stated that 
the following concerns—the Victoria, Kupferdoch, the 
Borussia-Oespel, the Langenbram, and the Concordia— 
had given due notice as regards the current syndicate 
» As may be remembered, all the members 

the syndicate, prior to the expiration of last year, had 
agreed to refrain from independent sales up to February 1, 
1915. All the mines represented at the — (January 
23), and the Hoesch iron and steel works, decided to 
rolong this term to October 1, except the Victoria, 
upferdoch, and the bram. is decision was 
said to be irrespective of whatever standing the Bochum 
Company and the Borussia-Oespel concern might take up. 
In connection with the Harpener Company it was decided 
to add a clause to the agreement to the effect that sell- 
ing combines coal mines belonging to iron works and 
simple coal mines were not permissible. This decision 
was supported by the majority of those present, and 
it is not expected that those of a divergent opinion will 
hold on to this position, and thereby make renewal 
of the syndicate impossible. The chairman made a state- 
ment to the effect that the drafted agreement was now 
finally framed, and asked the syndicate members whether 
oz were prepared to sign. the majority acquiesced 
this, it was decided to hold a meeting of mine-owners 
on February 8, so as to complete the agreement. 

The allotments for February were fixed at 65 per cent. 
for coal (no change), 40 per cent. for coke (30 per 
cent,), and 40 per cent. for briquettes (no change). 





New Brunswick.—The facts that the New Brunswick 
Government has been enabled to complete a large section 
of the Valley Railway pe Se past year, and that it 
has also been able to issue bonds to retire indebtedness 
outstanding and falling due ata better rate than some 
other Canadian cities or provi spesks well for the 
general condition of New Brunswick finance. At the 
commencement of 1915 the Intercolonial Railway assumed 
the working of 120 miles of the Valley Railway, and 
trains are now running over between 80 and 90 miles of 
the section ; elle gone service is also expected to be 
shortly commen: upon the balance of the new mileage 
ready for working. 





TIMBER AND ITS PRESERVATION.—We take the follow- 
ing notes from a paper recently read by Mr. P. A. 
Maignen, chemical engineer, Philadelphia, Pa., before the 
American Association for the Advancement of Science. 
The railways of the United States purchase annually 
35,000,000 sleepers ata cost of 60 cents each, and pay 
30 cents for laying them down. This gives an annual 


f | expenditure of 121,500,000 dols. The life of the untreated 


sleeper is five years; that of those properly treated is 
twenty-five years. In a period of twenty-five years, 
therefore, the account would be as follows :— 


Untreated Sleepers : Dols. Dols. 
135,000,000 at 90 cents each.. 121,500,000 
Renewed every five years, 
121,500,000 by 5 es oo _ 607,500,000 
Treated SI re: 
136,000, at90 cents each .. 121,500,000 
Cost of treatment, 20 cents 
each .. oe oe ° 27,000,000 
——_ 148,500,000 
Saving in 25 years ee 459,000,000 
In Europe nearly all the sleepers are treated. In the 


United States, w: 
only 30 per cent. are t he or Pp 
the preservation of timber is now the most popular. 


wood has hitherto been abundant, 


| +, for 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
OATIONS UNDER THE AOT OF 1907. jd 
, : iven in the Specification D 4 P 
in each wae chew none @ mentioned the Spectfieation ie not 
Where inventions are communicated from abroad, the Names, &c., 
= ne Specifications 7 pct yebtoined at the Patent Office, Sales 
oh 25, Southampton Buildings, Chancery-lane, W.C., at 
the ge pe of 6d. 
The date of afeertiomnent of the ectentanse of « Complete 
yey ey te in each case, given after abstract, unless the 
atent has been sealed, when the date of sealing is given. 
a may, at any time within two months from the date of 
the advertisement of the 


ive notice at the Patent O, of Ce bunts Oe oan fo 
Gotent on ony of the qrounte mentioned tn the Adt. 


ag The British Thomson-Houston Com- 
pany, . and A. P. Young, Kenil- 
w Ele Meters. (4 Figs.) December 13, 1913.— 
The invention relates to alternating-current electric meters of the 
induction type, and has for ite object to provide an in.proved 
construction of meter for use on circuite of approximately 
constant voltage and frequency, which is simple and may be 
manufactured at a small cost. — > this invention, 
' the meter comprises a rotating element con ing of a metal cup, 
the rim of which is | in the gap of an electro-magnet 
excited by the potential winding. Inside the cup the electro- 
magnet bears a pair of series coils mounted on polar projections 
located at an angle, preferably at right angles to the polar pro- 
— which carries the tial flux. According to the form 
llustrated, the rotating element consists of an inverted cup 1 of 
high-conductivity metal, the rim of which is located in the gap 
of an electro-magnet. The electro-magnet has a central core 2 of 
circular cross-section, on which the potential coil 3 is mounted. 
On the top of the core 3, within the cup, are three laminated 
polar projections 4, 5, and 6. The projections 5 and 6 carry the 
two series windings 7 and 8, the connections of which are such 
that the series fluxes produced flow through the etic circuit 
in the same direction considering any particular instant. The 
polar projection 4, which carries the potential flux, is situated 
midway between and at right angles to the series poles 5 and 6. 
Outside the cup 1 the electro-magnet is provided with a eurved 
plate 9, on which the outer polar projection 10 is attached by 













bo) ea | 
SOT UL, 12 


means of screws so that a magnetic circuit is formed for the 
potential flux through the central core 2, polar —— 4, polar 
projection 10, curved plate 9, and the base of the electro-magnet 
> = = Oa. EE > aoe 
te 9, close to the on 10, for the of vary- 
ng the symmetry of the potential flux, to enable the speed of the 
meter at low loads to be adj . A short-circuit ring or 
lagging coil 18 is mounted on the polar yom 10. The mag- 
netic circuit for the series flux outside the cup 1 is provided by 
the vertical pillars 14, on which the rods 15 are mounted. Onthe 
top of the rods 15 there is a bracket 17, which carries the upper 
ae | of the spindle 18. The lower bearing of the spindle 18 is 
located in the hollow screw 19, the top of the central core 2 being 
bored and screw-threaded to receive same. Iron screws 20 pass 
through each of the rods 15 opposite the series poles 5 and 6, and 
by adjusting these screws the reluctance of the series magnetic 
cirouit can be varied so as to vary the speed of the meter at any 
particular load. The magnetic circuit traversed by the series 
flux is from one series pole 6 through the screw 20 and at 
one side, through the base, the pillar and screw on the other side 
to the other series pole 6. In the central core 2 the fluxes du 
to each series win ang oh oom goes instant are in opposit 
senses, and therefore neutralise out. The meter will be suitably 
enclosed in a case, and provided with a train of recording 
mechanism to register the movement of the rotating cup. The 
ra | currents produced tation of the cup in the potential 
field are sufficient to give the retardation necessary for ucing 
accurate ion without employing a separate ly brake, 
paog hy - oe employed in such meters. (Accepted Novem- 
r , 


GUNS AND EXPLOSIVES. 
21,950/13. E. Schneider, 








. Le Creusot, France. 
Automobile (3 Figs.) September 29, 1913.— 
In launching 8 from an above-water ora su tube 


the propellers for some time are situated either in the alr (in the 
case of an above-water tube) or in water and air (in the 


subme tube) In order to prevent the propel re from racing 
during this period, means have provided enting the 
engine from running at full until the p rs have com- 
pletely penetrated the water. With this object the full admission 


of the working fluid to the engine has hitherto been retarded » 
reason of the fact that the opening of the full-admission =eb 
Sagsed Op tho bnpast af tae water Guang tae mecenens of 

y pact o water du movement of 
the torpedo through the water. In this known device the action 
of the water on the blade Remmanly Sos0 bah take aioe eeepetty, 
and is frequently insufficient to overcome the inertia parts 


= — a due ee oe = 
me during w! engine runs a low prior to 
opening of the -admission valve, 


cannot regulated in a 
precise and adjustable manner. The chief object of the present 





invention is to provide a device which will overcome the above- 
mentioned defects. According to this invention, the element that 
retards operation of the full-admission valve, instead of bein, 
dependent upon a device actuated by the water, fs eommested 
with the engine of the torpedo by a mechanism which is clutched 
into connection with the e e, and is declutched at the end of a 
certain number of revolutions of the shaft of the engine, this 
num capable of regulation at will. L d the 
starting lever, which is connected by the rod B! with the usual 
balance-lever B, which, by means of the finger B?, controls the 
known mechani GO, Cl. the push-rod 
pt ny e differential full-admission valve A—a. N—Q is the 
member for actuating the reduced-admission valve K. I desig- 
nates a member wi moves with the balance-lever B and which 
is guided in bearings J, J! rigid with the casing Al. A ing r 
bearing at one end upon a ring M fixed to the member I and at the 
other end upon a fixed stop formed by the bearing J, os 
tends to return the member I to the position shown. In accord- 
ance with the invention, the full movement of the member I is 
dependent upon a clutching and declutching mechanism actuated 
by the shaft of the engine. This mechanism may, as shown, be 
similar to the known stopping mechanism. In a casing E, which 
may be integral with the casing A!, a clutch member F is capable 
of rofl . The other clutch member H is provided with a tail- 
piece, carrying at its upper extremity an indicating hand H}, 
which is displaced over a graduated dial H? by en ee 
H3 carried by a ring H4. Around the rod carrying the clu 
member H a torsion 
fixed to the member 
the dial H2 by a powerful spring H°. 


2 
Qa 


ring 7} is coiled ; one end of this spring is 
,and the other to a ring H*4 pressed in 
The mem 


ito 
r F is provided 








externally with teeth, by means of which it gears with a pinion 
F! keyed to a shaft G driven by the engine. The operation of 
the mec! is as follows:—If it be desired to retard the 
full admission of motive fluid—that is to say, the opening of 
the valve A—a, in such a manner that it takes place only 
at the end of a certain number of revolutions of the shaft 
of the engine, the hand H! is brought opposite the scale 
division on the dial H®* corresponding to this number of 
revolutions. As a result an orifice in the member H 
assumes an angular position relatively to the rod I corr ndin 
to this scale division. When, on starting, the lever L is turn 
downwards, and caused to occupy sayt meen we LI, the part Q is 
raised by the lever N, and opens the reduced-admission valve K. 
The movement of the lever L causes the member I to strike 
ras the member H, which is thereby clutched to the member 

. The travel of the balance-lever B is insufficient to then pro- 
duce the lift of the valve A by the push-road 6. The member F 
now rotates under the influence of the pinion F1. The clutch- 
member F drives the member H. When the motor has effected 
the predetermined number of revolutions, the hand H! returns to 
zero. At the same time the orifice h comes opposite the member I, 
which enters it. The clutch-member H is then no longer pressed 
against the member F, and consequently it no longer partici 
in the rotary mov its of the ber F. The P 1) facili- 
tates the se tion of the two clutch-members H, F. e pene- 
tration of the finger I into the orifice A has enabled the member b 
to effect its full lift, so that the valve A—a is opened. It will be 
noted that this lift is ensured at the end of a number of revolu- 
tions of the motor, which can be regulated at will. (Accepted 
November 25, 1914.) 

958/14. Sir W. G. Arms’ Whitworth and Co., 

ted, and A. G. ewcastle-upon-Tyne. 

Field-Gun Garstages. (3 Figs.) January 13, 1914.—This 
invention relates to field-gun carriages of the type in which a 
frame or bw 4 carriage supporting the trunnions is pivoted to a 
member which itself can turn about a horizontal longitudinal pivot 
relatively to the axletree, the trail-beams being pivoted to this 
member. The invention consists in the combination with a member 
which can turn about a longitudinal pivot on the axletree, and 
which supports the trunnion ings, of a pair of trail-beams, one 
(or both) of which is so connected to the member that when the 
carriage is on uneven or — ground, the inclination of this 
beam to the vertical can be so adjusted as to bring the member 





to a horizontal position. a is the axletree, at the middle point of 





4 by a hand-wheel m. 
situated on sloping or uneven ground, the hand- 
ted, moving the nut & along the screw, and thus 
the right-hand end of the sleeve, and so 

the tal. A spirit-level -_~ conveniently 
on the sleeve or frame. (Accepted No 
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MOTOR ROAD VEHICLES. 


ooyr.. The Wolseley Tool and Motor-Car Com- 
> ited. and A. A. 
otor Road Vehicles. (7 Figs.) November 20, 1913.— 
Broadly describing the invention, it consists in connecting a 
cantilever spring with an axle by two independent media, one of 
which is any ordinary tion, and the other a connection 
inoperative, and has no substantial effect on 
i ing, but, if the longer or longest plate 
which is effectively connected with the axle for use 
becomes fractured, will retain the axle in connection with the 
spring. The cantilever spring A, which is fixed at its inner 
end to the frame B, has a number of plates a, a), &c., of the 
usual character, the longest plate a being fixed, at its outer 
or free end, upon a bracket ¢ of the axle O. A plate D runs 
beneath the plate a for some distance from its outer end, and 

















is itself rigidly connected with the axle by clamping it between 
the plate a and the bracket c by a bolt and clip which fix the 
outer end of the plate a to the bracket, the plate D being thus 
held up just underneath the plate a. This plate D is con- 
nected at its inner end with one of the shorter plates a2, through 
the medium of aclip E. If, as own, the inner end of the 
- D is formed with an eye, and is connected with the clip E 

y means of a bolt which passes through the sides of the clip 
beneath the spring, and through such eye, the eye is formed 
with the hole therethrough ot a slightly elonga' shape, and 
somewhat deeper than the diameter of the bolt, to allow free 
endway movement between the plate D and the spring, and 
ensure that the ordinary action of the spring will not be substan- 
tially interfered with by the plate D. Should the plate a frac- 
ture, the axle remain connected with the gas through the 
medium of the plate D and clip E. (Accepted November 25, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATOBRS, &c. 


27,755/13. Babcock and Wilcox, Limited, and C. S, 
vy, London. echanical Stokers. [17 Figs.) 
December 2, 1913.—-This invention relates to mechanical stokers 
ss an inclined grate surface and adapted to be fitted to 
e furnaces of steam-generators and the like. According to the 
invention, the elements or bars forming the te surface, which 
are curved and narrow and of comparatively short length, and 
are placed side by side, are each formed at one end with a jaw so 
designed as to permit of the = dropping over the trans- 
verse bearer therefor and to pivot thereon, each alternate trans- 
verse bearer being fixed in a frame at the sides of the furnace, the 
intermediate transverse bearers being supported on a rocking- 
frame actuated by an eccentric or cams fixed on a revolving 
transverse shaft or by other suitable means, by the rocking or 
reciprocating motion of which frame, and consequent movement 
of the grate-bars, the fuel is pushed forward and down the bars at 
the same t as the inclination of the bars is changed, a con- 
tinuous variation of the thickness of the bed of fuel being thereby 
produced. The grate surface is formed by rows of grate elements 
or bars A, each of which bars is provided at one end with a jaw 
which drops over the bulbous head of one of the transverse 
bearers or B, Bl. The bearers B are fixed to the frame (or 
frames) OC, and the bearers B! to the frame (or frames) Cl. The 
frame C is pivoted on the shaft D at one end, the other end 
having fixed to it a quadrant E meshing with a toothed pinion 
opera by the worm-wheel E2 and worm-wheel E%- The 
frame OC is thus adjustable to permit the grate to be set at any 
desired inclination to suit the class of fuel used. Loose flanged 
pieces C2 are, or may be, fitted on the frame CO to allow for 
expansion in the furnace, and to prevent ingress of air between 
the furnace walls and the grate. At the lower end of the frame 











C is fitted a pivot F, upon which the lower end of the frame ol 
drops. The upper end of the frame C! is supported and receives 
a rocking motion by attachment to a link G operated by a lever 
G! fixed to the shaft D. Owing to the rocking motion of the 
frame C! supporting the movable bearers B!, curvilinear move- 
ments are im to the grate elements or bars A pivotally 
supported by said movable bearers. The magnitude of the curvi- 
linear movements of the grate-bars forming a separate row differs 
from that of the movements of the grate-bars forming an adjacent 
row on account of the different relationship of the corresponding 
bearers and the pivot-shaft F. On the shaft D is fixed a lever G* 
actuated by an eccentric H on the driving-shaft H!. The move- 
ment of the frame Ol, and thus the movements of the grate-bars, 
may be graduated by altering the position of the — at the end 
of the eccentric rodon the lever G2. On the shaft D are mounted 
levers J which carry a transverse bearer J}, upon which are 
dr pivoted push-bars K disposed beneath the outlet orifice 
e feed-hopper M and receiving recip tory mov ite to 
ensure that fuel from the hopper will be supplied to the grate. 
The push-bars K, which are curved and narrow, are actuated by 
an sAjustable connecting link L_ between the levers J and G1, or 
by other suitable mechanism. The fuel is fed on to the grate 
from the hopper M by the push-bars K, and is agitated and 
ed grate surface , A... action of the 
bars, the thickness of the fuel- 





bed bei to be graduated by rais' or lowering the 
r . The furnace may be arranged for either forced or 
natural draught. When forced draught is used the front doors 


O are closed, air under pressure being admitted into the ash-pit. 
When the furnace is worked under natural draught the doors 0 
are left open. (Accepted December 2, 1914.) 
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THE GEARED TURBINES OF THE T.S.S. “TRANSYLVANIA.” 
CONSTRUCTED BY MESSRS. SCOTT'S’ SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GREENOCK. 


(For Description, see Page 184.) 
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globe. The conclusion at which Lord Kelvin 
arrived was that, if the ellipticity were not too 
small, the shell would not have more precession 
than the liquid, and that the compound rotatin 
mass would have sensibly the same precessio 
motion as if it were a single rigid body. A fresh 
criterion to decide the true character of the earth’s 
interior had to be found, and this was supplied by 
the solar semi-annual, and fortnightly lunar, 
nutations which would be materially affected by a 
possible internally liquid earth. nfortunately, 
the numerical coefficients of these terms in the 
general nutational theory are small. 

The examination of this and similar questions led 
to much work on liquid gyrostats, but before de- 
scribing that type it will be well to follow Pro- 
fessor Gray in his discussion of the ordinary solid 
form, indicating the improvements that have been 
made in its construction. Though everything that 
rotates may be called a gyrostat, the term is usually 
limited to discs of metal rotating on an axis and 
carrying a massive rim so as to increase as far as 
possible the moment of inertia. The flywheel, 
resulting from such an arrangement, is mounted 
in a cylindrical case, with extensions enclosing the 
axle, for which they are provided with bearings at 
the ends. In the older form these bearings were 
cups, in which the rounded points of the axle ran. 
This arrangement is defective, if the gyrostat has 
to be subjected to rough usage. In the improved 
form ball-bearings are employed, designed to 
resist considerable shocks and stresses without 
derangement. With a carefully made instrument, 
Professor Gray states, the revolutions will number 
25,000 per minute, and the flywheel will be found 
rotating rapidly after a lapse of forty-five minutes. 
Oiling, too, gives little trouble. The process of 
spinning has, likewise, undergone great changes. 
In: Lord Kelvin’s day, a long cord was laid along 
the floor and an attendant ran away with the free 
end as hard as he could. An improvement was 
effected by substituting a large wheel with a grooved 
rim, on which the cord was wound as it was 
drawn through the gyrostat. Now, of course, an 
electric motor is the only method in use. 

When the gyrostat is spun successfully its pecu- 
liar motions can be well studied by suspending it 
from a cord attached to the rim, and hanging a 
weight to the part of the case surrounding the 
axle. In such a position the axis of spinning 
remains horizontal, and at the same time turns 
round in a horizontal plane. Strictly, the axis 
alternately descends slightly below and rises 
slightly above the horizontal, but a true horizontal 
motion can be maintained by properly starting the 

rostat in the azimuthal motion, and then leaving 
it to itself. This azimuthal motion of the axis is 
the characteristic precessional motion of the 
stat. If the flywheel is set with its axis not hori- 
zontal, but inclined to the vertical, it has a pre- 
cessional motion, in which the axis moves in a cone 
round the vertical. The peculiar behaviour of the 
axis is often considered, by those unacquainted 
with the effect of torques or couples, as uncanny, 
and beyond ordi comprehension. - But in the 
particular case of horizontality, experiment will 
give a clue to the explanation. It is easily per- 
ceived that an attempt to retard the precessional 
motion makes the axis descend, and to accelerate 
it makes the axis rise, or that the horizontality of 
the axis depends on the freedom of the gyrostat to 
oe oager at a certain definite rate, depending, in 
act, on the couple, applied by the weight of the 
gyrostat acting downwards, and the pull of the 
string acting upwards, and on the angular momen- 
tum of the flywheel. The mathematical theory is 
not difficult to follow, but as Lord Kelvin thought 
that the true value of the experiment consisted 
in exciting the curiosity of the student, and in 
awakening the desire to trace the reasons for the 
apparent anomalous behaviour of the instrument, 
we will leave the problem with this hint. 

It is, however, important to note, since it may 
be overlooked by the disciplined, that there are 
two possible precessional motions for the same 
spin and the same inclination of the axis of spin to 

e vertical, indicated in the theory by the two 
roots of a quadratic. One is large, the other 
small. One, called by Lord Kelvin ‘‘ adynamic,” 
does not depend upon applied forces, the other, 
called ‘‘ precessional,” does. ‘‘ The motion is one 
of small oscillation about the steady motion, which 
is characterised by slow precession, . . . the other 
motion of the axis in the same cone is one of much 
greater precessional angular speed . . . the popular 


GYROSTATS AND THEIR LESSONS. 


Lorp Ketvin’s work was so comprehensive and 
many-sided that it is difficult to gain an adequate 
conception of its noble proportions and varied 
character. It is like a mountain that presents 
many aspects as it is approached from different 
directions, and everywhere towers above the nearer 
objects that at times intercept the view. In the 
Kelvin lectures we have the opportunity of study- 
ing some one aspect of his teaching and genius, 
and of correcting any mistakes in perspective that 
forgetfulness may have introduced. Professor 
Andrew Gray, F.R.S., an old pupil and collabora- 
tor, selected for the sixth commemorative lecture, 
delivered by him on the 28th ult., the subject of 
gyroatatics, one that appealed to Lord Kelvin, both 
on account of the ingenuity of the mechanical 
devices by which he illustrated it and the com- 
pleteness of the theoretical explanations he was 
able to provide. 

At the outset, the audience were reminded of a 
prominent feature that not infrequently charac- 
terised the lectures of the great physicist ; he would 
become so keenly absorbed in the behaviour of his 
apparatus, that to his watchful eyes told its tale so 
thoroughly and clearly, that he was apt to forget 
that his class needed some dynamical explanation 
to enable them to understand the curious evolutions 
they beheld. Those who were strong enough to 
follow the thought of the master, to bridge the 
hiatus, and to work out the problems he suggested, 
were, however, the gainers in the end, for it is 
good for a student to have his curiosity stimulated 
and to be compelled to find a satisfactory solution 
for himself. 

The first attempt or experiment to arouse atten- 
tion and promote inquiry, as the simplest, was 
directed to illustrating the truth of the oft-quoted 
formula, ‘‘ Hurry on the precession and the body 
rises in opposition to gravity,” though it may be 
said here that later in the lecture Professor Gray 
showed that this statement needed qualification. 
A solid block of wood, whose surface may be 
imagined as generated by the revolution of an 
ellipse about its major axis, was made to spin 
rapidly abouta minimum diameter. This block, at 
rest, is in stable equilibrium, when its shorter axis 
is vertical, but under the influence of rotation is 
stable when the longer axis is upright. It is a very 
remarkable result, for the centre of gravity has 
been raised and the equilibrium is stable. The 
spin has altered the conditions of equilibrium 
completely. The puzzle to the uninstructed be- 
comes more acute when the experiment is repeated 
with eggs, boiled and unboiled. The difference of 
behaviour has been a mystery to many an audience, 
and probably will continue a popular experiment, 
till, as Professor Gray hints, hens lay eggs 
oblate in shape. The unboiled egg, of the usual 
prolate form, will make no effort to rise on its end 
and spin about its longer axis, and the reason was 
pointed out by Colin Maclaurin 200 years ago, 
when he first demonstrated the laws that govern 
the possibility of spinning ellipsoidal masses of 
liquid. To Lord Kelvin the spinning egg was a 
model of the earth, suggesting an infinity of pro- 
blems connected with the genesis of our planet, the 
motion of tides, the rigidity of the crust, and the 
precession of the equinoxes. The main principle of 
this last has been illustrated times out of number 
by the phenomena exhibited by an ordinary top, 
when spun by a cunning hand, giving rise to the 
‘‘sleeping ” feature, and the rotation of the axis of 
figure about the vertical. Lord Kelvin went one 
step further in his mechanical arrangement, and 
made his globe actually precess by weighting it 
with a pin | gage, from the North Pole, and 
rolling round a ring, thus making a narrow cone 
fixed in the earth roll in the inside of a cone fixed in 
space. Theoretically the subject was carried many 
steps further, for the observed phenomena, correctly 
interpreted, could possibly throw light on the 
internal structure of the earth. In 1863 Kelvin 
had decided that the observed effects of preces- 
sion were incompatible with an internally liquid 
earth. Simon Newcomb, however, suggested to 
him that viscosity might make the ea behave 
as if it were rigid throughout. This sugges- 
tion could not be lightly thrown aside, but as 
a direct cause viscosity is inadmissible. In- 
directly, however, it is effective, for so far as 
precession affords a trustworthy index, rotation 
would induce the necessary rigidity in an internally 
fluid earth and make the axis move as in a solid 





































































expositions which I have seen of gyrostatic steady 
motion as a rule ignore this second 

Professor Gray points out that the bald rule for 
causing a rotating body to rise by hurrying the 
precession is true only of the slower, more con- 
spicuous precession. 
angular speed 


ible motion.” 


or the precession of greater 
, the reverse rule holds good. © This 
qualification has not yet found its way into the 
text-books, and, therefore, no mention is made of 
the particular case of a horizontal axis where the 
precessional angular - is infinite, and only the 
slow motion is realisable. As a corollary, it should 
be remembered that if the centre of gravity of the 
gyrostat is above the point of support, supposed 
on the line of the axis, the two precessional motions 
are in the same direction ; if the centre uf gravity 
be below the support, in opposite directions ; the 
faster motion changes sign in ing through an 
infinite value, when the axis is horizontal. 

Lord Kelvin delighted in more complicated 
forms of gyrostat, or in forms to which additional 
mechanism lent greater complications. A favourite 
contrivance was one that demonstrated that an 
unstable arrangement can be stabilised by spinning. 
It consisted of a gyrostat supported on a universal 
gimbal joint in such a way as to form an inverted 
pendulum with two freedoms of motion, and when 
the wheel is unspun unstable in both. Spinning, 
however, gives stability to both systems, and illus- 
trates a demonstrable truth—that in a gyrostatic 
system an even number of freedoms of motion can 
be stabilised by rotation of fly-wheels, but not an 
odd number. Experimentally this proposition was 
illustrated by an ingenious mechanism, which it 
was possible to arrange in such a way that there 
could be either one or two degrees of freedom. In 
the latter case, if both lateral and azimuthal motion 
be unstable, giving « very insecure support for a 

yrostat, they can both be made stable by spinning; 
But when there is only one freedom to stabilise, 
spinning apparently loses its power. 

Another form which might seem to indicate that 
a gyrostat conceals an imp of mischief consists in 
mounting the instrument on a hollow wooden 
square frame, supporting it by two trunnions in a 
line with the centre of the wheel, placed on suitable 
bearings, permitting the axis of the gyrostat to rest 
with its axis vertical. If when the wheel is spun 
the whole frame is carried round in azimuth in the 
direction of spin, nothing happens; the gyrostat 
— on placidly. But carry the frame round in 
the opposite direction, the gyrostat immediately 
turns upside down on the trunnions and remains 
quiescent, as at first; but the spin by the inversion 
of the gyrostat has been brought into the same 
direction as the azimuthal motion. Every time 
there 7 Ae reversal of the azimuthal motion on the 

of the experimenter, so every time the gyrostat 
owes itself, behaving as if it pice 6 very 
decided will of its own, only exhibiting this one- 
sided stability and instability when it is affected by a 
precession im upon it from without. ‘* The 
gyrostat had little or no gravitational stability—the 
centre of gravity was nearly on a level with the 
trunnions ; but even if it were gravitationally 
unstable, sufficiently rapid azimuthal motion would 
keep it upright if that motion agreed with the spin, 
while the least motion the other way round would 
cause it to capsize.” 

Incidentally, Professor Gray showed that the 
last experiment afforded an example of the two 
forms of solution of the differential equation :— 

: ° +wN@=0, 


where N is the angular momentum of the wheel, 
and the angular speed with which the framework 
was carried round in azimuth. When the turnings 
were in the same direction, » and N had the same 
sign, and the product was positive ; but when in 
opposite directions, « N' had a negative value. 
With a positive product, equilibrium is stable, and 
the solution gives oscillations about the vertical ; 
when negative, we get a solution in real expo- 
nentials giving continued falling away from the 
upright position, until the opposite ition is 
attained and stability supervenes. has now 
also been reversed in space, and the product » N 
is again positive. 

@ applications of the gyrostat to physical 
inquiries, generally by way of illustration, are 
both numerous and interesting. Lord Kelvin’s 
ingenuity found abundant scope, and since the 
chronological order followed eS Professor Gray 
has not been preserved here, it will be convenient 
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to return to the suggested forms of ‘‘ liquid gyro- 
stat,” by which it was proposed to test, or to 
illustrate, the possible Jeviation of the earth’s 
interior from strict rigidity. In Kelvin’s ‘‘ liquid 
gyrostat,” a spheroi globe filled with water 
was substituted for the flywheel, the general 
mounting of the gyrostat being little altered. If 
the spheroid is oblate, with diameters in the ratio 
of 100 : 95, when it is spun, so far as re- 
cession, it behaves as if its contents were solid. But 
when the spheroid has about the same tage 
of prolateness, since the fluid is not constrained to 
spin on its longer axis of figure, the spin disappears, 
and the peculiar features of gyrostatic action are 
not preserved. In consequence of the instability 
of the motion, the ene of rotation has been 
entirely transformed into heat by turbulent motion 
of the water, into which the rotational motion 
breaks down. Permanent steady rotation of such 
a spheroid is impossible. But, curiously enough, 
steady rotational motion of a liquid round the axis 
of figure is possible in a prolate spheroid if it be 
sufficiently prolate. The axial diameter, in fact, 
must either be shorter than the equatorial diameter, 
or more than three times as long. This fact was 
pointed out by Sir George Greenhill, apparently 
deduced from the study of ballistics as applied to 
the trajectory of a rifle bullet. 

Another result in cunnection with geophysics 
was a gyrostatic device for furnishing an indepen- 
dent proof of the rotation of the earth. Foucault, 
as is well known, proposed two methods with this 
end. One consisted in observing the apparent 
turning of the _ of vibration of a long pen- 
dulum, suspended so as to be free as marly 4s 
possible from any constraint due to the attachment 
of the pendulum wire to its fixed support. The 
experiment has been often described, and it is well 
known that if » be the resultant angular speed, 
the component about the vertical at any place in 
latitude | is wsin!. In the alternative method, 
Foucault availed himself of the principle that 
a rapidly-rotating gyroscope will maintain the 
direction of its axis ances unless acted on by 
an extraneous force. He arranged a microscope to 
detect the apparent motion of a mark upon one 
of the gimbals, which shifted its ition as the 
microscope was carried round by the earth’s rota- 
tion. Lord Kelvin pro to use the gyroscopic 
principle to observe the component of rotation 
about the horizontal, cos /, the companion com- 
ponent to that demonstrated by Foucault in the 
pendulum experiment. 

Lord Kelvin’s method of measuring @ sin | con- 
sists in es a gyrostat on knife - edges 
attached to the | tae edge of the case, so that 
the gyrostat without spin rests with the axis hori- 
zontal. For this purpose the line of knife-edges 
is laid through the centre of the flywheel at right 
angles to the axis, and the plane of the knife- 
edges is, therefore, the plane of symmetry of the 
flywheel perpendicular to the axis. The knife- 
edges are a little above the centre of gravity of 
the instrument, so that there is a little gravita- 
tional stability. At points in a line at right angles 
to the line of knife- 8 and passing yo set it, 
two scale-pans are a ed to the framework, and 
by weights in these the axis of the gyrostat, with- 
out spin, is adjusted in a horizontal position, which 
is marked. e gyrostat is then removed, spun 
rapidly, and replaced. It is then found that the 
weights in the scale-pans have to be altered to 
bring the gyrostat back to the marked position. 
From the alteration in the weights the angular 
speed about the vertical can be calculated. The 
formula is very simple, but Lord Kelvin does not 
seem to have given any arithmetical estimate of 
the forces to be meaeured in a practical experiment. 
Professor Gray oy this information for a 
special case, where the mass of the flywheel is sup- 
posed to be 400 grammes, its radius of gyratégn4 cm., 
and its gens of revolution 200 per second. If the 
points of attachment are 10 cm. apart, and the ex- 
periment is made in the latitude of London, a 
weight of 465 milligrammes would be required. 
In some of the larger specimens of gyrostat now in 
use, and with the same speed of revolution, it is 
possible for the weight to be as much as 8 mes, 
showing that the idea is not inguestion’ though 
we have no estimate of the bable error of 
observation. If the line of knife-edges be made 
to pass accurately through the centre of gravity of 
the system of wheel and framework, and the axis 
of rotation be placed so that the knife-edges are 
horizontal, east and west, the gyrostat will be in 





stable equilibrium when the axis is turned so that 
the direction of rotation agrees with the rotation 
of the earth ; for the conditions of the experiment 
with the gyrostat mounted on trunnions, quoted 
above, are repeated. In the present case the 
hollow framework of the wooden tray is the earth, 
the position of the axis of rotation parallel to the 
poet axis replaces the vertical position, and the 
earth’s turning, the azimuthal motion of the experi- 
menter. It is not difficult to show that the gyro- 
stat could be made to imitate exactly the behaviour 
of a magnetic needle in the earth’s magnetic field. 
thus realising Lord Kelvin’s gyrostatic model of 
the dipping-needle. 

The oem Fens roperties of the dipping-needle 
and gyrostat naa naturally suggest that a fric- 
tionless gyrostat might be arranged as an accurate 
compass. Such an apparatus Lord Kelvin seems to 
have contemplated in his ‘‘Gyrostatic Model of a 
Magnetic Compass.” He proposed to hanga gyro- 
stat, with its axis of rotation horizontal, by a long, 
fine wire attached to the framework at a point over 
the centre of gravity of the system, and held at the 
upper end by a torsion-head capable of being 
turned round the axis of the wire. By means of 
this torsion-head any swinging of the gyrostat in 
azimuth round the wire was to be checked until, 
when the head was left untouched, the gyrostat 
hung at rest. The realisation in practice was not 
unattended with difficulty. Lord Kelvin sug- 
gested that, in co uence of the high virtual 
moment of inertia of the gyrostat, when vibrating 
about the vertical wire, difficulties would arise, 
and he proposed a simplified manner of realising a 
gyrostatic compass free only to move in a very 
approximate horizontal plane. Apparently there 
is no record of his improved plan, but the sub- 
stitution of a ‘* properly planned floater” as 
an alternative to the wire arrangement has 
since been realised in the gyro-compasses of 
commerce. 

Another analogy of a striking kind is manifested 
by mounting a gyrostat as the bob of a pendulum, 
with its axis of rotation directed along the suspen- 
sion rod. Without rotation, the two freedoms of 
this system are stable, and if the bob be made to 
describe a circle about the vertical through the 
point of support, the period of revolution is the 
same for both directions of the circular motion. 
When the gyrostat is spun, circular motion may 
take place in either direction, but the periods are 
quite different, that of the circular motion in the 
same direction as the rotation being the greater. 
The combination of the two circular motions under 
varying conditions gives rise to striking figures, 
traced by the bob, the interest of these being greatly 
increased by the analogy between the pendulum 
graph and the motion of an electron in a magnetic 
field. The parallel occurred to Lord Kelvin, but he 
decidedly rejected the gyrostatic explanation on 
account of the definite complex of spectral lines 
always observed in the Zeeman phenomena. The 
meow action of the netic field could not be 
explained by any scheme of infinitesimal gyrostats, 
the different inclinations of whose axes to the 
direction of the field ought to result in a hazy 
broadening or duplication, instead of a definite 
multiplication, fe as many spectral lines undergo. 

The employment of a pendulum and the thought 
of the action of minute gyrostats to explain various 
~~ ey henomena were utilised at an early period 
in Lord Kelvin’s career. He employed this mecha- 
nism to illustrate ‘‘The Magnetic and Helicoidal 
Rotatory Effects of Transparent Bodies in Polarised 
Light.” His object was to explain the rotation of 
the plane of polarised light transmitted through 
a solution of sugar, or across a plate of quartz 
cut at right angles to the axis of the crystal, as 
due to a helical structure of the medium, while the 
rotation of the plane by passage of the light through 
a piece of heavy glass along the lines of force of 
a magnetic field must be explained by rotational 
motion already existing in the medium and com- 
pounded with the motion produced by the wave 
of light. If on a superficial examination the 
rotation of the plane appears to be similar 
in the two cases, making it unnecessary to 
invoke two separate mechanisms, there is one 
ery of difference which is decisive in requiring 

th a rotational and a structural explanation of 
the different phenomena. A beam of plane polarised 
light which has traversed a piece of heavy glass in 
a magnetic field will, if it be reflected and sent back 
through the medium, have the turning of the plane 
doubled by the backward passage, while backward 





through quartz or a sugar solution annuls 
the turning produced by the forward passage. 

In this explanation one has to contemplate the 
possibility of helical hollows of the order of ;¥, in. 
in diameter with all their axes turned the same 
way, but in other connections Kelvin invoked the 
assistance of minute mechanism to illuminate many 
difficult problems, among which stands out promi- 
nently the suggested explanation of the manner in 
which two circularly polarised waves having turnings 
in opposite directions give a turning tothe plane of 
polarisation of the wave of rectilineal vibration, 
which is the result of their superposition. In quite 
a different connection a similar thought appears in 
the kinetic theory of elasticity. In this latter case 
he conceived the idea that the rigidity of bodies, 
their elasticity and shape, depend on motions of the 

of the bodies hidden from our ordinary senses, 
as the fly-wheel of a gyrostat is hidden from our 
sight and touch by the case. 

The views of physicists undergo change as new 
facts are discovered and new conceptions enter- 
tained, and some modifications in the reasoning 
and conclusions may be necessary. How far Lord 
Kelvin’s position is tenable time will decide. But, 
as Professor Gray reminds us in eloquent words: 
** Kelvin had confidence in his own theories, and 
clung firmly to his conclusions. He could, how- 
ever, on occasion acknowledge that he had made a 
mistake. His genius ranged over the whole field 
of physical science, no problem was too great or 
too small to attract his attention. No obstacles, 
no complications, daunted his spirit of inquiry. 
The thunders of Jove, the birth of the world, and 
the cold death prepared for it by dissipation of 
energy, the harnessing of the energies of Nature 
for the service of man, the guidance and safety of 
mariners, the genesis of waves and their breaking 
into spray and spindrift ; all these questions, and 
many others, engaged his thoughts, to the lasting 
benefit of humanity and the increase of knowledge. 
Throughout all he was keen and calm and dis- 

ionate, a truly unaggressive and debonair 
natural philosopher.” 

‘The function of science is to enable man to 
a the secrets of Nature, and to apply that 

nowledge to the promotion of the welfare and 
happiness of all living beings. No one would have 
repudiated with more scorn than Lord Kelvin that 
emanation of the pit, the modern doctrine that 
culture, scientific, philosophical, or artistic, entitles 
a self-apprai and self-chosen nation to wade 
through seas of blood to the domination of the 
world.” 





Iron Propuction in Norway.—A leading Norwegian 


technical journal strongly advises Norway to take up 
the manufacture of iron on a sufficiently scale to 
supply her own wants. The i t countries— 


England, France, um, Germany—when the war is 
finished, will require immense quantities of all kinds of 
metals, especially iron, for which much ore will have to be 
imported from pp bom with sundry freight and transport 
am ey before it reaches the works. It certainly used 
to be an accepted maxim that ore should be conveyed to 
the coal deposits, and not vice versd, but a different view 
now begins to prevail, and modern iron works started in 
the ore distriets have recently shown more rapid develop- 
ment than where the reverse plan has been — 
Norway has immense deposits of iron ore. The South 
Varanger concentrate contains 65 per cent. iron, and 
is considered one of the world’s finest ores ; and 

Swedish ore can, of course, also be obtained at an 
advantageous price. As these are too rich to be used 
without addition of poorer ores, some of Norway’s deposits 
of this type may come in useful. Of limestone, there is 


sufficient in ntry, as is also the case regarding 
materials for lining the furnaces. The mining of coal at 
Spitzbergen is likely to develop greatly, and a large coking 


is under consideration in Northern Norway. D 
carding for the present electric ore-emelting, the adoption 
of the ordinary blast-furnace, of up-to-date design, and 
with coke, is . Tron ore will be cheap 
wherever ~ Northern rarominy - iron works are 
placed, at Norvick, or parhaps further north. in- 
stallation should | fon a comparatively large scale, 
as the consum of iron is rapidly increasing, fre 
18 kg. individual in 1870 to 53 kg. in 1900, at which 
date the. consumption in Germany already exceeded 
100 kg. per inhabitant. A production of 100,000 tons 
of pig-iron per annum is considered the minimum, of 
whieh quantity half might be used for foundry mage 
and the other half av steel works. Apart the 
home market, one might reckon with the neighbouring 
countries—Sweden, Russia, Finland, and Denmark. An 
installation of two blast - furnaces, with a capacity of 
50,000 tons each, is ted, and, in addition, basic 
Martin furnaces or Bessemer, rolling-mill, &c., besides 
quay accommodation on the railway. The 
at about 350,( 00/., but it is a 


power-station, 
cost is calculated ) 
prophesied that this outlay will bear frui 
enhance Norway’s independence industrially. 
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THE BURMEISTER AND WAIN 
OIL-ENGINE. 


In describing in the present article the latest 
engine built by the Burmeister and Wain (Diesel 
System) Oil-Eaogine Company, Limited, Glasgow, 
and in tracing briefly the steps of experience 
culminating in that product, the great success 
which this firm has achieved with this type of 
prime mover will be made manifest. A list of ships 
engined with this class of four-stroke-cycle marine- 
engine is given in TableI. All are first-class boats 
of their type, in which cheap production has not 
been the principal consideration. Thirteen are 
now in service, including the motor-vessel Missis- 
sippi, the machinery of which we propose now to 





would give the maximum return for the total invested 
capital. So great were the adjudged merits of the 
Diesel engine in comparison with steam-enginer, 
for long voyages especially—such as increased radius 
of action, greater cargo-carrying capacity, cheaper 
fuel per ton-mile, and decreased engine - room 
personnel—that a considerably higher price is justi- 
tiable, so long as reliability under the special exigen- 
cies of marine conditions is fully realised. is 
last item is of paramount importance, and Messrs. 
Burmeister and Wain’s long experience with the 
well-tried four-cycle engine led them to apply it to 
marine propulsion in preference to the then new 
two-cycle engine. The anticipation that the four- 
cycle engine would be considerably heavier and 
more expensive than the two-cycle type has not so 


TABLE I.—Leapine Particutars or Twin-Sorzw Moron Vessets Burtt AND ENGINED BY 
Messrs. BURMEISTER AND WAIN. 





LH.P. 

















} Spreep rn Knots, 
|, Date of Depth. | Draught | peed. | on 
Name of Ship. | Completion. Length. Breadth. | pth aug! | Weight. | ee ae =. 
| ft. ft. in. ft. in. ft. in. tons, | | 
Selandia .. = | | 
Jutlandia = } 1911 370 53 0 | 30 0 23 6 7400 ll | 115 _ 
Christian X. | 
Si ..| April, 1913 ” 12.42 3161 
=, - June, 1913 410 | 55 0 | 30 6 | % 5 9700 11.5 {1802 at 
Sueci - ee - ., Dec., 191 | | . .56* 
Pedro Christophersen .. |_| Aug., 1913 } 2 | st 8 | 2 6 | 8 ened 075 | {ive 2400 
California - oo .| Sept., 1913 405 54 COO 3% OO} 3 8 7250 11.25 11.84 2882 
Fionia on ee oe . | Mar., 1914 395 53 (0 30 0 | 2 8 6710 13.5 13.74 4049 
Kronpeins Guster Adeid, | --/ Feb isle} soz | ci 8 | 5 6 | 1 | como | mare | {TI | Se 
a. a } ao | 55 0 | % 6 | 6 5 | om | m9 12.395 | 3185 
Tongking .. ..| Oct., 1914 ‘ ' 12.675 3337 
Ba: 
reagan ee oe ee :} _ 830 47 «0 2 0, 21 7300 ll -- — 
Chumpon.. «. 
* Fally loaded. + A sister-ship. Toe motor-vessel Pacific is being built, and will be ready for trials this menth. 


t These are single-screw ships and are being built on the Clyde. 


TABLE II.—Particutars OF Marine Four-Cyrote Encines Burt py Messrs. BuRMEISTER AND WAIN. 
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| Main ENGINES. | ‘wonurme. 
|g imgiadiad|s » | a = 4 |g 
Sf icslssies 5 x | a | sei = ig 
Name of Ship. | @ ee) apoe ra a 3 . - Fe ig B 
i = | = |e 
--~ 3 Scitt S _| Diameter| Stroke ; $6 & |8 g Remarks, | @ |° 5/6 
g EP egies); = in |Sl\e|22| g jeglag \s lwElsa 
|B gslEs|ESRE Eia\gs| & |Ha| 82 é Rglsé 
ahd add le a\” |3 a" |3 lw \o@ lz 
_——————— — |—— | —_ | —_ ee | ene _—— | | ee | —— 
ia in. |mm| ip. | mm | ft. per |Ib. pet|Ib. per 
Selandia ) | min. |sq. in.|sq. in.| (4th stage —_ 
Juteatin-- | ® /1250|1060| 8 | 181| 20.8 | 530| 28.76 | 730] 1.875 | 140} 672 | 90 | 76.5 |1 Sf compressor || 2 | 299) 4 
Canton X. | | | main engine 
pro } 2 1600|1275) 8 | 159/ 23.2 | 590) 81.5 | 800) 1.355 al 655 89 | 75.5 _ 2| 240) 4 
Suecia = 7 | 
Pedro Christo} 2 |1000) 830; 8 | 125) 19.68 600) 25.91 660/132 | 140 605 90 | 74.5 — 2 | 200) — 
ersen | | | 
California .. .-| 2 |1300}/1100) 8 | 187) 21.26 | 540) 28.75 730) 1.35 | 140) 665 | 92 | 71 No com on| 2/| 180) 3 
| main engine 
Fionia 2 |2000|1600) 6 | 265) 20.1 | 740) 43.3 (1100) 1.49 | 100) 690 92 | 73.5 |Compressor com-| 2 | 200) 4 
| | | | | plete driven from 
| main engine 
ee or) } 
tav Ado } | ” | | 
Kronprin 2 i 2 | 975 $30) 6 | 138 — 540) 28.75 | 780) 1.35 140 665 91 77.5 _ | 2 | 200) — 
argareta | | 
Tonking °° | 2 |1560|1275| 6 | 212] 24.8 tes 37.8  960/1.62 | 125 787 | 90 | 73.5 - | 2| 9 2 
of | | | 
Mississippi ..| 2 |1600|1820, 6 | 216) 27.1 | 690) 40.55 1020) 1.495/ 110/ 740 | 90 | 74 (|3rd stage of com-| 3 | 320) 4 
| pression only on! 
| | engine 
Bandon \ | | | | | 
Pangan 1 1670/1300, 6 | 217) 26.4 | 670) 39.3 100u) 1.49 | 110) 720 | 98.5 | 73 _ 1/100) 2 
Chumpon .. J 





























* For the total indicated horse-power of both engines, as registered on trial, see the column “‘I.H.P. on Trial,” in Table I. 


describe in detail, whilst the Pacific, Bandon, 
Pangan and Chumpon are in course of construction. 
These last three ships are single-screw vessels. In 
the early days of the motor-ship many authorities 
advocated twin-screw ships, in order to a xi- 
mate with the Diesel engine to the duplicating | for 
safety attained with the steam e in asso- 
ciation with its boilers. In the table are given, 
too, the dates of completion of the various ships, 
in order to indicate the steady made since 
the success of the first threé’ ships was estab- 
lished. The horse-power registered on trial for 
most of the ships is also given, and serves, taken 
in conjunction with Table II., to show the maxi- 
mum power which these engines can develop for 
short periods. 

_Before proceeding to particulars, the reasons 
given for the adoption of the four-stroke cycle 
advanced by the designers of this engine may be 
reviewed. Since the machinery of a ship of this 
type only represents about one-third of the total 
cost, expense in this item was not spared, the main 
consideration being to produce an engine which 





TaB_e III.—Fuel Consumption of Engines Built by 
; i Messrs. Burmeister and Wain. 


| Main Engines | Main + Auxtliary 
| Only. Engines. 





Name of Ship. 1H.P. | BELP. LEP. | BELP. 
| Hour, Hour. Hour. | Hour. 
Ib. Ib. Ib, Ib. 
Christian X. .. 0.338 0.423 0.367 0.422 
Suecia .. os se 0.296 0.369 0.339 0.39" 
Kronprinz Gustav 
Adolf oe ° 0.34 0.425 _ 0.305+ 
California _ _ 0.828 0.384 
Siam .. _ 0.292 0.344 0.887 0.395 
Fionia .. é 0.32 0.40 ae -- 
Mississippi |. 0.304 -— |=] - 
| i i 
* Low calorific fuel ; 9900 calories. t Roumanian oil. 


far been proved in practice, although when more 
experience has been obtained with the two-cycle 
engine and sufficient confidence is established to 
justify the application of the lighter types of 





now used for four-cycle engines, a saving 
in the weight of the engine proper will be effected, 
against which, of course, must be set the increased 


“jon page 213, 





fuel consumption with the two-cycle engine—some 
15 to 20 per cent. 

With reference to the space occupied, itis found 
that 13 per cent. of the total cubic capacity of the 
ship suffices for the installation of a four-cycle 
plant, lower than which, with the present system 
of measuring tonnage for harbour and canal dues, 
it is not desirable to go. In this way one of the 
advantages of the two-cycle engines for the mercan- 
tile marine is practically nullified. 

The actual fuel consumption of Burmeister and 
Wain engined ships in service is given in Table III, 
from which it will be seen that a total consump- 
tion of less than 0.4 lb. per main engine brake 
horse-power per hour is obtained with the heaviest 
of fuel oils, and in some cases considerably less is 
recorded when the conditions were very favour- 
able and the fuel probably light and of high calorific 
value. The consumption given under ‘‘ total fuel” 
represents the total amount of fuel used by the 
main engine and the compressor and generator 
set at the time running ‘to supply the compressed 
air for the main engine and the electrical power for 
those auxiliaries necessary to the main engine, such 
as the cooling-water pumps, lubricating-oil pumps, 
&c., as well as for the steering-gear. This figure 
of 0.4 1b. per brake-horse-power hour is the 
lowest service figure published for marine oil- 
enginea, and, f er, as shown in Table III., this 
figure is not that for one engine, since all these 
engines give consistently a figure of this order. 
It might, perhaps, be emphasised at this point that 
the lubricating oil consumption with four-cycle 
engines is considerably lower than with those 
working on the two-cycle ee yee due to the high 

rceentage of the lubricating oil, which, with these 

tter, finds its way out through the exhaust-ports 
in the cylinder, which are uncovered by the piston 
at each revolution, as well as, perhaps, the extra 
amount required to compensate for the cooling 
effect of the suction and exhaust strokes of the 
four-stroke cycle. 

The latest engines of this ty 


. which are illus- 
trated in this issue, are install 


in the Mississippi, 


;| which left the Clyde on her maiden voyage in 


November. Figs. 1 to 8, on 210, 211, and 
212, illustrate the features of the engine iteelf, 
while Figs. 9 to 13, on Plate XX., and Fig. 14, 
show the ment of the 
machinery, with auxiliaries, in the ship. Each 
main engine is designed to develop 1600 indicated 
horse-power at 110 revolutions minute in six 
cylinders of 27.1 in. diameter and 40.55 in. stroke. 
The power per cylinder is then 265 indicated horse- 
power, or, assuming an efficiency of 83 per cent., 
216 brake horse-power, or slightly less than 
those of the motor-vessel Fionia, with the same 
type of engines, each cylinder of which developed 
some 265 brake horse- power, this being the highest 
powered Diesel engine in actual service at sea. 

Particulars of all Burmeister and Wain’s marine 
oil-engines are given in Table II., and it will be 
seen that, with an increase of power, the ratio of 
the cylinder stroke to the cylinder diameter has 
increased, and although the of revolution 
has been reduced from the neighbourhood of 140 to 
100 or 110, the piston yg has increased from 
620 ft. to 700 ft. or 740 ft. per minute, whilst the 
mean effective pressure in the cylinders has been 
maintained at about 90 lb. per sq. in., a figure 
which practice has shown to be highly efficacious 
and reliable. This figure of 90 ib. per sq. in. 
might be said to be the service pressure ; but, for 
comparison with other prime movers where the 

wer is stated as that developed gn the tria) trip, 
it should be mentioned that with the smaller 
engines of about 100 brake horse-power per cylin- 
der this figure we Os safely increased by some 25 
to 30 per cent. ith larger cylinders of 150 brake 
horse-power an increase of 10 to 15 per cent. can 
be made, whilst for the largest cylinders of over 
200 brake horse-poWer sufficient confidence is not 
established to permit for the present of increases 
greater than about 2 to 5 per cent. 

With the gradually augmented power of the 
engine, as shown in Table I[., the size of the engine 
has advanced, but by virtue of simplifications and 
improvements in design the over-all dimensions of 
the engine have increased but little. Thus the 


latest achievement of this firm—the six-cylinder 
1320-brake-horse-power engines of the motor-vessel 
Mississippi— have an over-all length, from over the 
flywheel at the after end of the engine to the forward 
side of the compressor, of 46 ft., and a height of 
18 ft. from the crank-shaft centre line to 
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INTERNAL-COMBUSTION ENGINE FOR THE “MISSISSIPPI.” 
CONSTRUCTED BY THE BURMEISTER AND WAIN (DIESEL SYSTEM) OIL ENGINE COMPANY, LIMITED, GLASGOW. 
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of the cylinder-head, as against 36 ft. 
and 15 ft. respectively for the much 
lower-powered engines of the motor- 
vessel Selandia. A compariron of the 
cylinder siz2s, especially as regards the 
height, will show that with a stroke of 
40 in., as against 28.75 in., considerable 


modifications must have been effected. | 


Of these might be cited, firstly, the 
connecting-rod length, which with the 
two last engines has been reduced from 
5 to 4.5 cranks. Secondly, the piston, 
which in the earlier engine was of a 
length of 1.5 to 1.6 cylinder diameters, 
has been reduced in length to that 
necessary to carry the six piston-ri 
(see Fig. 4), and is of about 0.6 cylinder 
diameter. This shortening of the piston 
reduces the weight of the engine by 
minimising the length of the cylinder, 
which with the Selandia’s engines was 
2.2 times the stroke, and with those 
under discussion about 1.4 strokes. The 
third factor is the elimination of thegland 
for the piston-rod, which with the earlier 
engines isolated the underside of the 

iston from the crank-case. A guard 
is now fitted to catch any piston-lubricat- 
ing oil dropping from the piston, and 
any unburnt oil from finding its way 
into the crank-case, and the crank-case, 
being in communication with the under- 
side of the piston, prevents any puffing 
of air out into the engine-room. This 
guard further prevents any splashing of 
oil on to the cylinder-walls. 

The spread of the later engines in end 
elevation, Fig. 1, gives an ap; ce 
of rigidity in comparison with the some- 
what narrow appearance of the earlier 
i sae Th tice of carrying through- 
bolts from the bed-plate to the cylinder- 
heads has been discontinued with these 
engines. 

e foregoing are the leading modifi- 
cations; minor ones may be referred 
to in the l= he of details of the 
engines of the Mississippi. The engines 
are in two sets of three cylin- 
ders, Figs. 2 and 3; each cylinder, with 


+ east - iron crank - case, is 
bolted to the bed-plate of three portions, 
as shown. The crank-case of these 
engines is exceptionally simple, and in 
general design is a reversion to former 
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ractice, except that there are six crank - cases | 
Polted together to form a unit. At the back, | 
large aluminium doors, Fig. 1, give access to the | 
moving parts, whilst the front is ribbed to carry the 
guides. The guides are water-cooled, and means 
are provided to ascertain the temperature of the 
water at exit. The cast-iron bed-plate requires no 
external sump for the lubricating oil, but is dished 
towards the centre of the engine, from which poiut 
the lubricating oil is drained off to the lubricating- 
oil circulating pump. These engines follow their 
makers’ practice in being totally enclosed and 
having a forced system of lubrication, which, with 
the high and continuous bearing pressures of the 
Diesel cycle, is now ed almost as a necessity, 
not only for efficient lubrication, but for cooling 
purposes. A certain prejudice exists in the minds 
of many marine engineers inst such a system, 
on account, probably, of difficulties experienced 
with water becoming mixed with the oil in circuit, 
since steam-glands generally leak to some extent. 
With oil-engines this disadvantage is non-existent. 
The system of lubrication is from the pumps to a 
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power conditions on the test-bench have shown 
that absolutely complete combustion with smoke- 
less exhaust and a fuel consumption of 0.304 lb. per 
indicated-horse-power hour is obtained. This figure 
almost equals the lowest given in Table III., and 
would tend to show that the flat as against the 
concave shape of piston crown entails no greater 
fuel consumption. The explanation may, perhaps, 
be found in the lesser cooling surface of the piston 
crown poasible with the flat type, and so the 
smaller radiation of the heat of combustion to the 
cooling medium—in this case oil. 

The design of cylinder and liner calls for little 
mention except that in view of the through bolts 
being attached to the crank-case top, the cylinder, 
Fig. 4, is now of sufficient section to carry the 
tension load from the cylinder-head studs to the 
bottom flange, which, to accommodate these through 
bolts, is square in plan (Figs. 2and 3). The liner is 
pressed in, in the usual way, and is supported, as 
well as at the top and the bottom, by two circular 
ribs, above which hand-holes and doors are provided 
for inspection and cleaning. The cylinder-head, 
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Fie. 6. Secrion THROUGH CyLINI ER-HkAD VALVES. 


3-in.-diameter main along the front of the engine. 
From this main, pipes carry the oil to the main 
bearings, where it enters the crank-shaft, paeses 
along drilled holes to the crank-pin, up the con- 
necting-rod to the top end, and thence into the 
guides, to supply to them a constant stream of 
lubricant, and thence from the top end up the 
hollow piston-rod to the piston oil-cooling space. 
The crank-shaft, connecting-rod, piston-rod, &c., 
all fellow the makers’ practice, except that the 
built-up type of crank-shaft, as adopted for the 
engines of the Fionia, has not been retained, but is 
no by a solid forged one. 
‘he piston, Fig. 4, is the next main part to 
which attention may be called, and, in addition to 
previous remarks regarding the elimination of the 
piston skirt or shroud, it may be mentioned that the 
manner of its support on the flanged top of the 
piston is exceptionally neat. On the bottom side of 
the piston circular ribs are cast, facilitating heat 
radiation, and serving to procure, for the piston 
crown, support in several places and over a consider- 
able area. By this means the thickness of the crown 
1s reduced to about 0.08 of the cylinder diameter, 
as against double this thickness, which would be 
required with an unsupported crown. A feature 
of the engines of the Fionia was a supported 
crown, which, however, was considerably less neat 
and less efficient than the system under discussion. 
This thin crown greatly facilitates the transmission 
of heat from the combustion-chamber to the piston- 
cooling oil, which circulates through cored 
Sages in the circular ribs, and is enclosed by the 
guard-plate shown in Fig. 4. The form of the 


sag head is now quite flat, and so deviates more 


except for the form of the circular wall and the 
corrugation of the inner face, does not differ from 
standard practice. It will be noticed that the joint 
between the cylinder-head and the cylinder-liner is 
metal to metal, and not spigoted, as is the gencral 
practice. The corrugations shown increase the rate 
and amount of heat transfer, and make for a cool 
cylinder. 

In each cylinder-head the fuel-injection, starting- 
air, inlet, exhaust, and relief valves are accommo- 
dated as shown in Fig. 6. First, as to the starting- 
air valve c; this is one of the features of this ty 
of engine. Starting air, on being admitted to the 
starting-air passage, finds its way through holes in 
the valve-cage, through the inner sleeve, to the 
under side of the piston, bolted to the top of the 
valve, which moves in the cylinder formed on the top 
of the valve sleeve. Acting on this surface and over- 
coming the small top spring, the starting air forces 
the piston to the top ition, which is that of 
Fig. 6, and so brings into operation the cam of 
whichever cylinder may be in the starting position, 
and the valve is opened against its spring. When 
the starting air is cut off at the starting-air slide- 
control valve, Fig. 7, and the air-passages are 
opened to the atmosphere, the cam merely pushes 
the small piston into its lower and running 
position, and the valve will not open, since the 
roller is now clear of itscam. This simple start- 
ing-gear has the virtue of being entirely automatic. 

The fuel-injection valve shown at 6, Fig. 6, is 
placed in the centre of the cylinder-head, and is 
chiefly remarkable for the fact that it opens down- 
wards into the cylinder, instead of upwards, as is 
almost universal with fuel-injection valves. One 





tm the theoretic: lly best—the sphere—than in 
former engines, although experiments under full- 


outstanding advantage of a downward-opening 
valve is the simplicity of the valve-driving gear, 


since the valve can be directly driven from the 
valve lever without the interposition of any gear 
to reverse the motion. With this type of valve 
fears have been expressed regarding the conse- 
quence of a valve breaking, but the retention of 
this type seems to show that these were quite 
groundless. An advantage for this valve is the 
good distribution of the fuel into the cylinder 
which it should effect, and makes thus for a low 
fuel consumption per unit of power developed. 

The exhaust-valve a is of the usual design. Tho 
head of the valve is of special material to resist 
the burning and pitting action of the gases, and 
the seat upon which the valve works is small and 
easily removed for regrinding or renewing. A 
collar is sometimes pinned on to the valve-stem, to 
prevent the valve from dropping into the cylin- 
der in the event of the valve-spindle breaking. To 
prevent the ingress of burnt gases and particles of 
carbon into the guide for the stem, a guard is some- 
times provided ; but in the illustration no such 
devices appear. Up to the limits of power of this 
engine, the valve itself is not water-cooled in- 
ternally, and water-cooling is provided only for the 
valve-cage, as shown in Fig. 6, being taken from 
the cylinder-head water-space, passing through the 
valve-cage, and by means of a pipe, as shown, being 
finally led to the water-jacket of the water-cooled 
exhaust manifold along the cylinder-backs (see 
Fig. 10). 

All the valves are actuated in exactly the same way 
from the cam-shaft L, Figs.7 and 8. There are two 
cams—one for ahead and one for astern—for each 
valve, as follow :—P (Fig. 7) is the inlet-cam, ( the 
exhaust, R the fuel, and 8 the starting-air, all for the 
ahead direction of rotation; whilst for astern run- 
ning, T is the inlet, U the exhaust, V the fuel, and 
W the starting-air cam. Rollers and push-rods trans- 
mit the cam lift to the valve-levers on the cylinder- 
head, Fig. 1. The method of attachment of these 
levers to the valve-stem is well shown in Fig. 6, 
and the vision for adjusting the roller p te 
ances will be seen. The cam-shaft, Fig. 7, is driven 
from the crank-shaft through the medium of two 
pairs of spur-wheels, and two cranks coupled with 
connecting-rods at 90 deg. In the motor-vessel 
Fionia the drive was by means of a train of spur- 
wheels, to give a more rigid connection with less 
possibility of angular displacement between the 
crank and the cam-shafts, although the back-lash 
of the teeth and the wear of the connecting-rod 
bearings should have equal effect, and the con- 
necting-rods have the advantage where silence is 
concerned. In this engine the forced-lubrication 
system is extended to the connecting-rods and to 
the bearings of the intermediate shafts. 

Messrs. Burmeister and Wain have departed now 
from the principle of one fuel-pump, with a dis- 
tributor to supply the fuel for all the cylinders of 
the engine. In the earlier engines there were two 
—— complete, one of which was a stand-by. 

or tho large-power later engines separate pumps 
are provided, as shown eg in Fig. 7 at I, and 
as given in section in Fig. 5, to ensure that the 
stopping-up of one or more fuel-pipes or e8 
will not overload the active cylinders, or that the 
leakage of one or more fuel-injection valves will 
not rob the rest. The system of separate pumps 
tends to more even distribution of power between 
cylinders of such large size; for engines of high 
capacity any considerable unevenness of power is 
extremely undesirable. 

The six-throw pump crank-shaft, revolving at 
half-engine speed, is driven by spur-gearing from 
the cam-shaft K, Fig. 7, and the angle of these 
cranks, relative to the crank-shaft, is so arranged 
that the delivery of the pump takes place just 
before its fuel-injection valve opens. is con- 
dition holds good both for the ahead and astern 
directions of running without the need for a 
reversing-gear. The details of the pump are 
shown in Fig. 5, and the substantial drive from 
the pump-plunger for the pump-suction valve will 

noted. There is only one delivery-valve to each 
pump, and above this a vent and test-cock is 
placed. A check-valve is also fitted in the fuel- 
injection valve itself to prevent any fuel-injection 
air from getting back into the pump when the 
delivery-valve is leaking, or to prevent the engine 
compression from driving the fuel out of the pipes 
when the ine is running on starting air, and so 
destroying the effect of the initial priming by the 
hand-pump, which is shown screwed into the pump- 
chamber. 





The fulcrum shaft actuating the six pump-suction 
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The revolution of the manceuvring-shaft K is 
normally accomplished by the compressed-air servo- 
motor H through the medium of worm-gearing. 
The worm pinion-shaft is extended downwards to 
the starting-platform and through bevel-gearing 
drives the manceuvring-wheel G and the inter- 
locking-dise O, to which further reference will be 
made later. The hand-wheel G serves to manceuvre 
the engine in the event of a breakdown of the 
servo-motor H. The reversing-handle N controls 
the slide-valve of this reversing-motor H through 
the medium of the levers and rods, as shown in 
the figure. 

The lever F, working in a quadrant, starts the | 
engine and controls its speed when running. All 





Fig. 14. 





ee 
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in communication with the starting-air reservoirs. 
When the lever F reaches a certain position in the 
quadrant, a Corliss trip-gear disen; the driving- 
rod to the valve E, whereby this valve drops down 
to its original position, and the engine air-pipes 
are opened to the atmosphere; and, as already 
described, the cylinder starting-air-valve rollers 
will be drawn clear of their cams. Further 
movement of the lever F acts upon the shaft 
controlling the suction-valves of the fuel-injection 
pumps I, and by permitting these suction-valves 
to seat during a part of the pump- plunger’s 
delivery stroke, fuel commences to flow to the 
cylinder-head fuel-injection valves at the same time 
as fuel-injection air is turned on by opening the 
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Fie, 14. Section at Frame 6 Looxine Forwarp. 


Diesel engines require an external starting medium, 
and compressed air, as the most convenient, is 
almost universally used. With the Burmeister and 
Wain engines, the air at a pressure of about 300 Ib. 
per sq. in. serves to accomplish the mance ivring 
operations. The advantages of low-pressure starting | 
air—i.e., the ease with which joints are kept tight, 
the facilities of safe storage, and the small cooling 
effect of the air expanding in the working cylinders 
—need not here be enlarged upon. The operation 
of cutting in and out the cylinder-head starting-air 
valves has been described when discussing the 
detailed construction of that unit, and it was 
shown that it was sufficient to open and shut a 
valve in the starting-air mains to accomplish engine- 
starting on compressed air, and ceasing to function 
by that medium. The air-slide valve E, shown in 
Figs. 7 and 8, is the valve in question, and is 
operated by the lever F being pushed towards the 
engine ; thus the cylinder starting-air valves are put 





valves in the fuel-injection air-chest B. The func- 
tion of the disc O may now be explained. Upon 
this disc two stops are provided, and are so con- 
nected to the lever F that it cannot be moved to 
put either starting air or fuel on the engine until 
the cam-shaft is fully in the ahead or astern _posi- 
tion as determined by the manceuvring-shaft K and 
its disc-wheel D. e wheel X opens a master- 
valve in the starting-air main from the reservoirs to 
the starting-air slide-valve E. 

Having descri the various operations in 
detail, the procedure for a reversal from full ahead 
to full astern, as actually accomplished in practice, 
when the stop is of a duration of a minute or so, 
may be reviewed. 

(1) The fuel lever F is pulled out, so cutting off 
the fuel supply and bringing the engine to a 
standstill. (2) The fuel-injection air is shut off at 
the valve B, in order to prevent loss of fuel-injection 
air, should one of the cylinder-head fuel-injection 








valves be in the open position. The valve X is 
then opened to be ready for manceuvring. When 
the handle F is in its outer position the 
Corliss gear is always engaged and ready to lift 
the starting-air valve E. (3) When the order 
‘‘astern” is given, the manceuvring- handle is 
pulled to astern, revolving the manceuvring-shaft K, 
so setting the engine, as fully explained, for the 
astern direction of rotation, as indicated by the 
er A, and as controlled by the stop on the disc 

. As soon as the pointer A is in its full position, 
(4) the handle F is pushed forward to admit start- 
ing air, and when the engine has reached the speed 
of revolution desired, (5) the lever F is ed 
further forward, so causing the air-valve E to be 
— open to the atmosphere ; 
and (6) simultaneously with open- 
ing the valve B for the fuel- 
injection air, (7) the lever F is 
pushed into a position where an 
overcharge of fuel is delivered ; 
and when the engine has picked 
up on fuel, (8) the lever F is 
brought back to the position for 
the desired s of revolution. 
A governor of the Aspinall type 
is driven as shown at CO, in Fig. 7, 
and acts upon the fuel- pump 
suction - valves, and prevents 
racing of the engine. 

The provision of separate pumps 
for fuel-injection, the driving of 
these pumps at the correct angle 
relative to the time of opening of 
the cylinder-head, fuel-injection 
valves, and the quick change-over 
from starting air to fuel, ensure 
that this engine will very readily 
= up on fuel. Although the 

oregoing description may seem 
long, the operation of reversal 
from full spead ahead to full speed 
astern, or vice versd, can be 
accomplished by one operator in 
less than ten seconds. In cases 
of an immediate reversal the valves 
B and X would, of ceurse, be left 
open. 

Another advantage gained by an 
aptitude for a quick start is the 
reduction which may be effected in 
the amount of starting air storage 
required, and in this case the 
storage reservoirs, of boiler form 
and construction, are seen sus- 
pended from the deck (Figs. 10, 
12, and 13). This capacity is lower 
than in earlier ships, owing in 
to the use of starting air at Ib. 
per sq. in., and to the confidence 
of experience. 

For supplying the fuel injection 
and starting air a compressor is 
D , and this is generally 
soged as an integral part of the 

engines, and is usually in- 
corporated therewith. The prac- 
tice of Messrs. Burmeister and 
Wain is to drive only the third— 
the highest ure—stage of the 
compressor from the main engine, 
and to deal separately with the 
first two stages of compression. 

In the Mississippi, as shown in 
the general arrangement of the 
machinery (Figs. 9 to 14), two auxiliary sete are 
placed in the wings at the forward end of the 

ine-room, and drive in series a dynamo and 
a double two-stage a Each of these 
auxiliary sets is of 320 brake horse-power, deve- 
loped in four cylinders of 16 in. diameter by 
21 in. stroke, and the two stages of the double 
compressor deal with sufficient air for the injection 
of the fuel into the main engine cylinders of both 
the main engines, with a margin of capacity for re- 
charging the starting-air reservoirs when such 
is necessary. The air is delivered from these two- 
stage compressors at 300 lb. per sq. in.—which, it 

ill be remembered, is the starting-air pressure— 
and is passed on to one or both of the third-stage 
compressors in the main engines, which compress 
it up to the 900 Ib. per sq. in. neceseary for the 
injection of the fuel. This system of compressed 
air is so cross-connected as to give the desired 
immunity from breakdown with the main pro- 
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pelling engines ; and whilst it might be argued 
that since the compressor is an integral part of the 
main propelling engine, it should be incorporated 
therewith, the same duplicity, without separate 
compressors so arranged, could only be obtained at 
the constant running loss of driving on each main 
engine a compressor of double capacity running at 
half its fall output. The auxiliary engines are in 
themselves complets, with their own three - stage 
compressors, &c,, and can be said generally to follow 
the same broad principles of design as the main 
engines, except in so far as their size and speed of 
revolution are concerned. Each auxiliary set also 
drives a 200-kw. generating set (Figs. 10 and 12), 
and when io harbour the double compressor is dis- 
connected and the current serves to drive the elec- 
tric winches for handling cargo. When handlin 
simultaneously the cargy of several holds, bot 
auxiliary sets may be brought into play ; but at sea 
one auxiliary set suffices for supplying the 300 lb. 
per sq. in. air to the third-stage compressors and 
for delivering the current for the electrically-driven 
auxiliaries in the engine-room, the electrical steer- 
ing-gear, and the ship’s light, heating, and cooking 
current. The second set need only be used for 
charging the reservoirs. 

The engine-room electrically-driven auxiliaries 
are as follow (Figs. 9 to 14) :—One 170-ton double- 
ram ballast-pump ; two 70-ton rotary cooling-water 
pumps, one of which serves as a pump for the main 
engine cooling, and the other as a sanitary pump ; 
and three main-engine two-throw lubricating-oil 
pumps for the forced system, each with a two- 
way filter attached. Each of these lubricating-oil 
pumps deals with 25 tons of oil per hour. For 
cooling the lubricating oil an oil-cooler of the 
ordinary surface-condenser type is placed under the 
engine-room floor between the two main engines. 

A rotary fresh-water pump for ship’s use, two 
three-throw bilge-pumps, and two double -ram 
electrically-driven fuel-oil pumps for drawing fuel 
from the double bottoms and delivering to the two 
settling-tanks placed high up on a flat at the for- 
ward end of the engine-room, complete the pump- 
ing equipment. 

A small auxiliary generating set of 120 brake 
horse-power is provided in ‘the engine-room, to 
serve only for the ship's lights, heating and ceoking 
power when in port, and to obviate unnecessary 
running at light and uneconomical load on either 
of the r sets. 

Since there is no steam aboard this vessel, a 
small Tuxham hot-bulb or semi-Diesel engine and 
high-pressure compressor set is installed in a flat 
on the port side of the engine-room, Fig. 12, to 
provide inst the extreme contingency of the 
complete loss of all the air storage. In such cir- 
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cumstances the small Tuxham engine, which can 
be started up by hand, would charge up sufficient 
reservoirs to enable one of the large auxiliary 
sets to be got under way to recharge the main 
storage. 

Electricity is used for cooking purposes, and for 
supplying hot water for baths a very novel system 
has been employed. The exhaust from the six 
cylinders of each main engine delivers to two 
exhaust manifolds, water-jacketed only on their 
upper sides, in each of which a spiral steel coil (see 
Figs. 15 to 20, on the present page) is placed. 
Fresh water circulates within this coil to prevent 
the choking with salts and deposits which would 
occur with salt-water, and as the water is heated 
it rises and circulates through a similar coil in a 
salt-water tank, giving up its heat, then returning 
to the coil in the exhaust-pipe. This hot salt- 
water serves for the baths; but should hot fresh 
water be required, it can be drawn off from the 
fresh-water system, which automatically makes up 
from a tank on deck. The fresh-water system in 
this way is always under a pressure of a head of 
water. 

Although with four-cycle eng‘nes the temperature 
of the exhaust gases is low, the spiral heating-cvil 
is placed in the exhaust manifold, where the gas 
velocity is high, and where the rate and transmis- 
sion of heat should make for efficiency. 

Alongside the fuel and lubricating-oil tanks a 
small tank of ‘‘ Soler” oil (Fig. 11) is placed, and in 
exp'anation it may be stated that this oil serves to 
start up the engines from cold when the main fuel 
is of a dense nature. 

The exhausts from the main engines are led to 
separate silencers in the funnel (fig. 9), the auxi- 
liary engines exhaust into separate silencers in the 
engine-room, and from all the silencers separate 
pipes are led to the top of the funnel, in order that, 
should smoke issue, its source may be immediately 
traced, and the remedy applied. 

The foregoing description has been made possible 
from the drawings supplied by Mr. O. E. Jorgensen, 
the managing director of the Burmeister and Wain 
Oil-Engine Company, of Glasgow, and the designer 
of this type of engine. To the foresight and enter- 
prise of Lord Pirrie, of Messrs. Harland and Wolff, 
is due the inauguration and the progress of the 
Glasgow firm and its work of adding ships to the 
list of successes tabulated in Table I. 





SourH-WesTern Po.yrecunic InstrTuTr, CHELSEA.— 
Mrs. Hayes Fisher will present the prizes and certifi- 
cates to students of evening classes and day college on 
March 12, at 8 p.m., the Right Hon. W. Hayes Fisher, 
M.P., iding. Tickets of admission may be obtained 
on application at the Institute. 








THE IKOMA TUNNEL, JAPAN. 


An electric tramway has recently been con- 
structed to connect Osaka, which is the foremost 
industrial and commercial centre of Japan, and 
has a population of 1,350,000, with the town of 
Nara, an ancient capital noted for its picturesque 
scenery and historical associations, and considered 
to be one of the most beautiful parks in Japan. 
The line, which is 19 miles long, has been laid 
with a double track to standard gauge with T- 
section rails weighing 70 lb, per yard, except in 
the cities, where grooved girder-rails, weighing 
104 lb. per yard, have been adopted to meet the 
requirements of the municipal authorities. The 
steepe-t grade on the line is 1 in 30, and the 
minimum radius of curvature in the open country 
is 25 chains ; though, in the cities, curves with a 
radius of 10 chains occur. The cars, which accom- 
modate 100 passengers, and weigh 32 tons when 
fully loaded, are mounted on two trucks equipped 
with 160-horse-power motors. Normallythe journey 
takes 45 minutes, but the time can easily be 
reduced to 40 minutes, or even less, if desired. 
All bridges and culverts on the line have been 
designed to carry two cars in succession, with an 
ample factor of safety. Power fur operating the 
line is produced at a generating station equipped 
with two 1000-kw. Curtis horizontal turbo-gene- 
rators. Fig. 1, on page 215, is reproduced from a 
photograph of the power-station, while Fig. 2, on 
the same page, shows one of the two sub-stations, 
and also serves to illustrate the permanent-way 
and overhead-line construction, which is on the 
catenary system. 

It was desired to keep the line as straight as 
possible, and the route selected for this reason in- 
volved the construction of four tunnels, the most 
important of which, the Ikoma Tunnel, forms the 
subject of this article. This tunnel penetrates the 
Ikomayama Mountains, which rise to a height of 
1500 ft. above sea-level. In cross-sectional area 
the Ikoma Tunnel is the largest in Japan, and its 
length, which is 11,088 ft., is only exceeded by 
that of the Sasago Tunnel, on the Imperial 
Japanese Government Railways. The Sasago 
Tunnel is 15,279 ft. long, but its area is only sutti- 
cient to accommodate a single-line steam-railway 
track of 3-ft. 6-in. gauge. a‘ wl 

A profile of the Ikoma Tunnel ia given in Fig. 3, 
on page 215, the vertical scale of this figure being 
five times as great as the horizontal scale. It will 


be seep that the tunnel rises on a gradient of 
1 in 66 for a distance of 88 chains from th» west 
entrance, which is nearest to Osaka, rans on the 
level for a further distance of 10 chains, and then 
gradually falls towards the eastern entrance for 
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the remaining distance of 77 chains on a gradient 
of 1 in 880; the latter is, however, only provided 
for drainage purposes. Owing to the configuration 
of the ground, no shafts were used in the construc- 
tion of the tunnel. Work was, however, commenced 
from both ends simultaneously in July, 1911, and 
the tunnel was completely finished in April last. 
The location of the tunnel was accurately estab- 
lished by two independent triangulations, and for 
the alignment a transit with a 15-in. telescope, 
and circles reading by vernier to 20 seconds of 
arc, was employed. e instrument was mounted 
ona wooden tower erected on the highest point of 
the mountain, but it was necessary to choose an 
exceptionally calm, clear day for the work, as the 
tower swayed slightly in the lightest breeze. The 
observations were also aff by the movements 
of the surveyor on the tower, call for this reason 
two light men, facing in opposite directions, were 
stationed on the tower, so that, by turning the 
telescope, observations could be made in either 
direction without any movement on the part of the 
observers. In spite of these difficulties, the final 
error in alignment was only 1.3 in. in 2 miles. 
Five men were imployed for levelling, each travel- 
ling three or four times over different routes, one 
of which was about 12 miles long, and the results 
obtained proved to be accurate to within 0.6 in. 
The material excavated consisted, for the most 
part, of i larly-stratified granite and granite- 
gneiss rock, though on the western side sedimentary 
and siliceous rocks were frequently encountered. 
In many places fissures from } in. to 1 in. in thick- 
ness occurred in the granite, and these fissures 
being filled with a clayey feldspar, which, when 
wet, allowed slipping to occur, greatly increased the 
difficulty of the work. Water was not met with 
in large quantities, but what there was had no fixed 
direction of flow, and was therefore very trouble- 
some to deal with. Enormous rock pressures were 
encountered wherever water was present in the 
fissures. Although this danger was fully realised, 
and every possible precaution was taken, a serious 
accident occurred from this cause ata point 2800 ft. 
from the eastern entrance of the tunnel. When 
cutting away some of the principal props before 
commencing the brickwork, a large mass of rock 
fell in, leaving a epace 38 ft. long, 30 ft. wide, and 
about 40 ft. high. The fall killed 19 men and 
imprisoned 147 others. The latter were, however, 
rescued in a very exhausted condition after 49 
hours’ imprisonment, by driving two inlets, each 
2 ft. by 2 ft. 6 in., through the fallen rock. 
This accident delayed the whole work for sixty- 
three days. The very heavy pressures to be 
resisted are also illustrated by an incident which 
occurred at a — 5300 ft. from the eastern 
entrance. At this = upright props, 9 ft. long 
and 1 ft. 10 in. in diameter, were badly split at 
their ends by the pressure of the rocks. The 
splitting was overcome by binding the ends with 
18 or 20 turns of No. 8steel wire, but the props then 
showed a tendency to lean in a transverse direc- 
tion, and, to resist this, transverse timbers 1 ft. 2 in. 
in diameter were inserted. At first the pressure 
was sufficient to cause the ends of the transverse 
timbers to penetrate into the props for a distance 
of 2 in. or 3 in., but it afterw: increased suffi- 
ciently to drive the struts completely through the 


rops. 

, Figs. 4 to 8, on page 218, illustrate the method 
of excavation adopted, while the numbers on Fig. 9 
indicate the order in which the work was carried 
out. The distance between the heading and the 
final enlargement of the tunnel varied from 1100 ft. 
to 1600 ft. The centre-cut method was adopted, 
three to five holes being drilled near the centre 
first, and, after these had been blasted, from 12 to 
22 holes were drilled and blasted in succession, 
using common fuses, the lengths of which were 
proportioned so as to fire the charges in the 
required order. A depth of from 4 ft. to 5 ft. was 
found most suitable for the holes, and the charges 
used in each varied from 3 lb. to 5 lb., the greatest 
charges being placed in the central holes. Three 
blasts was the greatest number that could be 
carried out in 24 hours. 

Most of the drilling was done with pneumatic 
drilling-machines of the Meyer and Reyner types, 
each ~~ with four drills and mounted on 
trucks. Two sets of these machines were em- 
ployed at each face, and various column and tripod 
drills, also worked by compressed air, were used 
for the enlarging work. Air was supplied through 





5-in. pipes at a pressure of 160 lb. per sq. in. by 
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six electrically-driven compressors, three of which 
were employed at each end of the tunnel. Some 
diffi sulty was experienced in protecting these pipes, 
and the 4-in. water pipes, from the effects of t- 
ing, and several devices were tried to avoid the use 
of expensive flexible pipes. The pipes were even- 
tually wrapped with split bamboo fixed with wire, 
and this arrangement proved quite satisfactory. 

The timbering was normally arranged, as shown 
in Figs. 4 to 8, on e 218, about 29,000 cub. ft. 
being required per chain. The quantity used, 
however, varied considerably, according to the 
pressures to be resisted, as much as 117,000 cub. ft. 
per chain being employed in the bad places above 
referred to. Fig. 18, on page 219, illustrates some 
of the timbering at a point 4780 ft. from the 
eastern entrance, where the worst material was 
encountered. 

The upper part of the tunnel was lined through- 
out with a brick arch, the thickness of which varied 
from 3 to 12 rings, according to the nature of the 
ground, and the side walls were built of brickwork, 
concrete, or masonry chosen from the excavated 
material; an invert, constructed of brickwork or 
concrete, was put in wherever it was considered 
to be n In bad places the arch was made 
9 to 12 rings in thickness, and side walls 5 ft. to 
8 ft. thick were put in, with a concrete backing 
2 ft. or 3 ft. in thickness. An invert of concrete, 
4 ft. or 5 ft. thick, was used in such places, 
and the walls and inverts were conveniently 
reinforced with old 18-lb. rails, interlaced with 
No. 8 steel wires, as shown in Figs. 10 to 13, 
on page 218. At these dangerous places tho 
arch was first turned on timber centres, shown 
in Figs. 7 and 18, on pages 218 and 219, respec- 
tively, and the side walls were built in sec- 
tions 5 ft. or 6 ft. long, with spaces 7 ft. to 8 ft. 
wide between them. Four or five days later the 
material was excavated from the spaces, and the 
walls were completed. The invert was then laid 
down, after the material had been excavated from 
between the walls. This unusual sequence of 
operations was rendered necessary by the fact 
that excavation could not be completed down to 
the invert level, owing to the danger of the roof 
falling in. 

The arch was rendered waterproof by asphalt 
shee'ing made of old gunny-bags used for import- 
ing sugar. The bags were opened out and joined 
up to form sheets measuring 9 ft. by 15 ft. 
Two or three of these shects were laid one upon 
the other, with a layer of asphalt mixture between 
them to form a total thickness of 1 in. to 14 in. 
This proved to be a very effective waterproof coat- 
ing, and it had the additional advantages of being 
inexpensive and easily worked. 

Fig. 14, 7 ae 218, isa section of the tunnel 
ata rather bad place, where the arch consisted of 
seven rings of brickwork, and the invert of five 
rings. This figure gives the main dimensions of 
the tunnel, while Fig. 15 shows the loading-gauge 
and clearances between the rolling-stock and the 
tunnel walls. 

Electric power was used exclusively for lighting, 
air-compressing, ventilating, and hauling in con- 
nection with the work of construction. On an 
average, 9000 kw.-hours were consumed in 
24 hours on both faces. For ventilation, an 18-in. 
pipe was laid, and air was, at first, supplied 
through this under pressure. This arrangement, 
however, proved unsatisfactory to the workmen, 
and it was afterwards altered so as to extract the 
foul air from the workings, the end of the pi 
being shifted as required. For hauling out the 
spoil and bringing up materials, three 2-ft. 6 in. 
tracks were laid with 18-lb. rails. Two small 
electric locomotives, weighing 6 tons, and capable 
of exerting a tractive force of 1500 lb., were used 
for this purpose on each face. These locomotives 
can be distinguished in Fig. 19, on page 219, which 
is pradis e from a photograph of the eastern 
entrance of the tunnel Setine construction. At the 
heading, and on the different upper levels where 
enlargement was going on, the spoil was first 
shovelled into small cara, each having a capacity of 
about half a cubic yard. These were pushed alo 
by hand to a wooden platform, provided wi 
chutes, down which the material was tipped into 


wooden box-cars, each capable of holding about a 
cubic yard ; these cars were then hauled out by the 
locomotives. 

The total time occupied in driving the heading 
was two yearsand fifty-four days, the average 
progress for the two sides being 14.1 ft. ~ 
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and 17, on page 219, are reproduced from phote- 
graphs of the headings, taken from the east and 
west sides respectively, on January 31, 1914, when 
the a met. e average rate of — of 
the work of enlargement was 12.8 ft. a day for the 
two faces. The contractor’s estimate for the exca- 
vation, when converted into English units, works 
out to about 14s. per cubic yard, including the 
driving of the heading, making the enlargement, 
and all transportation. The cost of timbering was 
estimated at a little over 1s. 8d. per cubic yard of 
excavation. The total cost of the tunnel amounted 
to 294,000/. 

The whole of the work was superintended by Mr. 
K. C. Iwashita, President of the Osaka Electric 
Tramway Company, Limited, and by Mr. T. 
Hayami, who is acting as a director of the com- 
ee. The chief engineer was Dr. T. Oka, and 

. S. Miyagishima and Mr. H. Minami were in 
charge of the civil engineering and electrical work 
respectively. Mr. Y. Obayashi was the contractor. 





INDUSTRIAL 

Tue Director of the De ent of Labour Statistics 

ives the following information on the state of the 
ritish labour market :— 

Employment in January showed a further improve- 
ment. The industries concerned with the equipment 
of the Allied Forces continued to be very busy, with 
much overtime. In some of these trades there was a 
shortage of skilled labour, partly owing to pressure of 
work and partly to enlistments. 

The cotton trade showed a further upward move- 
ment in January, and there was also an improvement 
in coal-mining, iron and steel manufacture, and in the 
building, furnishing, wood-working, jute, and lace 
trades. Dock and other transport workers were 
exceptionally well employed, and the scarcity of 
agricultural labourers is beginning to be felt as the 
season advances. 

On the other hand, a good deal of short time was 
reported in the linen, pottery, and brick trades, and 
there was also some decline in the tin-plate, printing, 
and food-preparation trades. 

Compared with a year “go, there was a great im- 
provement in all trades affected by war contracts, 
notably engineering, shipbuilding, woollen, hosiery, 
boot, and men’s clothing trades. The building trades 
were also at a higher level than in January, 1914. 
There was, however, a considerable decline in the tin- 
—_ cotton, linen, lace, carpet, silk, bleaching and 

nishing, pottery and brick trades. 

Amongst those whose rates of wages were increased 
were 4000 building-trade operatives on the North- 
East Coast and 3590 at Bristol, 5500 coal-miners in 
the Forest of Dean, 1400 blastfurnace men in West 
Camberland, and 6100 engineers at Bolton and Bury. 
The largest bodies of workpeople affected by reduc- 
tions were 54,000 coal-miners in Northumberland, 
17,000 ironstone miners, limestone quarrymen, and 
blastfurnace men in Cleveland and Durham, and 6250 
blastfurnace men and iron and steel workers in South 
Wales and Monmouthshire. The net eflect of all the 
recorded changes was an increase of 1900/. per week. 

The total number of workpeople involved in all dis- 
putes in progress during the month was 5889, as com- 
pared with 61,783 in January, 1914. The estimated 
total aggregate duration in working days of these 
disputes was 55,900, as compared with 694,800 in 
January, 1914. 

Cases dealt with during the month include joiner- 
machinemen, Clyde district ; bricklayers’ labourers in 
steel works, Glasgow; fitters’ labourers and stage- 
makers, Newport; chippers and painters, Cardiff ; 
woollen weavers, Huddersfield ; wharf labourers, 
London ; and gas-producer men, Shotton. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the five weeks ended 
January 15, 1915, was 30,589, as compared with 
32,088 in the previous four weeks, and with 19,680 in 
the five weeks ended January 16, 1914. The avera 
weekly numbers of vacancies filled for the same periods 
were 21,606, 23,822, and 15,306 respectively. 


A report on unemployment, trade-unionism, prices, 
cost of living, wages, and other industrial subjects 
has been issued by the Commonwealth Statistician 
(Mr. G. H. Knibbs). In this report information is 
published for the first time in Australia regarding a 
number of subjects. As regards trade unions, there 
was a considerable growth in 1913, the number of 
unions increasing from the previous year from 621 to 
710, and the membership from 433,224 to 497,925—an 
increase of no less than 15 per cent. The number of 
inter-state, or federated, unions increased from 72 to 
78, and the membership from 279,771 to 352,437. 
Considerable attention is devoted to the question of 
cost of living. The methods by which the results are 
computed are explained, and index numbers are fur- 
nished, showing not only the increase or decrease in 
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cost of living ineach industrial centre, but also the 
relative cost as between the several towns. The 
average increase for a capital city in 1913, compared 
with 1901, was 254 per cent., of which 84 per cent. 
was due to higher cost of food, and 17 per cent. 
to house-rent. A number of diagrams are given, 
showing clearly the variations which have occurred 
in the cost of living, while actual prices and rents 
for thirty towns are published in appendices. The 
results of operations under the Commonwealth 
and State Arbitration and Wages Board Acts are 
also shown. The total number of awards and deter- 
minations in force in Australia in 1913 was 599, 
and of istered industrial agreements 409. Of ths 
599 awards and determinations, 53 applied to whole 
States, 167 to metropolitan centres only, 173 to metro- 
politan and ss centres, and 186 to country dis- 
tricts only. Detailed information is given as to the 
number and effect of changes in rates of wages in 
1913, and the methods by which they were effected. 
The results show that 166,132 obtained increases 
aggregating 37,713/. a week, an average of 4s. 6d. per 
person a week. Particulars are also given as to the 
number of strikes and lock-outs in 1913, their cau3es, 
results, and methods of settlement. The total number 
of disputes was 208, involving a loss of 623,528 work- 
ing days and 287,739/. in wages. The report also 
contains sections dealing with wholesale prices, import 
and export prices, current rates of wages, variations 
in wages, operations of Government employment 
bureaus, assisted and nominated immigrants, indus- 
trial accidents, and international labour statistics. 





The total number of trade unions in the Common- 
wealth increased from 621 in 1912 to 710 in 1913, and 
the membership from 433,224 to 497,925. Excluding 
miscellaneous groups, the largest membership is in the 
railway and tramway service group (66,323 members), 
followed by the pastoral, agricultural, &c., group 
(61,698 members) ; shipping, &c. (40,913 members) ; 
mining, &c. (40,449 members); engineering, c. 
(39,145 members) ; food, drink, &c. (33,372 members) ; 
and building (31,544 members). Of the 497,925 union- 
ists, 477,721 are males and 20,204 females. The 
number of unions registered under the Commonwealth 
Conciliation and Arbitration Act was 84, with a 
membership of 295,760. 


The last report, dated the 8th inst., issued by the 
Steam-Engine Makers’ Society states that the mem- 
bership of the society is now 17,400, distributed over 
170 branches. The society has a capital of 140,0J0/., 
equal to 8/. per member. It has so far expended in 
benefits 840,000. The unemployed members now 
number 14, equal to 0.08 per cent. 





In the current monthly and quarterly report of the 
Associated Blacksmiths’ and Ironworkers’ Society, 
the general secretary, Mr. John Thomson, states that 
the membership at the end of the quarter was 10,788 
—an increase of 210. The income for the quarter 
was 8335/. 103. 6d.—an increase of 415/. 18s. 54d , and 
the expenditure 5033/. 5s. 5d , showing a net gain of 
3302/. 5s. ld. Four the past month the income was 
1668/., and the exp2nditure 1627/. 17s. ; the membar- 
ship at the end of the month was 10,935. Mr. Thom- 
son adds that the ramifications of the society are 
extending rapidly, and the work in increasiag the 
wages and bettering the conditions of members is 
appealing to the trade, with the result that the 
society’s ranks are swelling month by month. With 
the coming revision of rules they expect a new and 
still stronger enthusiasm. The society, he further 
states, is now the largest, wealthiest, and most pro- 
gressive in the country catering for smithy workers. 





The wages appeal of the Clyde members of the 
Amalgamated Society of Engineers from local to 
Central Conference was heard in the North-Eastern 
Station Hotel, York, on Friday last, the 12th inst. 
The men’s application was for an advance of 21. per 
hour on their present wages rate of 8}4. per hour. 
The North-West Engineering Trades Employers’ Asso- 
ciation had discussed the application in conference 
with the local officials of the men’s society, but declined 
to entertain it. Thereupon, in accordance with the 
temporary agreement between the society and the 
Federation of Engineering Employers, the nien inti- 
mated an appeal to a Central Conference representing 
the Federation and the Executive Council of the 
Amalgamated Society of Engineers. Hence the York 
Conference above referred to. ! 

The representatives of both parties had held —_ 
minary meetings in York on Thursday. In addition 
to the Clyde wages appeal a number of wages and 
other questions from different parts of the country 
were considered by the parties in the conference, and 
at the close it was stated that the representatives of 
the employers and those of the men had pe ar 

to recommend an advance on the Clyde of jd. 
per hour, or 3s. 44d. per week. 

The recommendatien of the conference is to be 
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submitted to the men. . “«" eng the —— 
organising delegate, in his February report, sta 
thet the Edinburgh demand for an advance of 2d. per 
hour ‘may be altered to whatever settlement is 
arrived at for the Clyde men, provided that the Clyde 
starting rate is recognised by the Edinburgh employers, 
and that whatever increase is granted be e retro- 
spective to February 12 or 13.” 





It is now stated, with reference to the foregoing 
paragraph, that about 2000 engineers employed by 
Messrs. G. and J. Weir, Glasgow, struck work on 
Tuesday for an advance of 2d. per hour. At the 
central ——> = in York, the Executive of 
the a ociety of Engineers agreed to 
recommend the acceptance of fd.. Put the men main- 
tained that their claim was for 2d. or nothing, and 
that the Executive had no power to make any other 
recommendation. 








ProsgcTEeD RiveR-REGULATION 1N Cutna.—American 
engineers have made a survey of the Hudi River, in China, 
and pre a comprehensive plan for its regulation—an 
undertaking which will necessitate considerably more 
earth removal than has been involved at the Panama 
Canal. The cost is estimated at more than 6,000,000/. 
and the gain by a combination of reclamation and 
rational irrigation at 10,000,000/. The greatest advan- 
tage, however, would probably be the protection against 
inundation which the regulation of this river would 
afford. The Hudi River is comparatively shallow, and has 
often proved entirely unable to dispose of the tremendous 
downpours which eccur in these districts, the result being 
a vast destruction both of human lives and property. 





Tue ENGinggRine Stanparps Commitrge.—We have 
received from the committee a copy of their report, 
No. 69, which has just been issued, on British stan- 
dard tungsten-filament glow-lamps (vacuum type) for 
automobiles. The question of standards for tungsten- 
filament glow-lamps for automobiles was refi to the 
committee by the Society of Motor Manufacturers and 
Traders. The lamps referred to in the report are in- 
tended to have an approximate efficiency of one watt per 
candle, and the description ‘‘ vacuum” type is used in 
order to distinguish them from the new “gas-filled” or 
“‘half-watt” lamps which have recently been introduced. 
The latter type of lamp will be dealt with when further 
progress has been e with their manufacture ; at the 
same time, the tolerances to ba allowed in the lamp-cap 
dimensions will also be reported upon. The cost of the 
report in question is 2s. 6d. net. 





Tue Satvace or Suips.—At the annual ral meet- 
ing of the Liverpool Salvage Association, at Liverpool, 
on Friday, the 29th ult., Mr. James P. Rudolf, Chairman, 
made an interesting report of the work of the year. He 
said that the cases dealt with by their wrecking plant had 
not been very numerous, but certaifi of them presented 
somewhat interesting features. Every case entrusted to 
them during the year had been brought to a successful 
issue. Two of the more notable cases were the Gothland 
and the Ualifornia. The Gothland, with a valuable cargo, 
struck on the Scilly Islands. The Linnet and the 
were promptly despatched. Within two days after the 
vessel stranded she was in a desperate position, prac- 
tically the whole of the bottom forward having been torn 
away, and the heavy swell threatened to cause her to slip 
off the rocks, in which event she would undoubtedly have 
foundered. Under these circumstances Captain Young 
decided to attempt to float the vessel as she was, and 
succeeded in bringing her into St. Mary’s Bay, where she 
was beached. Air-compressors were installed, and the 
vessel was safely taken to Southampton. The value of 
the system of air compression is realised when a vessel 
of this tonnage is thus enabled safely to steam such a 
distance with extensive unrepaired damage. When the 
Association’s steamers were at work on the Gothland the 
large Anchor liner California ran ashore on Tory Island. 
After some two months of tedious and anxious work, that 
vessel was successfully floated, and placed in safety. 
The staff of the Association has furnished its quota 
to the war, Captain Young, Captain Kay, and Lieu- 
tenant Datha being now employed in the Government 
service, while the Ranger and the Linnet have also been 
engaged. For salvage work the Association give a choice 
of three bases—viz. (1) Scale charges—that is to say, a 
fixed price per day for the hire of the steamers and plant; 
(2) out-of-pocket expenses plus a bonus if successful ; 
the third alternative is ‘‘No cure, no pay,” which, of 
course, means nothing in the event of non-success. 
From the technical report of the salving of the Gothland 
it appears that this vessel of 7660 tons, on voyage from 
Montreal to Rotterdam, with grain cargo, stranded on 
Crim Rock, Scilly Isles, on June 23, 1914. The Linnet 
was despatched from oer, ms the Ranger from 
Holyhead, on June 24, 1914. Divers reported 57 ft. 
of the vessel’s bottom under Nos. 1 and 2 holds ab- 
solutely gone, including ballast-tanks and shell-plating, 
the damage reaching to the top of the lower deck, and 
the forepeak gone to the 20-ft. mark. As the vessel 
was grinding heavily and slipping towards deep water, 
it was decided on June 25, 1914, to close up and secure 
all hatches with a view to floating, and, if possible, 
beaching the vessel in St. Mary’s. is was successfully 


accomplished on June 27, 1914. Part of the cargo was 
then discharged. All forward holds were platformed, 
bulkheads secured, and five air-compressors, pumps, &e., 
placed in position. The vessel was re-floated on uly 12, 
iJ14, and left for Southampton vid Falmouth, arriving 


YEAR-BOOKS AND ANNUALS. 


The ** Practical Engineer” Pocket-Book and Diary, 
1915.—This pocket-book deals with mechanical engi- 
neering, and contains close upon 650 pages of subject- 
matter. There are, in the first place, 54 pages of 
useful general information and mathematics, the book 
then dealing with steam and steam production, 
the steam ine and turbine, condensers, and 
oil-engines, air-compreesors, heating and ventilation, 
hydraulics, materials, madhine-tools, pipes, ers, 
columns, ings, and power transmission. 

tents include a diary and sheets of squared pa 
book is issued by the Technical Publishing mpany, 
Limited, 55 and 56, Chancery-lane, W.C. The price, 
post-free, is ls. 3d. and Is. 9d., according to the binding. 


The ‘* Practical Engineer” Electrical Pocket-Book 
and Diary, 1915.—This is a companion book to the 
former ; it is issued at the same prices by the same 
company. After the usual mathemati data, it 
deals exhaustively with conductivity, resistance, cir- 
cuits, systems of wirings, testing, measuring, and 
with the various types of electrical machinery and 
fittings, the distribution of light and power, &c. 
Both books have been got up with great care, and 
will prove handy for reference pu They would 
prove handier still if the advertisements were inserted 
quite separate from the indexes. In both books the 
latter are most complete. 








Business Prospects Year-Book, 1915.—The present 
is the ninth year of issue of this yonnall. It is 
edited by Messrs. Joseph Davies and ©. P. Hailey, 
and is published in London by the Financial Times, 
72, Gisaenaes E.C. t states “what will 
happen” to coal; minerals and metals; oil; the 
money market ; shipping; English, American, and 
Argentine rails; wheat; cotton and rubber, during 
the present year. The effect of the war on the various 
industries and trades is entered into in each case, and 
forms ——— reading. Statistics of output, prices 
and quotations for a number of years, and ior all the 
different centres of production are given in detail. 


Lockwood’s Price-Book, 1915.—The full title of this 
ublication is ‘* Lockwood’s Builders’ Architects’, 
mtractors’ and Engineers’ Price- Book”; it is 
edited by Mr. Francis T. W. Miller, A.R.I.B.A., and 
is published at the price of 4s. by Messrs. OCrosb 
Lockwood and Son, 7, Stationers’ Hall-court, Lud. 
ate-hill, E.C. It ~~ the latest prices of eve 
ind of material and labour in trades connected wit 
building. This forms the main portion of the book, 
a supplement covering the London Building Acts, 
by-laws and regulations. It measures 74.in. by 5 in., 
contains over 750 pages, and forms a library in iteelf. 


The South American Year- Book, 1915.—This year- 
book and directory in the English language is pub- 
lished by the Lewis Cassier Company, Limited, 
33, ord - street, Strand, W.C., at the price 
of 25s. It gives illustrated information relating 
to the ten Republics of South America; British, 
Datch, and French Guiana ; the Panama Canal; the 
Falkland Islands and Trinidad. The information for 
each State includes a short historical survey ; review 
of the form of government ; lists of the names of the 
diplomatic and consular representatives ; complete 
tables on the State loans made at different times ; 
tables of trade with various countries in imports and 
exports ; postal and telegraphic information ; and 
numerous other data of interest to industrial, commer- 
cial, and shipping firms. Information on the rail- 
ways are deta and maps illustrate the different 
systems. The book also contains a coloured may 
covering the States dealt with. It is clearly prin 
and admirably got up, and is sure to be greatly appre- 
ciated by British business men. 


The British Journal Photographic Almanack.—The 
fifty-fourth issue of this almanack, edited by Mr. 
George C. Brown, F.1.C., fully maintains the reputa- 
tion earned by ite predecessors. Besides the various 
photographic tables, formulz, and memoranda, it con- 
tains an excellent chapter on the latest methods of 
making enlargements, and a most informative treatise 
on ‘Photography with the Microscope,” by Dr. 
Duncan J. d. In this the necessary a 
and methods of employing them are illustrated, whilst 
the enlarged pictures of specimens of metallic and 
other substances are very fine, The almanack is pub- 
lished by Messrs. Henry Greenwood and Co., Limited, 
24, Wellington-street, Strand, W.C., the price being 
Is. net in paper cover and 2s. net in cloth binding. 











Warren's Map-Guide.—We have received a copy of 
this map-guide to the London motor, motor-cycle and 
cycle trade, and garages. It contains a large number 
of sectional maps of London, the firms in the trade and 
the g bein ee for each map. Reference is 
further facilita y an alphabetical index of firms 
and garages, giving the names, dresses, and the 





safely at Southampton on July 13, 1914. 


contains s street index of London, and a number of 
useful indications for motorists and oycliste. The 
book is published at the price of 5s. net, at Bank- 
buildings, Kingsway, London, W.C. 


The Sanitary Record Year-Book.—The full title of 
this guide is *‘The Sanitary Record and Municipal 
Engineering Year-Book and Empire Directory of 
Municipal Authorities and Officials,” and the present 
edition is the thirty-third annual issue. It covers the 
whole British Empire, and gives the names of the 
public authorities, clerks to the council, engineers and 
surveyors, &c., and gives also useful information on 
drainage, road-making, and so forth. Special chapters 
deal with sanitary questions, municipal engineer- 
ing, &c. The book is completed by a diary and 
andum sheets. It is published at 5s. 4d., post 
free, by the Sanitary Publishing Company, Limited, 
55 and 56, Chancery Lane, W.C. 











Sell’s Directory , | Registered Telegraphic Addresses, 
1915. Edited by Henry Sxxixi. London: The Busi- 
ness Directories, Limited, 166, Fleet-street, E.C. 
[Price 25s. net.|—The new edition of ‘‘Sell’s Direc- 
tory of Telegraphic Addresses” contains all the well- 
known features, the principal contents of the volume 
of upwards of 2600 being embraced in four 
sections. These comprise, respectively :—List of firms 
in London and country ; phic addresses of firms 
in London and country ; classified trades list ; British 
Empire overseas foreign addresses. There are 
about 90,000 names of firms who have istered 
telegraphic addresses, while in the classified trades 
list about 100,000 names are given. The volume also 
gives a list of our Consuls in foreign countries, trades 
commissioners and correspondents of the Commercial 
Intelligence Branch of the Board of Trade, post-office 
regulations, &c. Each entry is given a marginal 
number, which, with the page number, may be used 
to denote a firm by code-numbers, with a view to 
curtailing the le of a telegram. Such numbers, 
of course, are not intended to be used in addresses. 





** The Ironmonger” Metal Market Year-Book, 1915. 
London: The Ironmonger, 42, Cannon-street, E.O. 
[Price 2s. 6d. net.)|—The ninth edition of this annual 
is published under very exceptional circumstances, 
since, for a large portion of the period with which the 
little book d the metal exc’ 8 were closed on 
account of the war. The statistical returns are there- 
fore, to some extent, incomplete; but though its 
value has inevitably suffered = this, ite interest is 
more made up in other ways. For instance, it 
gives the Belgian ps ay rye and the French iron 
and steel output for the first half of the year, as well 
as the German production for the year, according to 
the Stahl Verband’s returns. It also gives par- 
ticulars of the prices obtaining in Germany since the 
outbreak of wer, of the manner in which they 
have been determined, as well as particulars of the 
measures of control adopted by the German Govern- 
ment. Another new section deals with the Tinplate 
Conference. The tables in the book will prove as 
interesting and useful to metal merchants as hitherto. 


Lazxton’s Builders’ Price- Book for 1915. Kelly’s 
Directories, Limited, 182-184, High Holborn, London, 
W.C. [Price 4s.}—The current, the ninety-eighth, 
edition of this standard year-book is published under 
difficult circumstances, owing to the temporary and 
variable high prices of some materials due to the 
war. It may thus be necessary for users to watch 
the market prices in special cases, such as timber and 
zinc, when using the book. This aspect of affairs is 
not, however, likely to affect the usefulness of the 
publication, and this edition steps naturally into the 
authoritative position i by the previous one. 
Laxton is so well known that it is hardly necessary 
to attempt a résumé of its contents, but we may men- 
tion that in addition to ite main tables of prices it 
sontains the text of many by-laws, rules, orders 
published by the London County Council, various 
Acts, wiring rules, and much other essential infor- 
mation for architects, builders, engineers, &. 





Almanacks and Calendars.—In addition to those 
already acknowledged, we have received almanacks 
from Mesera. Flowerdew and Co., 14, Bell-yard, 
Temple Bar, W.C., and Messrs. Broom and Wade. 
Limited, High Wycombe, Bucks. We have also to 
acknowledge the receipt of a small ket-diary, 
containing tables and pumping data, _ Messrs. 
Hayward-Tyler and Co., Limited, 99, Queen Victoria- 
street, E.O. 





Spanish Merowant Suipsvitpinc.— The Spanish 
Naval Construction Company, in which Messrs. Sir 
W. G. , Whitworth and Co., Limited, 

John Brown 2 Co., Limited, and 
imited, are interested, are putting down a yard at 
Bilbao for the construction of merchant ships. The 





location on the sectional maps in the guide. It also 





three British firms own 40 cent. of the capital, 60 
cent. being ald tay Gpnatelt chaschelliens. ™ ad 
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THE IKOMA TUNNEL, OSAKA-NARA ELECTRIC TRAMWAY, JAPAN. 
(For Description, see Page 214.) 
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Fic. 16. Merettne or Heapines rrom Eastern SIpe. Fic. 17. Merrtne or Heapines From Western Sipe. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 3. 
| THE promieed activity in steel developed during the 
| past six days, resulting in a eatisfactory volume of busi. 
ness and still more satisfactory inquiries. Rail orders 
for the week were 85,000 tons, those under inquiry 
| 250,000 tons. 
| New car inquiries are for 6000 cars, besides 
11,500 cars for the Pennsylvania Railroad, as here- 
tefore reported. Structural material is active. The 
Pennsylvania Railroad wants 20,000 tons for track 
|elevation in Indianapolis and 15,000 tons for bridge 
work. The Brooklyn Rapid Transit wants 15,000 tons 
| for third-rail track extension. The Carnegie Company 
has blown in five furnaces, making 28 of its 59 now 
| working. While there is general improvement, it is 
|not such as to induce consumers to order very far 
|ahead. A lower price for pig in Alabama brought 
orders for 12,800 tons, besides very many car-load 
orders. Yesterday 1500 coke-ovens were lighted up, 
making production one-half of the capacity. Bars have 
been advanced | dol. a ton, and wire products will go 
higher because of extraordinary demand. Very much 
business has been tentatively placed at present low 
prices. Should the present demand continue a week 
|or two, slight advances will be announced on plates 
|and shapes. The shipyards are crowded with work 
for the present. A possible surprise may be lurking 
|in a demand for large quantities of steel products. 
|Conditions are pointing more strongly to a much 
greater demand as the spring season approaches, but 
| the conservative spirit is still very pronounced in all 
quarters. The preparation for liberal financing of steel- 
using enterprises is quite apparent in many sections. 





Fie. 18. Setrrmvc Ur Centerine 1n Bap Grounp. 








AmeERICAN Pic-Inon.—The new year commenced in 
rz none too encouraging fashion for American metallurgy, 
| the production of American pig in January having 
| been 1,601,421 tons, as compared with 1,885,054 tons in 
| January, 1914. Some comfort, however, is found in the 
| fact that, while the production of January stood at 
1,601,421 tons, it com with an output of 1,515,752 
| tons in December. e total number of furnaces in 
blast at the commencement of February was 160, as com- 

| pared with 146 at the commencement of January. 








Tue Socrty or Enoingers (Inconporatep).—The 
following changes have been made in the Council of this 
Society :—Mr. Sherard Cowper-Coles, M.I. Mech. E., 
M.1.E.E., has been elected a Vice-President, filling the 
vacancy caused by the death of Mr. T. E. Bower last 
year; and Mr. Burnard Geen, A.M. Inst. C.E., bas been 
elected a Member of Council in the place of Mr. Cowper- 
Coles. Following the practice established last year of 
giving lectures to the members of student engineering 
societies sffiliated to the gg hes Engineers (Incorpo- 
rated), Mr. Percy Griffith, Inst. C.E., a Vice- 
President of the Socie ty, lectured on the 4th inst. before 
the Birmingham Universit — = 4 Society on the 
subject of ** Public Water Supplies.” ere was & large 
attendance of students, who evidently much appreciated 
the lecture. The Council have e arrangements for 
the deliverv during the year of lectures to the members 
Fic. 19. Eastern Evrrance or Tunnet purine Construction, | uf other affiliated student societies. 
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“THE GOVERNMENT, TRADE UNIONS, 
AND WAR MUNITIONS.” 
To Tae Eprror or ENGINEERING. : 

Sir,—I have read with great interest your article on 
the above subject in your issue of February 12, and 
having much experience of the trouble you refer t», I 
write to commend the scheme of military administration 
outlined in the latter paragraphs. Candidly, I don’s 
think reasonred argument jepee in the least to 80 per 
cent. of workmen, for these cannot, or will not, look any 
fartber ahead than the current week. 

There is no doubt that this article and the preceding 
one on bad time-keeping, in your issue of January 22, 
cover the main difficulties of the situation so far as the 
workman is concerned, and, as far as I can see, the only 
solution will be on the lines you suggest. 

Along with the temporary nsion of the rules of 
the various trade unions, particularly those rela’ to 
lines of demarcation, limited employment of unski 
labour for machine and repetition work, and overtime, 
I would be inclined to make an effort to tackle the very 
serious question of lost time by —- a definite number 
of hours fora normal week’s work, allow no overtime 
whatever until the normal week had been worked. 
case of riveters and others dependent on other members 
of their squads could easily be dealt with by the foremen. 
If this were made compulsory in all yards and works, I 
think a big improvement in time-keeping would result. 
Generally speaking, the men are anxious for overtime. 
It is ridiculous that men should be able to absent them- 
selves for one or two days, and on the third day, say a 
Saturday or Sunday, secure great excess of remuneration 
because it is reckoned as overtime for the one day. 

Your point that trades union .rules would be tem- 
porarily in abeyance as the direct result of 
military administration during the period of the war is, 
I think, a very excellent one; I think it should commend 
itself to the trades union officials. 

Yours, &c., 
SHIPYARD MANAGER. 





** SOME USEFUL AND INTERESTING 
CURVES.” 
To THe Epitor or ENGINEERING. 

Str,—May I call your attention to one simple diagram, 
which may be of some use and interest to engineers engaged 
in the testing of materials. It is known that, when con- 
traction occurs at the breaking section of a tesb-piece, 
the percantage elongation depends upon the length of the 


of this length to the 
area of the specimen, or in the case of round test-pieces 
on the ratio f of the length to the diameter. 


The length of a standard test-piece for steel forgings 
is in this country 3.76 of its diameter, but the technical 
uirements of some Continental countrits (the Russian 
Admiralty, for instance) specify in this case the elonga- 
tion for a value of re 10. There is a simple method 
by which results obtained with the British standard size 
of specimen may be reduced to those which would be re- 


corded with larger ratios of i 


specimen, or, better, on the ratio 


DIAGRAM 0." ELONGATIONS. 
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In addition to the uniform elongation of the whole 
length of the test-piece there is a part due to the above- 
montioned local contraction, but the total absolute elon- 
gstion for bars of different lengths follows very nearly 
vhe straight-line law, and therefore we may write :— 


Ae = ale +e. . . (1) 


where \. denotes the absolute elongatiun, /: the measured 

length of the test-piece, and a an care constants. Now 

in units of diameter :— 

tj =x.dande= 8.4, 

and therefore :— 
Ne=a.r.d+8.d. 

Then the relative elongation is :— 


rt 6 
{= ee+e é ° - (2) 


Equation (2) gives us an hyperbola, referred to the axes 
of ¢ and 2, its asymptotes being the axis of ¢, and the 
*traight line ¢ = a; but we can very easi i 


ly transform this 
curve (2) inte » thew ‘‘astaisheline law” kee ineretuting 





a new variable, < = ‘ so that (2) becomes :— 
i=a+f.z e ° - (3) 
and this gives us the eqnation of a straight line, referred 
to the axis of i and 2; this straight line cuts the axis of ¢ 
at the point i =a, giving us the constant part of the 
relative elongation, or the relative elongation, that a test- 
piece of infinite length would have. This straight line 
cn obviously be determined by measuring the relative 
el tions t, and «, for two selected hs 2, and /., 
marked upon the test-piece, so as to inelude the con- 
tracted part of the piece. Then plotting #, and 7 as 
abscissee against 4 =f and % =, we got a straight 
2 
line, such as is shown in the accompanying diagram, giving 
us the required relative elongation for specimens of any 
length, even if longer than the specimens actually tested. 
For test-pieces of rectangular section having the same 


ratio of 
breadth _ b _ 
thickness ¢ ~ ” 
we can obtain the same results by using, instead of d, the 


The | equivalent diameter d’, where the equivalent diameter 


d’ =1.13./6.6=1.138t./ ¥. 
Yours truly, 


WL. Fagaman, N.C. Lieut., I.R.N. 
Glasgow, February, 1915. 





BALANCING HIGH-SPEED MACHINERY. 
To THe Eprtor OF ENGINEERING. 

S.n —I was very much interested by Messrs. Wheeler 
and Southwell’s description (which appeared in your issue 
of January 15 last, page 64) of the apparatus they have 
devised to balance rotors. One little detail, however. 
remains to me a puzzle, and I would be very much obliged 
to the authors if they would condescend to explain it 
briefly to me. In Figs. 12 and 13, why is the outward 
movement of the bearing taken between D and A and 
between C and D, and not between B and C and between 
A and B, where there is also a peak of the sinusoid? This 
would lead to exactly opposite conclusions—namely, the 
pe of a heavy part on the D side of the armature. 

imilarly, Figs. 17 and 18, for what reason is the displace- 
ment taken as being at A and between C and D, and not 
at Cand at B? No doubt I overlook some fact in con- 
nection with the mechanism which requires that the dis- 
placement to the right should be taken, but after careful 
re-reading I was unable to find any enlightenment. 

I am, with apologies for troubling you and the authors, 


Yours faithfully, 
M. E. J. Gueory. 
40, Westmount-road, Eltham, 8.E. 


(To save time we forwarded a proof of Mr. Gheury’s 
letter to the authors of the article referred to, and we 
have received the following reply.— Eb. E ] 





To THe Eniror or ENGINEERING. 

Sir,—Mr. Gheury in bis letter asks why the right- 
hand peaks of the curves in Figs. 12 to 18 should be 
taken as indicating an outward movement of the rotor 
bearing rather than the left-hand peaks. 

This is done on the assumption that the rotor is marked 
so that horizontal radii on the right hand (when lookin 
at the end to which the optical apparatus is attached} 
correspond to similarly lettered positions on the screen. 

With the mirror connected to the bearing of the rotor 
as shown in Fig. 11, a movement of the spot of light to 
the right on the ecreen indicates a movement of the rotor 
bearing in the same direction ; so that if the rotor is 
marked as described above, the right-hand peak of the 
curve will indicate the maximum outward displacement, 
and the left-hand peak the maximum nears displace- 
ment of the bearing. 

This should have been stated, and the authors are 
indebted to Mr. Gheury for drawing attention to the 
omission. 

I am, yours faithfully, 
H. D. WHeEever. 
42, Mount Pleasant, Norwich. 





Rotary Arr-Pumps.—At a recent Friday evening 
meeting of the Junior Institution of Engineers, Mr. A. 
Arnold, in a i on “ Rotary Air-Pumps,” gave a good 
description of e Worthington bydraulic vacuum pump, 
the “Kinetic,” the Leblanc, the Rees Roturbo, the 
Wheeler or A.E.G., and the Willans Muller air-pumps, 
in which, he said, the evolution of the rotary air-pump is 
a natural outcome of poo in other directions, particu- 
larly the perfection of the steam-turbine, and its employ- 
oy in oy in which the highest efficiency is required. 

simplest rotary air-pamp is, perha ejector 
condenser, which has the ~ oe of aoe its own 

enser. The essence of the trouble with the ejector 
condenser is to get the water to entrain the air effectively. 
If the water-jet could be split up into little parcels, and 
entrap a plug of air between successive = it would 
be much more effective, and this is the i from which 
the Leblanc air-pump has been evolved. In the Rees 
Roturbo air-pump the injector water is mecha- 
nically con both at injector and discharge from 
the vacuum space, and the risk of the ejector “‘ choking,” 
and breaking the vacuum, is eliminated. The difficulty 
of pe water to entrain a reasonable volume of 
air is solved in the Worthi hydraulic vacuum pump 
by a helical form ef jet, produced the action of the 
water in an ejector upon a peculiarly:shaped gun-metal 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasg rw Pig-Iron Market.—Lst Thursday morning the 
market opened with a strong tone, and Cleveland war- 
rants advanced about 6d. The turnover was 4000 tons at 
from 563. 4d. to 56s. 6d. cash, from 56s. 8}d. to 56s. 94d. 
one month, and at 57s. 6d. three months, and closing 
sellers quoted 56s. . cash, 56s. 104d. one month, and 
57s. 64d. three mont In the afternoon prices were 
the turn easier, and 1000 tons of Cleveland warrants 
c hands at 56s. 54d. eight days, and 56s. 9d. one 
month, with sellers over at the latter figure, and at 
56s. 5d. cash, and 57s. 5d. three months. On Friday 
morning the market was quite idle, but prices of Cleve- 
land warrants were quoted, without change, at 56s. 5d. 
cash, 56s. - one month, and 57s. 5d. three months 
sellers. In the afternoon values fell away, and a small 
business of 2500 tons of Cleveland warrants was done 
at from 563. 3d. to 563. 1d. and 563. 14d. cash, and clos- 
ing sellers quoted 563. 2d. cash, 563. 6d. one month, and 
57s. 2d. three months. A dull tone prevailed on Mon- 
day morning, and only one Cleveland warrant was 
dealt in at 56s. cash, and at the close sellers named 
56s. O}d. cash, 563. 4d. one month, and 57s. 04d. three 
months. In the afternoon Cleveland warrants re- 
covered a little, but again only one lot was done at 
563. 6d. one month, and closing sellers quoted 
563. 3d. cash, 56s. 7d. one month, and 57s. 34. three 
months. On Tuesday morning the market was steady 
and 2000 tons of Cleveland warrants changed hands at 
56s. 2d. and 563. 2}d. cash, and a‘ 56s. 64d. one month. 
At the close the quotations were 563s. 3d. cash, 56s. 74d. 
one month, and 57s. 3d. three months sellers. Hematite, 
which has not been dealt in for some time, changed hands 
at 823. 6d. seven days, but business was confined to one 
lot. In the afternoon Cleveland warrants marked an 
advance, and were put through at from 56s. 34d. to 
56s. 53d. cash, and from 563. 7d. to 563. 9d. one month. 
The turnover was 2000 tons, and closing sellers named 
563. 61. cash, 56s. 10d. one month, and 57s. 6d. three 
months. When the market opened to-day (Wednesda; ) 
the tone was somewhat dull, and there was little dis- 
position for dealing. Cleveland warrants were the turn 
easier, and the total business was 1500 tons at 56s. 4d. 
and 56s. 43d. cash, with closing sellers at 56s. 5d. casb, 
563. 9d. one month, and 57s. 5d. three months. The 
afternoon session was d idle, and Cleveland warrants 
showed little change. At the close sellers quoted 563. 54d. 
cash, 56s. 94d. one month, and 57s. 54d. three months. 


Scotch Steel Trade.—In the Scotch steel trade there is 
still great pressure for delivery of material, and the various 
establishments are going full steam ahead. The amount 
of war stuff of one kind and another which is being pushed 
on with great energy is really enormous, and certainly 
testifies that we, as a nation, did not anticipate the 

resent conflict. It also brings home to us this 
act, that the Allies are determined that no effort 
will be spared to bring the war to a speedy and successful 
end. The scarcity of labour, coupled with the increasing 
cost of raw material and fuel, and the demand of the 
workers for improved conditions, are serious factors at 
the present time. These troubles will be overcome all 
right, as there can now be no turning back, and there is 
little doubt but that the men will be quite loyal, although 
they are feeling the in cost of living, inevitable in 
a time of war. Order-books are well filled with general 
industrial business also, but consumers continue to act 
with caution, as prices are so high. Deliveries are very 
satisfactory, considering coyeens. but a certain amount 
of delay is taking place, whichis unavoidable, as Govern- 
ment work is getting the preference. The overseas trade 
is not very brisk, owing to the high prices and dear 
freights, but quite a respectable amount is going through 
nevertheless. India and Australia are getting fair lots 
of miscellaneous material, and particular lines are also 
being delivered to several neutral Continental ports. 
Prices remain firm and unchanged, except for sheets, 
which are dearer. 


Malleable-Iron Trade.—Active conditions are geveral 
in the malleable-iron works, as there is a very good 
demand for iron and steel bars. Prices are maintaining 
a high level, and are based on 8/. 2s. 6d. per ton, less 
5 per cent. for ‘‘ Crown” bars, and round 8/. 10s. for steel 
bars. 


Scotch Pig-Iron Trade.—Practically no change falls to 
be reported in the state of the Scotch pig-iron trade, The 
local requirements are on a large scale, but shipping 
business has not yet opened out to any extent ; indeed, it 
may be some time before export orders will figure greatly 
on the books. Hematite iron is moving freely despite 
the high price of over 903. per ton for local delivery. 
The following are the market quotations for makers 
(No. 1) iron:—Olyde, 75s. 6d.; Calder and Gartsherrie, 
ell pee — 6d. in chipped - 

lasgow) ; inton, , and Glengarnoc 8. 
at Araroosan) ; Shotts, 76s., and Oarron, 77s. 6d. (both at 
Leith). 





Tue Etxcrric-Venicte Commirter.—The  Electric- 
Vehicle Committee of the Incorporated Municipal Elec- 
trical Association has decided to offer — aggregating 
102. to drivers of electric vehicles. @ prizes will be 
awarded through the Commercial Motor-Users’ Associa- 
tion, in connection with the examinations which the 
Association is to hold this year. In reply to a request 
from the Incorporated Municipal Electrieal Association, 
the Committee has decided to prepare a report on “* The 
Use of Electric Vehicles in Municipal Service,” for dis- 
cussion at the meeting of the Association on June 17 
next. The Committee is also nge for a parade of 
sleptris Vabiaian, ebsequent tr dinetieniot: 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The difficulty of obtain- 
ing supplies of any kind tends to increase each week. 
London and the South are still making big demands 
upon the South Yorkshire output, and buyers in those 
districts are paying heavy premiums to secure preferen- 
tial treatment. The pe available on the o; 
market is the subject of keen bidding from day to day. 
Sales to London buyers of medium-class house fuel 
have been registered at 22s. Quite a substantial part 
of the output sent away from the district for distribu- 
tion among householders in the South consists not 
of house fuel, but of manufacturing cobbles. Contract 
business is falling seriously into arrears. As instancing 
the result, a Sheffield co-operative concern which caters 
for upwards of 20,000 people, finding ‘‘the situation 
does not ew out any hope for gt pn at —, 
has suspen its carting ness. e wagon shor 
has in no way heen remedied, and the difficulties 
of local business are further increased owing to higher 
working costs. Thus, in consequence of the increased 
cost of horse fodder and a further advance in carters’ 
wages, South Yorkshire cartage rates have been advanced 
15 to 20 per cent. Manufacturing fuels are a strong 
market, with prices at the moment unchanged but very 
firm. Heavy tonnages are going into the large cnguounns 
works to facilitate the expeditious completion of Govern- 
meut orders. Shipments are about on the same scale. 
The Lancashire demand for slacksis decidedly brisk. Coke 
is in moderate demand. Prices on the whole are steady. 
Quotations :—Best branch hand-picked, 21s.; y 
best Silkstone, 17s. to 18s.; Derbyshire best brights, 
16s. 6d. to 18s.; Derbyshire house, 16s. to 17s. ; best 
large nuts, 15s, to 16s.; small nuts, 13s. 6d. to 14s. 6d.; 
Yorkshire hards, 15s. to 16s.; Derbyshire hards, 15s. to 
16s.; best slacks, 7s. 6d. to 8s. 6d.; seconds, 7s. bo 8s. ; 
smalls, 5s. 6d. to 6s. 6d. 


Tron and Steel.—The market for raw material has shown 
only moderate activity this week, owing to the prevalent 
high rates. Steel-makers are hoping to . able to supple- 
ment contract deliveries with pasem. Ned at lower figures 
should the prospect of better supplies of ore materialise. 
Manufacturers engaged on heavy work for the war, 
however, have been compelled to enter the prompt 
market, and have paid high prices. As much as 1 
bas been asked for East Coast mixed numbers. Sales of 
West Coast brands have been effected round about 98s. 
Common irons are moving upwards at a brisk rate. 
Derbyshire foundry has advanced 2s. to 62s., and Derby- 
shire forgea similar amount to 60s. Lincolnshire makers 
are quoting round about 66s. to 67s. for foundry and 64s. 
to 65s. for forge. Stocks are low. ‘‘ Boom ” conditions 
_ in the beavy engineering trades. How rapid has 

n their recovery is strikingly shown in the annual 
report of the Sheffield Chamber of Commerce. The 
demand for products for equip ing and arming the Allied 
armies has proved to be much larger than been anti- 
cipated and has provided work for firms who have not 
hitherto done this class of work. The output of steel 
material during the last three months of the year reached 
the highest figures on record, but there is little doubt that 
since then those figures have been surpassed by the January 
output. ee day and night at the highest pressure, 
resources are still inadequate to meet the demand, and 
employment could be found for more plant and more men. 
Moreover, while Government requirements account for 
the major part of the work on hand, a substantial amount 
of ordinary business has come to the district which was 
formerly executed in Germany. ilway steel shows a 
further improvement, and business in special steel and 
tools is on the increase. Particular attention is being 
_ to the manufacture of shoes and dies for gold-mining. 

here is a strong demand for billets ; prices are s ly. 
Siemens acid is quoted at 10/., Bessemer acid at 9/., basic 
hard at 7/. 10s., and basic soft at 7/. 





War Facts anp Fieures.—The British Dominions 
General Insurance Company, Limited, of 1, Royal Ex- 
change-avenue, London, have issued “with their com- 
pliments” a book of war facts and figures, to which 
special articles have been contributed by Mr. Spencer 
Wilkinson, Mr. Archibald Hurd, Mr. Charles C. Gray, 
Mr. Harold C. Lafone, Mr. A. H. Oeman, and Mr. A. 
Talbot. It contains information about all the belligerent 
armies and navies, and many other interesting matters, 
in addition to many maps and diagrams. 





KEpucep Licutinec and Street Acompents.—During 
the present time of reduced public lighting it bas been 
found that the number of accidents to estrians and 
vehicular trafhe is reduced by whitening the edges of the 
street kerbs, especially at street corners and carriageway 
crossings of footpaths. For this work the City Engi- 
neer of Norwich employs a pneumatic painting machine 
mounted on a steam-wagon and cuppliel with air from a 
steam-driven com r. The painting machine su 
plies lime-wash through a hose to a nozzle spacial 
designed to confine the spray to a narrow strip, and a 
man walking behind the wagon directs the nozzle to the 
edge of the kerb. In this way the work progresses at the 
rate of about three miles an hour, though the average 
omg! is reduced to about two miles an hour owing to 
the time occupied in taking out the empty lime-wash 
Containers and replacing them with full ones. At Nor- 
Wich it has not been found necessary to purchase any 
how apparatus for the work, the whole plant having been 
made up of appliances temporarily out of use for other 


Purposes, Itis o ted : 
whose other du ee kane a A 4 street-orderly men 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.LessproucH, Wednesday. 

The Cleveland Iron Trade.—Business in pig-iron is, at 
present, on a very limited scale. Continued slight fluc- 
tuations in Middlesbrough warrants, caused by operations 
of outside speculators, have a rather unsteadying influence 
on Cleveland pig-iron quotations. Customers are taking 
out supplies against contracts, and are not keen to enter 
into new business, holding the belief that they are likely 
to do better by waiting awhile. on foreign 
account is all but nil, but deliveries to home consumers 
are large, and would be considerably heavier if more 
trucks were available. With a number of furnaces 
running on slack blast, and local steel works, as well 
as other home users, consumi abnormal quantities 
of pig, stocks are not accumulating to any extent, 
and, in fact, makers declare that stores at their yards 
are not increasing at all, and that the only accumulation 
is the small addition day by day to the public warrant 
stores. That pig-iron manufacturers have confidence in 
the future is emphasised by the fact that they will not 
commit themselves forward to any extent except at prices 
above current rates. No. 3 g.m.b. Cleveland Rig is 
56s. 6d. ; No. 1 is 58s. 6d. ; No. 4 foundry, 56s.; No. 4 
forge, 55s. 6d.; and mottled and white iron, each 55s. 
East Coast hematite pig tends to be easier. Makers report 
a few sales of mixed numbers at 90s., and that is regarded 
as the general market quotation; but merchants are 
pegnees to entertain offers at less, and some would 
oubtless accept 87s. 6d. Second hands, however, have 
little iron to dispose of. So far as can be ascertained, 
there is <0 gy f= oy in foreign ore, and prices are not 
easily fixed. arket quotations are nominally on the 
basis of round about 28s. 6d. ex-ship Tees for Rubio of 
50 per cent. oe. Freights Bilbao-Middlesbrough are 
13s. 74d. Coke is in fairly good request for local use, and 
Durham beehive average blast-furnace kinds are 17s. 9d. 
to 188. delivered at Tees-side works. 


Stocks and Shipments.—Stocks of Cleveland pig-iron 
in the public warrant stores now stand at 121,188 tons. 
Since the beginning of the month the stock has been 
increased by 4536 tons. Shipments of pig-iron from the 
Tees to date this month average 422 tons per working 
day, the total despatches being returned at tons, all 
of which has ar from Middlesbrough. To the same 
date last month the loadings were given at 9090 tons, or 
a daily average of 606 tons, and for the correspondin 

of February, a year ago, the clearances reach 

1,040 tons, or an average of 3402 tons per working day. 


Manufactured Iron and Steel.—There is little new to 
report concerning the various branches of the manufac- 
tured iron and steel industries. In all departments a 
great deal of work is being executed, pe have 
orders booked sufficient to keep them employed for 
some time to come. Principal market quotations stand : 
—Common iron bars, 8. 10s.; best bars, 8/. 17s. 6d.; 
best best bars, 9/. 5s. ; packing-iron, 7/. ; iron ship-plates, 
81. 10s. ; iron ship-angles, 8/. 10s. ; iron ship-rivets, 91. to 
91. 5s.; iron girder-plates, 8/.; steel bars (basic), 8J. ; 
steel bars (Siemens), 8/. ; steel ship-plates, 82. 10s. ; s 
ship-angles, 8/. 5s. ; steel boiler-plates, 91. 10s ; steel joists, 
81. 7s. 6d. to 81. 10s.; steel hoops, 8/. 5s.; steel strip, 
7l. 10s.—all less the customary cent. discount ; 
cast-iron columns, 7/. 7s. 6d. ; cast-iron railway chairs, 
4l. 7s. 6d. to 4/. 10s.; light iron rails, 7. 15s.; heavy 
steel rails, 61. 7s. 6d. to 6/. 10s. ; steel railway sleepers, 
8/.—all netf.o.b. ; galvanised ted sheets, 24 gauge, 
in bundles, 11/. 10s. to 12/. f.0.b.—less 4 per cent. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam-coal trade has shown no great 
activity, but the pressure recently experienced contin’ 
and the outlook for the balance of the month is conside 
strong. Colliery-owners report full order-books for some 
time to come, and in many cases they are declining fresh 
orders at any price for delivery in February, while they 
require higher terms for . The best Admiralty 
large steam-coal has made 22s. to 22s. 6d.; best secondary 

ualities have brought 20s. 6d. to 21s. 6d.; other secon- 

lary descriptions have realised 20s. 3d. to 20s. 9d.; best 
bunker smalls, 17s. to 17s. 6d.; and smalls, 15s. to 
16s. per ton. The best household coal been quoted 
at 21s. to 22s.; good households have made 19s. to 20s.; 
No. 2 Rhondda large has brought 17s. 6d. to 18s. ; and 
No. 2 smalls have realised 14s. 6d. to 15s. per ton. Special 
foundry coke has brought 32s. to 35s.; good foundry coke, 
28s. to 32s.; and furnace coke, 22s. to 25s. per ton. As 
regards iron ore, Rubie has been quoted at 26s. to 28s. 
per ton, upon a basis of 50 per cent. of iron, and o 
including freight, insurance, &c., to Cardiff or Newport. 


ong See directors of the Rbymney 
Railway mpany recommend a dividend for the past 
half-year at the rate of 44 ow cent. per annum u the 
ordinary stock, making with the interim dividend a total 
return of 8} per cent. for 1914. The expenditure on 
capital account for 1914 includes 17,433/. for widening 
and sidings south of Caerphilly Tunnel, 85751. on account 
of a new station at Caerphilly, and 15,199/. for widening 
from Ystrad to Pwilypant. 


Welsh Coal P cts.— At the annual meeting of the 
Albion Steam Company, Limited, the chairman 
(Mr. Alderman Mathias) said there was a probability 
that high prices would obtain for coal this year, but 
as a large number of miners had joined the Colours 
there was likelihood of greatly reduced output. This 
meant & serious increase in the cost of production, in addi- 





dividends upon the company’s preference shares, but if 
the company did as well this year as in 1914 it would 
earn enough, with the undivided balance (15,5587 ), to pay 
four years’ preference arrears. 

A Dowlais Manager.—Mr. W. Evans, manager of the 
Dowlais Works, Dowlais, died on Friday from pneu- 
monia, after only two days’ illness. Mr. Evans, who was 
seventy-two — of age, had had a long managerial 
experience, an was for some time general manager 
of the OCyfarthfa Iron and Steel Works and Collieries. 
When the Dowlais concerns were amalgamated into an 
iron and steel combine with Messrs. Guest, Keen and 
Nettlefolds, Mr. Evans assumed the position which he 
held at his death. Mr. Evans was a member of the 
Institution of Civil Engineers, of the Colliery-Owners’ 
— and of the Council of the Iron and Steel 
netitute. 


A Colliery Purchase.—Negotiations have been com- 
pleted for the purchase by the Powell Duffryn Company 
of the Blaenant Colliery, Aberdare, together with a right 
to work all minerals at present undeveloped upon Lord 
Bute’s estates in the Abernant district. The Blaenant 
Colliery and adjoining minerals comprise an area of 1500 
acres of steam-coal seams to the east of Aberdare. lyin 
between the Aberdare Valley properties of the Powell 
Daffryn Mee ge A and their Sguborwen Colliery. The 
acquisition of the new property will give the Powell 
Duffryn a continuous ownership of an area of about 
4 ‘miles each way. 





AUSTRALIAN RarLways.—According to a report issued 
by the High Commissioner for Au ia progress is 
being e in the construction of the nscontinental 
Railway, which is to link up the railways of Western 
Australia with those of the Eastern States. During the 
four weeks ended December 19, 34} miles of posers 
was accomplished. This is a record for this line, and, so 
far as is known here, for railways in Australia. It is anti- 
cipated that still further progress will be made in the cur- 
rent year. At the West Australian end the head of the road 
now stands at 152 miles ; the earthworks have been com- 
pleted to the 157 mile, and the telegraph-line to 148 miles, 
18 miles having been erected during the month. In the 
South Australian section the head of the road has reached 
156 miles. The earthworks extend to about 160 miles, 
and the telegraph-line to 149 miles, 16 miles having been 
erected during the month. At the western end there ara 
some 628 men employed, and at the eastern end 1432 
men. The total number of miles of line laid is 308, 
This is exclusive of a considerable mileage of sidings, 
yards, &c. At the head of the road on the eastern end 
150 scoops are at present working in one gang. Good 
water has been struck in wells between 158 and 186, 
in the South Australian section, and boring for water is 
being continued at both ends in advance of construc- 
tion. One reservoir dam is almost finished in 
the eastern rection, and two others are under construc- 
tion, and also one in the western section. The news of 
the Pine Creek- Katherine River Railway, in the Northern 
Territory, is that the clearing has been completed for 
about 35 miles, the earthworks for 9 miles, and the water- 
ways for 11 miles, some 228 mun being employed. Rails 
and other material are now beirg landed at Port De~-in. 





Tue Late Rev. G. M. Oarrii.—On the 28th ult, there 
were away in the person of the Rev. G. M. Capell, 
tor of Passenham, Stony Stratford, a figure well 
known and widely respected in the mining world. Born 
in London in 1844, he was the son of the Hon. Adolphus 
Capell, brother of the fifth Earl of Essex, and the Hon. 
Mrs. Capell. eldest daughter of Viscount Maynard. He 
entered the Church and became Rector of Passenham in 
1870, a position which he retained until his death. There 
is no obvious connection between farming and mine- 
ventilation, yet it is owing to the fact that Mr. ee 
farmed his own land that bis attention was directed to 
the subject of fans, with which his name will always be 
associated. Finding his haystacks heating on one occa- 
sion, he applied artificial ventilation by means of a small 
hand-driven fan constructed in his own workshop, and 
successfully overcame the trouble in this way. e con- 
struction of this little fan led Mr. Capell to make many 
improvements in the design of fans, ard culminated in 
the construction of large fans for mine-ventilation and 
other Capell fans were a wide d ure 
from Bai and other large fans previously em- 
loyed for mine- ventilation, their principal features 
ing smal), high-speed runners. curved vanes, and 
large ratio of inlet area to body capacity. These 
features led to increased efficiency, reduced oil consump- 
tion, and low maintenance costs, the latter resulting 
from the greater rigidity of the structure. The merits 
of the fans were first recognised in Germany and Belgium, 
and a large number were installed in some of the prin- 
cipal collieries of these countries. Owing to the restricted 
air-ways in the thin eeams of these mines the fans were 
designed for very high pressures or vacua—in some 
instances as high as 15 in. water-gauge. Some hundreds 
of these fans have also been instalied in Ergland, France, 
and America, and some of them have been running satis- 
factorily for twenty-five years. During recent years Mr. 
—— devoted his attention to the design of marine 
aerial propellers, and doubtless his death will deprive 

the nation of some useful improvements in there appli- 
ances. His genial manner and devotion to scient'fic 
matters made him very popular with mining engineers, 
colliery ietors, and others with whom be came into 
contact in this country as well as on the Cuntinent and in 
America, so that his loes will be widely felt from the 
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social standpoint as well as from the technical point of 
view: 
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GARDNER’S INTEGRATING AND RECORDING WEIR METER. 
CONSTRUCTED BY MESSRS. GLENFIELD AND KENNEDY, LIMITED, ENGINEERS, KILMARNOCK. 
(For Description, see Page 229.) 
















































































i . . . . f an e ec 
The following comparison between the two ¢ of | these ts may reduce the efficiency of the vrocess, | within the substance itself. temperature o 
furnaces is given in the Jron Age :—In the comtnation sadn ma nes furnace is free from these difficulties. | tric furnace is under absolute control. aw 
furnace, no matter what form of fuel is used, the tem- | In the'electric furnace the temperature attainable is the | desired, whether neutral, oxidising, or uoing, 4 Ms 
perature cannot exceed 2000 deg. Cent. In the combus- | same, whether the furnace be operated on a commercial | obtained within the electric furnace. is . 


tion furnace the efficiency varies from 2 per cent. to 60 per |or a“laboratory scale. In the electric furnace the heat together with the fact that the product is generally 
cent., whereas in the electric furnace it a i 


60 per cent. In the combustion furnace not onl 





about | may be developed at any desired point, and by passing |much purer than that of the combustion furnace, is 4 


Fie. 4. Fie, 6. 
Execrric and ComBusTion Furnaces ComparEp.— necessary to take care of the ucts of combustion, but | the heat necessary for the tore may be Sovceget 
y is it | the curremt through the substance that is to be treated | great factor in favour of the electric furnace. 
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THE TEST AND TRIAL OF THE NAVY. 


Tue official review placed before the House of 
Commons on Monday last by the First Lord of the 
Admiralty of what he termed *‘ the test and trial” 
of the Navy was most opportune, since we are this 
week supposed to enter upon a new phase of the 
war at sea. Germany issued a warning to 
neutral States couched in terms which suggest that 
they propose a ‘‘ blockade” of the United Kingdom, 
to prevent all merchant shipping entering and leav- 
ing our ports, and to sink without warning or board- 
ing any ship carrying a neutral flag, but suspected 
of being of British ownership or carrying contra- 
band of war. This state of affairs was to begin 
yesterday—the 18th—and it is yet too soon to 
appraise the effectiveness of the ‘* blockade ;” but 
Mr. Churchill’s review of the progress of the war 
so far does not justify any feeling of anxiety 
It was a 
remarkable coincidence that at this interesting 

e of the war the First Lord of the Admiralty 
had, in the ordinary course, to present the Navy 
Estimates to Parliament, and to make his annual 
statement in justification of such estimates. 
Naturally, these estimates are without any details, 
being represented only by token votes, while the 
number of men asked for—260,000—is more or less 
vaguely assumed. In justification of the measure of 


229 confidence thus asked for from the Houseof Commons 


in the giving to the Government of a blank cheque 


229 | for the year’s expenses on the Navy, Mr. Churchill 


was easily able to give sound reasons for the com- 
pletely hopeful spirit which he adopted and suc- 
ceeded in imparting to the entire House, and indeed 
to the nation. As the leader of the Opposition, 





Mr. Bonar Law, said afterwards: ‘‘ We are now 


faced with a new kind of threat, and no doubt 
attempts to carry it out will be made; but I think 


»-| that if it could have been carried out. effectively it 
lowing | would have been done already.” In other words, 


Germany threatens to begin now what she has been 


* eae oe for six months to effect. In estimating the 


ilities of the enemy’s success we cannot but be 
| fnduenced by the fact that our Fleet has established 
our superiority in tactics, in material, in gunnery, 
hair: | and i in the morale of our officers and men. 
Assuming as genuine the imed intention 
of the German naval authorities—an assumption 
which we cannot base on conviction—it seems that 
there is intended a concentrated attack upon our 
coast by submarine craft. In six months only 63 
British merchant vessels, excluding mine-swee 
have been lost, notwithstanding that there are 
8000 British merchant ships continuously at sea, and 
that the arrivals at British ports number 1500 per 
month. In the past three months 15 of the 19 mer- 
chant vessels sunk have been destroyed by sub- 
marines. The percentage of loss to me number of 
vessels afloat and trading to our ports is com 
tively small, and there is thus justification for the 
calmness with which the British people regard the 
new menace. The question arises as to whether 
the German submarine fleet is now being greatly 
augmented. Mr. Churchill stated in the House of 
Commons the other day that shortly before the 
outbreak of war there were completed twenty-eight 
German submarines, while sixteen were either 
under construction or had been ordered. In 
addition, there were six stibmarines stated 
to be under construction ‘in Germany for 
foreign Powers. If all these-submarines were 
mpleted and in use in the German Fleet, their 
tota , excluding losser, would only be fifty. The ques- 
tion arises as to how many of the vessels laid down 
after the outbreak of war have been completed b 
this time. ‘It is conceivable that very small craft 
might have been constructed within seven months, 
but this is practically impossible in the case of vessels 
of sufficient size to give a radius of action to enable 
them to participate in a blockade on the western 
coast of the United Kingdom, Thus at the present 
time Germany cannot ‘to make a liberal 


- | assumption, more than twenty boats having a radius 


of action equal to the task now im upon them 
on our western seaboard. It is said that several of 
their a boats were to be of 1200 tons = lace- 
ment, with four light disappearing guns, as well as an 
increated number of canpbde. firfog tubes, some of 
them discharging on the broadside. These would 
be formidable vessele, and may be available in 
the new campaign. The Admiralty, it may be safely 
assumed, do not disparage in any degree the threat 
made by Germany. On the contrary, they will 
accept her warning, and will take adequate 
measures to meet the new menace. Obviously, 
the extent and nature of the defence or counter- 
attack cannot be disclosed. As the First Lord told 
the House: ‘‘ We shall be able to meet any new 
efforts with advantages and resources incomparably 
superior to those which we had at our disposal at 
the beginning of the war.” 

The confidence which the country, no less than 
Parliament, has reposed in abundant measure in 
the Navy is based on the experience of the past 
six months, and it is thus we ell that the results of 
the “test and trial” of the Navy should be brought 
home clearly to all. Comparisons are sometimes 
made of the losses of warships on both sides, but 
these are unsatisfactory when measured by dis- 
placement tonnage or by the number of guns fitted. 
A ship commences to be obsolescent as soon as 
she is first commissioned. Consequently the 
value of a 15,000-ton ship fifteen years old is 
very much less than one of the same tonnage 
built ten years later. In order to arrive at as 
true a comparison as possible, taking into con- 
sideration the degree of obsolescence, we have 
summed up the present value of the warships lost 
by the British and German navies, deducting from 
their cost when new a percentage per annum for 
depreciation according to the various types and to 
the practice of the ius Powers in their system of 
accounting. This is a rough method of estimating 
the present relative fighting value of the ships. 
From this we find that, including even the Bul- 
wark, which was lost through misadventure, and 
not by war, the British warship losses since the 
beginning of August represent a value, less depre- 
ciation, of just under four millions sterling, whereas 
the German losses on the same basis considerably 





exceed five millions sterling. The losses of German 
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merchantmen are enormously greater than of 
British ships. Indeed, there are now no German 
merchant ships on the high seas. Imports to Ger- 
many are therefore entirely carried in neutral 
ships, and the pressure of British superiority on 
the seas exercised in preventing contraband of war 
entering German ports has brought about a situa- 
tion in Germany which must, sooner rather than 
later, influence the final issue. As Mr. Bonar Law 
sxid: ‘* Our weapon by which we hope to bring 
this war toa close is sea power, and no Govern- 
ment would be justified in giving up a single one 
of the rights which that sea power gives.” 

The establishment of that sea power since August 
is due in very large measure to the superiority of 
our war fleet. Just as our defeat off the Chile 
coast was due to preponderance of gun-power and 
superior speed on the part of the German fleet, so 
our victory off the Falkland Islands is attributable 
to the same causes. This latter victory disclosed, 
as the First Lord showed, a marvellous state of 
efficiency, alike in personnel and matériel. As 
regards the latter, it is shown that the vessels 
during the fight really achieved speeds in excess 
of those attained under the almost ideal condi- 
tions on trial trips. The Kent, launched thirteen 
years ago, and designed to attain 23} knots, 
according to Mr. Churchill caught up and defeated 
a vessel capable of steaming 244 knots ; a perform- 
ance which reflects the highest possible credit on 
the engineering branch of the Navy. This is particu- 
larly so, as the machinery of the Kent is of the 
reciprocating type, which is not so easy to over- 
eal as in the case of turbines. The other vessels, 
notably, the battle - cruisers, attained similar 
tuperiority during the fight over trial-trip results, 
oan c sequently increased the tactical advantages. 

This victory off the Falkland Islands, as Mr. 
Churchill pointed out, terminated the first phase 
of the naval war by effecting a decisive clearance of 
the German flag from the oceans of the world ; the 
two smal] German cruisers and two armed merchant- 
men which now remain at large, after all the formid- 
- able preparation for the attack on our trade routes, 
are at present in hiding. The Dogger Bank action 
between the giant cruisers of both fleets threw light, 
as the First Lord pointed out, upon rival systems of 
design and armament, and — relative gunnery 
efliciency. As in the case of the en ment off 
the Falkland Islands, the merits of unity of gun 
calibre in big, fast ships were clearly demon- 
strated. The all-big-gun ship of great speed, 
advocated and brought into being with characteristic 
resoluteness by Lord Fisher, against great opposi- 
tion, proved of enormous advantage. e Bliicher, 
although built as a reply to the earliest of these 
mighty cruisers, proved herself very d.-ficient. 
Again, it was established that the engineering 
branch of the Service conferred great advantage from 
the tactical standpoint, the speed attained being in 
excess of that reached on trial trips. Incidentally, 
the advantage of oil fuel was further proved, and 
the First Lord of the Admiralty made the interesting 
announcement that in addition to all of the vessels 
of the Queen Elizabeth class being fitted to burn 
oil fuel only, it has now been decided to alter the 
boilers of the vessels of the Royal Sovereign class, 
so that, instead of using coal and oil alternatively, 
as originally proposed, they will be exclusively 
oil-fuel burning There is gain primarily in the 
maintenance of high speed over a long period, as 
there is no possibility of clinkering or of foul tubes, 
and also, secondarily, in the re-fueling of ships 
under very easy conditions. This is a point of 
vital importance, particularly as our ships are based 
now on ports which have not the coaling facilities 
of dockyards. 

The action off the Dogger Bank was, as we 
have said, essentially a triumph of British guns 
and gunnery. We think some credit should be 
given to the armament makers as well as to the 

un-control staff and the man behind the gun, 

use it was a case of rapidity of firing as well 

as of accuracy. No one antici»ated that such 
marvellous practice could be achieved at 9 miles 
range as was displayed by the battle-cruisers of 
the British Fleet. Indeed, when it was proposed 
to fit larger than 12-in. guns to battle-cruisers, the 
argument, even of experienced naval officers, was 
that seldom would atmospheric conditions in the 
North Sea enable ships to fight at more than three 
or four miles’ range, and t even if this were 
occasionally possible, the practice would probably be 
so inaccurate as to be ineffective, and that smaller 
gune with a greater rapidity of fire were prefer: 








able. To all this, however, Lord Fisher brought 
redominant reasoning, and proceeded on his well- 
ounded conviction. Mr. Winston Churchill did well 
to refer to Lord Fisher’s work in the House of 
Commons on Monday. The final significance of the 
Dogger Bank action was the moral effect it must 
have produced. As the First Lord said in his 
speech, the Germans accepted without doubt or 
hesitation their inferiority ; they thought only of 
flight as our men thought only of pursuit. It will 
thus be recognised that in material, as well as in 
morale, we have established an enormous supe- 
riority, and that at the comparatively slight, but 
still greatly regrettable, loss of 6500 officers and 
men of our Navy since the commencement of 
the war. 

We thus enter this week upon what may be 
regarded as the third phase of the war with in- 
creased confidence. e have swept the farther 
seas clear of the enemy; in the actions of ‘‘ test 
and trial” we have established our superiority ; 
we have transported a million men across the seas 
without any accident or loss of life, in convoys each 
of forty or fifty ships, with attendant cruisers. 
Now the task which lies before us is ‘‘ anxious 
and grave,” to quote Mr. Churchill. Losses, no 
doubt, will be incurred. Of that he gave full 
warning, but he was perfectly confident that no 
vital injury could be done. ‘The reply which we 
are making is indicated in Mr. Churchill’s words 
to the effect that so far we have not attempted to 
stop imports of food to Germany ; that we have not 

revented neutral ships from trading direct with 

erman ports; and that we have allowed German 
exports in neutral — pass unchallenged. But, 
he added, ‘‘ the time come when the enjoyment 
of these immunities by a State which, as a matter 
of deliberate policy, places herself outside inter 
national obligation must be reconsidered.” The only 
interpretation to be put on these words is that a 
blockade of Germany will be declared. In any 
case, all is well with the Navy. We have an im- 
mense programme of new construction maturing 
to reinforce the Fleet and replace casualties, 
and a pre-arranged system for accelerating new 
construction has been found to yield  satis- 
factory and even surprising results. Our supply 
of ammunition is reported to be satisfactory, due 
in large measure to the steady increase in recent 
years in the funds granted by Parliament. The 
oil supply is —— and prices are favourable. 
Finally, as Mr. Churchill said, ‘“‘the Navy is as 
sound as a bell all through. . . . It will be 
found to be the product of good management and 
organisation, of sound principle in design and 
strategy, of sterling workmen and faithful work- 
manship, of careful clerks and accountants, of 
skilful engineers, and painstaking officers and 
hardy tars.” 





RESUSCITATION FROM MINE-GAS 
POISONING. 


THovcn the miner may dread methane, fire- 
damp, as his most dangerous enemy, the invidious 
afterdamp—the carbon monoxide produced by the 
explosion of methane and the combustion of coal- 
dust—generally claims more victims than the 
mechanical force of the explosion. In cases of 
carbon-monoxide poisoning (comprising poisoning 
by illuminating gas, which frequently contains 
water-gas) the chief thing is to bring oxygen into 
the system. The hiemoglobin of the blood acts as 
carrier for the oxygen, but when CO is present 
the CO is bound by preference by the hemoglobin ; 
neither forms a permanent compound with 
ncvee Boag however, but unites with it, or sepa- 
rates from it, according to the law of mass action 
and partial a. Thus a man, overcome by 
the gases following an explosion in a mine, will 
often quickly recover when brought into pure air, 
if he is still breathing. But even when the mine 
air does not contain more than 0.6 per cent. of 
CO, continued breathing of that air may make the 
lungs unfit for their task, and unconsciousness and 
asphyxiation may result. In such cases artificial 
breathing may apparently cure the victim ; but he 
may yet succumb after a few days or weeks, or 
suffer permanently from impaired sight or mental 
disturbance, if once the CO caused a degenera- 
tion of certain cells in the brain. 

Artificial respiration is best secured by the 
method which Sir Edward Schaefer and Professor 
P. T, Herring worked out at Edinburgh. The 
patient is placed on his belly, with his face tarned 





sideways so as not to obstruct breathing, and the 
operator applies pressure on the lowest ribs and 
loins, rhythmically swinging his own body forward 
and backward for this purpose; this procedure 
does not tire the operator out, and the lungs 
expand again automatically as soon as the pres- 
sure is released. The other methods—in which 
the patient is laid on his back, and his chest is 
expanded by drawing the arms forward and push- 
ing them back—are more trying to the operator, 
and less profitable for the patient, though the 
Sylvester method is advantageous in some respects. 

A committee of physiologists was appointed by 
the United States Bureau of Mines in 1912 to 
inquire into ‘ Resuscitation from Mine Gases.” 
Most of the experts had been members of a similar 
committee to report on ‘‘ Resuscitation from Electric 
Shock.” The two reports have been considered 
by practical men, and the conclusions arrived at 
are embodied in Technical Paper 77 of the Bureau 
of Mines. The chief recommendations are :—In 
case of gassing, take the victim at once into fresh 
air, and immediately give manual artificial respira- 
tion; do not stop to loosen clothing; every 
moment of delay is serious. In case of electric 
shock, free the patient from the current with a 
single quick motion, using any dry non-conductor ; 
have the current shut off, and start artificial 
breathing. Do not apply artificial respiration 
if the patient in breathing slowly; in cases 
of gassing give oxygen; do not use any mechanical 
resuscitating device unless it is operated by hand, 
and has no suction effect on the lungs. Use the 
Schaefer or prone-pressure method of artificial 
respiration without a moment’s delay, and con- 
tinue it, if necessary, for two hours and more, 
until natural breathing is restored. Keep the body 
warm, in fresh air, and send for a medical man. 

Artificial respiration by the pulmotor or by the 
similar Brat apparatus is not recommended by the 
Committee. ey found the pulmotor in many 
mines in the United States—it is the same over 
here—but they could not obtain any definite reli- 
able information about its having been successfully 
used. The Edison Company of New York sub- 
mitted records of twenty-one cases of gas-poisoning 
in which the pulmotor was said to have answered ; 
but the reports rested chiefly on hearsay evidence 
of chauffeurs and other men. In other cises from 
the Carnegie Steel Works (collapse during an 
amputation and poisoning by nitrous acid) and in 
other works the pulmotor certainly was testified 
to have setae by physicians and surgeons ; 
but the Committee object that respiration was 
restored very quickly (in a few minutes), and 
that there is no proof hence that the pul- 
motor had really done any good, as the patient 
might have recovered by himself. In any case, 
they argue, the cure was probably due to the 
oxygen -inhaling device of the pulmotor. This 
criticism appears captious, and seems to be based 
chiefly on experiments made on anzsthetised 
animals, which brought out two objections : inspira- 
tion seemed to ve easily turned into expiration, and 
the expiration was due to suction ; under that suc- 
tion the bronchioles and alveoli collapsed and stuck 
together, which would become dangerous if the 
apparatus were mechanically worked for a long 
time. It is pointed out in this connection that in 
the successful pulmotor cases, the men were only 
treated for a short time, whilst in the one case in 
which the pulmotor treatment was unsuccessfully 
continued for hours, pulmonary hemorrhage was 
subsequently detected by the autopsy. 

The Committee have no objection to hand- 
guided pulmotors, used in conjunction with a 
manual method of resuscitation. They recommend, 
on the other had, a mechanical apparatus which 
one of their members, Dr. S. J. Meltzer, devised 
for resuscitation from electric shock. This appa- 
ratus is particularly constructed to prevent the 
escape of the introduced air or oxygen through the 
nose and mouth or into the stomach. For the last- 
mentioned p the stomach is compressed by a 
belt and weight, or, in emergency cases, by the 
knee of the operator. In order to secure the former 
aims the inspiration-tube ends either in a mask or 
in a special pharyngeal-tube ; on the other end of 
the tube is the respiration-valve, which is fitted 
with a sliding ring ; when the ring is pushed (by 
hand) to the left, air is exhaled ; when to the right, 
air is inhaled. On the far side from the respiration 
valve are the oxygen-cylinders Reape see _ 

ure on the abdomen is to quicken circulation, 
tnd in eases of collapes and operations in particular, 
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a stomach-tube is pushed Momh Be pharyngeal- 
tube down into the stomach. i 


is om is 
said to have given satisfaction ; its advantages, 
however, are not very striking; in particular one 
does not feel certain that it will always be ready for 
service, and a single lost moment may prove fatal. 
But, of course, all depends on actual experience. 





WAR BONUS FOR RAILWAY MEN. 

CoNCUBRENTLY with the recent increase in the 
cost of living there have been marked indications 
of labour unrest, and in many directions demands 
are being made for advancement of wages. The 
case of the railway employees is in some respects 
peculiar. In the ordinary course a large proportion 
of the Conciliation Board settlements would have 
terminated at or about the end of last year, and 
the National Union of Railway Men had drafted a 
new national programme of demands, the principal 
item of which was an application for an advance of 
wages of 5s. per week. This programme was asso- 
ciated in the men’s minds with an amended concilia- 
tion scheme which was being negotiated when the war 
broke out last August. It may be recalled that the 
first scheme for conciliation and arbitration applic- 
able to railway employees was agreed to in 1907, 
and was considerably amended by the Royal Com- 
mission appointed to consider the matter after the 
railway strike of August, 1911. The 1911 scheme 
was terminable at the end of last year, and, 
in fact, the men’s representatives had given 
notice to determine it on December 1. The uego- 
tiations for an amended scheme, which it was 
hoped would embody some form of recognition of 
the men’s trade-union representatives, had reached 
an advanced stage ; indeed, we understand that at 
meetings held in July the broad outlines of the new 
scheme had been agreed to by the parties concerned 
—viz., a committee of seven general managers on 
behalf of the railways, and representatives of the 
National Union of Railwaymen and of the Asso- 
ciated Society of Locomotive Engineers and Fire- 
men for the men. The outbreak of war put a 
period to these negotiations and to the men’s 
hopes of immediate revision of their service condi- 
tions. Moreover, in view of the urgency of the 
position from a national point of view, the same 
parties entered into an agreement which provided 
for the continuance of the 1911 conciliation scheme 
and of the settlements thereunder for an indefinite 
period, subject to six weeks’ notice by either 
party. This arrangement was accep’ by. the 
railway men without demur until early this year, 
when renewed demands to proceed with the national 
programme were made by a large number of branches 
of the union. There was obvious danger of the 
union officials being stampeded into taking a course 
of action that would have been distinctly opposed 
to national interests, bearing in mind the importance 
of maintaining railway communication, and a crisis 
was only averted by a meeting between the parties. 
After much negotiation an agreement was arrived 
at last Saturday. This provides that a bonus 
of 3s. per week shall be paid to all employees of 
eighteen years of age and upwards, embraced in the 
conciliation scheme, whose standard rate of wages 
is under 30s., and 2s. to employees whose standard 
rate of wages is 303s. or more, the first payment to 
be made in the week commencing February 15. 
The arrangement is to remain in force during the 
continuance of the present agreement between the 
Government and the railway companies, but to be 
subject to review at the end of three months. 
When notice is given by the Government to deter- 
mine their control of the railways, the railway 
companies will give not less than two weeks’ notice 
to the railwaymen’s trade unions to discontinue the 
bonus. We estimate that some 275,000 men are 
directly affected by the agreement, and assuming 
that one-third of them receive wages of 30s. and 
upwards, the cost of the bonus will be at the rate 
of about two million pounds per annum. 

But obviously the concession of a war bonus 
cannot be limited to one section only of the railway 
employees. There are about 180, wage-earners 
outside the conciliation scheme, apart from 60,000 
clerks ; and even if the latter be excluded, the 
former will have to be considered. The greater 
number of men so involved are artisans and 
labourers employed in the large railway works, and 
there has already been considerable agitation at 
certain of the large centres. That these men will 


have to be dealt with is, we believe, generally 
Lancashire 


and Yorkshire Railway has already effected a settle- 
ment with the men at Horwich Works, under 
which an advance of w: of 2s. has been given 
to adults, coupled with an addition of 5 per cent. 
to the piecework rates and Is. to boys. This 
basis has also been accepted by the Midland Com- 
a a employees at Derby, while the Swindon 
orks men have been granted a bonus on similar 
terms to that applicable to railway men. [f, as we 
anticipate, the majority of the men outside the 
conciliation scheme are granted a bonus or ad- 
vance of wages, the additional cost will be at the 
rate of at least 1,000,000/. per annum, from which 
it will be seen that the railways are committed to 
a very substantial addition to their wages bills. 
We should add that while the Scotch and certain 
English railways were not parties to the agree- 
ment, it is understood that they generally recognise 
the necessity for making an allowance, and it may 
be taken that, for all practical purposes, the 
arrangement is applicable to all the railway com- 
panies of Great Britain. The North-Eastern Rail- 
way is negotiating direct with its Conciliation Con- 
ference, and the Scotch companies with their 
own men. 





PHENOL FOR COAL ANALYSIS. 

BroapDiy speaking, coal is analysed and tested 
for practical purposes in two ways. In one case 
the elementary constituents of the coal—carbon, 
hydrogen, oxygen, and nitrogen—are determined 
separately by ultimate analysis, in addition to 
moisture and ash ; the data obtained are useful for 
calculating the total heat content or calorific value 
of the coal. Alternatively the volatile matter is 
separated by distillation from the tixed carbon ; the 
ratio of the two, designated the fuel ratio, in a 
certain measure indicates how much of the coal will 
be available as coke and how much in volatile and 
condensable products. Neither of the two methods 
gives any clue as to the real constituents of the 
coal, which is more or less a complex of hydro- 
carbons. But as it is quite understood that coal 
changes in the course of time, and that the 
period during which a coal may be stored with- 
out serious loss, its spontaneous combustion, 
smoke formation, and the behaviour of coal in 
general depend uponthenature of the original consti- 
tuents, other methods have been tried. ese latter 
methods are still in the research stage. The 
general idea of the research is to separate the 
different constituents so far as possible by the use 
of solvents. Already at the time of the first 
London Exhibition of 1851, Smythe tried benzene, 
chloroform, alcohol, acetone, ethyl ether, and 
petroleum ether, for this purpose on a lignite from 
the Rhine; Remsch, in 1885, used alkaline solvents. 
H. B. Baker, in 1901, and A. Wahl, and several 
others after him applied pyridin with better results 
than previously obtained. A. H. Clark and R. V. 
Wheeler* found that pyridin roughly separated the 
coal into an extract containing mainly the resinous 
substances—i.e., the degradation products of the 
resins and gums in the plants which had been 
transformed into coal, and an insoluble residue 
consisting of the degradation products of the cellu- 
lose ; by further treating the pyridin extract with 
chloroform they obtained an extract almost entirely 
resinous in character. They also observed that the 
destructive distillation of coal gave, below 750 deg. 
Cent., chiefly ‘‘ paraffin-yielding ” constituents de- 
rived from the resinous compounds, and above that 
temperature ‘* hydrogen - yielding ” compounds 
(mainly hydrogen and oxides of carbon). Thus the 
extraction with pyridin and chloroform effected 
somewhat the same separation of the coal consti- 
tuents as the destructive distillation, and coal would 
— to consist of two types of constituents, 
differing as to the case of their decomposition. 

Other organic solvents were tried in 1912 by 
Frazer and Hoffman (Technical Paper 5 of the 
the United States Bureau of Mines). They found 
phenol to be a suitable solvent, and phenol in al 
ticular has been experimented with by 8S. W. Parr 
and H. F. Hadley in the Engineering Experiment 
Station of the University of Illinois (see Bulletin 
76 of that station). Pars and Hadley have studied 
a great many organic solvents as to their effective- 
ness as solvent. fr coal. In the first rank they 
put phenol (C,H, © H, chemically the alcohol of 
benzene; it has the character of an acid, and 
is commonly styled carbolic acid]. The several 








sosepted by the railways; indeed, the 


cresols, aniline and methyl aniline, otherwise effi- 
cient, decomposed during the extraction. Pyridin 
came next in order, but it appeared to introduce 
some nitrogen into the extract, a fact alread 
noticed by others ; acetone, benzene, carbon disul- 
phide, and turpentine gave only small amounts of 
extract. When the extraction in the hot by means 
of phenol was continued too long, above twenty 
hours, a little phenol or some decomposition pro- 
duct of it remained in the extract. 
Fifteen different coals, mostly from various mines 
in the State of Illinois, have been treated with 
phenol, generally in samples of about 5 grammes, 
ranging in ash content from 3 to 13.5 per cent. 
In all cases the extract and the residue together 
approximately made up 100 per cent., again show- 
ing that the continued extraction did not lead to 
any loss or gain of substance. The rtions of 
extract to residue varied greatly in different cases ; 
a lignite from Wyoming yielded only 0.6 gramme 
of extract, a Pocahontas coal from Western Vir- 
ginia only 0.09 gramme; the average weight of 
extract was about 1.5 gramme, the rest being in- 
soluble residue. The extract had in most cases 
a sufficiently definite melting-point and decompo- 
sition temperature, and seemed to be the vital 
constituent concerned in the coking. Both the 
extract and the residue, especially the latter, as 
well as the coal itself, Bos absorbed oxygen, 
and the oxygen seemed to be chemically bound. 
In this respect Parr and Hadley differ from Clark 
and Wheeler, who assumed that the oxygen formed 
more or less loose additional complexes, not of defi- 
nite compositions, with the constituents of the 
coal. The coking pro of the extract was 
decidedly iapelent Ly the absorption of oxygen. 
These are the chief results. We will give a few 
ticulars of the experiments, which appear to 
ave been conducted with care and forethought. 
Owing to the importance of avoiding oxidation, the 
continuous extraction, at 110 deg. Cent., was 
generally effected im an atmosphere of carbon 
dioxide. At higher temperatures, more extract 
and less residue was obtained than at 110 deg. 
Cent. In order to free the product from the 
solvent, phenol, distillation was carried on at 
reduced pressure. The cooled extract softened 
when heated above 300 deg., without at first becom- 
ing sticky; at higher temperature it swelled to 
three or four times its volume, gave off volatile 
matter, and loft a very friable, shiny mass; not 
heated above 350 deg., it became brittle again on 
cooling. The heated residue also yielded volatile 
matter, and a very poor, non-caking kind of 
coke. When the extract and the residue were 
mixed again in the original proportions, a proper 
coke could be obtained. A great many coking 
(destructive distillation) experiments were made, 
and the photographs of the products are interest- 
ing. Both the residue and the extract were hygro- 
scopic, the residue particularly. The ultimate 
analyses of the original coal, the extract, and the 
residue differed little as to the proportions of the 
main elements, whilst the pyridin extracts seem to 
be less rich in oxygen than the coal itself. Slow 
or rapid oxidation, at ordi or higher tempera- 
ture, decreased the solubility of the coal in phenol ; 
the residue could be exposed to 105 deg. Cent. 
without altering it noticeably, because the coking 
roperty depends mainly on the extract. The 
estructive distillation of the three substances 
—coal, extract, residue—gave less ethylene and 
ethane and similar compounds, but more carbon 
dioxide and carbon monoxide when the materials 
had previously been oxidised than when not. This 
is the reason why Parr and Hadley assume that 
the oxygen enters into chemical combination with 
both residue and extract, and is not merely 
absorbed or adsorbed. 





NOTES. 
Tue German Ratiways anv THE War. 

A Duron officer, General van Voorst tot Voorst, 
has recently given a survey of the development of 
the German railway system from a military point 
of view since the Franco-German War. During 
1870-71 there were at the disposal of the German 
military authorities altogether seven railway lines 
in North Germany and three in South Germany, 
of which only one (the Berlin-Cologne line) had 
double tracks. All the same it was found possible 
to pont Rennes army corps, with an aggregate 

men, to the frontier in the course of 
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have been engaged in pe ssens me | the country’s 
railway system from a strategical point of view, 
and with striking success. Germany now 
twelve double-tracked railways between Osnabriick 
and Ulm. This means that every army corps 
garrisoned east of this district, together with 
the reserve army corps formed at mobilisation, 
has a double-line railway at its disposal. Not 
less than eighteen double-line bridges cross the 
Rhine, so that nine to ten cav: divisions 
can be conveyed from the Rhine westward 
simultaneously with the above-mentioned army 
corps. Four brigades, with some cavalry and 
satieiy, require 96 trains—24 on each line. 
Owing to the fact that all these trains could be 
despatched in the course of 12 hours, it became 
possible to effect the whole transport to the 
western frontier in about 20 hours. e rt 
commenced on August 3 (the second day of mobilisa- 
tion), in the evening, and was finished at noon on the 
4th. The frontier was passed during the night, and 
Liége assaulted August 5 and 6. As far as the 
transport of troops from the western to the eastern 
theatre of war is concerned; there are six double- 
line railways available. As the distance between 
Maubéuge and Konigsberg is about 1600 km., and 
a military train under ordinary circumstances 
travels-about 400 km. in the twenty-four hours, 
this journey will take some four days. For the 
transport of six army corps, of 40,000 men 
each, from the west to the east front a week is 
generally allowed. An army corps requires 
124 trains, and two or three days are absorbed 
in the necessary preparations. 


REINFORCED CONCRETE aS AN EMERGENCY REPAIR 
FoR AN IRON CHIMNEY. 


Mr. A. L. Pierce, Superintendent and Electrical 
Engineer, Borough Electric Works, Wallingford, 
Conn., stated, at a recent meeting at Philadelphia 
of the American Association for the Advancement 
of Science, that an iron chimney, 90 ft. high, at the 
steam-power house of the Borough Electric Works, 
showed unmistakable signs that the iron plates were 
very seriously corroded at a point approximately 
6 ft. from the base. Test-holes showed that the 
plates at the corroded zone had become so thin as 
to greatly endanger the further life of the chimney. 
The tests were made at a time when the entire load 
was being carried by the boilers using the chimney ; 
the boilers could therefore not beshut down, Any 
repairs had thus to be done with the chimney 
in use, and carrying gases having a temperature of 
400 deg. Fahr. and over. Several methods of 
repair were proposed. Mr. Pierce considered that 
a temporary repair at least could be effected b 
building a reinforced-concrete collar, or shell, 
round the weakened portion, and the contract for 
the work was given to the Sperry Engineering 
Company, Newhaven, Conn. Reinforcing - iron 
having a diameter of § in. was placed in horizontal 
and vertical planes, having 8-in. centres; the iron 
was ata distance of about 3 in. from the iron 
chimney, and was securely wired at each intersec- 
tion of the reinforcing. A circular form was 
built, having a diameter 1 ft. greater than the 
chimney; the form was in sections, to facili- 
tate handling. The reinforcing-iron and form 
were extended to a height of 25 ft., and the same 
reinforcing and concrete were placed round the 
breeching to the side of the boiler-house. The 
work was completed in about four days. The con- 
crete consisted of a high-grade Portland cement, 
sharp sand and screened gravel, mixed in the pro- 
portion of 1 to 2} to 44. It was mixed very wet, 
owing to the high temperature of the gases and the 
depth of the form, 25 ft. Very little ramming or 
spading could be done ; the concrete set very 
uniformly, and very little trowelling was required 
after the form was removed. The use of reinforced 
concrete in this connection has removed a very 
serious difficulty, and Mr. Pierce is confident that 
the life of the chimney will extend) at least to the 
time when the present boiler plant is abandoned, 
and boilers of a different type are installed, requir- 
ing a much larger chimney, in a different location. 


Tue Use or Exgorricrry ry Mines. 


The Coal Mines Act of 1911, which came into 
force in July, 1912, requires a return to be made 
each year of the aggregate horse-power of electric 
motors in use above and below ground at each coal- 
mine. These returns in the course of a few years 
will afford interesting information bearing on the 
progress in this application of electricity. ‘The 





summarised figures for 1913 are contained in the 
recently-published Part II. of the General Report 
for 1913 of the Chief Inspector of Mines. e 
total horse-power of the motors in use on the sur- 
face at the time of the returns for that year was 
256,675%, the corresponding total for underground 
use being 371,421 horse-power. These figures 
respectively show the large increases of 32 24 
and 17.29 per cent. over the oes for 1912. 
Stated in another way, which well illustrates the 
increasing employment of electricity not only 
absolutely, but relatively, the tons of mineral 
raised per electrical horse-power employed were 
480 in 1913 against 534 in 1912. ese figures 
are not, however, quite fair, since there was a six 
weeks’ general coal strike in 1912. In 1913 there 
were 1307 electrical coal-cutters at work, as compared 
with 1314 in 1912. The corresponding figures for 
com -air machines were 1509 and 1310. The 
total quantity of mineral cut by the électrical 
machines in 1913 was 14,310,312 tons, and by the 
compressed-air machines 10,299,646 tons. These 
totals include fire-clay, iron-stone, &c., as well as 
coal. More than half the electrical machines were 
of the disc type, and more than a quarter of the 
bar type. Of the compressed-air machines, more 
than half were of the percussive class, and one- 
third were of the disc type. All the t isc, 
bar, chain, percussive, and rotary heading—were 
included under each class. Of electric miners’ 
lamps, there were 37,823 in use in 1913, as com- 
pared with 10,727 in 1912. The total of all classes 
of lamp in use in 1913 was 777,824. Of the 
electric lamps, 24,237 were of the O.E.A.G. 
type, 10,283 of the Gray Sussman, 2420 of the 
Oldham, 503 of the Wolf, the remaining 380 being 
divided among various other makes. Electricity was 
employed for lighting 387,973 lamps out of the total 
of 777,824, and 282,857 of the lamps had magnetic 
locks. The electrical accidents during 1913 included 
none calling for special remark, unless one is 
going to include the Senghenydd disaster, with its 
toll of 439 lives. One theory of that explosion 
was that it was caused by sparking at bare signal- 
ling-wires. This was never established, how- 
ever. Another doubtful case was a fire at Blaen- 
avon Big Pit, which caused three deaths. This 
was put down by most investigators to the failure 
of an electric cable. Apart from these doubtful 
cases there were 15 known electrical accidents, 
resulting in 16 deaths. There were 12 electric- 
shock accidents below ground, in which 13 persons 
were killed. This figure of 13 compares unfavour- 
ably with the fi 9 and 7 for the two preceding 
years ; but, allowing for the increase in plant, 
there is nothing to suggest that the greater atten- 
tion now being paid to the safety of electrical 
-: in mines is not resulting in diminishing 
risk. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


. We give below a few data _—z eng ab and 
ign engineering projects, taken from the of 
Trade. Journal, g information concerning these 
pencemenes be obtained from the Commercial Intelligence 
ye Board of Trade, 73, Basinghall-street, London, 
Australia: With reference to the call for tenders by 
the Metropolitan Board of Water Supply and Sewerage 
for the supply and delivery at the pumping station at 
Ryde, N. ., of a steam-turbine, with condenser, air- 
mp, &c., and spares, the Sydney office of H.M. Trade 
mmissioner notifies that the time for the receipt of 
tenders has been ex > tenders will now 
received at the offices of the Metropolitan Board of Water 
Supply and Sewerage, 341, Pitt-street, Sydney, N.S. W., 
up 5 = . } March 15. — — — be accom- 
pani y a deposit, varying from 5. to , according 
to the value of the offer. fe will be observed that the 
time for the receipt of tenders is limited, and this intima- 
tion will therefore be of use only to firms having agents 
in the Commonwealth who can be instructed by cable. 


Spain: The Gaceta de Madrid publishes a notice to 
the effect that tenders will be received at the Direccién 
General de Obras Piiblicas, Madrid, up to noon on July 3, 
for the ovnstruction and working, for a period of 99 years, 
of the Z (Empalme) to Almeria section of the 
strategic railway from Torre del Mar to Zurgena. The 
cost of construction is estimated at 24,717,920 pesetas 
(about 988,700/.), on which interest not exceeding 5 
cent. per annum will be guaranteed by the State. The 
minimum rolling-stock required to w: the line will be 
12 locomotives, 31 passenger coaches, five brake vans, 40 
covered and 70 o goods wag An option on the 
concession is held by Don Francisco J. Cervantes. Workon 
the line must be commenced within three months from the 
date of the award of the concession, and completed within 
four years. Although this contract will probably be 
awarded to a Spanish firm, nevertheless the carrying out 








of the works may necessitate the purchase of material 
outside Spain. Gaceta also notifies that a concession 
has been awarded to Don Celso Casaos for the utilisation 
of the waters of the Rio Dulce, at the rate of 2500 litres 
= Oe mea for the production of electric power for the 

gbting of the town of Mandayona, and for industrial 
purposes. Work must be commenced within twelve 
months and completed within » further two years. A 
further concession authorises Don Ramén Maurell y 
Lépez to utilise the waters of the Rio Isbor, at the rate 
of 2000 litres per second, for the production of electric 
power for industrial purposes in the town of Isbor. The 
necessary works must be completed within a period of 
two years. 

Brazil : The Diario Ofi-ial, Rio de Janeiro, publishes 
the text of the Brazilian Budget (Expenditure) Law for 
1915 (No. 2924), dated January 5, from which it appears 
that the total expénditure provided for in the Budget 
amounts to 378,871,412 milreis currency, and 70,999,236 
milreis gold |milreis currency at par = 1s. 4d.; milreis 
gold = 2s. 3d.] The following amounts may be specially 
noted as of interest :—The Ministry of Marine is autho- 
rised to expend 7,723,270 milreis currency on naval arma- 
ments, artillery supplies, constructional material, Ad- 
miralty works, coal, &o. The Ministry of War is 
authorised to expend 2,453,297 milreis currency on 
arsenal and fortress material, barrack construction 
and other army works. The Ministry of Ways and 
Communications is authorised to expend a total sum of 
100,761,204 milreis currency and 11,066 045 milreis gold, 
but detailed amounts for actual construction works and 
for the acquisition of material are not separately shown. 
The Ministry is authorised, however, to grant concessions 
for railway construction, bridge construction, port im- 
Provement works, erection of wireless-telegraph stations, 

The Diario also publishes a Decree granting to 
Senhor Alberto Alvares de Azevedo de Castro a sixty 
years’ concession for the construction and working of a 
railway from Ouyaha, via Sant’ Anna do Pi yba, to 
the yp Railway, with which it will connect 
either at Jangada or S. José do Rio Preto. A similar 
concession for the same period has granted to Dr. 
José Agostinho dos Reis, for a railway between Cuyabé 
and the town of Santarém. By the same Decree the 
Executive Power is also authorised to grant concessions 
by public contract for the construction and — for 
a period of sixty years each, of the followin way 
extensions :—(1) From the S. Pedro station of the 8. Luiz 
and S. Borja line to Pelotas, via S. Sepé, Cacapava, and 
Cangussti ; (2) from the S. Sebastiaio terminus of the Sant 
*Anna do Livramento Railway to Pedras Brancas, via 
Lavras, Cacapava, and Encruzilhada; and (3) from the 
S. Luiz Railway to the colony of Serre Azul. 


Argentina : The Boletin Oficial, Buenos Aires, publishes 
a Decree approving an ad 1 ferendum agreement entered 
into between the Director-General of Irrigation and the 
Government of the Province of Catamarca for the carry- 
ing out of irrigation works in the Department of Belén at 
a cost of 100,000 pesos currency (about 8750/.). 


Siam: The Acting British Consul-General at Bangkok 
reports that tenders are invited by the Siamese Royal 
Railway Department (Broad-Gauge), the name under 
which the Administration of the Siamese Northern Rail- 
way is now known, for the enpply of 159 goods wagons, 

ther with parts. @ gauge of the railway is 
4 ft. =. Prices must be given ¢.i.f. Sealed tenders, 
marked ‘‘Tender for Rolling-Stock, 1915,” will be re- 
ceived up to 10 a.m. on July 29 by the Director-General, 
Royal Railway Department (Broad-Gauge), Bangkok, 
where also copies of the specification, form of tender, and 
drawings may be ehtainsd on payment of 10 ticals (about 
15s.) per set. 





German Prate-Giass MANUFACTURE.—The German 
plate-glass manufacturing concerns have felt the effect of 
the war to a pomeer+ came extent, and have found it 
anoint to reduce their dividends materially. Thus the 

kirchen - Schalke Glass Company is only paying 
6 per cent. dividend for last year, against 16 per cent. for 
the previous year. Tbeconcern in question is principally 
a German one as regards capita), which is rather unusual 
in this industry in Germany. 





Tue CommerciaL Moror - UsErs’ AssoctaTiIon.—In 
connection with the examinations for drivers which are 


be | being held by the Commercial Motor-Users’ Association 


as an item in its (1915) annual inspection of commercial 
motors, the first entries have now been received. The 
have come from Messrs. Edward Nelson and Co., whic 
firm controls the motor department of the British and 
Argentine Meat Company, Limited. The lectures will 
be posted fortnightly to the drivers, the first being sent 
in the next week or so. Full particulars and entry forms 
can he obtained from the eecretary, Mr. F. G. Bristow, 
at 83, Pall Mall, London. S.W. 





Tur INSTITUTION OF AUTOMUBILE ENGINEERS.—At the 
meeting of the above Institution, on the 10th inst., » 
was read by Mr. J. F. Henderson on ‘* Magneto 
gnition.” In the course of the discussion, Sir Robert 
Hadfield dwelt on the importance of the question of the 
steels to be used for magnetos, and pointed out that the 
subject was receiving attention from a sub-committee 
of the Institution Electrical Engineers. Mr. A. P. 
Young, of the British Thomson- Houston Company, 
showed a number of = to poe = voltage 
vel 4 t was seen that there was 4 
coe opers is oy op of about 10,000 volts, and 
oapelie rapid fall to a very low voltage. The annnal 
general meeting of the Institution will be held in the bail 
of the Insvitutiun of Mechanical Engineers on March 
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The Oil Conquest of the World. By Freprric A. TALBor. 

Illustrateu. London: W. Heinemann. [Price 6s. net.) 
THE importance of oil in the commercial world, 
due both to the unexpected directions in which it 
has found employment and to the gigantic scale of 
its successful operations in many industries, makes 
the history of its past, the opportunities for the 
present, and the outlook for the future as necessary 
as they are fascinating. Its greatest development 
is entirely of modern creation, the facts should be 
fresh in our memory and accurate in points of 
detail, but the very rapidity of the growth has 
hidden and distorted much that is inent. Yet 
the first experiments to create power from burning 
oil date back to only about fifty years ago. The 
improvement introduced into illuminants by the 
utilisation of mineral oils is only a few years older. 
In the same space of time, as a lubricant, oil has 
worked a revolution in some descriptions of engi- 
neering plant. In the fiscal world it has been 
responsible for some of the most reckless expendi- 
ture, unwarranted speculation, and daring, but 
successful finance. ‘I'he stern necessities for the 
conduct of a huge indispensable traffic, created by 
skill and enterprise of no common order, are sur- 
rounded by a halo of romance as exciting as the 
most lively imagination ever devised. Tv all these 
aspects, and to some others, Mr. Talbot endeavours 
to do justice, writing in a popular manner, to be 
readily understood by the non-technical reader. His 
book is interesting, if superficial ; it is impressive 
by the magnitude of the operations described, and 
entertaining by the varied character of the details 
presented. 

The history of the industry is replete with many 
dramatic incidents, and the tale unfolded is full of 
excitement and adventure, not always flattering to 
human nature. The author recalis for us the 
humble beginnings of this vast enterprise, the 
early days that Mr. Henry has recently described 
with so much detail, when Colonel Drake, perse- 
vering in the face of difficulty. and prejudice, 
succeeded in raising petroleum to the surface from 
a depth of some 70 ft., thus modestly inaugurating 
that outlet to capital and ingenuity which has 
covered the world with a network of derricks and 
pipe-lines, to win and convey the underground 
stores of wealth and energy to the busy marts of 
industrial activity. Although the future possi- 
bilities of petroleum could nut have been realised 
when Oil Creek was yielding its first fruits, the 
eagerness to tap these newly-found supplies forms 
a remarkable epoch in the history of speculation, 
and has not been exceeded, if equalled, even where 
the occurrence of gold ore has appealed more im- 
mediately to the cupidity of man. Disappointment 
and failure have not taught caution.to the rash, 
and the excitement of gambling has élaimed many 
victims. Every promising new find, as at 4 
repeats the same experience. The rewards have 
been too many and too palpable to allow -hope to 
die; but the vast prizes that follow successful 
prospecting must grow scarcer as the petroleum- 
fields become more fully exploited. The world may 
again be startled by those mighty up-rushes of gas 
and oil that advertised Mexico as a great oil- 
producing country ; butas the geological conditions 
that have led to the formation ot these under- 
ground supplies are now fairly clearly apprehended, 
the chances of such mammoth discoveries must 
become less probable. Indeed, so enormous has 
been the output, and so great the demand, that it 
is difficult to exclude altogether the idea of possible 
exhaustion in the near future. The annual pro- 
duction has increased by leaps and bounds, and is 
probably now not less than 500 million barrels ; 
yet as far as can be seen, the tendency is for the 
demand to grow at a more rapid rate, since new 
uses and applications for the oil are being con- 
tinually discovered. 

The rate of consumption can be feebly estimated 
by noting the continual growth of the means for 
distribution. Only a few years ago a tank-steamer 
of 1000 tons oil capacity seemed a big venture in 
the oil-carrying trade; to-day vessels carryi 
16,000 tons are on the seas, provided with such 
facilities for loading and unloading cargo that their 
voyages are made with a celerity which enables them 
to earn dividends when other freight cannot. The 
author looks forward to the construction of huge 
tankers of 30,000 tons, so insistent is the ery for 


charges toa minimum. For already oil is growing 
more expensive, restricting its application in un- 
tried directions. The cost of winning the crude oil is 
increasing, and the first check on production seems 
to be in sight. In the fields that have been longest 
worked the upper layers of oil have been ex- 
hausted. In some districts where, a few years ago, 
fortunes were lost and won by oil booms, where a 
forest of derricks was the most remarkable feature 
in the landscape, where speculation was most keen 
and excitement most rampant, the husbandman 
drives his plough and the ‘‘lowing herd wind slowly 
o’er the lea.” In other places, where oil is still 
plentiful, the wells have to be sunk to a greater 
depth, the speculative driller has to toil for a 
longer period than formerly before he meets 
fortune, and he draws more blanks than prizes in 
the gamble. In Burmah, where re-drilling un to 
deeper strata has become necessary, the yield from 
the lower sands is not equal to the upper, though 
the supply is still generous. In Baku, the drills 
descend to a greater depth than was the case a 
quarter of a century ayo. In Galicia, a well of 
4000 ft. is no uncommon depth, and the cost of 
sinking to this level is proportionately heavy. The 
troubles arising from water become more pro- 
nounced, and the hazard to invested capital more 
oppressive. Evidently re-drilling and deeper drill- 
ing cannot be continued indefinitely. 
‘he uncertainty of productiveness and the many 
chances of disaster, as by fire, must make any 
attempt to forecast the longevity of an oil-produc- 
ing district extremely precarious, far more than in 
the case of coal, where a large ‘‘ probable error ” 
has to be admitted. The author assures us that 
in the United States alone the proved oil deposits 
represent a store that would continue to supply 
the world’s present output for 24 thousand years. 
This is eminently satisfactory, but it would be more 
so if he had told us how these figures had been 
derived, and on what evidence they rested, suggest- 
ing as they do an enormous underground lake of 
greater extent than any single sheet of fresh water 
on the surface. 
One is more inclined to look with some suspicion 
on these huge figures when reports of temporary 
shortages are rumoured, and the market price is 
ived to fluctuate rather wildly. Certainly 
the necessity for greater care in the collection and 
storagé of oil is acknowledged, and we hear less of 
the carelessness and extravagance which charac- 
terised the methods employed at the wells in the 
dawn of the industry. ‘The great losses of oil that 
followed from inadequate control of the internal 
forces set free by boring, or resulted from the un- 
governable fires that carried desolation far and 
wide, are kept more within, bounds, but the oil 
industry has even now to bear an annual loss that 
must be reckoned in millions. But notwithstand- 
ing the practice of greater economy in handling the 
crude oil and the adoption of improved methods in 
the refineries, the outlook is hardly reassuring. 
Fresh claimants on its stores appear daily. The 
shipping world has perceived the advantages of 
oil fuel, and both the navies and the mercantile 
marine of all nations are competing for an adequate 
supply to displace the less commodious coal, and 
the author looks forward to an increased demand 
that will soon equal the present output. Is the 
supply so inexhaustible that such an enormous 
demand can be faced without misgiving. The 
testimony of experts is uncertain, but in any case 
the demand can only be met by doubling the 
number aud capacity of pipe-lines, tank-tarms, 
refineries, and transport arrangements. At the 
moment, the refineries are severely taxed to 
meet the world’s requirements for what is 
merally known as ‘‘ motor spirit.’”” The supply 
for the motorist, as for the internal - combus- 
tion engine, is steadily diminishing. The days 
when the density of petrol ranged from 0.636 
to 0.657 appear to have e for ever. Specific 
density for a while hovered about 0.680, and not 
infrequently trouble arose from mixing or adulte- 
ration. To-day the density has deteriorated to 
0.715 or 0.730, practically the benzine or naphtha 
of ten years ago. Hereabout the persistent down- 
ward movement must stop, for the line of demar- 
cation that separates the explosive from the illumi- 
nating oils is dangerously near. ‘‘ This division,” 
says Mr. Talbot, ‘‘from the vaporising point of 
view is very sharply defined, sv that, generally 
speaking, 0.730 spirit, under present conditions, is 





oil, and so imperative is the reduction of carrying 


considered to be the limit to which the refiner may | the 


this point of view, the employment of alcohol seems 


attractive, and other processes have been mooted ; 
but the advantages and the possibilities of oil are 
patent, and a life-and-death struggle will be 
to maintain the prominent place that petroleum 
oils have won on the world’s market. Like the 
author, no one is p to prophesy the future 
of oil, but many may be inclined to say with him, 
**Oil will seal the fate of nations during the 
twentieth century.” 
Although we have dealt at perhaps undue le 
on the rather gloomy outlook for the future that 
Mr. Talbot has drawn, it would be to give a false 
impression of his book if we allowed it to be sup- 
posed that it is more occupied with the future than 
with the present or the past. His historical des- 
criptions are interesting, though they do not 
the charm of novelty; Others have told us of the 
manner of drilling for oil, painted the class of 
men who adopt this profession, and demonstrated 
how unremunerative the work has proved. The 
spectacular display made by huge conflagrations of 
gas and oil has been utilised by many sensational 
writers. The construction of pipe-lines, the collec- 
tion of the crude oil, the task of the refineries, the 
fiscal arrangements that ensure the smooth working 
of this vast and complicated scheme have been the 
themes of many articles; but Mr. Talbot writes 
impressively, states his facts lucidly, and welds the 
whole into a tale that increases our respect for the 
indomitable zeal and pertinacity of the American 
ple, who, faced by new problems of overwhelm- 
ing stringency, have devised an effective machinery 
that handles all with ease and economy. ‘Though 
he devotes the greater part of his book to the 
winning and treatment of natural oils, he has 
something to say of their many products and of the 
uses to which these are put. (nly those who are 
engaged in the ind would imagine that in the 
manufacture of some distinct articles of com- 
merce, petroleum plays a not unimportant part. 
Not content with arousing our curiosity concerning 
some of these, the author breaks away to the appa- 
rently trivial employment of oil in butter substi- 
tutes, forming an anti-climax, or a foil, to the 
magnificent tale of enterprise and adventure he set 
out to unfold. 
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COMPETITION WITH GERMANY AND AvusTRiA-HoNGARY. 
—The Board of ‘I'rade continues to receive a very large 
number of inquiries with rd to the purchase or sale 


of articles in trades interf: with by the war. Inquiries 
come from producers seeking markets and from buyers 
seeking sou:ces of supply. Board of ‘I'rade has pub- 


lished a lists of — concerned, and = 
arrangements for putting different parties in touch wi 

one another. Their latest list is numbered 8), and the 
number and variety of articles listed suggests that the 
services ed in t weeks in this manner have 
been of no little value. The list 8b deals with inquiries 
for sources of supply. British firms interested, as +up- 
pliers of articles mentioned, should i with 











proceed in the provision of a motor fuel.” From 





Director of the Commercial Intelligence Branch of 
the Board uf Trade, 73, Basinghall-street, E.O, ’ 
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REMOVAL OF CARBON BISULPHIDE FROM 
COAL-GAS. 


Tue way in which, after many years of varied 
experimenting, the South Metropolitan Gas Company 
has succeeded in getting rid of the obnoxious carbon 
bisulphide always present in coal-gas was ae 
b Mr. E. V. Evans in a recent meeting of the Society 
of Chemical Industry. To Mr. Evans and to his 
chief, Dr. Charles Carpenter, the main credit is due 
for this triumph of engineering chemistry. Mr. 
W. J. A. Butterfield rightly accentuated this aspect 
of the problem. There is nothing novel in the idea of 
decomposing the CS, by heat. Suggestions of that 
kind were tried more than thirty years ago; but the 
plants would not work like the laboratory apparatus, 
and the engineers lust heart. Mr. Evans himself 
pleaded guilty to having made a disastrous mistake in 
passing from a 10-cub.-ft. laboratory apparatus at 
once to a plsnt dealing with 50,000 cub. ft. of per 
hour; but the mistake was instructive, and while it 
has taken seven years to bring the process to a suc- 
cessful issue with the aid of nickel as catalyst, that is 
really only a comparatively short time. 

The amount of sulphur compounds, mainly carbon 
bisulphide (CS,) remaining in coal-gas after the ex- 
traction of the sulphuretted hydrogen or hydrogen 
sulphide (HS), is only 0.02 per cent. That really is 
the chief trouble. t such high dilution only re- 
actions of high velocity are likely to be effective. 
Three methods appear available for the removal of 
the OS,. The first reste on the absorption of both 
H.S and CS, by lime or other alkaline earths and 
alkalis with the formation of a thiocarbonate. Unfor- 
tunately the lime absorbs also the carbon dioxide, 
which is a superfluous, —— not an obnoxious, con- 
stituent of the gas, and prohibitive quantities of lime 
would be needed fur this purpose. If not removed, 
however, the CO, decomposes the thiocarbonate ; any 
oxygen present has the same effect, and attempts 
to regenerate the decomposed mass in situ have so 
far failed.. The ‘‘athion” process, now on trial at 
Heidelberg, is open to the same objection that the 
carbon dioxide has first to be removed; the absorbent 
used there is alkaline cellulose. Absorption by solids 
is always slow, moreover, but liquid ammonia not 
answered either ; thus this first method is not pro- 
mising. 

The second method relies on the absorption of the 
CS, by amino compounds (aniline, toluidine, &c.), 
in the presence of a catalyst with the formation of 
thiooarbanilides, which form the starting-point of the 
manufacture of artificial indigo by Sandmeyer’s re- 
action. The products are volatile, however, and the 
cost of washing the gas with weak acids or oils to 
bind the amino compounds would be high. 

The third method, which has now proved successful, 
is based on the observation, by Vernon Harcourt and 
others, that most of the sulphur compounds in coal- 
gas are decomposed and converted into hydrogen 
sulphide, H,S (which is wee es pine absorbed by iron 
oxide), when the gas is heated to deg. Cent. Mr. 
Evans took this line of research up in 1908. He found 
that CS, was not decomposed when carried by a 
current of nitrogen, but that the reaction did take 
place, according to CS, + 2H, = 2H,8S + C, and 
was irreversible, moreover, when hydrogen or coal- 

as acted as carrier for small percentages of carbon 
Fisulphide ; the presence of water vapour did not dis- 
turb the reaction, which, it is noteworthy, depends 
upon the action of hydrogen, not of steam. The pres- 
ence of certain metallic catalysts, of large porosity 
(finely divided so as to offer large surface), accelerated 
this reaction ; the carbon liberated by the reaction was 
deposited in the pores of the catalysts, but could be 
burned out again in situ. Iron proved the most active 
catalyst available at low cost; the decomposition 
temperature was 450 deg. to 500 deg.; for the regene- 
ration (by combustion or aeration) of the catalyst, the 
iron had to be heated to 450 deg. for several weeks ; iron 
pipes answered as containers for the catalyst. Havin 
ascertained the suitable volume and weight ratios, al 
found that 80 per cent. of the CS, could be eliminated 
by the new process without deteriorating, by the 
heating, the quality of the coal-gas, M-. Evans had an 
iron retort made to deal with 50,000 cub. ft. (instead 
of 10 cub. ft.) per hour, as we mentioned already. 
The jump was too great. In spite of the interposition 
of a tubular heat-interchanger, the enormous volume 
of gas cooled the catalyst so much that hardly any 
decomposition took place, even when the retort was 
red-hot outside; and when the regeneration of the 
catalyst was tried, a hole was burned in the retort. 

Attempts were then made with porous clay impreg- 
nated with metallic solutions. In that condition iron 
oxide was not active enough ; nickel (reduced by hydro- 
gen from the chloride) answered ; but a higher tempera- 
ture (600 deg.) seemed to be required for the reaction. 
That was undesirable, lest the coal-gas should be im- 
poverished, and the deposition of carbon in the pores 

roved troublesome. After a t deal of experiment- 
ing, in apparatus capable of dealing with 2000 cub. ft. 
of gas per hour, on the preheatingof the gas, the amount, 





porosity, density, and specific heat of the catalyst, the 
ex surfaces of the catalysts and their containers 
other features, a plant for 2 million cub. ft. of gee 
per day was erected in 1911, and this was followed by 
& plant of five times that capacity (10 million cub. ft. 
on day) in 1913. In these plants the gas is pre- 
eated by passing through 2-in. horizontal tubes 
before entering the four vertical reaction tubes, 6 in. 
in diameter, connected in parallel, the whole set being 
placed within the heating chamber. Such 4 unit dealt 
with 5000 cub. ft. of gas per hour, and in large plants 
& proportionate number of unite were installed. 
hen Mr. Evans delivered his lecture, the 1913 
plant had been in constant operation for almost two 
years, and, on an average, the percentage of sulphur 
compounds had been reduced to 20 per cent. of the 
amount before treatment, that is, from 35 grains per 
100 cub. ft. to 8 or 7 grains. In other respects the treat- 
ment makes little difference, as the following figures, 
giving the values before (and after) treatment will 
exemplify: candle-power, 14.7 (14.7); gross British 
thermal units, 590 (594.4) ; sulphur, 35.07 (7.52) grains 
per 100 cub. ft. ; naphthalene, 5.54 (4.71) grains ; hydro- 
cyanic acid, 22.19 (18.75) grains ; most of the other 
constituents, CO, CO,, H, O, were hardly affected, 
but there is a slight rise in methane, 26.85 (27.26) per 
























































cent. by volume. A little ammonia also results from 
the treatment ; this is an advantageous feature, inas- 
much as the ammonia keeps the iron oxide (wanted 
for absorbing the H,S formed by the reaction) alkaline. 

The catalytic material is a mixture of finely- 
divided nickel (reduced from the chloride) and of a 
small quantity of nickel ryt the latter amount 
depe upon the ratio of H,S to H in the original 
gas. Most of the sulphuretted hydrogen of the crude 
gas has to be removed before the treatment ; otherwise 
carbon oxysulphide (COS) is formed by the interaction 
of the CS, the CO in contact with the hot catalyst, 
and the presence of this undesirable COS becomes per- 
ceptible when the crude gas contains more than 100 
grains of HS per 100 cub. ft. The above-mentioned 
increase in the methane percentage would be greater, 
if the reaction were conducted under different condi- 
tions ; it is partly the presence of sulphur which 
keeps it so low in the process under notice, because 
sulp' ur acts asa poison as regards methane production 
in the presence of nickel. It is interesting, as Dr. H. G. 
Colman emphasised during the discussion, that nickel 
is poisoned as a ae by sulphur at 250 deg., but is 
so no longer at 450 deg. The contact between nickel 
and carbon monoxide might be thought to lead to the 
formation of nickel carbunyl ; the Mond nickel reduc- 
tion process is based upon the fact that nickel and 
carbon monoxide form a volatile compound at about 
100 deg. Cent., which is decom with deposi- 
tion of metallic nickel above 200 deg. Cent. The pre- 
sence of this poisonous nickel carbonyl in coal-gas, 
from which nickel might afterwards be deposited, 
would be most objectionable. No trace of nickel has, 
however, ever been detected in the gee treated by 
the Evans process, even when the working tempera- 
ture had been lowered to 250 deg. Cent. ; yet, to make 
sure of its exclusion, contact between the gas and the 
nickel is not allowed to take place at a temperature 
below 300 deg. 

The latest and largest of these installations is the 

laut put up at EastGreenwich in the early part of 1914. 
The capacity of the plant is 15 million cub. ft. of gas 





per day; it is divided into five units, each of 3 million 
cub. ft. The 2-in. preheating pipes have, at Greenwich, 
been replaced by heat-interchangers erected outside 
the furnace setting. The general arrangements are 
illustrated in Figs. 1 and 2. Each unit consists of a 
central producer A surmounted by a combustion- 
chamber B ; on both sides of B are heating-chambers, 
in which a temperature of from 420 deg. to 440 deg. 
Cent. is maintained about the reaction-tubes F con- 
oe catalyst. The gas entering through the 
pipes H is preheated to a small extent in C ; the chief 
preheating takes place in the heat-interchangers G, in 
which the gas flows in the opposite direction to that 
requiring treatment ; D is the collector-tube, and J 
the pipe carrying off the treated gas; K indicates 
the hopper, and L the coke-handling plant. When the 
catalyst is to be revived, the temperature in the 
heating - chamber is lowered, and air is pumped 
through the reaction-tubes at a definite rate ; this 
rocess requires about a week, during the first four 
ays of which all the oxygen of the air is taken up 
by the carbon deposited in the catalyst and burned to 
carbon dioxide. When oxygen ap in the effluent 
gas, the temperature in C is raised to 430 deg. Cent., 
and is kept at that height until the evolution of CO, 
has The aeration period is then complete, 
and before re-starting the decomposition the air left 
in the pipe system is swept out with waste combustion 
gases; similarly, the gas is swept out by combustion 
gases when preparing for aeration. e catalyst 
remains active in its tubes for 30 or 35 days ; then the 
efficiency falls off, and is restored by the aeration 
sent just described. No deterioration of the nickel 
as so far been noticed after two years’ working. 
The capital outlay for plant per million cubic feet of 
gas per day was estimated by Mr. Evans to be about 
500/., and the working cost at 0.3d. per 1000 cub. ft. 
of gas, this latter figure including interest on capital 
depreciation, repair, and maintenance. This ex pendi- 
ture is not prohibitive. As we have already stated, some 
sulphur—7 or 8 grains per 100 cub. ft.—is still left in 
the gas. This sulphur is mainly present as thiophen ; 
but there are other organic sulphur compounds, not 
yet identified. Various methods have been tried to 
remove them, so far without real success. In Sweden 
the carbon bisulphide itself has been eliminated by 
washing the gas with alcohol, which absorbs the 
thiophen as well as the CS,. This process is to be 
tried in England. The advantage of the alcohol treat- 
ment, as well 8s of the Evans process, is that the gas 
can be treated as such without previous removal of 
the carbon dioxide. 





Tue Mancuester Suip Canat Company.—The report 
of the directors for the year 1914 shows continued pro- 
gress. The net income of the whole undertaking, ship 
canaland Bridgewater departments, amounted to 364,040/., 
an increase of 7963/. as compared with the previous year. 
Out of the year’s net income of 364,040/., the yments 
in respect of rentals and other fixed charges cal interes 
on loan capital amounted to 334,250/.; leaving an available 
balance, to be carried forward to next year’s account, of 
29,790. The net receipts from the working of the ship 
canal showed an increase of 17,349/.; but inst this 
there was a decrease in the net receipts from the working 
of the Bridgewater canals of 10,9497. The expenditure 
showed a decrease of 17,931. On maintenance (including 
dredging) the expenditure was 9851/. less; on traffic 
expenses, 18097. less; and the loss on working of dock 
labour was only 643/. against 10,262/., as com with 
the previous year, when a prolonged strike at the Man- 
chester docks added greatly to the cost of working of the 
traffic. Up tothe end of July there was a steady increase 
of ship canal revenue, but immediately after the out- 
break of war a heavy falling-off was experienced. Many 
of the lines of steamers stopped running, and the sailings 
of o lines were curtailed. After August there was a 
gradual improvement, but the weight of traffic and the 
revenue during five war months—August to December 
inclusive—were considerably smaller than during the 
corres ing period of the previous year. The weight 
of merchandise imported and exported in sea-going 
vessels during the year on which toll was paid for passing 
over the ship canal was 347,933 tons less than in the 
— year. Of this decrease, 80,000 tons consisted of 

w-class traffic which paid only a smal) toll, but there 
was also a large falling-off in the imports of manufactured 
iron from gium owing to the war, and in imports of 


timber, partly owing to the war interfering with ship- 
ments from Boston Norway, and Northern Russia, and 
also to the difficulty in securing freight space from North 


America. The following is a statement of the eves 
merchandise traffi or 


ise c and the receipts of the port the 
pent ears during which the ship canal has been 
open for traffic :— 
Ship Canal Tolls, 
Y Sea-Borne Barge Total Ship Dues, and 
om. Traffic. Traffic. Tons. Miscellaneous 
Receipts. 
tons tons £ 
1804 686,158 239,501 925,659 97,901 
18956 1,087,448 271,432 1,358,875 137,474 
1900 2,784,843 275,673 3,060,516 290,830 
1905 3,998,110 260,244 4,253,354 449,436 
1910 4,618,070 319,561 4,937,631 555,735 
1911 4,894, $23,142 5,217,812 580,841 
1912 = 5,021,691 318,193 5,339,884 605,179 
1918 5,457,218 322,943 5,780,161 654,937 
1914 109,285 $15,447 6,424,732 656,237 
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THE LATE MR. CHARLES C. SCOTT. 


WIpESPREAD regret has been experienced at the 
death, at Halkshill, Larga, on the 11th inst., of Mr. 
Charles Cuningham Scott, the Chairman, since 1905, 
of Scotts’ Shipbuilding and Engineering Company, 
Limited, of Greenock, and the head of the sixth 
generation of Scotts who have carried on the industry 
at Greenock for more than 200 years. Mr. Charles 
Scott has, undoubtedly, as will presently be shown, 
advanced the reputation of the firm so far as material 
welfare is concerned, great as that was when he suc- 
ceeded to a share in its direction, and it is high credit 
to say that he has maintained ite best traditions, 
not only from the manufacturing point of view, but 
particularly from the ethical standpoint. Under the 
conditions of modern commercialism, it is not always 
easy to resist the temptations to stray from the path 
of rectitude which come with present-day competition 
and the handicaps imposed by labour exactions, but 
heredity and training brought to the subject of our 
memoir a keen sense of honour in business as in life, 
which not only influenecd his own work, but that of 
those members of his staff who were partly responsible 
for the management of the concern. In many ways 
he won confidence, not only for his sense of upright- 
ness, which was his strongest characteristic, but for 
that sound, practical, engineering common - sense 
which influenced all his decisions, and particularly in 
connection with the departures made by the firm 
during his régime. 

Mr. Scott was the eldest son of the late Mr. John 
Scott, C.B., of Hawkshill—a shipbuilder who was 
himself held in very high esteem—and was born in 1867. 
When ten years of age, he was sent toa private schoul 
in the south of England, and three years later entered 
Fettes College, Edinburgh, proceeding thence to Edin- 
burgh University, where he attended during three years 
—from 1885 to 1888. During the University vacations 
he worked as an apprentice in successive departments 
of the ficm’s pa: «weer so that he was trained 
under what has since been termed the ‘‘ thin-sandwich 
system.” His university course, however, was planned 
on & broad scheme of culture in art and science, and 
in the works he came into close contact, while still 
@ young man, with the problems of manufacture and 
with the greater difficulties sometimes associated with 
the control and management of men. In this way 
he acquired a sympathy with the workers, which, 
combined with a strong independence of character, 
enabled him, while chsirman of the employers’ asso- 
ciations, to take a fiir, yet firm, view of all labour 
disputes. 

Having finished his college course, he devoted him- 
self exclusively to practical work, becoming, in 1890, 
assistant engine-works manager, under his uncle, the 
late Mr. Robert Sinclair Scott. The engine factory 
was then known as the Greenock Foundry, and under- 
took a considerable amount of work in the manufac- 
ture of propelling machinery for the warships built in 
the naval dockyards. One of the first Government 
jobs with which Mr. Charles Scott was associated 
was the machiaery for the battleships Barfleur and 
Centurion. A few years later he was also asso- 
ciated with the construction of the machinery of 
H.M.S. Canopus. In 1900 he became assistant general 
manager, when, for family reasons, the firm became a 
private limited company. His father died three 
years later, and he was appointed one of the managing 
directors, and on the death of his uncle, in 1905, he 
became chairman of the company. The engine factory 
had continued to produce increasingly important 
work, and in 1902 they supplied the machinery for 
the battleship Prince of Wales. In the shipyard, 
however, the naval work done was comparatively 
unimportant until the firm were entrusted with the 
building of the battle-cruiser Argyll in 1902, and in 
addition to the machinery for this vessel, they were 
entrusted also with the building of the machinery for 
the Defence, a vessel of still greater power. 

A great step forward, however, was taken soon 
after Air. Scott became chairman, as the Admiralty, 
in 1909, entrusted the firm with the building of the 


first Dreadnought battleship laid down on the River | J 


Clyde, the Colossus, which was succeeded two years 
later by the Ajax. In 1908 they obtained the contract 
for the construction of the machinery of the St. 
Vincent, also a Dreadnought battleship. In 1912, 
largely owing to the enterprise of the subject of our 
memoir, the work of building submarines was taken 
up, an entirely new design being adopted by the firm, 
with highly successful results. Since then the firm 
have entered u the building of every type of 
warship, including destroyers, so that it will be 
recognised that in the brief period during which Mr. 


turbine merchant vessel yet constructed, the Tran- 
sylvania, illustrated in last week’s ENGINEERING. 
Although having little inclination for public life, 
Mr. Scott recognised his respontibilities in respect of 
the administrative affairs of the profession. He was 
& Member of Council of the Institution of Naval 
Architects and a member of the Institution of Engi- 
neers and Shipbuilders in Scotland. He was a Past- 
President of the Clyde Shipbuilders’ Association, 
of the North-West Engineering Association, and of 
the Glasgow and District Deaughtsmen and Engineers’ 
Society. He was a Member of Committee of the 
British Corporation for the Registry of Shipping. 
Like his father, he was a consistent supporter of 
the Volunteer movement, and subsequently of the 
Territorial Army. He became attached, when eighteen 
ears of , to his father’s regiment, the First Ren- 
rew and Dumbarton Volunteer Artillery, and, passin 
through the various ranks, became a lieutenant-colone 
commanding in 1902. He was etted lieutenant- 
colonel commanding the Third Highland Howitzer 
Brigade and the Royal Field Artillery in 1907. Fur- 
ther, he had the distinction of being a member of the 
Royal Company of Archers, an ancient institution, 
which is the King’s Body-Guard for Scotland. He wasa 
Justice of the Peace for Renfrewshire. As regards 
recreation, he shared his interests between yachting and 
game-shooting. In this he followed practically his pro- 
genitors, for they had been noted among Clyde yachts- 
men from the earliest days of this pastime. He wasa 
member of the Royal Northern Yacht Club, of which 
his Se was an original member, and of the 
Mudhook Club. In politics he was a Conservative, 
but it must be confessed that the party game never 
had much attraction for him. In 1898 he married the 
fourth daughter of the late Mr. H. E. Crum-Ewing, 
Lord-Lieutenant of Dumbartonshire, and his wife and 
four daughters survive him, and have the sympathy of 
@ very wide circle of professional and private friends, 
as well as of the workers in the firm’s employment, as 
testified by the large attendance at his funeral from 
Halkshill to Largs Cemetery on Saturday last. 





ROYAL METEOROLOGICAL SOCIETY. 
TuE monthly meeting was held on the 17th inst., at 
the Surveyors’ Institution, Westminster, Captain H. G. 

keene, F.R.S8., —, in “ie —— iii 
paper on ** Observations of t pper at 
Aberdeen by Means of Pilot Balloons” was submitted by 
Mr. A. E. M. Geddes. These observations were made 


and 1913, and in every case two theodolites were used, 
thus securing an accurate determination of the flights to 
a level of 3000 metres. In clear weather the upward 
velocity of the balloon is shown to be fairly uniform, but 
to depend on more than the free lift. When clouds are 
present, they influence considerably this velocity, the 
effect differing according tothe nature of the cloud. The 
gradient wind velocities and directions have been calcu- 
lated and compared with those actually found by 
observation. 

A paper from Mr. V. G. Anderson, of Melbourne Uni- 
versity, was also read on the ** Influence of Weather Con- 
ditions upon the Amounts of Nitric Acid and cA Nitrous 
Acid inthe Rainfall at Melbourne, Australia.” The author 
described the methods adopted, and stated that the results 
of the daily determinations from November 1, 1912, to 
February 28, 1914, when correlated with the meteorological 
data for Melbourne and the isobaric charts fur Australia, 
revealed the existence of a relation between weather 
conditions and the amounts of the nitrogen acids in the 
rainfall. The concentration of nitric acid reached a 
Maximum in summer, & minimum in winter, and an 
intermediate position in autumn and spring. The con- 
centration of nitrous acid reached a maximum in winter, 
and a minimum in summer. Nine well-defined recurring 
types of rainstorms have been investigated, the amounts 
(pounds per 1000 acres) of oxidised nitrogen per day 
ws from 1.5 in the case of certain Antarctic storms to 
35 in the case of intense Tropical storms. 





Our Coat Aproap.—The loss, in consequence of the 
war, of the Russian, , Belgian, Austrian, Rou- 
manian, and Turkish markets continues 'y to reduce 
the external demand for British coal, the shipments for 
anuary coming out at only 3,612,963 tons, as com 
with 5,794,770 tons in January, 1914, and 6,070,318 tons 
in January, 1913. These totals were increased by the 
addition of coke and patent fuel to 3,769,598 tons, 
6,088,971 tons and 6,374,152 tons, and they were further 
augmented to 5,146,679 tons, 7,819,983 tons, and 8,131,831 
tons, when account was taken of bunker coal shipped for 
the use of steamers engaged in foreign trade. 





Copper SxHiPMENTs.—Returns issued by the Metal 
Information Bureau (L. H. Quin), 3, East India-avenue. 
London, show that from August 5 to December 28, 1914, 
32 vessels carrying co from America were detained, 





Scott has had chief control of the company great | 


developments have been made in warship construc- 


tion. The same can be said as regards merchant | %%  ailed before war broke out, and was 
work. The firm have had great influence in the China 
trade, and Mr. Scott a year or two ago visited the | 
Kast in connection with the work there. Influence | 


has also been exerted in the general oversea trade, 
the latest of their vessels being the largest geared- 


the total quantity involved being 19,550 tons. Of these 
vessels, one, the Belgia, a German ship carrying 100 
headed for 


Hamburg. From tember 26 to October 9 four vessels 
\for Rotterdam were held up, their cargo being pur- 
chased by Great Britain. Fourteen boats for Italy have 
been detained at Gibraltar, car:ying about 9000 tons of 
copper, and 13 vessels for Sweden, with about 5500 tons, 


at the Observatory, King’s College, during the years 1912 | 8™@P 


GARDNER’S INTEGRATING AND 
RECORDING WEIR-METER. 

Tux problem of measuring moderate or large volumes 
of water, or other liquid, having no practicable poten- 
tial head, is usually dealt with by arranging that the 
liquid shall flow over a rectangular weir, or through a 
V-notch, so that the amount ing can be computed 
by measuring the height of the liquid above the weir- 
sill, or apex of the notch, and using this height in one 
of the well-known formule. There are instruments 
on the market by means of which time-scale charts of 
the liquid passing the weir, or notch, are produced. 
Some consist essentially of a rotating clock-driven 
drum, over which a pen moves in a straight line. The 
pen is driven by a float, the motion being transmitted 
to it by some form of eccentric which embodies a 
formula for the weir, or notch, in such a way as to 
ive pen movements proportional to the amount of 
iquid flowing. The resultant of the motion of the 
drum and the pen gives a time-quantity curve, from 
which the amount of water passed in a given time may 
be obtained by measuring the area inside the curve 
and multiplying by the suitable chart factor. There 
are some inconveniences in the use of such machines. 
The estimation of the chart area is a comparatively 
troublesome job, even if a planimeter is used, and a 
suurce of error is introduced in this measurement, 
while an attendant capable of undertaking such deli- 
cate work must be employed. Further, it is necessary 
entirely to interrupt measurements when the chart is 
being changed—usually every twenty-four hours— 
while it is bar gee to deduce at any instant the 
amount pas: without stopping the machine and 
estimating the chart area. Similarly, if it is desired 
to obtain the quantities of liquid which have flowed 
during various periods of the twenty-four hours, it is 
necessary to measure the chart areas for each of these 
periods independently. 
With a view to avoiding some of the inconveniences 
of this type of meter, and minimising liability to 
error, the indicating and recording weir-meter illus- 
trated on pages 222, 230, and 231, has been intro- 
duced. The instrument is the invention of Mr. J. A. 
Gardner, and is manufactured by Messrs. Glenfield 
and Kennedy, Limited, of Kilmarnock. In it. the 
time-scale chart has been eliminated, and the quan- 
tities of liquid passed are indexed on a series of dials, 
just as in an ordinary water or gas-meter ; while, in 
addition, the instrument may be arranged to give a 
hic record of the integration, from which, by 
simple subtraction, the amount of liquid passed be- 
tween any two hours of the day may be ascertained. 
In principle the operation of the meter depends upon 
the differential action between a constant-time-keep- 
ing clock and a variable clock. The rate of the vari- 
able clock is controlled by alterations in the 
length of its ar ge oapey these alterations being 
in turn controlled by a float, through the inter- 
mediation of a rotating cam, which embodies in its 
outline the curve of flow of the liquid, and the curve 
of acceleration of the pendulum. ‘The differential 
action of the constant and variable clocks is con- 
tained in an epicyclic train of wheels, from which the 
driving motion for the index dials is taken. This 
train is arranged so that the resultant motion of the 
constant and variable clocks causes the index gearing 
te remain stationary when the cam is in its zero posi- 
tion—i.e., when the float is in its lowest position and 
no liquid is passing. 
The general a ment of the mechanism will be 
seen from Figs. 1 to 9 on pages 222 and 230. The float 
which controls the ition of the rotating cam is 
a ed either in the notch-tank, or slongside in a 
special float-tank, as shown in Figs. 2 and 4. The float 
is attached to a cord which passes round, and is 
fastened to a pulley on the spindle carrying the 
cam, so that the rise and fall of the float rotates 
this spindle, and with it the cam. The pulley 
will be seen in the foreground in Fig. 5. The 
effective length of the variable pendulum is con- 
trolled by the rise and fall of a carriage, running in 
vertical guides, which is best seen in Fig. 5. is 
carriage carries a roller which rests on the rotating 
cam, so that the vertical position of the carriage is 
determined by the angular position of the cam. The 
variable pendulum is carried by the travelling car- 
riage, “ty in order to relieve the cam of the greater 
part of the weight of the pendulum and carriage, a 
counterweight is fitted, as shown in the figures. 

The variable pendulum consists of a flexible steel 
tape, which is attached to the carriage wy a small stud, 
as shown at T in Fig. 11 on page 230. he movement 
of the pendulum is communicated to the variable 
clock by means of a jaw consisting cf two pairs of 
rollers mounted on the dead-beat escapement.. These 
rollers are shown at E E in Figs. 11 and 12 on 
230. Above these rollers two other pairs of fixed rollers 
M M, Fig. 12, are situated. These upper rollers form 
a fulcrum for the lower swinging part of the pen- 
dulum, and prevent flexure above this point. It will 
be obvious that as the moving carriage rises and carries 
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the pendulum with it, the steel tape will slide through 
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GARDNER’S INTEGRATING AND RECORDING WEIR METER. 
CONSTRUCTED BY MESSRS. GLENFIELD AND KENNEDY, LIMITED, ENGINEBRS, KILMARNOCK. 


the roller-jaws, so that the effective pendulum length 
will be reduced. The result of the whole arrangement 
is that the rate of the variable clock varies in terms 
of the height of the water in the tank, as the rate of 
the clock is determined by the length of its pendulum, 
which, in turn, is determined by the position of the 
rotating cam, and this position is a function of the 
height of the water in the tank. Details of the slidin 
carriage and pendulum suspension are given in Figs. 10 
to 16, above. 


The epicyelic gear, which combines the motions of 
the constant and variable clocks, is shown in Fig. 20, 
on 231. It consists essentially of three bevel- 


wheels K K, PP, and MM. _ In the gear shown in the 
figure an extra bevel-wheel X X opposite to PP is 
fitted, this serves to equalise the drive and pre- 
vents cross-strains on the spindle AA, but, from 
a purely kinematic point of view, this wheel is 

undant. The spider BB BB, carrying the wheels 
P P and X X, is connected to, and is carried round by, 
the spindle A A, which comes from the varying clock. 
Bevel-wheels M M and K K run loose on spindle AA. 
M M is fast to pinion O O, which gears with spur-wheel 
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SS. SS is fastened to the spindle 
T, which is connected to the 
minute-hand spindle of the con- 
stant clock, and thus makes one 
revolution per‘ hour. OO has 
thirty teeth, and SS ninety 
teeth, so that OO makes three 
revolutions perhour. ‘Ihe spur- 
wheel H H is fast to the bevel- 
wheel K K, so that its motion is , ; 
a resultant o! the two motions acting on K K vid the A A—i.c., fromsix revolutions—the constant three revo- 
bevel-wheels P T and X X—i.e., the motion from the | lutions due to O O have to be subtracted. The — 
spindle A A through spider B BB B, and the motion | tions of A A area function of the length of the — e 
from spindle T through the wheels S S and 00. It is | pendulum, and this is arranged so that a range vat wo 
obvious that if the spindle A is stationary, H H will 0 to 3 revolutions is obtained, which is trans r ia 
make a constant three revolutions per hour, owing to a range of from 0 to 3 in the wheel H H. ——— — 
the drive from OO ; whereas if A makes one and a and gearing are, of course, arranged Pg ae t < “ 
revolutions per hour, H H will be stationary, since 0 O | tionary state of the wheel H H corresponds to =| aE 
and A A revolve in opposite directions, and since the over the notch, while the maximum oe S i 
effect of the revolutions of A A is doubled in H H owing | —1.¢., three revolutions per hour—corresponds Pon 
to the epicyclic train. Similarly, if A A makes three | maximum flow over the notch. The ae an be 
revolutions per hour, H H will also make three revolu- | are suitably red to the wheel H H, and it wi 
tions, as from the doubled effect of the revolutions of | obvious that an integration of the water that is passed 
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Fig. 8. PENDULUM ACCELERATION CURVE. 


Fig. 17.CURVE OF FLOW 30° V NOTCH. 
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can be obtained, since the of the variable clock 
is a function of the rate of flow, and the necessary 
time factor is supplied by the constant clock. 

The method on which the cam is set out is illus- 
trated in Figs. 17 to 19. The curve given in Fig. 17 
shows the rate of flow of liquid over a 90 deg. V 
notch. This curve is constructed from the well-known 
formula 
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Q = 0.305 Hi, 


in which Q is the liquid passed per minute in cubic 
feet, and H is the depth of water in inches, above the 
apex of the notch. e curve shown in Fig. 18 is the 
acceleration curve for a pendulum, and is set out in 
accordance with the formula 


D =0.16 JL, 


where D is the duration of a beat in seconds, and L is 
the effective length of the pendulum in inches. It 
will be understood that the curve is set out in reference 
to the instrument, and that the pendulum heights 
above zero, given on the abscisse line, refer to the 
vertical movements of the carriage above its lower 
position—i.e., they indicate the amount which is 
subtracted from the maximum oo of the pendulum, 
to give its shorter le s and co uent greater 
number of beats. The Snexiove sors = length— 
i.¢., the — at the zero of the diagram—is about 
174 in., and the heights given must be subtracted 
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from this 174 in. to give the actual lengths. In the 
same way the pendulum-beats per hour, given on the 
ordinate line, are the increase of beats owing to the 
decrease in length, and must be added to the beats of 
the original 174-in. pendulum to give the actual beats 
per hour. The 17}-in. pendulum at the zero of the 
diagram will make about 5380 beats per hour. 

The method of setting out the cam is shown in 
Fig. 19. The distances Q F, FE, E D, DC, and CB, 
marked around a circle struck from centre A, are set off 
proportional to the curve of flow, and represent dif- 
ferent and definite heights of water in the notch. Dis- 
tances F U, ET, DS, C R, and BP are taken from 
the pendulum curve, and represent the respective lifts 
necessary to accelerate the beats, and thereby the 
speed of the varying clock correlative with the rate 
of flow corresponding to points Q, F, E, D, C, and B. 
The cam is made in one piece, and concentric with the 
pulley shown, round which the cord from the float 
passes. The rise and fall of the float cause a rotation , 
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of the pulley and cam, so that as the roller takes u 
various positions on the cam, as shown at Q, U, T, §, 
&c., the length of the pendulum causes the rate of 
the variable clock and the revolutions of the dials to 
be exactly commensurate with the rates of flow at the 
various points. 
In addition to the index dials from which an integra- 
tion of the liquid passed may be read, the instrument 
may be arranged to draw a chart from which the 
amount passed during any period of the 24 hours may 
be obtained by simple subtraction. The ordinates 
of the chart represent total quantity passed, so that 
no estimation of area or other process beyond simple 
reading off is required. The chart paper is fixed on a 
vertical rotating drum, over which a pen moves in a 
vertical straight line. The drum is driven by bevel 
gearing from the constant clock, while the pen is 
driven by a cord which is wound on to a pulley 
driven by bevel gear from the resultany side of the 
epicyclic train. The cord is carried from the 
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ulley to the pen- carriage over a guide- pulley 
Reed 46 the top of a. standard placed alongside 
the drum. The a will be clearly seen 
in Fig. 7, while the bevel drives are shown in 
Fig. 9. The adjustment of the pen to its new zero 
position, when changing the chart, does not affect the 
ydex dials. The type of chart used, on a reduced 
scale, is shown in Fig. 21. The standard size is 24 in. 
by 12 in. It will clear from Fig. 21 that the 
amount of liquid passed Letween any two times may 
be obtained directly—thus between 8 a.m. and 2 p.m. 
178,000—88,000, or 110,000 gallons were metered ; 
between 8.15 a.m. and 9 a.m., 16,000 gallone ; between 
12.15 p.m. and 12.45 p.m., 1000 gallons ; and so on. 

When setting up the instrument it is, of course, 
necessary to obtain an accurate adjustment of the 
zero, between the level of the liquid in the tank 
and the apparatus. To facilitate this operation 
the tank is usually fitted with a zero pointer—that 
is, a pointer set some 2 ft. back from the notch, and 
capable of vertical adjustment by means of a 
screw and jamb-nut, and the setting is carried out 
by means of the small gun-metal blocks shown in 
Fig. 22. These blocks are supplied with the instru- 
ment. The V block is placed in the notch, and the 
square block is steadied on top of the pointer. A 
straight-edge is then put across the blocks, and a spirit- 
level stoeal above it. The pointer is then raised or 
lowered until the oan yog a is perfectly level, after 
which the water is run into the tank, and by observing 
that the tip of the pointer is neither above or below 
the surface of the liquid, an extremely fine zero setting 
for the float may be obtained. ‘The cam is then ad- 
justed until the pointer on the pendulum-carriage 
points to the zero mark on the cam, the final adjust- 
ment being made by a screwed coupling provided on 
the wire for the purpose. At this stage it is necessary 
to ascertain that the constant clock is keeping time, 
after which the length of the variable pendulum has 
to be adjusted, by means of a screw provided for 
the purpose, until there is no motion of the index. 
The instrument will then be ready for work, and will 
accurately integrate all liquid flowing over the notch. 

Although in the instrument described above it has 
been assumed that a 90 deg. Y-notch was used, it is 
obvious that other forms may be employed by suitably 
forming the cam. For small flows, Y-notches of 
smaller angle, as, for instance, those shown in Fig. 23, 
may be used; while for some large meters rect- 
angular weirs, with or without end contraction, may 
prove more suitable. As far as the meter is con- 
verned, the matter is simply one of embodying the 
suitable formula in the cam. Our final illustration, 
Fig. 24, on oy og shows anew form of this meter 
which has just been introduced. In all essentials the 
meter is the same as the one we have described, but 
the arrangements adopted allow of a more compact 
build, so that the base area has been nearly halved. 
As will be seen, the contour of the cam has been 
slotted out of a hollow cylinder fixed with its axes 
vertical. The clockwork has also been much reduced 
in size, and mounted vertically in a square case. The 
index has also been formed by a number of small dials 
mounted horizontally in the conventional way in place 
of the circular index originally used. 

The possible applications of this instrument are 
very large. It may be used not only for the meter- 
ing of water-supply from various sources, but also 
for the measurement of cleaned sewage, mineral oils, 
&e. It is also suitable for dealing with acids, alkalies 
in solution, or other corrosive liquids, since no part 
of the apparatus, except the notch and the float, come 
in contact with the liquid, and these can, when neces- 
sary, be made of non-corrosive material, such as delf or 
glass. The meter may also be very profitably em- 
ployed in engine-rooms in connection with the air- 

ump discharge from surface-condensing engines. 
Poneiderable accuracy may be obtained with this 
application, as the float may be made to compensate 
alnest exactly for fairly large variations in hot-water 
temperatures. The application of such meters to 
individual engines allows of a continuous and accurate 
record of steam a being kept, while the 
weight of water in pounds per hour passing from the 
condenser may be ascertained at any instant by read- 
ing the large scale which is engraved on the cam. 
These features allow a close watch to be kept on steam 
consumption, and are likely to lead to the detection of 
incipient faults or careless running in such a way as 
to ensure that the whole plant may eonstantly be kept 
in a state of high efficiency. 





Cement in Germany.—The union of the building trades 
in Greater Berlin has strongly urged its members not to 
enter upon any contracts with the Cement Central. This 
move has been undertaken so as to ae the posi- 
tion of the union in its relations with the t Central, 
with which a good deal of dissatisfaction prevails also 
in other parts of Germany. It has been proposed to 
respond to the higher prices demanded by a_ boycott, 
A Government maximum price has also been under venti- 
lation, but is not expected to come into operation at 
present, 


CONDITIONS AFFECTING THE VARIA- 
TIONS IN STRENGTH OF WIRELESS 
SIGNALS.* 


By Professor E. W. Marcuant, D.Sc., Member. 


Introduction.—The ch which take place in the 
strength of signals received from any transmitting station 
are well known to every wireless operator. As ; ago 
as 1902 Marconi drew attention to the remarkable differ- 
ence in the age of signals received by day and by 
night, and his observations have been repeated an 
recorded by many other observers, recently by Taylort 
and Austin.} 

Remarkable distances have been covered at night by 
using comparatively small-power plants; for example, 
the signals from a boat — from Gibraltar to Port 
Said with a standard 1.5-kw. set were received at Liver- 
pool with great clearness on Sunday evening, June 14, 
1914—+.¢., at a distance of over 1200 miles. 

The complete explanation of freak signals such as this 
is a matter that requires further investigation. Theories 
involving the reflection and refraction of the electro- 
magnetic waves have been develoyed by Heaviside, 
Eccles,§ Kennelly,|| Erskine-Murray, {| and others, but it 
is very difficult to express an —— as to their validity 
without accurate experimental data. Although many 
records have been en, very few of these give actual 
measurements of signal strength, and it was with the 
view of securing such information that the following 
investigations were undertaken. 

Their scope is confined to (1) observations of the effects 
of atmospheric conditions of all kinds on the strength of 
signals, and for this purpose a series of observations, 
lasting for a year, has been made; (2) variations notice- 
able at sunset in the strength of the signals ; (3) observa- 
tions on fluctuations in the strength of signals during the 


night. 

The stations between which most measurements have 
been made are Liverpool and Paris, which lie mutually 
almost north-west and south-east. Some results are re- 
corded in connection with the new station (recently 
destroyed) erected in Brussels by Mr. Goldschmidt. The 
bulk of the work, however, has been done in connection 
with the Eiffel Tower station. 

Previous Work.—Special mention may be made of the 
results published by H. Mosler in August, 1913.** These 
experiments are very similar to those described below and 
were made between Norddeich and a station lying 
420 km. east of it, the transmission being entirely over 
land. Measurements of the time-signals were made five 
or six times a montb, both by day and by night, and it was 
found that the day strength appeared to be very nearly 
constant—1.¢., it was not affected by the altitude of the 
sun. The ratio between night strength and day strength 
varied considerably, being greatest in the spring and 
autumn, and least during June, when the ratio was only 
1.04. The maximum ratio was 3.15 on November 13, the 
other maximum being 2.2 in April. 

An interesting record is also os in this paper of the 
change in signal strength which occurs at night, some- 
times within a few minutes. On November 12, 1913, 
such a record was taken, and variations from 100 mm. up 
to 200 mm., and down to 40 mm. deflection were observed 
on the recording galvanometer, for the same strength of 
signal, repeated continuously. 

Another experimenter on the same subject is A. H. 
Taylor, who has describedt++ observations made between 
the University of North Dakota and stations on the east 
coast of America, 1200 miles distant. He came to the 
conclusion that the best condition for signalling was when 
the intervening s was cloudy. Signals were not so 
strong on a clear day, or in bright sunshine. 

Some further observations have recently been published?t 
by him on the relation between good transmission and 
weather conditions. The main result confirms his previous 
observations, that the most favourable condition for 
signalling over land is cloudy sky. The same conclusion 
was suggested by the author in a paper read before the 
British Association.§§ Taylor shows that this result 
eannot be explained by the reduced ground absorption 
after heavy rainfall, but must be due to variations in the 
absorptive capacity of the intervening medium. He 
suggests that the radiation received from a transmitting- 
station may be divided into three parts :— 

1. The portion reflected from the cloud level—i.e., the 

* Paper read before the Institution of Electrical Engi- 
neers, February 11, 1915. 

+ A. H. Taylor, ‘‘ Wireless and Weather,” Electrical 
World, vol. )xii., page 425, 1913. 

t Journal of the ee Academy of Sciences, 


vol. iii., wee a 191 

§ W. H. les, on “‘ Certain Phenomena Accompany- 
ing the Propagation of Electric Waves over the Surface 
of the Globe,” Electrician, vol. lxix., page 1015, 1912. 

|| A. E. Kennelly, ‘*The ae Effect in Radio- 
telegraphy.” Proceedings of the Institute of Radio Engi- 
neers. vol, i., page 39, 1913. 

qT J. see Murrey. “The Function of the Atmo- 

here in Wireless Telegraphy,” Year-Book of Wireless 

elegraphy, 506, 1914. 

** H. Mosler, ‘* Intensitiits ngen Radiotelegraph- 
ischer Zeichen zu Verschiedeuen Jahres und Tageszeiten,” 
Elektrotechnische Zeitschrift, vol. xxxiv., page 996, 1913. 

++ Loe, cit. 

tt A. H. Taylor, ‘‘ Radiotransmission and Weather,” 
Phusical Review, vol. iii., Series 2, page 346, 1914. 

§§ E. W. Marchant, ‘‘ Effect of Atmospheric Condi- 
tions on the Strength of Signals Received at Liverpool 
from Paris and Some Otber Places, 
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Soe the Diurnal Variation in the Energy Re- 





part which is propagated between two parallel surfaces 
formed by the earth and by the clouds. 

2. The pordion entering the “‘ middle,” ionized region 
and refracted (this portion is more absorbed by day than 


es 

3. The portion passing through the middle pagion and 
reflected on the upper permanently ionized ayer of 
ey a (this portion is almost entirely absent in day- 
light, but would © powerful at night). 

The large variation ai night may be due to changes in 
the amount of energy reflected from the upper ionized 


dj|layer. Thechief interest in Taylor’s paper lies in his sug- 


gestion that there is a distinct difference between the 
medium below and above the cloud level. 

Some very interesting results have been published by 
Lutza,* who bas made experiments with balloons, making 
double flights, one at a low altitude and the other at a 
much higher one. He investigated the variation in 
signal strength on these two balloons, using similar 
aerials on them and ongloying a shunted telephone 
method of estimating it. For these experiments a special 
set of signals was sent out from the Eiffel Tower station 
at quarter-hour intervals. He found that the signal 
strength did not appear to change very much until an 
altitude of 1000 to 1500 metres was attained, but that at 
altitudes of 5000 metres and over it fell to less than 10 per 
cent. of the value that was observed at the lower levels. 
The transition from strong to weak signals with changing 
altitude seems to be comparatively sudden, and to take 
place at a height of between about 2500 and 3500 metres. 

In one flight in which the records have been particu- 
larly complete, he shows that at the lower and higher 
levels the moisture in the atmosphere was considerable, 
that the air currents at the lower level were from the 
south, and that at the higher level they were from the 
west. Both these currents appear to have been saturated 
with moisture. Between the two levels, however, there 
was a comparatively dry layer of air and the signal 
strength weakened after the balloon passed through this 
layer on its se flight. 

It is difficult to say whether there is any relation 

between the presence of this air layer and the signal- 
st variation, but the results that Lutze has obtained 
would seem to be of great value in their bearing on the 
theory of transmission. ‘They seem to provide clear 
evidence that there is, on a much lower level than has 
previously been suggested, a mass of ionised air which 
absorbs a considerable amount of the energy of the trans- 
mitted electro-magnetic waves. 
_ Marconi has described the changes which takes place 
in the strength of the signals transmitted across the 
Atlantic ; the curve showing the remarkable strengthen- 
ing of the signal about an hour after sunset at Glace Bay 
and about an hour before sunrise at Clifden is weil 
known, and Dr. Eccles has based his theories very largely 
on these results. + 

L. W. Austin, in some experiments made to compare 
the efficiency of arc and spark transmission, states that 
the signals are weakest during July and August. These 
tests were made, however, with wave-lengths of from 
3590 to 7000 metres and between places 1780 miles apart. 

Howe§ has shown that the current received by an 
antenna ata + distance from the transmitter, on the 
assumption of a perfectly conducting earth and a non- 
ioni atmosphere, is much smaller than that actually 
found by experiment, thus strongly supporting the theory 
of reflection or refraction due to ionisation of the upper 
atmosphere. 

_ Kennelly,|| in discussing the observed changes of the 
intensity of signals near sunset and sunrise, arrives at 
the conclusion that they may be explained by reflecting 
effects on the boundary surface or shadow wall between 
darkness (air of.small conductivity) and illumination (air 
of marked conductivity). According to his theory there 
should bea dip in the curve of signal strength at sunset 
between two places lying north-west and south-east of 
each other, at the summer solstice—i.e., when the shadow 

d crosses the line between the two places. The curve 
given in Fig. 4, on , Shows no appreciable dip in 
the records obtained in July, whereas there does seem 
some slight evidence of diminution in strength when the 
shadow d lies between the two places on March 27 
and October 11 (Fig. 5, page 234). 

K. E. F. Schmidt has obtained itive results of the 
increase in signal ——_ at night (over a distance of 
8 km.) of the order of per cent. in December. In 
some experiments made between Norddeich and Halle, 
400 km. apart, the ratio of intensity between night and 
day in October, 1911, was 1.47, measured on a barretter. 
The corresponding figures found with a shunted tele- 
phone are interesting from the point of view of the accu- 
racy of this method of observation. He finds the ratio 
varies from 0.56 to 2.37 by shunted telephone, whereas 
the corresponding variation with the barretter is from 
1.4 to 1.47. This result is entirely borne out by the 
author’s observations, and is confirmed in a paper just 
published by A. Klages and O. Demmler. {/ 





* Abhandlung der Naturwissenschaftlicher Gesellschaft 
zu Halle, vol. i., 1914. : 

+ G. Marconi, ‘‘ Transatlantic Wireless Telegraphy, 
Proceedings of the Royal Institution, vol. x., page 107, 
1908, 


+ Journal of the Washington Academy of Sciences, 
vol. iii., page 517, 1913. — 

§ G. W. O. Howe, “The Transmission of Electro- 
mugnetic Waves Through and Around the Earth,” Elec- 
trician, vol. lxxii., page 484, 1913. 

|| Loe. ett. y 

§ A. Klages and O. Demmler, ‘ Lautstiirkemessun- 
gen nach der Parallelohmmethode und ihre Quantita- 
tive Brauchbarkeit,” Jahrbuch der Drahtlosen Tekgraphie, 
vol. viii., page 212, 1914. 
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Messrs. E. Rothé and R. Clarté* have studied the signals 
emitted from the Eiffel Tower. y_ have confirmed 
the observations of Mosler that the difference between 
day and night transmission is not the same at all times 
of the year, and they have also shown that there 1s a con- 
siderable difference between night and day signals on 
successive days. In July the ratio between the day and 
the night strength appears to have been very nearly unity, 
whereas in February the differences amounted to as much 
as 46 per cent. of the greatest energy received. These 
results confirm those obtained by the author during 1913, 
and show that the difference in signal strength from day to 
day is more marked than the difference in signal strength 
between one month and another. It is interesting to 
note that the special emission made on July 26, 1913, by 





the increase of strength was very marked 


oO 
4 A , 
for Buzzer 
Wave Meter 
with Buzzer 





of an L shape, 
and a vertical height above ground of 150 ft, 
over land which is covered with buildings, and con- 
sequently the natural wave-length 
does not 
culation from inductance and capacity of the wires. 


strength of signal received by an antenna is the resist- 

ance to 

Wie Chain grea has been taken the 
ess Chain tb care in choosing a 

site of which the ground has 


tests was compuratively simple. The main part of it con- 
M. Ferrié, at the request of the author, showed very | sisted of a ring of two 3-in. warolge 
little increase of strength at Nancy, whereas at Liverpool of a square of about 50 ft. side. e 


n October 27, the increase observed at Nancy is of were connected with the water-pipe system of the building. 


Belewver® 


y Resistance 
At areal ye 


in connection with these tests was 
ving « horizontal of over 500 ft., 
It is run 


The aerial employed 


iy 1200 metres) 
very closely with that found by cal- 
The second factor which has a great influence on the 


earth. It is well known that in the new stations 
are being erected in connection with the Imperial 
conductivity. 

The earthing system in connection with these 


laid in the form 
earth-wire was 
to one side of these pipes, and they, in turn, 


Fig.1. RECEIVER CciRCuIT. 
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2. SIGNAL FROM BRUSSELS SHOWING “ATMOSPHERICS” 
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Fig. 8. 


SIGNAL FROM PARIS (LOWFREQUENCY SPARK). . 









































SIGNAL FROM CLIFDEN SHOWING BAD ‘A 

















(a3) 


the same order of magnitude as that observed in Liver- 
pool ; the difference hetween the night and day signals 
being approximately 50 per cent. In this case, however, 
the strengthening is slightly greater at Nancy than it is 
in Liverpool. The shadow band at sunset on July 26 
crosses the line between Liverpool and Paris at an angle 
of about 40 deg. On October 27 the shadow band at 
sunset is nearly parallel to the line between the two 


Pp 

Methods of Observation.—In order to obtain comparable 
measurements of signal strength it is of importance that 
the aerial circuit should be of a definite form ; preferably 
the aerial should be isolated from buildings and other 
obstructions which might interfere with the waves that 
are received from the transmitter. On general grounds 
it would seem desirable that an antenna of symmetrical 
form should be em ed. Where these ideal conditions 
cannot be obtai absolute measurements are of little 
value, but the figures which show the variations obtained 
on (an aerial working under less favourable conditions 
should give reliable comparisons between signal strengths 
from day to day. 


_* E. Rothé and R. Clarté, “* Influence de I’Etat de 
?Atmosphére sur le Propagation et la Réception des 





7 Heriziennes, Comptes Rendus, vol. clviii., page 699, 








This arr ment was found to give very satisfactory 
results, and was thought to be more iable than a 
system which would have involved burying conductors in 
ground having « substratum of hard sandstone. 

The a ment of the circuit used in connection with 
the aerial is shown in Fig. 1, above. The coupling between 
the aerial circuit and the receiving circuit varied within 
wide limits ; for most of the it was 3.75 per cent. 
—i.¢., this coupling was used for the Paris si The 
coupling coefficient was accurately measured in all cases, 
and by means of the ex ion given in the a) ix, the 
current received in the aerial circuit could be determined 
from the readings of the galvanometer in series with the 
crystal detector on the closed circuit. The measurements 
of mutual induction, self-induction, and capacity have 
been made by a Campbell mutual variable standard used 
in conjunction with a a a periods) alter- 
nator and vibration galvanometer. This arrangement 
enabled measurements of inductances of the order of 10 
microhenries to be made within 1 per cent. without 
serious difficulty. The wave-meter employed for méasur- 
ing the wave-length, and also for calibrating the crystal, 
was calibrated in the same way. The capacities and 
inductances of the aerial circuit were also nieasured by the 
mutual variable standard. te 

The tesistance of the circuit was estimated 


buzzer 

as the ba 

— was determined by the crystal detector) was varied 

y. altering the inductionless resistance in the circuit. By 
is 


signals. 7 ly was this the case durin: 
Cc June, July, A 


circuit was tuned to the same natural period 


the 
zzer circuit, and the current through the circuit 


means & curve connecting current and resistance in 


the circuit can be drawn, and, extra ion, the 
resistance of the circuit itself can inbek This f 


This result 
measured by ordinary 


was checked against 
methods, and also by measurements of the decrement of 
the circuit as described below. The resistance found for 


the Paris wave- was 37 ohms; that estimated from 

e decrement was 36 ohms. The actual resistance of the 
wire calculated by Rayleigh’s formula is 4.5 ohms, and 
the difference between represents the effective 
resistance of the crystal detector and its connections. As 
this is large compared with the effective resistance of the 
coils, the correction to be made when the inductance, and 
—~ ee the coil resistance, in this circuit are varied is 


8 

The natural wave-length of the aerial was determined 
by exciting it inductively from a closed circuit coupled 
very loosely to it, and varying the natural period of the 
oscillating circuit until maximum antenna current was 
obtained. natural frequency of this oecillating 
circuit was then found by means of a wave-meter. 
The decrement of the secondary circuits was determined 
by aes Sam inductively from the buzzer circuit and 
ae capacity in the circuit, thus altering its 
natu’ od by a known amount. The change in the 
current flowing in this circuit was observed by a galvano- 
meter, arranged in series with the ordinary crystal 
detector shunted across the fixed inductance. 
It is difficult to measure the earth resistance of the 
antenna circuit, but the determination of the decrement 
of the signals received enables the constancy of the re- 
sistance of the earth to be determined to any required 
d of accuracy.” It was found that decrement 
did not vary very much from day to day, and in making 
calculations of received energy, the earth resistance has 
been assumed constant. 


MEASUREMENT OF CURRENT IN THE CrystaL Orrculr. 


The current received by the antenna was estimated 
from the current flowing through the crystal circuit, as 
explained above. As far as variations are concerned, it 
was sufficient to note the changes in the galvanometer 
currents due to the received signals. The crystal com- 
bination used in nearly all the tests was the one known 
as permeee, with crystals of zincite and chaloopyrites. 

n order to simplify the work as much as possible, the 
secondary circuit was calibrated on the same wave-length 
as that of the received signal. This not only surmounts 
the difficulty that the sensitiveness of the crystal may 
depend upon the frequency of the currents passing 
through it, but, as is shown in the ge it enables 
the antenna current to be determined directly in terms 
of the current in the buzzer circuit by using a constant 
multiplier. 

As has heen shown by the author} and many others, the 
current flowing in the crystal circuit connected to any 
oscillating system is F pate yw to the square of the 
oscillating current. This result has been checked in con- 
nection with all the crystals used in the experiments. 
It may be interesting to note that this result appears to 
show that the action of these crystals is not valve action, 
but one in which the magnitude of the current flowing 
in the circuit depends on a thermo-electromotive force 
induced by the heating effect of the oscillating current. 

It has been shown by Eccles and others that the law of 
variation of current in the crystal circuit with variation 
in current in the oscillating circuit varies with the magni- 
tude of the oscillating current, and that the action of the 
crystal approximates more closely to a pure valve action 
for large currente, 

With the currents used in these experiments (the 
maximum value usually not exceeding 2 micro-amperes) 
the square law is accurately true. Other crystals that 
have been tried are combinations of zincite and galena, 
brass wire and silicon, and iron wire and silicon. 

With « particularly sensitive silicon crystal it was found 
that the iron-wire-silicon combination was almost as 
sensitive as the ikon ; but this combination was not 
as reliable as the perikon—i.e., the sensitiveness of the 
crystal was more liable to be upset by atmospheric dis- 
charges, and, for this reason, the perikon has been pre- 
ferred in all these tests. 

In series with the crystal was placed a high-resistance 
(8000 ohms) telephone receiver, an ordinary Broca galva- 
nometer with a period of about 9 seconds, and an 
Einthoven galvanometer with a silvered quartz fibre 
baving a natural —_— of about A, second when working 
at normal sensibility. It might have been expected that 
for long dashes the Broca galvanometer would have 

oved satisfactory and sensitive enough for the purpose. 
The actual deflection of the instrument for a given current 
in the circuit is greater that of the Einthoven, the 
norma! sensitiveness of the instrument being 400 mm. per 
micro-ampere, but in practice it was fo that extra- 
neous causes made it almost impossible to use the Broca 

vanometer for purposes of measurement. The greatest 
ifficulty was met with in connection with the atmo- 
ic dischar; which, at certain times of the year, are 
hable to interfere very seriously with the ‘reception of 
and September. ~ dy 
of ° dring many 
monthsin the wale ae Broca galvanometer was quite 
effective, though even under the most favourable atmo- 


. Assuming that ‘the “decrement of the wave-train 


emitted is 
t, ‘‘ The Measurement of the Strength 
ireless Si ” ** Vear-Book of Wireless Tele- 
graphy,” page 515, 1914. 





secondary 
by inducing a high-frequency current in it by meas of a 
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spheric conditions trouble was sometimes met with from | Fig. * oy weak signals the greater magnification was 
ig. 


ips and other stations sending on much shorter wave- — ( 


nder the latter conditions it was possible to obtain a 


number of such stations in the vicinity of Liver- | sensibility of 200 mm. per micro-ampere with a period of 


pool, it ma 
observation 
and it is for this reason that the work has been confined | 


Fig 4 
PARIS SUNSET TEST, 26 JULY, 1913. PARIS 
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be mentioned, prevented any accurate | about one-twentieth of a second. The sensitiveness with- 
ing made on the shorter wave-lengths, | out the magnifying eye piece was usually 25 mm. per 
micro-ampere, but owing to the smaller size of the image 
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Fig. 7. SPECIAL SIGNALS EMITTED FROM PARIS. COMPARISON BETWEEN 
VARIATION IN SIGNAL STRENGTH AT SUNSET AT NANCY & LIVERPOOL. 
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Fig. 8. CURVE SHOWING VARIATION IN ANTENNA CURRENT RECEIVED FOR 10.45 A.M. 
AND 5 P.M. SIGNALS FROM PARIS DURING DECEMBER /9/3, 
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Fig.2. CURVE SHOWING VARIATION IN ANTENNA CURRENT RECE/VED FOR 10.45 A.M.AND 5 P.M 
S/GNALS FROM PARIS DURING JANUARY /9/4. 
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almost entirely to the wave-lengths used by Brussels, 
Paris and Clifden. The Einthoven yapemeser in most 
cases was not used in the way in which it is usually em- 
ployed, as it was found that a less-sensitive r) 
was quite effective for the currents which had to e mea- 
sured. Under normal conditions the magnification of the 
image of the fibre was reduced by omitting the mi 


75-80 ° ” ” 





yomene, and the i of the fibre was therefore much 
thinner than would otherwise have been the case (see 
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of the “ iv was poseible to some the deflection with 
almost the same precision as with the larger magnification. 
Examples of sigoals received with these two different 
arrangements are shown in Figs. 2 and 3, on page 233. 
The Clifden record was obtained on an exceptionally bad 
day. The result shown was quite unusual, and no special 
arrangement for eliminating ‘‘atmospherics ” was used. 
In connection with each test or measurement of signal 
strength, a calibration of the crystal sensibility was made 


by means of the buzzer shown in Fig. 1. In each cage the 

current flowing in this circuit was measured by a Duddell 

thermo-ammeter, and the corresponding current in the 
vanometer 


circuit observed. The calibration was 


usually made by means of the Broca galvanometer, since 
the conditions for this test can i 
steady, and the long period of the galvanometer does not 


be maintained quite 


fig.6. 
PARIS SUNSET TEST, 270CTOBER. PARIS 
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Fig.i1. CURVE SHOWING VARIATION IN SIGNAL 
STRENGTH WITH DAY OF MONTH. 
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affect the accuracy of the observations. Einthoven 
records were, however, also made in each case so as to 
provide a means of checking the vanometer observa- 
tions afterwards, the relative sensitiveness of the Broca 
and Einthoven instruments being maintained as nearly 


| constant as possible. 


The buzzer used in most of the tests was the double 


| contact-breaker supplied with the Lorenz wave-meter. It 


will be noted that the current in the buzzer circuit was 
not measured by a direct reading instrument inserted in 
it. It was found much more satisfactory to couple the 


| Duddell thermo-ammeter by means of a secondary coil 


wound on a fixed frame and arranged so that the coil of 
the wave-meter was concentric with it. This coil was 


| connected through a non-inductive resistance to the 





Duddell thermo-ammeter. By this arrangement it was 
possible to use a small current thermo-ammeter and to 
adjust the sensitiveness of the instrument by varying the 
resistance in the circuit. The current flowing in the 
secondary coil could be reduced to such proporticns that 
there was no appreciable change in the current flowing in 
the wave-meter circuit when the secondary circuit was 
closed. This arrangement had also the advantage of 
making no appreciable change in the natural period of 
the wave-meter circuit. If the instrument were placed 
directly in the wave-meter circuit, the inductance of the 
leads made a considerable alteraticn in the natural period 
of the wave-meter. The sccuracy of the measurements of 
signal strength is not closer than + 5 per cent., and too 
much attenticn should not be given to small variations 
or irregularities in the curves. 


OBSERVATIONS ON SIGNAL STRENGTH. 


Sunset Effect.—One of the earliest observations in con- 
nection with wireless telegraphy was that it was possible 
to transmit over much longer distances by night than by 
day, and it has been a matter of discussion ever since as 
to what is the cause of that variation. Several observa- 
tions have been made at the time of sunset, and the results 
are recorded in Figs. 4, 5, and 6, above, and Figs. 12, 
13, and 14, on the next page. The first point which 
deserves notice (which was mentioned by the author 
in a preliminary account of these tests at Birmingham) 
is that the increase in strength of the signal does not 
occur at the time of sunset, but some time afterwards. 
This is what might have been «xpected if the state of 
ionisation of is the controlling factor in 


determining the signal strength. The increase in 
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trength occurs at almost the same time as daylight ceases | were fine, there is again no increase in_strer during 
a at the same time as the number of eS cubic | the whole night, a result which vonfirms Mosler’s observa- 
centimetre in the atmosphere would rapidly diminish. tions for the month of June. The observations by Mosler* 
Observations in America appear to show that with | on the variation in the ratio of night to day sti 

places lying due east and west of each other there was | with the time of year are of great interest, but it does 
weakening* in the strength of the signals while the dark- | not seem possibie to get a definite ratio between night 
light lay between the two places. This effect is, | and day strength which will hold with any approxima- 
of course, wal known in connection with the Transatlantic | tion to accuracy for any day in any given month. 

transmission. It will bs noticed from the curves that | Mosler himself shows, and as these tests have also shown, 
there is little evidence of such an effect occurring between | the variations during a single night may be very large, 
Liverpool and Paris. If this effect occurs, it is compara-| and the difference in the ratio from day to day in any 
tively very slight. It would seem, therefore, that the “fog” | given month may also be very large. It is interesting to 
in the space covered by the dark-light band is nota very | notice that the grestest ratio observed between night and 
dense one. 7 strength occurred in July, 1915. The ratio on 

The curves show, however, that the sunset effect varies | July 26 was 1.8, while on July 22 it was 2.4. 

with the weather conditions at the time of sunset. On| A possible engipaotion of the observed phenomena ew | 
July 26 (Fig. 4) and October 27 (Fig. 6), the sky was clear | beas follows :— When the atmospheric conditions are > 
and the effect was what may be called of the “normal” | and rain has fallen, the transmission is and the effect 
type—t.¢., there was an increase in strength commencing | of the removal of sunlight, which is one of chief causes 
from # hour to 1 hour after sunset. On these days, how-| of ionisation in the atmosphere, produces little effect. 
ever, the antenna current measured before sunset was! Irregular reflections and refractions from masses of ionised 
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only 40 micro-amperes. On October 27 the rise in strength | air in the upper regions of the atmosphere, which cause 
was perceptible at 5.35 p.m., the time of sunset being | irregular increases in the received antenna current, such 
4.38 p.m. ; on this day sunset occurs at the same time in | as are observed in the all-night tests referred to later on, 
Liverpool and Paris. In December, 1913, and January, | are prominent, because of the transparency of the lower 
1914, for which the curves of received antenna current at | atmosphere to the waves. On the other band, when 
10.45 a.m. and 5 p.m. have been plotted in Figs. 8and 9, | the day is clear the received antenna current is less 
on the ape page, it is noticeable that ‘there is no | strong du the day, and when darkness falls there is 
evidence of a sunset effect, the signal strength at 10.45a.m. | a considerable strengthening of the signale, owing to the 
being the same as that at 5 p.m. on the shortest day, | atmosphere peewee more transparent to the waves as it 
when the time of sunset here is 3.49 p.m., and the 5 p.m. | becomes de-ionised after daylight has ceased. The reflec- 
sigual is, therefore, over one hour after the time of sunset. | tions from masses of ionised air in the upper ions of 
_ In the all-night test on March 26 and 27 the increase | the atmosphere are less _ because of less 
in strength at sunset was com tively small. There | trans t condition of the lower atmosphere after a fine 
wes a slight maximum at 7.55 pom, and another at ae after rain. ] : : 
10 p.m , but the greatest strength was nob reached until ne point of interest in connection with these 
2a.m.; the time of sunset was 6.34 p.m. (Greenwich | tests is that, as bas already been mentioned, the ls 
mean time). sent out on July 26 and October 27 from the kiffel Tower 
Che observations on October 11 also show that there is | were measured at Nancy by MM. E. Rothé and R. Clarté 
practically no increase in signal strength, even one hour | (Joc. cit.). These results have been plotted for compari 
afoer sunset, in accordance with the observation of | with those obtained at Liverpool on July 26 (see Fig. 7a, 
March 26. On both these days, however, the day strength | page 234). They found that the increase in signal strength 
of ‘he antenna current was 50 micro-am the atmo- | was very slight. Here, on the other hand, it was very 
Sphere was damp and cloudy, and rain fell at intervals in | considerable, the antenna current received after sunset 
4iverpool and on March 27 in Paris. In the all-night | being nearly 1.5 times that received just before sunset. 
test on May 4 with Brussels there is also no evidence of | The difference in the time of sunset at Liverpool and 
& sunset effect, though there is a marked strengthening | Paris on July 26 is just over 40 minutes, whereas on 
of the signals at about 10.30 p.m. On June 8, in a 24-hour | October 27 the difference is less than 1 minute. 
test with Paris (see Fig.13,above), when the conditions here | On October 27 (see Fig. 7, page 234) there is some corre- 
spondence between the results 


obtained at Nancy and 
" A. E. Kennelly, Proceedings of the Institute of 











Liverpool, though there are considerably greater irregu- 
larities in the strength of ~~ measured at Nancy than 
are found here It is difficult to see how these differences 
can be explained by the different orientation of Liver- 
a and Nancy in relation to Paris, and the consequent 

ifference in the reflectio: and refraction at the shadow 
band. The theory of cloud reflection, however, may easily 


As | be applied to explain the difference in the effect observed 


at two places. 

If tLe atmospheric conditions between Paris and pence 
were good—1.¢., if the sky were cloudy and rain 
fallen—the signal strength would be good and no increase 
ene Fs en ~ 

‘aris iverpool were rom point 
of wa bye. a clear sky, the fall of darkness woul give 
rise to the normal sunset effect.* 

The observations by Mosler on the variation in the 
ratio of night to day strength with time of year are of 
great interest, but it does not seem possible to get a 
definite ratio between night and day s' which will 
hold for any day in any given month. © variations 
between one day and another in the same month are very 
press, as is shown by the curves for October 11 and Octo- 

r 26. It is to be hoped that it may be possible to 
examine the sunset effect much more completely than 
xen possible up to the present. This could be easily 
done if a series of long dashes were sent out from some 
powerful station at the time of sunset for every day in 
the year, and arrangements made to measure the strength 
of the signals received, in as many different observing 
stations as possible and under all kinds of atmospheric 
conditions, 

Compsrison betwren Morning and Evening Siynals.—In 
connection with observations at 10.45 a.m. aud 5 p.m. 
which have been plotted in Figs. £, 9 and 10, on the op 
site page, it is interesting to notice that signals 1eceived ab 
5 p.m. do not show “ya increase above those at 10.40 a.m. 
on the shortest day of the year, and throughout the months 
of December and January. There is, in fact, throughout 
the year very little difference between the morning and 
evening signals, certainly none greater than that due 
to more or less irregular variations in the morning signals. 
Mosler found that there was a maximum ratio of night 
and day strength in November and April, not in Vew- 
ember, as might perhaps have been expected, the ratio 
in December being 179 against 3.15 in November and 
2.2 in April. Mosler’s results may be taken as giving 
some evidence that the maximum night strength ition 
tends to occur either earlier or later in January than it 
does in November or April. In view, however, of the 
fact that the variation during the night is so great, it is 
very difficult to base theories on Mosler’s results. It was 
found in these tests, for example, that on February 23 
the signal se at 11.45 p.m. was the same as that at 
10.40 a.m., while on February 24 the night signal was 1.5 
times the ~-- of the day signal. The facts stated 
above may, per! be taken as additional eed that 
variation in anal strength is a phenomenon dependi 
more on reflection and refraction from masses of tonteel 
air, as suggested by Fessenden,} similar in character to 
the clouds which affect atmospheric conditions, than to 
variation in earth-surface uctivity. One may sug- 
gest, therefore, that besides the conducting outer envelope 
which Heaviside and Eccles have postulated, there exists 
in the upper atmosphere a cloud condition which affects 
the transmission of electric waves of much the same 
character as the cloud distribution with which everyone 
is familiar, and which affects the transmission of light 
waves. These clouds may consist of masses of ionised 
air which are transparent to light, but which absorb or 
reflect the long waves used in wireless felegsaghy. 

Since the nature of the clouds which affect the trans- 
mission of light waves differs from that affecting the 
transmission of long electromagnetic waves, so the distri- 
bution of these masses must be different in the two cases. 
From the fact that the signals observed in the day are 
less variable than those received at night. it is evident 
that this “ elec ic atmosphere” is prevented 
from producing much effect during the daytime; it 
cannot, in other words, produce much effect until the 
de-ionisation of the lower atmosphere, by the withdrawal 
of sunlight, makes it a transparent to enable the 
waves to pass through it reach the cloud masses 
“a ~ in discussing this subject, tha 

ne must not it, In discussing subject, t 
the earth-transmission ti of Sommerfeld indicates 
that it is possible that the factor in very long distance 
transmissions is the influence of earth or surface waves. 
In this connection it may be pointed out that between 
Paris and Nancy the transmission is wholly over land, 
while between Paris and Liverpool the signals have to 
traverse about 100 km. of sea. 

The fact that the night strength is so variable, how- 
ever, and that the increase in signal strength on a fine 


* An examination of the charts published by the 
Meteorological Office shows that the atmospheric condi- 
tions were very similar in the region Paris to Nancy, anid 
Paris to Liverpool, on October 27, some rain having fallen. 
At the time of the actual sunset test, the weather in 
Liverpool was fine. No record of actual conditions at 
Paris and Nancy is available. During the 24 hours from 
7 a.m. on July 26 there a: 8 to have been some rain 
in the neighbourhood of Nancy, and on July 27 consider- 
able rainfall between Paris and Nancy, whereas there 
was no rainfall between Liverpool and Paris on either 
day. These atmospheric conditions are very much what 
might have been anticipated from the results observed, 
on the theory outlined above. Too much importance 
should not be attached to this confirmation of the theory, 
however, as the information as to meteorological condi- 
tions is far from comp! 








Radio Engineers, loc. cit. | * Loe. cit. 
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+ Nature, vol. |xxvi., page 444, 1907. 
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evening occurs after some more or less definite interval 
from sunset, seems to show that the earth-transmission 
theory cannot be a complete explanation of the facts. It 
seems evident that, in looking for the explanation of 
variation in signal strengtb, one must have recourse to 
changes in the ‘atmos ” rather than in the surface 
over which the signals come. _ 

In Fig. 11, on page 234, signal strength or (antenna 
current)’ is plotted, and a record of the weather condi- 
tions at the two places is given for compari It was 
ater yay tests, whic = on Birming- 

am,* that there was a mar all in si strengt 
when heavy rain fell in Paris, and it was suggested in the 
discussion of this paper that this was due to defective 
insulation in the Paris aerial. Possibly this may be a true 
explanation of this phenomenon ; but, as has already heen 
mentioned, the constancy of the antenna eurrent in Paris 
does not support this view. 

It seems quite conceivable that even with a highly 
insulated aerial rain should carry away some of the cha 
that would otherwise accumulate on it—i.e., that the 
aerial would become less well insulated although the 
insulators themselves were quite sound. The results 
obtained are not conclusive on this point, as on several 
other days in the year when it was raining in Paris the 
signal received was of full strength. 

Speaking generally, one may say that the best condi- 
tions for wireless signalling are cloudy skies, except, of 
course, when there are strong atmospherical discharges in 
the clouds, which make signal-reading difficult.+ Records 
show that bright sunshine is not satisfactory for trans- 
mission, and this is borne out by the observations of 
operators, who have stated that during a spell of verv 
sunny weather their range appears to be very much 
restricted (this may possibly be due to large earth 
resistance). 

The records obtained from Brussels show much greater 
differences in signal strength from day to day, but as the 
station is in an experimental state it 1s hardly possible to 
base accurate comparisons upon them. 

Variation in oo Strength Duriny the Night.—Look- 
ing now at the all-night records, Fige. 12, 13, and 14, on 
page 235, it 1s remarkable that there appears to have been 
on the nights of March 26 and 27 and of May 4a very con- 
siderable increase in strength after rain. Un the record for 
March 26 there is a decided minimum at midnight, there 
being an actual diminution in the strength of the night 
signal ay compared with the day. This minimum, how- 
ever, corresponds with heavy rain in Paris ; it is possible 
that the minimum may have been due to defective in- 
sulation of the Paris aerial. This is not likely, for the 
reasons aed Mee At midnight, for example, the antenna 
current used for the three long dashes sent out was 44, 
45, 45 amperes. The sending antenna current when the 
sky was clear, say at 7.20 p.m., was 44, 45, 44 amperes. 
Two hours after the rain had ceased the antenna current 
received rose from 52 to 68 micro-amperes. The same 
thing occurred in an all-night test which was made in 
connection with the Goldschmidt stations at Brussels. 
In that ease the antenna current received at 10.35 p.m. 
suddenly increased to 5.5 micro-amperes, about twice 
what it had been at > at 10.45 p.m. it had fallen, 
aod then diminished stil] further, until at midnight and 
2.30a.m. it was only 3.9 micro-amperes, falling to 
day strength _— 3 micro-amperes) just alter sunrise 
at433 a.m. In this case also there was heavy rain just 
before 10 p.m., and this would correspond with the same 
atmospheric condition as occurred during the Paris all- 
— test. 

» would seem from these results, therefore, that one of 
the causes of in signal strength at night is rain. 
After the fall of rain the atmosphere becomes more 
transparent for the electric waves, and allows the reflec- 
tions already referred to, which cause an increase in the 
sti of to me more marked; that thie is 
possible is evident from the fact that a fall of rain must 
tend to de-ionise the air, and down the ch 
nuclei on which raindrops form, which make the air 
conducting, and therefore absorbent. 

Ib is interesting to notice that in the diagrams giving 
records of the signals taken during the all-night run from 
Paris there is « very considerable variation in the strength 
of. the signal during a 10-seconds dash. At first sight it 
might appear that the explanation of this is that the 
sparking was irregular, but if these records are com- 
pared with those obtained with similar dashes sent out 
during the daytime, it is noticeable that the variation in 
strength is much ter at night—i.c., there will be 
during 1 second of an increase in bi strength 
onsets + as much as 10 to 15 per cent. of the normal 
value. The increase in strength may decrease or increase 

as the sparking continues. 
_ These variations only emphasise the fact that changes 
in si strength during the night are due to some 
rapidly fluctuating influence, such as might be expected 
pa Facer from the variation in form or composition of a 
re 


ecting of vapour. 

In the Epeonsien of these results, refraction of the 
waves has been left out of account. The interesting 
= a which Professor Fleming? read recently before the 
ie rey Society, in which he showed that if the earth 

an atmosphere of krypton, it would be possible with a 
telescope to see a lighthouse ab the Antipodes, pointed 
to the possibility of refraction being an important factor 
in wave transmission. There seems, however, to be no 

* British Association Report, loc. cit. 

+ As has been noted by many observers, however, 
me 4 atmospherics often coincide with strong signals. 

¢ J. A. Fleming, “Atmospheric Refraction and _ its 
Bearing on the Transmission of Electromagnetic Waves 
Round the Earth’s Surface,” Proceedings of the Phy-ical 
Society of London, vol. xxvi., page 318, 1914. 





evidence that the actual variation in the refractive index 
of the atmosphere as one rises from the earth is of such & 
character as to produce the bending of the 
waves. Abt the same time, it must be borne in mind that 
there are no direct experimental data which enable us to 
state with any certainty what is the refractive index of 
the upper region of the atm for long waves. — 

Monthly Variations.—The day strength of the signals 
varies within comparatively narrow limits, but the 
average strength of the signals during June and July is 
noticeably less than that during December and January. 
This is not in accordance with the results obtained by 
Mosler, and it is possible that the difference in the 
figures may be due to the fact that the transmission in 
this case is partly over sea. 

variations in s' of signal from day to day are 
comparatively slight, but they are noticeably greater for 
March and July (Figs. 10 and 11) than they ere for 
December and January (Figs. 8 and 9). ) 
. —_ may summarise the results of these observations as 
ollows :— 

1. That between two stations lying nearly north-west 
and south-east of each other the strength of signals dur- 
ing the daytime varies within comparatively narrow limits. 

That the ratio between the night and day strength 
varies with the time of year, and also from day to day in 
as | iven month, as shown by Mosler. 

4 t on a fine, clear day the ‘‘sunset effect” occurs 
about three-quarters of an hour after the actual time of 
sunset, and varies with the weather conditions. When 
rainy conditions prevail, the strengthening of the signal 
after sunset is much less marked. 

4. That the amount of the sunset effect varies with the 
direction in which signals are emitted. 

5. That there is very little evidence that between two 
stations, such as Liverpool and Paris, where the difference 
in longitude is about 22 minutes, there is mon agg | in the 
nature of a dense fog which is opaque to waves, and which 
causes-a drop in signal strength when the dark-light 
band lies between the two stations. 

6. That variations during the night are relatively great, 
and oceur within the space of a few minutes. The 
greatest increases in strength of signals have been 
observed after the cessation of rain either at the sending 
or receiving: station. 

7. That the character and extent of the variations in 
signal s point to the conclusion that the main 
factor which controls the variations is the state of ionisa- 
tion of the atmosphere, and that it seems likely that 
clouds of ionised air may exist in the upper regions of the 
atmosphere which act as mirrors for the waves and cause 
Sar changes in signal strength that have been 
observed. 


In conclusion, the author wishes to express his grati- 
tude to Sir William Hartley, through whose generosity 
there has been placed at his disposal the messuring 
appliances used in ohserving signals, to MM. le Lieut.- 
Colonel Ferrié and Goldschmidt for their kindness in 
sending out special signals to enable the investigations 
of sunset effect and night variations to be made, to Mr. 
F. J. Lame wey en + apd ge taken a large —— of 

ono an of signal strong’. to Messrs. 

. J. Fischer, B.Eng,, A. H. Read, B.Eng., and other 
students who have assisted in carrying out the work, to 
Mr. W. E. Plummer, of the Bidston Observatory, who 
has provided the times of sunset and sunrise on the days 
when special tests were made, and to Professor L. R. 
Wilberforce, who has read and criticised the paper from 
the point of view of the physicist. 


APPENDIX I. 


APPROXIMATE MeTHOoD oF EsTIMaTING ANTENNA CuR- 
RENT FROM CURRENT IN Detector CIRCUIT FOR 
LoosgLy-CouPLeD R&OCEIVER. 


The current flowing in the aerial depends on the ampli- 
tude of the received waves and on the resistance in the 
Fig. Ai. 


-—/___ Aertal 




















(aa) 
aerial circuit. If this resistance is constant, the aerial cur- 
rent fora given amplitude of wave remains the same what- 
ever arrangement of circuit is adopted to tune the aerial. 





* Fessenden made this suggestion in 1907 (loc cit.). 





If ¢ be the antenna current (see Fig. Al), M the mutual- 
induction coefficient between circuits, w = 2m x fre- 
wae. then the electromotive force in secondary circuit 
= @ 1}. 

If the monsters cers is tuned and the coupling is 
weak, current = M w+,/R,, where R, is the effective 
resistance of the secondary circuit. 


The volts on condenser (C,) = x 3 4 = Rte 
@ 
Since the current through detector circuit ta ‘is propor- 


tional to (volts on condenser,?, «/ ta = K ee , where 


C. 

K is a constant. ee 

If the circuit (3) is excited by a buzzer, electromotive 
force in circuit (2) = M’ w &, where 7s is current in buzzer 
circuit and M’ is the mutual induction coefficient between 
circuits (2) and (3). ba 

Volts on condenser (C,) = ns ar (the circuits being 

2 

tuned), where C,’ is condenser capacity for tuned con- 
ditions, and R,’ is resistance of secondary circuit (2). 

Since, as before, current through detector circuit fa ‘, is 

1) 


proportional to (volts on condenser)?, ./fta’ = K paar’ 
R,’ C, 


Hence ; 
a/* = M ty R,’ C, 
M’ to R, C, ; 








ta : 
; -,/a MRC, 
4; N Eres ro tp. 
If R, and R,’ are the same, and C, and C2’ are the same 


—4t.e., if the secondary circuit is tested on the same wave- 
length as that on which it is to be used, then 


—— ta M’.- 
— Neo Mm 
Hence the antenna current can be found in terms of 4b. 


therefore 





APPENDIX IL. 
Mernop or Estimmatinc CURRENT IN “‘ Buzzer” 
Crrcuit. 
_ The current in the buzzer circuit is measured by an 
inductively-coupled circuit connected in series with a 
thermo-ammeter and resistance (see Fig. A 2). 


Fig. A2. 


Buzzer 


a i 


435M) 


Let % be the current in buzzer circuit, M. the mutual 
inductance between measuring coil and buzzer coil, then 
the electromotive force in the measuring circuit=M, w 1». 

Since the resistance of the circuit is very large com- 
pared with its reactance, the current in the measuring 


circuit 4 == M. k, *> where R; is the total resistance in 








the measuring circuit. 


Hence # = -- te and i may be found from the 
thermo-ammeter reading. 





pm Son Aummnenzen Coomast, — pen year 
—In the preparatory work which is being carried out ab 
the Australian Federal capital, the important question 
of afforestation has not been lost sight of. During the 
past few months no fewer than 12,400 trees Race hewn 
planted. The cost of preparation, planting, and water- 
ing averaged about 8d. a tree. Since the creation of an 
experimental plot in October, 1912, about 800 sowings of 
different kinds of trees, shrubs, and plants have 
made, and the results duly recorded. Over 600 different 
kinds of trees, shrubs, &c., have been red and sub- 
jected to a two years’ course under existing conditions. 
Some 70,000 ings and propagated stock have been 
raised and transplanted to the open nursery for future 
requirements. 





EaRLy —_ Work.—A — 2 oo a 
on ‘“ Ancient gineering,” organi granic 
i ing Society, has recently been advent by Mr. 
R. P. Ho ve-Graham, M.I.E.E , at the Town Hall, 
Bedford. lecturer dealt especially with the evolution 
and development of engines of war and fortification work, 
illustrating bis remarks by a large number of lantern- 
aides. a a the means — by 
the Egyptians Assyrians for transporting and erec 
ing the vast blocks of stone used in their buildi and 
monuments, and also dealt with various anical 
appliances used in the Middle Ages. The second lecture 
was devoted to the subterranean mines, moving towers, 
and projectile-throwing machines used in early siege 
warfare. Early cannon and medieval defensive engi- 
neering works were also dealt with in this lecture, while 
in the third and‘ last lecture Norman castles and their 
developments were discussed. The object of the lectures 
was to assist the Prinee of Wales’s and Belgian Relief 
Funds, and we understand that the results were quite 
satisf: in this respect. The Society, wemay mention, 
was formed by members of the staff of the Igranic Electric 
Compan Limited, of Bedford. 
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GRINDING-MACHINES.—No III. 
By JoserH Horner. 


Tue grinding of automobile crank-shafts is now | 
commonly performed in preference to turning, and | 
often it is done directly from the rough. The) 
preliminary rough-turning can be dispensed with 
when the cranks are-stamped in dies. An ordinary 
plain cylindrical grinder is employed, with special 
adjuncts ; but it is necessary to employ a rigid | 
machine, and one of large capacity to swing the} 
cranks. The usual sequence of operations is the) 
following :—The bearings are rough-ground, the 
ends perhaps turned, the pins rough-ground, and 





- 


blocks, or throw-blocks, are clam on the ends 
of the shafts, and are fitted with hardened-steel 
centres, set to bring the centre of the crank-pin 
into line with the centre of the machine-spindle. 
To locate the longitudinal position of the crank- 
pins and journals, a —— steel bar is adjust- 
able lengthwise on the table. There is also a 
gauge fixed to the bed of the machine to indicate 
the width of the grinding-wheel. The bar being 
set to correspond with the first bearing, the 
graduations upon it indicate the positions of the 
others. The special steadies —: the shaft in 
opposition to the wheel. A ius truing device, 





attached to the steadies, is used for rounding the 


primarily with crank-grinding. The manipulation 
is simplified, the machines operate more efficiently, 
and responsibility weighs less heavily on the 
attendants. 

The cylindrical grinder, by the Tindel-Morris 
Company, of Eddystone, Delaware Co., Pa., U.S.A., 
shown by illustrations on pages 238, 239, and 240, 
is the lineal off-shoot of the valuable Tindel- 
Albrecht crank-shaft lathe. It testifies to the 
current change that is proceeding in the practice of 
tooling crank-shafts, formerly, and still frequently, 
turned only, but now being often ground in prefer- 
ence. Since it has been designed primarily for this 
purpose the chucks are made an integral part of the 








Fie. 14. 





Fig.J5. CRANKSHAFT GROUND FROM ROUGH STAMPING; 
THE SIZES OF THE ROUGH STAMPING ARE SHOWN IN CIRCLES 










































































Piatn GRINDING-MACHINE FoR AUTOMOBILE CRANK-SHaAFts: THE CHURCHILL Macuine Toot Company, MANCHESTER. 


Fg. 16. CRANK SHAFT GROUND ALL OVER 
FROM STAMPING, %¢ INCH REMOVED. 
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Fig.17. FOUR-THROW CRANKSHAFT GROUND FROM STAMPING;GROUND 
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Fics. 15 to 18. Cranx-Suarts Grounp on CauRCHILL MacHInzs. 
then the corners of the grinding-wheel to the radii of the | machine, being built into the heads, instead of being 


ins and bearings finally finish-ground. 
The faces equipment for such machines comprises 
two wheels of widths suitable for the lengths of the 
pins and bearings, two narrow rests in place of 
the ordinary steady-rests, each being for one size of 
crank-shaft, or else fitted with adjustable wooden 
shoes for different diameters. Also centre-blocks, 
4 radial truing device for the wheels, a spacing 
device, a locating arrangement for placing the crank- 
shafts in the position to ensure duplication, and an 
adjustable head-stock centre. 

_ Standard plain machines are equipped for deal- 
ing with these operations. One of these, by the 
Churchill Machine-Tool Company, Limited (Fig. 14, 
annexed), is made in various lengths and capacities 
of swing. Shafts up to 8 ft. or 9 ft. long are ground 
with four or six throws, and crank-pins 2} in. to 
3in. in diameter by 5 in. long are finished in this 
way. The means adopted comprise a broad finish- 
ing-wheel, of the exact width of the crank-pin, 
thereby avoiding lateral movement. Chucking- 


fillets of the pins. 

Figs. 15 to 18 show crank-shafts made from 
stampings, and ground on these machines. A 
four-throw crank-shaft, Fig. 15, is ground to a 
limit of 0.0005 in. for roundness and parallelism 
in 2 hours 41 minutes, or, including the handling, 
in 4 hours 10 minutes. The dimensions shown in 
circles are those of the rough stamping. Fig. 16 
shows a crank-shaft ground to the same limit in 
1 hour 15 minutes, including all handling, ae 
being removed. A four-throw crank - shaft, 
Fig. 17, is ground where marked, on four pins and 
two bearings, 4 in. being removed, in 1 hour 
10 minutes, including handling. Another four- 
throw shaft, Fig. 18, is rough-turned, leaving 
2 mm. to remove, the limit being 0.005 mm. On 
this, four pins are ground in 32 minutes, and the 
bearings complete in 20 minutes. 

In harmony with the present trend of y= | 
specialisation, machines are now designed to d 





attached to the ordinary plain cylindrical grinder. 
But plain centres are also included for dealing with 
ordinary shafts, and the upper bed swivels to 
permit plain tapered work to be handled. This 
revereal of the usual design is a striking testimony 
to the growth of the grinding practice in the tool- 
ing of crank-shafts for automobiles. The throws 
of different cranks are set by vernier scale measure- 
ments in the slides of the chucks, and the work is 
clamped on the outside by a hinged chuck instead 
of throw-chucking blocks being employed. In this 
machine the countershafts are retained, for though 
the capacities are large, these shafts are not re- 
quired for dealing with massive pieces, but the 
radii of the throws of the cranks and the length 
of the shafts require large capacities. 

The broad outlines of the machine are shown by 
the photographs and drawings. The general 
oe is seen in the view from the front, 

ig. 19. The drawings are those of a machine of 











238 ENGINEERING. [Fes. 26, rors. 








CYLINDRICAL GRINDING-MACHINE FOR AUTOMOBILE CRANK-SHAFTS. 


CONSTRUCTED BY THE TINDEL-MORRIS COMPANY, ENGINEERS, EDDYSTONE, DELAWARE COUNTY, PA, U.S.A. 











































































































a different size but of the same design. The car- | duplicates of each other, and each is driven from a| gripped between them. The shaft is driven by a 
dinal aspects are the following :— ‘common shaft through spur-gears, as seen in front | pulley B from the overhead drum, Fig. 24, through 
The two headstock spindles each act as drivers, in Fig. 19, and at A in Figs. 20 to 22. There is|a pair of gears C clutched to the long shaft A which 


each carrying a face-plate and chuck, which are | therefore no torsion on the crank-shaft which is| carries the driving-pinions. This movement is 
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Fies. 38 to 42. Detarms or WuHeet-Firtine. 











Fic. 44. Deratts or Wiert-Sprnpie. 













+ wllccvccccccddcdeddedeeddddldeedeeddjjldiaff 


ZN 
SAR Wo SS 
— — _ nee 


Gi 
= _————_— sited : 
SOAP NANNING COHN 


0 WIL eee 


Fie. 26. 

































Fie, 46. Derap Centre. 


Fig. 37. to effect the speed changes by means of gears at 
i the back of the headstock. These are seen in 
Fig. 25. 


The upper swivel portion E of the work-table 
traverses past the fixed wheel. The bed section 
F combines a flat and a vee with oil-pockets and 
rollers. The table has six changes of automatic 
traverse feed, and adjustable stops. The rack and 
the stop-lever and bar are seen in Fig. 19. A hand 
Fies. 27 to 35. Derams or Cauckinc}Face-Piares. Fics. 36 anv 37. Heapstock Castines, | traverse is provided for short lengths, and for 
grinding between the shoulders. The wheel-head 
the face-plate are provided by the stepped cones | or saddle G, Fig. 22, slides on a stand H, which 
on the drum-shaft, Fig. 24, and those on the main | is bolted on its base. The feeding is done by rack 
countershaft, Fig. 23. An alternative method is and pinion, Backlash is taken up by means of a 





thrown in and out bya lever D, located at the 
front of the machine about the centre, operating 
the claw-clutch seen, Five changes of speed for 
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counterweight /, the rope from which passes over a 
pulley carried on the stand. 
These are the more salient aspects of the 
machine, from which we may proceed to its details, 
commencing with its special characteristic—the 
chucking face-plates. The construction of these 
will be understood by a comparison of the photo- 
graph, Fig. 26, with the drawings, Figs. 27 to 35. 
The plates J are registered and bulted to sleeves K, 
of cylinder iron, which make a ground running fit 
in phosphor-bronze bushings in the headstocks— 
compare with Figs. 36 and 37. The face- 
= are grooved to receive the chucking-slide L, 
‘igs. 30 and 31, and are provided with T-grooves 
for the clamping-bolts. The transverse adjust- 
ment of the slide is effected by a screw M, of 
** Acme” thread, with vernier readings at the 
edge of the slide. The circular adjustment of the 
hinged chuck, seen in the photograph, Fig. 26, 
and in the general views, Figs. 20 and 21, pro- 
vides for differences in angle. The compound 
movements, comprising the radial slide and the 
circular chuck, provide for varying radii and angles 
of cranks (or eccentrics). "Weasler graduations 
are provided on the edges of the chucks for setting 
angles. A counterbalance N, Figs. 28 and 33, is 
provided at the back of each face-plate, two weights 
to each p'ate. Either one or two can be used, and 
their locations varied to suit the cranks or eccen- 
trics being ground. An annular T-groove for the 
bolts extends round two-thirds of the circle, 
Fig. 34, and provides the necessary range for 
ee his is seen also in the photograph, 
ig. 25. 
he sectional drawing of the face-plate, Fig. 28 
illustrates also the spur-gear drive from the longi- 
tudinal shaft A. The pinions O are of raw hide, 
held between rings of phosphor-bronze, which are 
bolted to a sleeve P, feather-keyed to the longi- 
tudinal shaft A. The rings are both screwed and 
keyed to the sleeve—compare with the detail 
in Fig. 35. The sleeve terminates at the other 
end in a hand-wheel Q, by means of which the 
chucks are turned when settings of work are being 
made. 

One of the headstock castings R is shown b 
Figs. 36 and 37. They are right and left-handed, 
so that it is not necessary to illustrate more than 
one of them. The bushing for the sleeve K in 
Fig. 28 is seen in Fig. 37, and its bearing at a, 
Fig. 36, ther with the bearing for the bush of 
the sleeve P of the pinion at b. The fitting of the 
casting to its bed is also seen in the end view, Fi . 36, 
designed to maintain firm and steady contact. it fits 








43. 


by a V along the front edge and on a flat-tapered 
face at the rear. The hold-down bolt c clamps 
against an inverted shoulder on the bed. The 
heads are racked along to suit cranks and shafts of 
different lengths. The rack d is screwed to the 
edge of the bed, and the pinion-shaft e takes a long 
bearing in a capped boss on the headstock casting. 
It is turned by a ratchet-lever at the top end. The 
racks are seen in the photographs, Figs. 19, 25, 
and 26. 

The details of the wheel-fitting are shown by 
Figs. 38 to 42, page 239, and by the photograph, 
Fig. 43, above. The saddle or carriage G, which 
traverses to and from the work, is mounted on a 
stand I that is bolted down on an extension cast 
at right angles with the base of the machine, and 
provided with a broad tray for waste lubricant. The 
saddle is gibbed to the stand with square edges 
(Fig. 41). The counterweight seen at f, Fig. 22, 
has been already mentioned. The pulley for its 
cord is seen at y, Fig. 39. Cast-iron guards h, h at 
the ends protect the ways. 

The feed is by rack and pinion from six-speed 
cones (Figs. 20, 21, and 22) from the counter-shaft 
(Fig. 23), a method which is varied in some of the 
machines by this firm. The rack j, of steel (Figs. 
38, 40, and 42), is fitted with adjustment for wear 
by means of a tapered key or shoe k, with screws for 
setting it up. 

The wheat spindle, shown in Fig. 44, is of nickel- 
carbon steel, oil-tempered and ground. It runs 
in phosphor-bronze sleeve-bearings tapered on the 
outside for taking up wear, being drawn along with 
heavy nuts, which serve as dust-protectors. The 


» | Slot is filled with felt, and a spring keeps it in 


contact with the shaft. Thrust-washers of phosphor- 
bronze are fitted at the rear. The wheel, which is 
40 in. in diameter by 34 in. thick, is clamped 
between parallel faces, with rubber gussets , in. 
thick. It is well guarded, as may be observed in 
Fig. 22, and in the photograph, Fig. 43. 

‘o adapt the machine for plain cylindrical grind- 
ing, dead centres are carried. These areentirely inde- 
pendent of the face-plate. One of these is shown in 
section in Fig. 45, and by the photograph, Fig. 46. 


y|The spindle is brought up to the work with an 


** Acme” screw of coarse pitch. The spring, which 
is a common fitting in the loose heads of grinders, 
is not included here. The explanation given is 
that the adjustment is made with a knurled head 
of such small dimensions that it is impossible for 
the operator to put sufficient end pressure on the 
centres to spring the work, and that expansion 
and spring, in consequence of heating of the work, 





cannot occur, because the volume of lubricant 
pumped over it prevents overheating. 

A provision peculiar to the machine {makes 
compensation for the very slight wear of the wheel 
which occurs in traversing a long shaft from end to 
end. It comprises a micrometer adjustment of the 
slides in the headstock, by which adjustment of 
the centres can be made sufficient to afford the 
required compensation. Included in the equip- 
ment are two compound steady - rests, Fig. 19, 
having horizontal and vertical adjustment posts, 
with micrometer pitched screws. A wheel-dresser 
is mounted on the work-table which dresses the 
face square, and rounds the corners to a radius for 
crank-pins. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS, 

Tue sixty-eighth annual general meeting of the 
Institution of Mechanical Engineers was held on 
Friday last, the 19th inst., at Storey’s Gate, West- 
minster, the chair being taken by Mr. Michael 
Longridge, in the absence of the President, Sir 
H. Frederick Donaldson, K.C.B. 

In opening the meeting the Chairman reai an 
extract from a letter received from Sir Frederick 
Donaldson, as follows:—‘‘I am more than dis- 
appointed to find that with influenza still main 
taining its hold upon me, it will certainly now 
be impossible for me to come to London for 
to-morrow’s meeting. I shall therefore be most 
grateful if you will express my keen personal regret 
to the members of the Institution for my inability 
to fulfil the final duty of my office as President in 
handing it over to Dr. Unwin, my successor. I 
shall also be glad if you will express to Dr. Unwin 
how much I wish I could have done my duty on 
this occasion, and ask him to condone my absence.” 

The annual report, which had already been pub- 
lished in the Proceedings, was then summarised by 
Mr. Longridge. 


Tue ANNUAL Report. 


The chief points of the annual report are given 
in abstract herewith. The total number of names 
on the roll stood at 6400 at the end of 1914, this 
being a net addition of 54 during the year. There 
had been a reduction in the honorary members of 
one. Additions to the class of members numbered 
117, offset by deductions through decease, resigna- 
tions, &c., amounting to 87. Associate members 
showed a net increase of 92, there having been 
additions of 225, the deductions amounting to 133. 
The roll now embraced the names of six honorary 
members, 2724 members, 3008 associate members, 
52 associates, and 610 graduates. In the course 
of the past year, a baronetcy had been conferred 
upon Mr. W. Beardmore, and a knighthood upon 
Mr. J. F. C. Snell. The names removed from the 
roll by death numbered 62, and included those of 
Mr. E. B. Ellington, Mr. E. B. Marten, and Lord 
Merthyr. The following had lost their lives in the 
war :—Eng.-Lieutenant-Commander T. A. Venning, 
who went down in H.M.S. Pathfinder, Lieutenant 
H. H. Schneider, Mr. R. D. McGroarty, Mr. 
R. M. C. McNaughton, and Lieutenant H. I. 
Vandell. 

The revenue for 1914 amounted to 16,970I., and 
the expenditure to 15,5211., leaving a balance of 
9661. after deducting entrance fees and life com- 
positions, which are carried to capital account. 
Investments and assets amounted to 125,549/., 
and deducting from this 34,0251. of debentures, 
a temporary loan of 8000/., and other liabilities, 
including the sums set aside for the leasehold and 
debenture redemption fund, the capital of the 
Institution amounted to 69,273]. A pension fund 
had been opened in connection with the staff. 

The capital of the Hawksley Fund amounted to 
20001. To this had been added by Mr. Charles 
Hawksley the sum of 637/., representing interest on 
that sum since 1907, the centenary of Mr. Thomas 
Hawksley’s birth. This fund provided for the deli- 
very of the Thomas Hawksley lecture, and the award 
of a Thomas Hawksley Gold Medal with or without 
a Premium. The lecture in 1913 had been delivered 
by the late Mr. E. B. Ellington ; that in 1914 
had been prepared by the late Mr. W. B. Bryan, 
and was delivered by his son Mr. B. W. Bryan. 
The Gold Medal for 1913 had been awarded to Mr. 
R. S. Whipple. In 1914 two had been awarded, 
one to Professor Ed. Sauvage, and the other to 
M. Anatole Mallet. The Water Arbitration 
Prize had been awarded to Professor A. H. Gibson 
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for his papers: ‘* The Design of Volute Chambers 
and of Guide-Passages for Centrifugal Pumps,” 
and ‘*The Resistance to the Flow of Brine 
Solutions through Pipes.” The Benevolent Fund 
only totalled 54671. at the end of the year, and 
subscriptions amounted to only 2511. There was 
pressing need for increased support for this 
fund. Examinations had been held in April 
and (ctober. Of fifty-five candidates thirty-two 
had passed the Associate Membership examina- 
tion. Prizes had been awarded to Mr. J. H. 
Armfield, Mr. W. H. Hambly, and Mr. H. Gissel 
for their papers. 

The Alloys Research Committee had continued 
its work and the eleventh report would be ready 
this year. The results of research at Sheffield on 
Chemical and Mechanical Relations of Iron, 
Tungsten and Carbon, and Iron, Nickel and 
Carbon, were presented in the form of a paper 
during the year. This work was being continued in 
connection with the carbides of cobalt and molyb- 
denum. A paper on the former would shortly be 
presented. The Refrigeration Research Committee 
had presented their first report and were now 
conducting experimental work. The Wire-Ropes 
Research Committee had collected a large amount 
of data and hoped soon to carry out tests. A com- 
mittee was investigating the action of steam 
ing through nozzles and steam-turbiner, and the 
Brush Electrical Engineering Company had lent 
a three-flow condenser for the purpose. A Re- 
search Committee was investigating the question 
of a hardness test for hardened journals and pins. 
An Advisory Committee had been appointed to 
prepare a scheme for the co-ordination of research. 

The Institution of Civil Engineers, the Insti- 
tution of Mechanical Engineers, and the In- 
stitution of Electrical Engineers had raised an 
engineer unit of the Royal Naval Division. A 
number of members of the Institution had obtained 
temporary commissions. Twenty-one had been 
selected for the Royal Garrison Artillery. The 
Rooms of the Institution had been placed at the 
service of the Old Public Schools and University 
Men’s Force for some days. The use of the top 
floor had been offered to, and accepted by, the 
National Relief Fund. 

In connection with the efforts of the Council to 
do more than in the past for the provincial centres, 
two meetings had been held, in response to 
demands, in Manchester, where the Report of the 
Refrigeration Research Committee,and Mr. Stoney’s 
paper on **The Effect of Vacuum in Steam-Tur- 
bines,” were read shortly after their presentation 
in London. The first number of the Journal was 
issued in June. With the balance of about 4501. 
from the Kelvin Memorial Window in Westminster 
Abbey it had been decided to establish a Kelvin 
Gold Medal, to be awarded triennially, as a mark 
of distinction in engineering work or research, by 
the Presidents for the time being of the eight 
leading British engineering institutions. The 
Council, in response to an application from the 
Board of Education, had appointed a committee 
to assist in drawing up a Memorandum on the 
Teaching of Engineering in Evening Technical 
Schools. Their criticisms, &c., of the Memoran- 
dum had been communicated to the Board. The 
Board of Trade had asked for observations on an 
amendment of the Rule for ascertaining the nomi- 
nal horse-power of marine engines. This had 
received attention. The Council had allowed the 
use of the Institution Library to members of the 
Liége Association of Engineers temporarily resi- 
dent in this country. 

Meetings of the Institution had been held 
throughout the year, except during four months. 
Fourteen papers had been read and discussed. 
Two of these consisted of eleven contributions. 
Two papers had been published for written dis- 
cussion, and three published without discussion. 
The summer meeting had been held in Paris, the 
meetings having taken place at the Société des 
Ingenieurs Civils de France. The attendance was 
much smaller than usual, being only 130 members, 
°6 visitors, and 54 ladies. This meeting, as well 
as those held during the remainder of the year, 
were all dealt with fully in our columns at the 
time, and, therefore, we need not make further 
ae to them. 

__ he Institution’s library continued to benefit b 
gifts of books. An “Author” index had Sean 
ated, and a ‘‘ Subject” index was in hand. 

though at the request of several members the 


March-May and October-December, so little advan- 
tage was taken of this that the practiee had been dis- 
continued. The Library will, however, remain open 
till 8 p.m., as hitherto, on the nights of Graduates’ 
and Ordinary Meetings. During the year 653 books 
were lent to members resident in London and the 
Provinces, and 121 searches for special information 
were made for members by the staff. The Institu- 
tion had been represented on various bodies during 
the year, including university courts, governing 
bodies, research and investigation committees, 
co memorial committees, &c. The use of 
the Institution hall and rooms had been allowed 
to several kindred bodies. The Calcutta Section, 
which numbered ninety members, had held three 
meeetings for the discussion of papers. At one, 
a paper by Mr. H. J. Thompson on “Jigs and 
Fixtures” had been read. The paper had been 
selected for publication in the Proceedings. At a 
fourth meeting, at Calcutta, Mr. Ellington’s 
‘“‘Thomas Hawksley” Lecture had been read. 
Three visits to works had also been paid. An 
annual dinner had also been held, and a building 
fund started in order to provide a permanent home 
for the section. A further grant of 251. had been 
made towards the expenses of the section from the 
Institution funds. 

The Graduates’ Section had held seven meetings, 
at which papers had been read and discussed. 
Prizes for the best papers had been awarded by 
the Council to Mr. W. J. Drummond and Mr. R. 
Jackson. The former reada 
building and Shipyard Practice.” This had been 
selected for publication in the Proceedings. The 
latter’s paper was entitled ‘‘ Condensing Plante.” 
The annual lecture had been delivered by Mr. 
Michael Longridge on the subject of ‘* Breakdowns 
of Stationary Engines.” Eight visits to works 
had been paid. Various provincial bodies had 
extended invitations, as hitherto, to graduates to 
attend their meetings. 


ELECTION OF OFFICERS. 


The Secretary then announced the result of the 
ballot-list for the election of officers as follows :— 
President, Dr. W. Cawthorne Unwin, F.R.S. ; 
Vice-Presidents, Mr. Wm. H. Allen and Mr. 
J. Rossiter Hoyle ; Members of Council, Sir John 
Wolfe Barry, K.C.B., F.R.S., Mr. John Dewrance, 
Sir J. A. Ewing, K.C.B., F.R.S., Mr. Henry A. 
Tvatt, Engineer-Vice-Admiral Sir Henry J. Oram, 
K.C.B., F.R.S., and Mr. W. H. Patchell. 


Inpuction oF New PReEsIDENT. 


The Chairman, Mr. Michael Longridge, in 
inducting the new President, remarked that how- 
ever glad the retiring President might be to lay 
down the burden of responsibility which every 
president of the Institution had to assume, the 
closing down of one of the best pages of his 
life, probably for ever, must always be attended 
by a certain amount of sadness and regret. He 
(Mr. Longridge), as chairman, had no such feel- 
ing, since he had the pleasure of welcoming Dr. 
Unwin to the high position to which he had been 
elected without giving it up himself. He would 
say nothing about Dr. Unwin, as it would be both 
unbecoming and unnecessary; most of those 
present had known Dr. Unwin’s reputation since 
they were boys. He would place Dr. Unwin in 
the chair of the Institution knowing, to paraphrase 
the words of an ancient ritual with which man 
would be acquainted, that his conduct in the well- 
ruling and governing of the Institution would be 
such as to merit the choice which had been made. 

Dr. Unwin then thanked the members briefly 
for the honour they had done him in electing him 
as their President. He took the chair in times 
which were anxious and difficult, and he could 
only say that he would do his best to serve the 
interests of that great Institution. 


Vore or THanks TO THE Retiring PRestDENT. 


Dr. W. H. Maw said that it was a matter of 
regret to all that the retiring President, Sir 
Frederick Donaldson, could not be present that 
night. All would have wished him to receive in 
person the vote of thanks which he was about to 
propose. Sir Frederick’s presidency had been most 
successful in every respect. Though he had very 
urgent demands upon his time, nothing had been 
allowed to interfere with the carrying out of his 
duties as President of the Institution. In his first 





Library was kept open on Monday evenings during 





per entitled ‘‘Ship- | ill 


holding a summer meeting at a University town, 
was an entire departure from the previous prac- 
tice of the Institution, but, thanks to him, the meet- 
ing had been successful in every way. Last year 
the summer meeting had been held in Paris, and 
Sir Frederick had devoted an immense amount of 
time and attention to the organisation of that 
meeting. Unfortunately, however, he was not able 
to be present at the meeting itself, as, owing to 
the condition of affairs, he had to devote himself to 
his duties at Woolwich Arsenal. During the last 
few months Sir Frederick had had very great pres- 
sure put — him. He had charge of the Hoyal 
Arsenal, which had been engaged in turning out 
munitions of war in a manner which deserved the 
utmost praise. Sir Frederick had had to contend 
against labour difficulties, and had had to carry 
out an amount of work which had never been anti- 
cipated a few months earlier. Though he had not 
been able to take charge of the meetings, he had 
never failed to give earnest attention to all matters 
relating to the Institution, and he had helped 
his colleagues on the Council with valuable advice 
on every possible occasion. Sir Frederick’s presi- 
dency might certainly be regarded as. having been 
most successful in every way. He therefore - 
posed that a most hearty vote of thanks be given 
to him for his conduct in the chair during the past 
two years, and also that there should be conveyed 
to him the most sincere wishes of the members for 
his prompt and complete recovery from his present 


ness. 

Mr. R. W. Allen, in seconding the vote of thanks, 
said that as one who had attended many —- 
under Sir Frederick Donaldson’s presidency, he 
had been struck with two aspects of the latter’s 
character—namely, his ability as a leader of men 
and his high sense of duty. Though his prior duty 
to his country had prevented him from attending 
to all the work of a President of the Institution, 
he had during the last two years fully upheld the 
dignity of that high office. He felt sure that his 
name would live as one of the most popular pre- 
sidents they had had, and he therefore bennett to 
second the proposition made by Dr. Maw. 

Dr. Unwin thought that no president had been 
more careful in conducting the work of the Insti- 
tution than Sir Frederick Donaldson. The vote 
of thanks was then put to the meeting and passed 
by acclamation. 


CoNVERTIBLE ComBUSTION ENGINES. 


A paper entitled ‘‘ Convertible Combustion 
Engines ” was next read by the author, Mr. Alan 
E. f. Chorlton, Member, of Lincoln. This paper is 
printed in full in another part of this issue, and we 
therefore proceed to the discussion. The President 
called attention to the fact that the paper would 
also be read and discussed at meetings of the 
members of the Institution at the Medical Lecture 
Theatre of the University of Birmingham, on the 
25th inst., and at the Engineers’ Olub, Man- 
chester, on the 26th inst. After the pa had 
been read, a vote of thanks was to the 
author, the President observing that it dealt with 
a subject which would prove novel to most members, 
and which, from a commercial point of view, seemed 
to have a not inconsiderable importance. 

Mr. W. A. Tookey opened the discussion. He 
said that Mr. Chorlton demonstrated the con- 
structional practicability of a convertible combus- 
tion engine, but had not dealt as fully as might 
have been desired with the question of whether 
such an engine would be practically possible, still 
less with the question of its commercial value. 
The question, after all, was, What position would 
such an engine fill, or would it ‘‘ take” upon 
the market? In wo my by oil and coal, the 
gas-producer naturally to be included. In 
Mr. Chorlton’s table the thermal efficiency of the 
oil-engine had been taken as 8100 British thermal 
units per brake horse-power per hour ; for the gas- 
engine the re was given as . The Pe 
producer would give commercial efficiencies of 80 
per cent.; yet, in order to cover leakages, such as 
waste due to sifting of the fuel, stand-by losses, 
&c., he considered that, from a commercial stand- 
point, it would be much more correct to take the 
efficiency as about 75 per cent. Allowing that, the 
relative figures became 8100 British thermal unite 
for oil and 11,300 British thermal units for coal. 
Petroleum might be taken roughly as having about 
18,000 B.Th.U. pound, and anthracite coal 





ear of office a meeting had been held at Cambridge. 
The idea, which was Sir Frederick Donaldson’s, of 








as having about 14,000 B.Th.U. In a ton of oil 
there would be something like 40,000,000 B,Th.U,, 
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and about 31,000,000 B.Th.U. in a ton of coal. 
The figures meant that, in taking the efficiency of 
the producer into account, oil had the advan- 
tage on the ton basis, in a ratio of oil to gas 
of 0.716 to 1. That gave a basis for the com- 
mercial possibilities. Taking the size of engine 
Mr. Choriton had referred to—namely, 130 rated 
brake horse-power—and ies that it would 
run normally at about 100 brake horse-power, 
that would mean that for three thousand work- 
ing hours 60 tons of oil would be burnt or 
108 tons of coal. The values would be equivalent 
if oil were obtainable at 42s. a ton and coal at 
303s. a ton. 

There must certainly be a considerable variation 
in the cost of oil and in the cost of gas before 
it would be possible to afford what it would be 
necessary to pay for the conversion of an engine 
‘ from one form to the other. The author stated 
that it would mean a new piston. It was not an 
easy thing lightly to change the piston of an engine 
after that engine had been working some time, 
especially if the piston would have to be either 
longer or shorter, therefore bringing the wear on 
a different part of the cylinder. Suppose 803. per 
ton to be the price of oil and 30s. per ton that of 
anthracite. It would then be found possible, on the 
basis he had given, to obtain a saving of 781. in the 

ear. Out of that the cost of conversion would 

ave to be defrayed and allowance made for the 
time taken to fit the new piston. The cost of con- 
version might very well be 501. to 601. in an engine 
of any size. During the time of conversion the 
price of the oil and coal might have varied. The 
engine was constructionally practicable, but was it 
likely to be commercially valuable? What class 
of user had the author particularly in mind in 
putting forward the idea of the convertible engine ? 

He did not propose to deal with the super- 
compression engine, as he knew very little about 
it, but there appeared to him to be a point in 
connection therewith which should be borne in 
min |—namely, the utilisation of a certain pro- 
portion of waste gases escaping from the engine 
cylinder into the new admission charge. That was 
done by one well-known firm in the case of an 
engine which they provided for workiag with coke- 
oven gas, which, as was known, had not only a high 
caloritic value, but a very high percentage of 
hydrogen, therefore presenting a great similarity 
to the oil mixture used in the high-compressiva 
cycle of the semi-Diesel oil-engine. 

M. R. Mathot regretted that the exceptional 
circumstances which brought him to this country 
had not left him time to deal properly with the 
paper. In the comparative table of commercial 
results for an engine in Group I. the B.Th.U. per 
brake horse-power hour were given as 12,000 for an 
engine on producer-gas. He concluded that that 
would mean a thermal efficiency of about 20 per 
cent. Did that figure relate to the gas or to the 
coal itself? If it related to the gas, it was a very 
low figure, and did not offer much encouragement 
to adopt the proposed scheme—namely, of con- 
verting an oil-engine into a gas-producer engine. 
With regard to the so-called semi-Diesel engine of 
the two-cycle type, he would like to know how the 
author proposed tc deal with the conversion of such 
an engine from liquid fuel to producer-gas, or town 
gas ; whether a replacement of the breech end and 
certain other parts would not be required, as well as 
of the piston. How far did the author consider the 
convertibility of the engine from oil to gas, or from 
gas to oil, a practicable thing, as well as a con- 
structional ibility ? He gathered from the 
paper that the scheme must be confined to small 
engines, say, not exceeding 10 to 20 horse-power. 

r. F. H. Liveos thought the paper should be 
looked upon as a suggestion of possible develop- 
ments, although it described correctly what had 
already been done If half-a-dozen people, not 
accustomed to the design and manufacture of gas 
and oil-engines, were asked whether it were possible 
to convert a gas into an oil engine, or vice versd, 
five out of the six would reply, ** Quite possible.” 
He was also sure that if the same question were 

ut to half-a-dozan people with a long experience 
in the coastruction of gas and oil-engines, who 
knew the difficulties, a different reply would be 
given, —— if they were asked whether it 
would possible to change an engine having a 
compression of 120 lb., when using gas, into a 
serviceable crude-oil engine having a compression 
of 280 lb. 

In the first instance, at all events, the idea had 





not heen to supply any user with an engine which 
he could convert from gas to oil, or vice versd, 
just as he pleased. The idea originated in the 
requirements of the oil-fields. Boreholes were 
often put duwn close together. Sometimes a great 
deal of gas came up with the oil, and sometimes 
very little. If gas were available, it was used, 
as otherwise it would go to waste; moreover, oil 
during the last few years had become very valuable. 
A few years ago nothing but steam was used on the 
oil-fields, and where there was gas the gas was 
burnt under boilers; where there was no gas, or 
next to none, then the crude oil was burnt 
under the boilers. This practice was, to a large 
extent, being superseded. It happened that in oil- 
fields only a few miles apart, one might have 
a rich gas and another next to nothing. If 
the gas could be piped, then, when new bores 
were being put down, it was naturally very con- 
venient to have an engine which could use the gas 
in order tu do the boring. If, on the other hand, 
there were no gas, then it was much more con- 
venient to bring oil by a small pipe-line to that 
— bore, and use oil. Supposing the bore to 

complete, and gas and also oil to be available, 
then it was most economical to use gas, as other- 
wise the gas would be wasted. It might well 
happen, and did happen, that the gas ‘‘ petered 
out,” and the user had to fall back upon 
oil. That was the explanation of the origin of 
the particular design. 

A heavy-oil engine might be made to use 
gas. The term ‘‘ gas” had a wide variety of 
meanings. There was the gas of the producer, 
a poor gas, of perhaps 100 B.Th.U. per cubic 
foot ; town gas, of perhaps 650 B.Th.U. to the 
cubic foot ; and perhaps, on the oil-fields, natural 
gas, having a thermal efficiency up to 1050 or 
1060 B.Th.U. per cubic foot. It was useful for 
the manufacturer to be able to supply a machine 
which would meet the needs, whatever these might 
be. M. Mathot was correct in saying that, when 
dealing with the ordinary low-compression engine, 
there would be no great advantage in making it 
convertible, except for small powers. He had not 
been quite able to follow Mr. Tookey’s argument. 
A producer-gas engine would work on about 1 lb. 
of coke per brake horse-power hour ; the crude-oil 
engine of the type he had referred to would work 
on a consumption of about $1b. of oil per brake 
horse-power. The fuel cost, therefore, of the coke 
as compared with the oil—at the price oil had 
lately been, something like 70s. per ton — was 
just about half, for the producer-gas, what it 
was for the oil. Supposing a user put down an 
engine as an oil-engine in order to save first capital 
cost, and then, finding his business going well, he put 
down his producer ; he would practica 7s halving 
the fuel cost. In the case of the small engines it 
was a great convenience to be able to change from 
one fuel to the other without sending the machine 
back to the manufacturer’s shop. The agent could 
stock the engines, and stock them in such a way 
that the change could easily be made. If it 
were desired to make the most perfect oil- 
engine or the most perfect -engiue for a 
particular fuel, more modifications in tie design 
would be required than were put forward. For a 
great many purposes what had been described 
in the paper was very practical. It would be seen 
that when using natural gas a little greater con- 
sumption was of no particular moment, and where 
a poor gas, like producer-gas, was being used, also 
a little greater consumption was not of great 
moment. Therefore, in the first instance, it was 
necessary to make the engine as good as possible 
to use crude oil; then to make what changes were 

ible, in the most economical manner, to turn 
it into a g1s-engine. 

Mr. P. W. Petter, as an ardent disciple and firm 
believer in the two-cyle type of engine, was most 
interested in the diagrams, Figs. 3 and 4 of the 
paper. Heregretted that the author had dismissed 
that typ: so briefly. It would have been interest- 
ing to have had some conclusions from the results 
which Mr. Chorlton had obtained, assuming that 
he had actually made experiments with the desiga 
shown. What was implied by the words ‘small 
powers,” in the sentence ‘‘a gas-engine for 
small powers is more or less effectively obtained ” ? 
Tt was a very great advantage for manufacturers to 
be able, as they were frequently asked to do, to 
provide an engine which would work with a change 
over from gas to oil, quite apart from whether 
it was applicable to domestic or farm use. An 





engine which would really give approximate results 
on both fuels had a great field before it. The two- 
cycle type, if practical difficulties could be over- 
come, lent itself, he thought, very well to the 
change over, because the compressions required, as 
stated in the paper, were approximately, or even 
exactly, the same. 

Mr. E. M. Gibson stated that at his works in 
Russia they had two 400-brake-horse-power Kért- 
ing gas-engines. Last year the export of coal to 
Russia from England was, first of all, curtailed 
considerably, and then stopped altogether. What 
coal they had lying at Cronstadt, or the greater part 
of it, was commandeered by the Government. Owing 
to trouble in Scotland, it had not been possible 
to get the usual brand of Scotch coal for producers, 
and they had consequently to resort to wood for their 
boilers, eking out their remaining stock of producer- 
gas-coal with ordinary coal. That had been success- 
fully accomplished. If the war continued for long 
he did not know what they would do to keep the 
gas-engines running. If the author could assure 
him that he had some practical means for convert- 
ing such gas-engines to oil, he would give him a 
provisional order there and then. 

Mr. Horace Boot said that, as a user of gas and 
oil-engines, he would like to know what, in the case 
of the change over, the reliability would be. It 
would be an advantage to manufacturers if they 
could stock one type of engine, and, by a few 
changes, make an oil-engine suitable as a gas- 
engine, or vice versi; it should reduce the price 
generally of both types of engines. He had had 
experience of running this particular type of oil- 
engine in connection with rubber plantations. 
They had been run in that way without skilled 
attention. Referring to Fig. 9, he could not 
understand why the engine in question was 
apparently more efficient in its consumption at 
about 105 horse-power, when it was built for 
130 horse power. In all types of gas and oil- 
engines it was advantageous to run them at slightly 
less than full load, in order to get reliability. But 
in this case the difference in consumption was con- 
siderable, and in his experience there had been no 
such noticeable difference. The consumption per 
brake horse-power was, perhaps, slightly higher 
than that given in Fig. 9, but ibly, since the 
engines he referred to had been bought, the type 
had been improved. 

Mr. W. H. Patchell, who spoke next, con- 
sidered that it would be an advantage if the author 
would explain his grouping of the engines into low 
compression and low power, and high compression 
and higher power, and medium compression and 
higher power. It wasa little difficult to follow. A 
very old friend of his, who had joined in the 
discussion, had told them that if a man wanted to 
save money he could buy an oil-engine and later 
on use it as a gas-engine. But could he save 
money in that way? He might save on his fuel, 
but he would not get his gas-engine at the same 
price as he originally got his oil-engine. After all, 
the cost of fuel did not wholly regulate the cost of 

ower. The proposal was similar to what had been 
Goel years ago, and again recently in London. 
Manufacturers had said that if users would only 
trust them they would give them electricity at 4d. 
a unit, but they did not explain what had to be 
done before electricity could be produced at 4d. a 
unit. The capital costs were highly important. 
When the change over from an oil-engine to a gas- 
engine was made, he thought a user would be con- 
siderably out of pocket if he charged his gar per 
brake-horse-power hour with his capital cost. 
Could Mr. Chorlton make it clearer whether the 
thermal values given were based on gas or fuel ’ 
Some of the largest and best gas-engines that had 
ever been run in England came out about 10,000 
B.Th.U. per kilowatt-hour, representing, with the 
good efficiency of a big alternator, about 8000 to 
8500 per brake horse-power. That, however, would 
be with gas alone, not coal. The efficiency of 
producer-gas was, as Mr. Tookey had said, a very 
important matter. 

. Mathot, speaking again, asked the author 
whether he thought, from his own experience, it 
would be more inexpensive and simpler to convert 
a gas-engine into an oil-engine than an oil-engine 
into a gas-engine, and what possibilities there were 
for these two kinds of conversion. He supposed 
that both schemes could be carried out, but which 
of the two was the more economical? It was pos- 
sible to convert a pair of boots into slippers, but 
less easy to convert slippers into boots. 
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Mr. Michael Longridge (Vice-President) said 
that on first looking at the paper he had been 
rather inclined to wonder where the market for 
such engines could be, and to think that the con- 
version must simply be a device concerned with 
the manufacturing of gas and oil-engines in the 
same works. Mr. Livens had stated that there 
was a market in oil-fields, and ibly other 
places, and it had struck him that there might be 
a market for small engines. Away in the country 
there were many people who had to use a gas- 
producer, and it was not always possible to get 
supplies of suitable fuel just when wanted ; for 
instance, in places in the south of Ireland and the 
like. It might be convenient in these cases to 
have small engines which ordinarily would work on 
gas, and, if there was shortage of coal, could work 
with oil, or vice versé. At times when the load 
was light and variable, gas- producers became 
difficult to work ; then it might be useful to change 
to oil. With these small engines there was usually 
an attendant that knew little about them. He 
would ask if it were not possible to devise some 
means whereby the alteration of clearance, upon 
which conversion depended, could not be managed 
without taking out the piston. Of course, the 
question of scavenging arose in the gas arrange- 
ment, and that was the real difficulty about increas- 
ing the clearance and yet using the same breech end 
for the oil-engine and the gas-engine. He would 
much like to know if there was any practical means 
of increasing the clearance of the oil-engine with- 
out changing the piston, so as to make it suitable 
for gas, simply by replacing a small piece of the 
breech end, and not the whole of the breech end 
itself. 

Captain H. Riall Sankey asked the author 
whether, in designing an engine of the same power, 
the scantlings, in the case of the oil-engine—the 
crank-shaft dimensions, for example—would not 
have to be greater than in the case of a gas-engine ? 
The point was well brought out in the author's 
table comparing the commercial possibilities of gas 
and oil-engines, where it was stated that for an 
engine of the Diesel type the abnormal maximum 
pressure was over 1000lb. The speaker thought 
that if the figure had been stated as 1500 lb. or 
1700 lb., it would have been nearer the mark, and 
in that case it was obvious that the scantlings of 
the Diesel engine would have to be far greater for 
the same power than those of the gas-engine. 
That, he thought, probably explained the reason 
why such enormous crank-shafts, and bolts to hold 
down cylinder-covers, were used in Diesel engines. 
He would also ask the author whether he had con- 
sidered the alteration of compression by altering 
the point at which the exhaust closed. Obviously, 
if the exhaust were closed less quickly, there would 
be less compression ; that would do for the gas- 
engine. By closing the exhaust at the beginning 
of the back stroke the compression would be 
greater ; that would do for the oil-engine. He 
knew that engines of that type had been proposed, 
but he did not know whether any had actually been 
used or brought into practical operation. 

Mr. Chorlton, in reply to the discussion, re- 
marked that in the comparative consumption figures 
referred to by Mr. Tookey for oil and gas the 
prey was not included in that given for gas. 

f they had included the producer, the figures 
could have been those that Mr. Tookey gave. Mr. 
Livens had dealt with the matter of there being 
a use for the convertible engine. He had not 
intended the paper to be any more than suggestive. 
It had been impossible for him, owing to pressure 
of work, to go into greater details, but it had 
occurred to him that, even as far as the paper 
went, it might induce others to go further. 
It had been shown that the thing could be done. 
During the last two or three years the use of town 
gas for large power-stations had been very seriously 
considered. Of course, it was not town gas as 
understood by the ordinary buyer, but town gas 
as understood by its producer and the large-station 
engineer. He believed that this gas, made in 
vertical retorts, could be put into the holder 
at about 4d. per 1000 cubic feet. Gas at a figure 
like that became almost a better proposition than 
the use of producer-gas; at any rate, there was 
little to choose. Anything below 6d. per 1000 
was, he believed, cheaper than the best steam- 
turbine figures. 

If an engine which used gas could be readily 
changed over to use crude oil, this was obviously 
greatly to the convenience of the station. A man 


might have a battery of engines exactly alike, except 
that he might decide to run one or two on crude 
oil and the rest on town gas, and he would fit 
them in according to the market price, or ac- 
cording to the load of the station. With regard 
to the use of the exhaust in coke-oven gas, 
it was so used, but the proposition was not the 
same as the two-stage engine of Dr. Clerk ; it was 
used in coke-oven gas simply to water it down, 
and had been so used for ten years. It had been 
used ten years ago by Mr. Ernst Kérting in some 
of his early engines, but it was really a convenience 
more than anything else. It enabled an engine 
with the higher compression to use a very rich gas, 
where normally it might have been necessary to 
reduce the compression. The engine referred to 
by M. Mathot and in the table of comparative 
commercial results had not a low-consumption 
figure ; it was a small engine, and no attempt had 
been made to secure a low consumption. It could 
have been made to work with a low consump- 
tion, but it was made to be run by ordinary un- 
skilled labour, such as farm hands, and it had been 
merely put in to show how to begin with the idea. 
That engine, which might only be of 10 horse- 
power, could be changed over by an ordinary man 
to run with practically any fuel usually come across. 
The compression was only 90, and if this had been 
raised to 150, the fuel consumption would have 
dropped in proportion. 

If, of course, an engine had not been built to be 
convertible, it would probably be easier to make 
the change from oil to gas rather than vice versd. 
Each case would have to be judged on its merits, 
and it was difficult to decide without seeing the pre- 
cise engine. The engine shown in Fig. 13 of the 
paper, which was one of Messrs. Ruston, Proctor’s 
standard engines, although a 520-brake-horse-power 
engine, would do 600 horse-power. It was really 
easier to convert it than appeared from the paper. 
The change from oil to gas would possibly occupy 
three hours ; the pistons were not changed. r. 
Petter had referred to the two-cycle engine. 
He had himself been a two-cycle man for many 
years, and had spent much time on this type of 
engine. He had unfortunately only been able just 
to refer to these engines, so that the two-cycle 
people should not get up and ask what had been 
done in the case of such engines. His point had 
been to show that the conversion could be effected, 
and the user of a two-cycle engine could see how 
to do it. 

In the Bolinder oil-engine air was compressed 
in the crank-case. With a gas-engine it would 
be necessary to use a rather objectionable mixture 
in the crank-case. The type of engine shown 
in Fig. 4 was not at all of the same type. It 
was of the stepped-piston type, in which the mix- 
ture could be taken away from the crank-case. 
Such a type would run perfectly well for small 

wers. hen it was a question of large powers, 
it was advisable to separate the gas and air; that 
was, it was necessary to have pumps to deal with the 
gasandair. When thechange over to oil was made, 
both delivered air, but otherwise there was little 
difference in the cylinder - head ; it had to be 
water-cooled in the one case, in the other not. He 
feared he could not accept Mr. Gibson’s propo- 
sition ; it was difficult to deal with an engine which 
had been built for gas alone. If it were possible 
readily to convert any engine from one to the other, 
there would be less in the question than he 
believed to exist. 

He did not think there was any increase or 
decrease of reliability. Mr. Boot also suggested 
that one effect of the system might be to reduce 
the price of engines. That was a view rather 
general with people who spoke at meetings but 
were not actual builders of engines. 
regard to the consumption diagram, shown in 
Fig. 9 of the paper, indicating that the engine 
would be more efficient at 105 brake horse-power 
than at 130 brake horse-power, he would say that 
105 to 120 brake horse-power was the normal run- 
ning load of the engine ; it was desirable to arrange 
the engine for running at that load, and to set the 
atomiser for that load, which was the best. He 
had hoped that suggestions would have been made 
of ways of effecting the conversion of engines ;: Mr. 
Longridge had indicated one or two possibilities. He 
would ask Mr. Patchell to invent a name to replace 
the term ‘* semi-Diesel ;” he could not understand 
why people continued to use such a name. The engine 





so called was really a oe of an English 
engine—the Hornsby or Ackroyd engine. Nor- 
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mally this engine was a compression engine with 
added heat. 

He had thought of ways of changing over 
from one fuel to another without removing the 
piston, and he believed that others, if they had 
not already done so, would now begin to think of 
ways for themselves. The problem could be tackled 
in a simpler way than that indicated, but the paper 
showed that it could be done without any material 
alteration of any of the parts. An engine could be 
designed to be changed over in a very short time. 
The small engine, to which Mr. Longridge had re- 
ferred as being useful for country places, had been 
designed with the idea that it would be able to run 
on any fuel ordinarily available in any country. 
Being a small engine, the cost of the extra parte 
was very small indeed, and if they were not actually 
bought they could be carried in stock, the parts 
being strictly interchangeable. An engine of this 
kind could be run on coal, oil, wood, or anything 
else. Normally the scantlings of an engine de- 
seem upon its compression pressure, because 
rom this pressure the — sprang. If the 
oil-engine were considered as an ignition engine 
in the way that a gas-engine was considered, it 
would have a high pre-ignition pressure, for which 
reason it was generally more heavily built. But the 
type of oil-engine under discussion did not work 
purely as an ignition engine ; it was a combination 
of the ignition and the constant pressure ; nor- 
mally, therefore, the pressures were not higher 
than in the case of the gas-engine. If occasionally, 
at long intervals, a pressure should be registered 
higher than that of the gas-engine, this would be 
met by the ample factor of safety which was com- 
pulsory. That was all it amounted to. 

The President then brought the meeting to a 
close with the announcement that the next meet- 
ing would take place on Friday, March 19, when a 
paper on ‘‘ The Chemical and Mechanical Relations 
of a Cobalt, and Carbon,” by Professors Arnold 
and Read, would be read and discussed. 





TELPHER COAL-HANDLING PLANT. 

In our issue of December 4 last we published a 
brief description of the important extensions which 
have been recently carried out at the Hackney Borough 
Council Electric Generating Station. These extensions 
have covered the installation of a 3000-kw. turbo- 
alternator set and two Babcock and Wilcox land-type 
boilers, each capable of evaporating 33,000 lb. of 
water an hour. Although the extension is built 
alongside the old generating station, it forms in 
effect an independent station, and entirely new 
arrangements have had to be installed for the supply 
of circulating water, &c., and for handling the coal 
and ashes. The latter of these arrangements—that 
for dealing with coal and ashes—is one of the more 
interesting features of the extension, and we accord- 
ingly propose in this article, and its oo 8 
illustrations, to deal with it in some detail. The 

lant was supplied by Messrs. W. J. Jenkins and Co., 
Limited, of Beehive Works, Retford, and 15, Victoria- 
street, Westminster, 8.W. It forms part of the 
neral scheme for the extensions prepared by Mr. 

. L. Robinson, M. Inst. C.E., the Borough Eleo- 
trical Engineer, and approved by Messrs. Preece, 
Cardew and Snell. 

The station is situated on the Hackney Cut of the 
River Lea, and coal is ge —— by barges, 
from which it is directly lifted by the grabs of the 
coaling — and transported to the hoppers. The 

eral lay-out of the gear is clearly shown in Figs. 
to 3, on our two- plate. Immediately on the 
river bank there is a latticework tower which carries at 
the top a cantilever arm projecting over the barges as 
they come alongside. On the opposite side of the tower 
there is s girder connecting it with the power-house. 
Rails fixed on the underside of the cantilever and 
irder serve for the two telphers, the grabs of which, 
after lifting coal from the 8, are drawn up and 
carried to the coal-hoppers, into which they dump. 
There are four hoppers, carried overhead, and the 
telpher rails run right across their . The hoppers 
will be seen at the left-hand sides of Figs. 1 and 3. 
They are intended to serve two rows of boilers, of 
four each. At the pa time two boilers only, out 
of the ultimate eight, have been fitted. The coaling 
lant has, however, been made of full capacity. 
hen the arrangement is completed the coal-hoppers 
will stand up above and between the two rows of 
boilers, and will feed either row through movable 
chutes, to which we will refer more in detail later. 

The plant has a capacity of 40 tons an hour when 
both telphers are in operation, and the coal-hoppers 
have a total — of 1300 tons. The telphers 

ift o 





have a ~—- of 80 ft. a minute ard a travelling 
speed of 450 ft. a minute. The grabs each have a 
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capacity of 50 cub. ft. The weight of coal delivered 
by the contractor is checked by recording-machines 
fixed at the top of the tower, which weigh the 
telphers with the full grabs as they pass towards 
the power-station. They are of Messrs. W. and T. 
Avery’s totalising track - weighing type, in which 
the passage of the telpher over a floating section 
of rail operates the machine. The coal is weighed 
again as it leaves the hoppers and enters the travel- 
ling chute, to which we have already referred. In 
addition to dealing with the coal, the same plant 
also handles the ashes. Hoppers are fixed below 
the boilers, and from these the ashes are taken 
in tipping-wagons on a narrow-gauge railway, and 
dumped into an ash-pit formed outside the station, 
and shown in Fig. 1. The wagons are operated b 

hand. At convenient times the ashes are lifted from 
the pit by the coal-handling grabs, and are tipped 
into an ash-hopper situated in the base of the tower. 
From this tower they are loaded through a chute into 
barges for removal. The arrangement can be seen 
in Fig. 1. A water service is fitted to play on the 
ashes, if necessary, while they lie in the ash-pit. 

After this brief general description, we may refer 
to the constructional and other features of the plant 
in rather more detail, and will begin with the girder 
and cantilever, which are illustrated in Figs. 4 to 13, on 
the two-page plate. As will be seen, the lower and 
upper booms on each side are each built up with two 
pieces of 5-in. by 4-in. by 4-in. angle-iron. These are 
connected together by 3-in. by 2}-in. by §-in. double- 
angle vertical members, except towards the centre, 
where 3-in. by 3-in. by g-in. angles are used. The N 
bracing is made up of 4-in. by g-in. and 4}-in. by §-in. 
flats, but in the deeper panels two bars are u 
together. Cross- bracing of 3-in. by 3-in. by §-in. 
angle-iron is used in the two panels which lie above 
the tower, and which cover the connection to the tower. 
Two details of the u = boom connections are given 
in Figs. 10 and 11. e two main members are con- 
nected together with 4-in. by 2}-in. by §-in. angles 
on the top and bottom, except for five selected 
intermediate points at the bottom side, and the two 
ends, where special arrangements are used. Cross- 
connection is also made by 5-in. by 4-in. by §-in. T’s at 
these selected points, as shown for one case in Fig. 5. 
pe pope em of 6-in. by 4-in. by g-in. T’s, the ends 
of part of which can be seen in Fig. 5, connects the 
two main members at the selected points. The bottom 
connection at the selected points, which we have re- 
ferred to as special, is illustrated in the same figure. 
It consists of double 10-in. by 4-in. channels, which 
project some distance beyond the sides of the girder 
and cantilever. To the ends of these channels 16-in. 
by 6-in. joists are sesured. These joists run the full 
length of the cantilever and girder, and carry the 
running rails for the telphers. Angle-bearers and 

late-gussets complete and stiffen the connection 
area the main side-frames and the cross-channels. 
Details of the arrangement can be seen in Figs. 12 
and 13, which show the outer end of the cantilever to 
a larger scale than was permissible for Fig. 4. 

For the points where the girder and cantilever are 
joined to the tower and to the coal-hopper structure, 
special arrangements have naturally to be made. 
The joint at the tower is shown in Figs. 6and7. It 
will be seen that connection is made to a 24-in. by 
74-in. joist, which is carried by two of the tower 
columns, and forms the main connection between them 
at the top. There are twosuch joists, to which con- 
nection is made from the girder and cantilever, as will | 
be clear from Fig. 4. The details of the method of | 
connection will be fairly clear from Figs. 6 and 7. 
As will be seen, the vertical members connecting the 
booms consist of double 3-in. by 2}-in. by §-in. angles. | 
These are riveted to the ~_ by 4-in. (-plates. | 
Stiffness is afforded by cross-bracings of 3-in. by 3-in. | 
by j-in. angles above and below the joist. The 
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joists are free from the columns and set against the 
TELPHER COAL AND ASH-HANDLING PLANT. hemapenad gyno uhm gegen phen ee 


CONSTRUCTED BY MESSRS. W. J. JENKINS AND CO., LIMITED, RETFORD, NOTTS. 
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arrangements at the hopper end of the girder are 
shown in Figs. 8 and 9. The girder rests on two 
15-in. by 4-in. channels, and is held in position at the 
bottom by being connected by a plate to two 8-in. by 

*34-in. channels. These four channels form part of the 
structure which carries the telpher tracks above the 
hoppers, to which we will refer later. 

Ve may now deal with the tower and its ash- 
hopper, which are illustrated in Figs. 14 to 27, on 
the two-page plate. It is a equare structure, consistin 
of four columns connected by lattice-work horizonta: 
members, and with cross-bracing in the panels. The 
lower part is stiffened by the ash-hopper. The 
height of the tower from wharf level to the under- 
side of the main girder is 71 ft. 42 in., and the 
columns are 79 ft. 5? in. overall. They are set at 
16-ft. centres for the side panels, and at about 22 ft. 
for the front and back panels, through which the 
telphers work. The columns are built up of four 


2/-in. by 2§-in. by g-in. angles, with lattice-work of 
2}-in. by y,-in. flate. The horizontal members are of 
similar construction, but with 3-in. by 2}-in. by @-in. 

4 3-in. by 8-in. 
8-in. outside 


angles. The cross-bracing is of 3-in. 
angles. The columns are stiffened wi 
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plates at the points of attachment of the horizontals, 
and these members are riveted in position with 
angle-brackets. At the corners of the large panels 
through which the telphers work, and in which no 
cross-bracing is allowable, extra stiffness is secured by 

ts. At the top of the tower, 24-in. by 7}-in. 
joists join the columns in the front and back panels, 
and the girders and cantilevers in the manner 
already described. Details of the connections between 
the columns and these joists are given in the upper 
left-hand corner of Figs. 14 and 15. Various details 
of the tower will be seen in Figs. 16 to 19. They will 
be understood without comment. 

The ash-hopper is shown fairly completely in 
Figs. 20 to 27, on the plate. It is built up of g-in. plates, 
stiffened outside by 6-in. by 44-in. joiste pitched at 
4-ft and 4-ft. 3-in. centres on the vertical sides, and 

5-in. and 10-in. by 5-in. joists pitched at 
ing centres on the sloping bottom. The 
sides of the hopper are prevented from spreading 
by four tie-bars made of 6-in. by §-in. flats. These 
are connected by channel brackets and straps (as 


by 8-in. b 
co 


will be clearly followed from the figures. The hop 
has a top curb of two 34-in. by 34-in. by §-in. angles, 
as detailed in Fig. 26, and top corner ey by 4-in. 
by 2}-in. by §-in. angles, as shown in the plan, 
Fig. 22. The internal vertical corners of the hoppers 
are finished by 3-in. by 3-in. by g-in. angles, and the 
sloping corners by 3-in. by 3-in. by 4-in. angles. Extra 
5-in. by 4-in. by #-in. T’s brace the internal angle, as 
shown in the figure. The weight of the hopper is 
transferred to the columns by riveting the internal 
vertical angle-irons throughout to the neighbouring 
corner angle of the columns, as detailed in Fig. 23. 
Details of the cone joist connections are given in 
Figs. 24 and 27. The hopper is finished at the 
bottom by a steel casting forming a mouthpiece, 
which is furnished with a hand-operated valve, while 
a further mouthpiece leading to a chute with a 
valve is fitted in the sloping side next to the river. 
The bottom mouthpiece gives a means of completely 
emptying the hopper or emptying it at any time neces- 
my A when it would not be convenient to discharge to 
a e. 

The wharf on which the tower stands was built in 
the year 1900. It is faced with 12-in. by 12-in. gauge 
iles at 10-ft. centres, with 12-in. by 4-in. sheet-pilin 
tween. The whole is backed with concrete, an 
carries a Kentish rag-stone facing. Good vel was 
reached at a depth of 10 ft. below the wharf level, 
and although the gauge-piles were to be 19 ft. long 
and the sheet-piles 17 tt. it was found impossible to 
drive them more than 15 ft. or 16 ft. e tower 
foundations are of mass concrete, resting on the gravel 
and reinforced with old rails. There is a lightening 
void in the centre filled with loosé material. Pass- 
ing now to the coal-hoppers, we may deal in the first 
instance with their foundations, leading on naturally 
as they do from the foundations of the tower. A 
London County Council sewer ran directly across the 
site now occupied by the hoppers when work was first 
started. The matter was dealt with by putting in a 
2l-in. temporary steel pipe, to carry the sewage while 
a permanent diversion of the sewer was made. The 
coal-hoppers and the superstructure they carry stand 
on sixteen stanchions, as will be clear from Figs, 1 
and 3, on the two-page plate. These stanchions stand 
on grillages built into concrete beds, which go down to 
the gravel. The general lines of the ent will 
be clear from Fig. 1, on the plate, while some details 
of one of the gigs carrying # pair of stanchions are 
given in Figs. 28 to 31, ly 244. As will be seen, 
cast-iron separators are , and the whole arrange- 
ment is filled up with concrete to the level of the top 
of the upper joiste. The pressure on the grillage due 
to the dead load is approximately 1 ton per sq. ft., 
while the maximum intensity of pressure at any 
point, taking the overturning moment due to wind 
~— also into account, is slightly over 2 tons per 
aq. ft. 

In addition to carrying the hoppers and telpher- 
tracks the sixteen stanchions support the trent ends 
of the boilers and part of the weight of the econo- 
miser floor. They are also extended above the coal- 
handling plant, and support the balf principals of the 
roof, and at the same time are designed to take the 
wind stresses on the building. As a result of these 
extra duties, the stanchions are naturally consider- 
ably heavier than Messrs. Jenkins would have made 
them had they been designed to carry the coaling- 
plant only. Two characteristic stanchions, wi 
some details, are illustrated in Figs. 32 to 35, on 

e 244, They are built up each of two 15-in. by 4-in. 

y 41.94-lb. channels, connected on each side by three 
18-in. by §-in. cover- plates. At joints between 
different lengths of channel, cast-iron distance-pieces, 
of the form shown in Fig. 35, are inserted inside the 
stanchions. At the bottom ends, where the stanchions 
rest on the grillage already referred to, heavy feet 
are formed. These are built > of brackets made 
from 3}-in. by 34-in. by }-in. angles, with 4-in. gusset- 

lates, while at the bottoms there are 6-in. by 4-in. 

}-in. angles, the whole being riveted to §-in. foot- 
tes. 

It will be seen that there are various brackets 
riveted to the stanchions. Some of them are shown 
in Figs. 32 and 33. These, in the main, form bearers 
for the joists which carry the boilers and other parts 
independent from the coaling-plant. The two 18-in. 
by 7-in. heavy joists, which can be seen about 30 ft. 
from the base of the stanchion in Fig. 32, are part of 
the boiler support. The various stanchions which 
form pairs between the hoppers, as shown in Fig. 1, 
are connected to the pairs on the P ite side by a 
wind-bracing, which is detailed in oe 36 and 37, 
on this page. The two stanchions shown in Fig. 33 
form one of the pairs to which we are referring, and 
the — occupied by this wind-bracing is indicated 
in that re by the four channel-irons shown in 
end elevation at the corners of a rectangle. 





detailed in Fig. 25) to four 10-in. by 6-in. horizontal 
joists which are carried round the hopper. These 





These channels are the four main longitudinals of 
the wind-bracing girder, which has a depth of 6 ft, 
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The girder crosses below the hoppers in the inverted 
V formed between them, and is indicated in end view 
in Fig. 38, which is a side elevation of part of two of 
the hoppers. As will be seen from Figs. 36 and 37, the 
main longitudinal channels, which are 6 in. by 3 in., 
are connected to the stanchions by channels and 
angles, those at the bottom being carried right across 
between the two stanchions, but those at the top 
being cut off short to allow space for the heavy joists 
indicated by broken lines in Figs. 36 and 37. The joists 
form part of the boiler plant support. The whole 
construction of the wind- bracing has had to be 
arranged to clear these joists, as is well shown in 
the figures, in which it will be seen that the lattice- 
work on the top side at the ends has had to be kept 
3 ft. back from the stanchions. The corresponding 
latticework on the bottom side is shown by broken 
lines at the right-hand end of Fig. 37. The general 
details of the wind-bracing will be clearly followed 
from Figs. 36 and 37. 

The construction of the hoppers follows generally 
that of the ash-hopper, with which we have 
already dealt ; but the coal-hoppers, being of greater 
capacity, are more stiffly ribbed. Details are 
given in Figs. 38 to 41, The plating is § in. thick ; 
it is reinforced by @ series of vertical joists on the 
outside, pitched at 2-ft. llyy-in. and 3-ft. 3%-in. 
centres. Inside the hoppers 5-in. by j-in. flats are 
riveted in line with the exterior joists, which vary in 
size from 10 in. by 5 in. to6 in. by 5in. The inside 
strips are not te | in the taper part of the hoppers, 
but the external reinforcement is improved by the 
addition of a series of horizontal angles set at about 
3-ft. pitch on the outside. At the plating joints, both 
in the parallel and taper parts, external [7 angles are 
puton. The hoppers are fitted with 6-ia. by 2-in. flat 
tie-bars, which connect the outside horizontal 10-in. 
by 6-in. joists much in the same manner as the ash- 
hopper. There are also angle-ties across the upper 
corners and four through-ties near the bottom. These 
consist of 2}-in. bolts, which take their load through 
external channel irons which are fitted between the 
outside reinforcing joists. The sloping sides of the 
hoppers are lined with granolithic concrete spread on 
expanded metal. This arrangement extends to the 
lower cross-tie bolts, as is shown in Fig. 41. The 
weight of the hoppers is taken by riveting to the main 
stanchions, the sides and divisions of the hoppers 
— as deep girders. Some of the external joists on 
the sloping sides are also secured by brackets directly 
to the stanchions. 

(To be continued.) 





Conrracts.—The Edison and Swan United Electric 
Light Company, Limited, have signed a contract with 
the Booth Steamship een Se oyal Ediswan metal- 
filament and carbon-filament lamps. 





Tue InsTITUTION OF AUTOMOBILE ENGINEERS.—The 
graduates of the Institution of Automobile Engineers 
paid a visit recently to the works of Messrs. Kroll and Co., 
of Camden Town, where they were shown a number of 
Py eye processes in connection with the construction 
of the y and other parts of a car. The management 
had kindly made provision for the graduates to see the 
whole of the processes involved from start to finish, and 
raw material was lying ready at the different ines, 
so that all were able to get a complete grasp of the con- 
secutive steps. 





Tue Merropouitan Rattway.—An electrical sub- 
station at Drayton Park has been completed, and since 
September, 1914, current for es the Great Northern 
and City section has been supplied from the company’s 
amare | station at Neasden, with satisfactory results. 

ew stations have been opened at Goldhawk-road and 
Uxbridge-road on the Hammersmith and City line ; these 
stations have taken the place of the old Shepherd’s Bush 
Station, which is now closed. Escalators have been put in 
at Baker-Street Station at the joint expense of the Metro- 
politan and the London Electric Companies, in order to im- 
prove the means of communication and exchange between 
the Metropolitan and the Baker-Street Tube. Delay in 
completing widening works between Finchley-road and 
Wembley Park has arisen, mainly in uence of a 
scarcity of labour by reason of the war ; but it is expected 
that the section at present unfinished—viz., a viaduct at 
Kilburn—will be completed and brought into use in the 
course of the next few months. The amount expended by 
the Metropolitan Company on capital account last year 
was 341,6141. Of this ex iture 246,096/. was made on 
lines open for traffic, 57,9082. for additional rolling-stock, 
and 32,376/. for electric power-etations. The aggregate 
outlay made by the Metropolitan Yo ng! on capital 
account to the close of 1914 was 17,975,481. In last year’s 
capital expenditure widening works between Finchley- 
road and Wembley Park figured for 189,097. The com- 
em be system is worked partly by steam power and partly 

y electric traction. Steam locomotives are employed upon 
the company’s country lines, and the city train service is 
carried on by electric traction. The number of steam 
locomotives owned by the company at the close of last 
year was 38 ; for electric traction the company 
owned 21 electric locomotives, eight motor-coaches, four 
first-class coaches, 10 third-class four composite 
coaches, 146 motor-cars, 69 first-class cars 147 third-class 
cars, and 40 composite cars, 





NOTES FROM THE UNITED STATES. 
PuiLapeLpHia, February 10. 

THE iron and steel developments of the past week 
show a further upward movement following some 
successful railroad financing. The Penusylvania, 
Illinois Central, Erie, and two or three other systems, 
have just ordered 120,000 tons of rails, 65 evgines, and 
2000 cars, besides 25,000 tons of structur«! material 
for Indianapolis work. Many inquiries are in hand 
for cars. rought-iron pipe has advanced 42 per ton. 
Spelter and galvanised iron have advanced, and wire 
products will likely advance again. Bars, plates, aud 
shapes have advanced to 1.15 for March len, and 
to 1.20 for later delivery. Implement-makers are 
ordering heavily to meet the increasing demand for 
implements. Two new orders for bridge steel are close 
at hand. One—10,000 tons—for Portland, Oregon, 
and one for 7500 tons for Cleveland, Ohio. Sheet- 
iron workers have been reduced 10 per cent. Wrought- 
iron-pipe makers look for a heavy demand for pipe 
for gas and oil lines, wherein enterprise is taking a 
fresh start. Floods in certain localities interfered 
with mill —s last week. 

Large orders are arriving for export of tinplate for 
Scuth American canneries, which have been heretofore 
supplied by Welsh mills, and orders from this quarter 
are expected to increase. In fact, the canneries 
along the Pacific Coast, up to now supplied from 
abroad, are able to purchase more cheaply here because 
of delivery thiongh the Panama Canal. The Frick 
Coke Company has fired 500 ovens since January 1. 
Prices are very low, but demand does not correspond. 
Pig-iron production is 10 per cent. below 1914, and 
32 per cent. below i913, though the steel-pig output 
is now sharply increasing. The Carnegie Steel Com- 
pany has used up about 100,000 tons accumulated 
stock, and has blown in 10 furnaces. Its steel pro- 
duction is now 60 per cent. of total capacity. The 
—— production of the entire steel industry is esti- 
mated at about 50 per cent. of capacity, which is an 
increare from 35 per cent. during Sovether and 
December. 








TUNNEL UNDER THE PyrENzEs.—The piercing of the 
tunnel under the Pyrenees at Prymorens was completed 
on December 30, under excellent conditions. The tunnel 
an on the new line from Paris to Barcelona, via 

oulouse. 





Warter-Power in Norway.—Mr. Fr. Jacobsen, an ex- 
pert in matters concerned with water-power, has recently 
we some interesting information before the Stavanger 
iety of Engineers about the water-power of the Sta- 
vanger District (Amt), which he estimates at an e- 
_ of 730,000 a. of which, however, 95,000 
orse-power are derived from neighbouring districts. The 
above total does not include hundreds of minor falls 
dotted about in the northern part of the district, varyin 
in capacity from a couple of horse-power to severa 
hundred, and the aggregate of which can safely be put at 
10,000 to 20,000 horse-power, and which brings the total 
up to, say, 750,000 horse-power. Of this, 300,000 horse- 
wer are south of, and 450,000 north of, the Lyse Firth. 
ormerly the total capacity was only put at 330,000 
horse-power, and the increase is the result of fresh sur- 
veys, especially of the large falls. Of the total water- 
wer of the Stavanger district, the State owns about 
7,000 horse-power, and different municipalities about 
114,000 horse-power. Concessions to private persons 
have so far been granted for about 239,000 horse-power, 
so some 340,000 horse-power are still available ; only 
some 20,000 horse-power have been exploitedas yet. The 
population of the district in question being about 140,000 
persons, there is an average of 5.3 horse-power per indi- 
vidual, whilst the average for the whole of Norway is 
put at about 3 horse-power. 





Economy tN REinroRcED ConcretE.—In a paper on 
‘* Economy in Reinforced-Concrete Construction,” read 
by Mr. T. A. Watson before the Concrete Institute, on 
February 18, it was stated that while great savings can 
be made on retaining-walls, it is generally not economical 
to employ reinforced concrete for the external walls of 
buildings, as brick walls up to a thickness of 14 in. are 
cheaper, but that when walls have to be thicker than this 
reinforced concrete comes in. As under the proposed 
London County Council regulations nearly all external 
walls need not exceed 14 in. in a framed building, it is 
probable that reinforced concrete walls for this purpose 
will soon cease to from the point of view of 
economy. With to the economy of reinforced- 
concrete framed buildings outside the London area the 
economy is very considerable ; inside the London area 
the London County Council, by their regulations, propose 
to reduce it as much as ible. There are, however, 
opportunities to effect savings over a steel-framed build- 
ing even in London. In the construction of bridges, say 
up to 300 ft. span at least, reinforced concrete is nearly 

ways the most suitable material. There are, of course, 
exceptions, but the mere question of the cost of main- 
tenance of a steel bridge seems enough tocondemn it. The 
question of maintenance is also enough to decide an 
architect or ineer to choose reinfo concrete for the 
construction of, say, small water towers, coal-bunkers, 

eter tanks, or any similar structure heretofore built 
in steel, and exposed to atmospheric conditions, even if 
reinforced concrete is not cheaper in the first instance. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet, and 1000 tons of Cleveland 
warrants were done at 56s. 34d. cash, with sellers over at 
56s. 4d. cash, 56s. 8d. one month, and 57s. 4d. three months. 
In the afternoon business was again small, but the tone 
was a shade firmer. The turnover consisted of 1500 tons 
of Cleveland warrants at 56s. 4d. cash, and 57s. 3d. three 
months, and closing quotations were 56s. _ cash, 563.94d. 
one month, and 57s. 54d. three months. On Friday morn- 
ing Cleveland warrants me stronger, and 3000 tons 
were og through at 56s. 54d. cash, and at 56s. 94d. and 
56s. 10d. one month. At the close sellers named 563. 64d. 
cash, 56s. 10d. one month, and 57s. 64d. three months. 
In the afternoon the strong tone was maintained, and 
dealing took place in Cleveland warrants at 563. 6d. and 
563. 64d. cash, and at 56s. 11d. and 57s. 04d. one month. 
The turnover was 3000 tons, and there were buyers over at 
56s. 8d. cash, 57s. one month, and 57s. 8d. three months, and 
sellers at 563. 9d., 57s. 1d., and 57s. 9d. respectively. On 
Monday morning the market was easier, and Cleveland 
warrants were about 2d. down. The business totalled 
1500 tons at 56s. 64d. cash, 563. 8d. four days, and 563. 11d. 
one month, and closing sellers named 563s. 7d. cash, 
56s. 11d. one month, and 57s. 7d. three months. The 
afternoon session was quietly steady, and two lots of 
Cleveland warrants were done at 563. 64d. seven days and 
56s. 104d. one month. Sellers’ closing quotations were 
56. 7d. cash, 56s. 11d. one month, and 57s. 7d. three 
months. On Tuesday morning the tendency was easier, 
but a fair business of 3500 tons of Cleveland warrants 
was done at 56s. 7d. three days and 57s. 6d. three 
months. At the close the quotations were down 
to 56s. 54d. cash, 56s. 94d. one month, and 57s. 54d. 
three months sellers. An improvement took place in 
the afternoon, and Cleveland warrants more than 
recovered the decline of the morning. The turnover 
again amounted to 3500 tons at 56s. 7d. cash, 56s. 8d. 
eight days, 563. 11d. one month, and 57s. 74d. and 
57s. 7d. three months, and closing sellers quoted 
56s. 74d. cash, 56s. 114d. one month, and 57s. 74d. three 
months. When the market Sea to-day (Wednesday), 
the tone was dull, but it gathered strength and closed 
firm. The business was limited to 2000 tons of Cleveland 
warrants at from 56s. 64d. to 56s. 8d. cash, and from 
56s. 10}d. to 57s. one month, and the session closed with 
sellers at 56s. $4d. cash, 57s. 14d. one month, and 57s. 94d. 
three months. In the afternoon Cleveland warrants were 
again strong, and 1000 tons were done at 56s. 104d. cash 
and 57s. 10d. three months, and at the close sellers 
—_— 57s. cash, 57s. 4d. one month, and 58s. three 
mon 


Sulphate of Ammonia.—The market for sulphate of 
ammonia again exhibits a fairly strong front, and deali 
has been moderately good. The price has not vari 
much of late, and prompt lots are quoted at14l. per ton, 
Glasgow, and from 14/. to 14/. 5s. per ton, Leith. 


Scotch Steel Trade.—Active conditions still exist in the 
Scotch steel works, and although deliveries are very good, 
consumers are crying out for more stuff. Of course, 
there has been little improvement in the way of new 
business, owing to the high prices demanded, but with 
fuel and pig-iron so dear, it is not to be expected that low 
prices can prevail for finished steel. Government orders 
still bulk largely at present, all classes of material being 
urgently required. With regard to export business, there 
is little change in the situation, and inquiries are not 
heavy. For boiler-plates the price has been raised, and 
is now 9. 53. per ton, less 24 per cent. f.o.b. 
Glasgow. Home quotations are 8/. 10s. per ton for ship- 

lates ; 9/. per ton for boiler-plates ; and 8. 5s. per ton 
or angles—all less the usual 5 per cent. for Clyde or 
equal delivery. Quite a lot of stuff is being quickly 
absorbed in the shipbuilding yards, and as boiler-makers 
are busy also, there is a steady demand from them. The 
thicker gauges of steel sheets have a ready outlet, and 
structural material is likewise moving freely. 


Malleable-Iron Trade.—In the West of Scotland the 
malleable-iron works are being kept busy, but the amount 
of new business for general trade is rather limited, and 
much of the present activity isdue to some good Govern- 
ment work. Prices are without ch and are based on 
81. 2s. 6d. per ton, less 5 per cent. for “‘ Crown” bars, 
and 8/. 10s. for steel s. The scarcity of billets is 
causing a little trouble. 


Scotch Pig-lron Trade.—There is an excellent demand 
for the ordinary qualities of Scotch pig-iron, and the 
output is meeting with a ready sale. Ti 
furnaces in blast is ceventy-three, which is seven more 
than at this time last year, and this gives some indication 
of the state of the home trade. The export departments 
are a bit busier, as inquiries from abroad have been a 
little more numerous, but the amount of actual business 
taken over is still on the small side. Hematite iron 
shows no falling off in demand, even though ucers 

uote from about 923. 6d. to 95s. per ton, delivered at 
the local steel works. Consumers, however, buy with 
caution. The following are the market quotations for 
makers’ (No. 1) iron: yde, 75s. 6d.; Calder and Gart- 
sherrie, 76s.; Summerlee and Langloan, 77s. 6d. (all 
shipped at Glasgow); Eglinton, 70s., and Glengarnock, 
77s. (both at Ardrossan) ; Shotts, 76s., and Carron, 77s. 6d. 
(both at Leith). These prices are all the same as last 
week, and are very firm. 


Shipbuilding.—Messrs. Murdoch and Murray, Port 
Glasgow, have contracted to build a steam screw tender 
of 140-ft. keel measurement, for the Mersey Docks and 
Harbour Board, Liverpool. This vessel will be very 
similar to a previous one supplied by the same builders. 
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—Messrs. Fergueon Brothers, Port Glasgow, have received 
an order for two tug-steamers for the Clyde “y= 
Company. The boilers will be supplied by the Clyde 
Shipbuilding and Engineering Company. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The outstanding event 
of the week has been the joint decision of the B worth 
Main, the Hickleton Main, the Bullcroft Main, and the 
Oxcroft Main Colliery Companies not to charge more 
than 15s. a ton at the pit for any description of coal. 
The decision has been widely applauded for its patriotic 
nature, but it is extremely doubtful whether it will have 
any material effect on the general selling price of South 
Yorkshire coal. Thearresting feature is this: that what 
to some pits would be a profitable price, to other pits 
where working costs are considerably greater might be an 
inadequate return. So far market quotations have not 
been influenced by this decision, nor is it considered likely 
they will be, for when the Brodsworth group have dis- 
charged their contract liabilities, they have, like many 
other collieries, very little to offer for open buying, and 
therefore cannot tly affect the position. Oa the 
week prices are substantially higher, and from a general 
standpoint the market is harder than it has been since 
war was dec When London house-coal require- 
ments have been met, little remains for local distribu- 
tion, and the order-books of representative merchants 
show heavy arrears. The greatest activity, however, has 
been in manufacturing fuels. hat with the unprece- 
dented requirements of Government contractors and the 
steady revival of industry on ordinary commercial account, 
the gross demand is well in excess of the supply. Best 
qualities have appreciated from 1s. 6d. to ; rough 
slacks, 2s.; and second-quality slacks, 1s. Coke 
reflects the strength of the market. Quotations :—Best 
branch hand-picked, 21s.; Barnsley best Silkstone, 17s. 
to 18s. ; Derbyshire best brights, 16s. 6d. to 18s. ; Derby- 
shire house, 16s. to 17s. ; best large nuts, 15s. to 16s. ; 
small nuts, 13s. 6d. to 14s. 6d. ; Yorkshire hards, 16s. 6d. 
to 18s.; Derbyshire hards, 16s. 64. to 17s. 6d. ; best slacks, 
Qs. to 10s. 6d. ; seconds, 8s. to 9s. ; smalls, 5s. 6d. to 6s. 6d. 


Tron and Steel.—The raw-material market is decidedly 
flat. A deflating process set in in hematite pig-iron, 
consequent on the larger supplies of ore that are coming 
to hand, and the bi shipping tonnage available for 
trade with the North-East Coast. Steel-makers are only 
baying when — a © complete contracts. 
Common irons also are quiet, but 
fractionally higher. Billet prices are firmly held. The 
easier tendency expected on account of the decline in 
hematite values has not yet materialised. Siemens acid 
are quoted at 10/., Bessemer acid at 9/. 10s., basic hard at 
71. 103., and basic soft.at7/. Bloomsand barsare 45s. to 503. 
above the pre-war rate. Scrap material continues to ad- 
vance. Conditions at the rolling-mills vary, but those en- 
gaged in supplying material to Government contractors 
are busily engaged. The labour shortage is severely felt 
here, as in every other section of industry. If, as is 
suggested in the annual report of the Amalgamated 
Society of Engineers, the 10,000 skilled men who have 
enlisted were withdrawn and on Government 
work, the special armamant industry of Sheffield would 
benefit as greatly, if not more so, than any other branch 
of engineering. Wherever facilities exist for the produc- 
tion of war requirements ‘‘boom” conditions prevail ; 
but concerns which do not possess those facilities, and are 
not making any move towards acquiring them, are only 
moderately busy. There are, for instance, crucible-st 
and file factories where conditions are distinctly quiet. 
Against this, the gross output of steel and steel goods is 
the largest recorded locally, and tends to ex 
by month. Makers of twist-drills and milling-cutters 
have been compelled to refuse orders, so pressed are they, 
and there are other branches, apart from gun and pro- 
jectile-making, where equal pressure obtains. The con- 
tention that high selling prices necessarily mean relatively 
high profits, however, is fallacious, as costs tend to 
advance out of all proportion. Substantial wage advances 
have already been sanctioned, and numerous applications 
are to come before the federated employers, which, if 
approved, will cause working costs in the heavy engi- 
neering trades to advance still further. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

7 MippLEsBRouGH, Wednesday. 

The Clercland Iron Trade.—The pig-iron market is 
quiet butsteady. Business just now is on a very limited 
scale, the disturbed state of the freight market being 
largely to blame for the inactivity. Tniand deliveries are 
very heavy—so much so that production is almost 
absorbed, and as a result stocks are increasing ver 
litle, but shipments are on a very small scale, and, 
in fact, this month are the lowest on record. Scot- 
land continues to take large supplies, but they are 
going by rail instead of by sea, and customers north 
of the weed would be pleased to receive even more 
iron, and deliveries would be heavier if more ns 
were obtainable. Supply of hematite pig has 
curtailed by the damping down of a furnace at the 
Ayresome Iron Works of Meesrs. Gjers, Mills and Co. 
There are now ee pe the North-east Coast 70 blast- 
furnaces. Of these, are producing Cleveland pig, 
33 are turning out hematite, and 11 are making spiegel, 
on and other special kinds of iron. alues of 
( leveland pig are firm. No. 3 g.m.b. is 57s.; No. 1 
18 598. ; No. 4 foundry, 56s. 6d.; No. 4 forge, 56s. ; 


and mottled and white iron, each 55s. 6d.—all for early | chi 


delivery. Little inclination to contract abead is shown, 





prices are firm and f 


month | Sch 





but any inquiry on forward account elicits higher 

uotations than are named for early delivery. Hast 
Coast hematite pig is rather easier, but producers are 
reluctant to make concessions, and, as a rule, adhere to 
90s. for mixed numbers. Some makers, however, might 
accept a trifie less, and there are reports that small odd 
lots can be pu from merchants at as low as 87s. 6d. 
So far as can be ascertained there is nothing at all passing 
in foreign ore. Sellers, however, continue to take a firm 
stand, and nominally market rates are based on fully 
28s. 6d. ex-ship Tees for Rubio of 50 per cent. “5a 
The — of best Rubio f.o.b. Bilbao is said to be 14s., 
and the freight Bilbao-Middlesbrough is put at 14s. 3d., 
so that with other allowances that have to be made the 
ex-ship Tees quotation is not toohigh. Im of foreign 
ore this month are much above what was looked for, and are 
20,000 tons above the arrivalsin January. Coke is steady 
and in gcod request for local consumption. Durham 
beehive average blast-furnace kinds are fully 17s. 9d. 
delivered at Tees-side works. 


Stocks and Shipments.—Stocks of Oleveland pig-iron 
in the public warrant stores now stand at _ tons. 
Since the beginning of the month the stock has been 
increased by 6577 tons. Shipments of pig-iron from the 
Tees to date this month average 368 tons worki 
day, the total despatches being returned at tr45 tons, 
of which have from Middlesbrough. To the same 
ae dn mon =o — a ab sianed tons, 
ora average 0 tons, and for corres, i 
part of February, a year the clearances coached 
72,407 tons, or an average of tons per working day. 

Manufactured Iron and Steel.—In the finished iron and 
steel industries manufacturers are kept at full pressu 
and have orders booked that will keep them employ 
for some time tocome. Further inquiries are reported. 
A small order for steel rails for West Australia has been 
secured by the North-Eastern Steel Company. Prices all 
round are fully maintained. Principal market quotations 
stand :—Common iron bars, 8/.10s.; best bars, 8/. 17s. 6d.; 
best best bars, 97. 5s.; gy py ; iron ship-plates, 


82. 10s. ; iron shi 8. 10s. ; iron ship-rivets, 91. to 
91. 6s.; iron girder-plates, 8/.; steel bars (basic), 8J. ; 
steel bars (Siemens), 8/. = ship-plates, 82. 10s. ; s' 


3 ey 5s.; steel boiler-plates, 9/. 10s ; steel joists, 
82. 7s. 6d. to 81. 10s. ; steel hoops, 8.; steel strip, 7/. 10s. 
—all less the customary 24 per cent. di it ; cast-iron 
columns, 7/. 7s. 6d. ; cast-iron railwa: irs, 41. 7s. 6d. 


y chairs, 
to 4/7. 10s. ; light iron rails, 7/. ~~ heavy steel rails, | B 


61. 7s. 6d. to 6/. 10s. ; steel railway sleepers, 8/.—all net 
-0.b.; galvanised co ted sheets, 24 gauge, in bundles, 
112. 10s. to 122. f.0.b.—less 4 per cent. 





Coat anp Iron 1n Upper Siizsia.—The demand for 
Upper Silesian coal is improving, and though indepen- 
dent of any combine, these coals are fetching prices as 
oe Sa oe There is also a better 

jemand for cokes, and, thanks to improved railway com- 
munication, the stocks are dimini ing. Bar iron is in 
better demand at agreement prices, although the rolling- 
— 2 —— unevenly wenree. ~ 1 wp be 
wan or military pur or heavy and fine plates 
more labour is cel Hew and quality iron have 
improved, and the export to Denmark and mania is 
ually increasing. The output of pig iron is about 
per cent., and the production meets with a ready sale. 
The finer industries are busy with mili orders, and 
the general demand is improving for several articles. 





Tue INTERNATIONAL IRON INDUSTRY AND THE WAR.— 
At a meeting of German iron works and blastfurnace 
owners, held at Diisseldorf at the end of January, Dr. 
roedter, a well-known authority on the subject of the 


world’s iron industry, delivered a lecture on the — been 


of the industr (fe war, —_ the - 
point of view. e 8 appeared particularly 
anxious to convince his listeners that Germany had dealt 
France, through its iron industry, such a severe blow 
that the country could not stand it in the long run, but 
was bound to bleed to death. He was, of course, also 
anxious to show that England’s “‘brigand policy” had 
done her allies more harm than Germany. The staple 
industries of France, on which he held that the whole 
country financially existed, were exclusively situated in 
the northern parts of the country. Of the departments 
of vital economic importance, Germany held the 
Ardennes al 
cent., of that of Marne 12 per cent., of Meurthe et Moselle 
25 per cent., of Mons 30 per cent., of Somme 16 per cent., 
of the Vosges 2 per cent., of Nord 70 per cent., of Oise 
or cent., and of Pas de Ualais 25 cent. Germany 
altogether occupied 2,000,000 hectares, or 3.7 per 
cent. of the whole area of France. This comparatively 
small proportion of land, however, covered an amazingly 
large part of the production of the industries of France : 
—of coal 68.8 per cent., of coke 78.3 per cent., of iron ore 
90 per cent., of pis iron 85.7 cent., of puddle steel 
62.4 per cent., of rails and girders 76.6 per cent., of wire 
52.2 per cent., of tubes 100 per cent., and of steel nang 
76.9 per cent. This huge of these important indus- 
tries had not been available to France since the war 
broke out, and the longer the war lasted the more severely 
this must be felt. France now had to buy these com- 
note hae her ally, = Britain, and +e - po 
or stoppi many’s im sundry 
—a.. -, Geumaay tad now depet France of the 
pe portion, and Belgium entirely of, the areas which 
eep their industrial life going. Dr. Schroedter, who, by 
the way, is, or was, an honorary member of the Iron and 
Steel Institute, does not appear to be very strong in 
ronological facts, and is a little inclined to reverse the 
order of cause and effect. 


ther, of the department of Aisne 50 per|and there 


NOTES FROM THE SOUTH-WEST. 

Cardif.—The pressure for supplies of all descriptions 
of steam coal shows no falling pape collieny-ownees are 
looking forward to further advances in prices. Tonnage 
has been arriving freely, and a number of vessels reached 
dock for the week-end. All classes of steam coal have 
been scarce, and almost as high figures have been named 
for lower qualities and drys as for best Admiralties, 
which have been obtained with difficulty, in uence 
of a continued heavy demand on the part of the autbori- 
ties. Continued recruiting of miners is telling upon the 
md Wales coal-field. Small 


—, The best ty large steam-coal has made 
22s. to 23s. ; best qualities have brought 
22s. to 22s. 6d.; other secondary descriptions have realised 
21s. 6d. to 22s.; best bunker smalls, 17s. 3d. to 17s. 9d.; 
and cargo 15s. to 166. per ton. Best household 
coal has been — at 21s. to 22s.; good households 
have realised 1 to 20s.; No. 2 Rhondda large has 
brought 17s. 6d. to 18s. 6d.; and No. 2 smalls have been 
ag dg ty Sy to 15s. ton. Patent fuel has realised 
6d. to 22s. Special Soundcy cake bee mode 28s. to 
35s. loundry coke has brought 286. to 32s.; and 
iron 


+ 


insurance, 
_ Colliery Development.—The South Wales Primrose Col- 
Hony Compeny, owners ¢ to Tarreni and Gleision pite, 

’ , Swansea ey, are arranging to o aw 
new shaft in’ the neighbourhood of the t workings. 
The company proposes to expend 200,000/. with the view 
to opening up new seams. 

Great Western Railway.—The directors of the Great 
Western Railway Company, in view of the situation 
created by the war, bave considered the course to be 
adopted with regard to the construction of works involv- 
ing capital outlay ; and they have determined that, as a 
oo princi = new works should be 1 ya 
at present, unless the permanent interests of the com- 

y would be materially prejudiced by their being 
ielayed. As regards works a course of con- 
struction, the principal are a line between Ealing and 
Shepherd’s Bush, a section of the Wolverham and 
ri line between Wolverhampton and Kings- 
winford, the Clydach, Pontardawe, and Owmgorse line, 
and the Trenance Valley line. Of other im 6 
works in band and completed are a loop line at Neath to 
connect the Rhondda and Swansea Bay and the Swansea 
District lines, a goods dép6t.at Moor-street, Birmingham, 
and a new station atSt. Davids, Exeter. Improvements at 
Paddin Station, additi siding accommodation at 
Briton 1 and a new locomotive dépét and widen- 
ing of a bridge over the Usk at Newport. outlay on 
capital account for the past year was 996,845/., the aggre- 
gate expenditure to the close of 1914 being accordingly 
carried to 113,869,381/. In the last year’s expenditure 
rolling-stock red for 113,640/., making the aggregate 
under that h 15,970, 8611. 





Tue German Leap Inpustry.—A number of German 
works, members of the German Sales Bureau for Rolled 
and Pressed Lead Manufacturers, have formed a combine 
under the name of the United Lead and Tin Works, 
Limited, Oologne, and have also entered into an arrange- 
ment with the Rhenish-Nassau Mining Company, Stol- 
berg. A central rolling-mill will be ed in direct 
connection with the works. The new firm, after the 
erection of the central works, will remain a member of 
the above-mentioned sales bureau, an agreement having 
arrived at to this effect. The new company, how- 
ever, will not o ly manufacture goods for the sales 
bureau, but also specialities, which the different works 
hitherto have manufactured for their own account. The 
Gelsenkirchen Lead Works, which is at present idle, 
will be extended and maintained as a kind of centre 
for the coal district. The capital of the new company 
amounts to 3,150,000 marks. 





Tue Rovumanian Perroteum Inpustry.—The posi- 
tion of the Roumanian petroleum industry is offi- 
cially described as becoming every day more critical, 


seems to no prospect of an improve- 
ment. The storage accommodation at the disposal 
this industry grows smaller and smaller, and the stocks 
bave during the last few months increased at the rate of 
some 60,000 tons per month, so, with the 300,000 tons in 
stock on July 31, the t stocks must be estimated at 
about 600,000 tons. t from what is stored at Kon- 


stantza, large quantities have accumulated at the re- 
fineries, and hinder greatly their operations, so that the 
refined quantity falls more and more short of the pro- 
duction. In October the figures were ively 141,782 
tons and 161,000 tons; in November, 117,972 tons and 
148,000 tonsa. Should this state of conditions continue 
much longer, the refineries will simply have to stop work. 
The export of pet m is at the moment so insignificant 
that it li y is of no use to the industry, and the 
support given by home consumption is too insignificant to 
keep an industry of these dimensions going. export 
is incessantly decreasing ; the tanks take weeks to get to 
Poldeal, and there they must wait additional weeks 
before they can be transported beyond the frontier. The 
actual loss which this means is enormous. As regards 
crude petroleum, the state of the market has caused 
a fall of prices; 4 fr. to 4.50 fr. per 100 kg. is paid for the 

i product ; for a there are simply 
no buyers. woth new and springs are prolific. 
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THE TRAILING-TRUOK. 


Looxine back over the course of many years 
there will be found few individual developments in 
American locomotive practice which have enabled 
such advances to be made as those rendered 
possible by the trailing - truck. The American 
designer is somewhat inclined to go his own way, 
regardless of others, until one day he suddenly 
awakens to the fact that a device well known in 
other countries might be made to help him over 
his difficulties. The Mallet articulated compound 
locomotive is an instance of this. This machine 
has been known to European practice since 1887. 
Its existence was ignored in the United States 
until 1903. It made its first appearance there, 
after its discovery, so-to-speak, in the form of 
quite a remarkable engine, the precursor of a series 
of machines which eclipsed everything attempted 
before that date. The trailing-truck is another 
case of the same kind. 

Trailing-wheels with some side-play allowance 
have been used from very early days on ‘‘singles” 
both here and in America. hey were also 
employed on suburban engines, and also on what 
we termed ‘‘mixed-traffic” engines. These are 
not instances, however, of trailing-trucks in which 
radial motion is arranged for by means of guides or 
radius-bars. Radial trailing-wheels were first used 
here in 1863 ; Mr. Webb's first application of them 

We ecanat made 
in 1876. Trailing-wheels with side-play allowance 
were introduced on main-line express engines with 
more than a single pair of driving-wheels by Mr. 
Webb in 1891, when the ‘‘Greater Britain” class 
was brought out at Crewe. They appeared almost 
simultaneously in America on the ‘‘ Columbia,” an 
engine built by the Baldwin Locomotive Worke, of 
Philadelphia. The ‘‘ Columbia” and the ‘‘ Queen- 
Empress,” sister-engine of the ‘‘ Greater Britain,” 
were exhibited at the Chicago Exhibition. Both 





STATION. 


Webb’s engine, of course, had independent, and 
not coupled, drivers. While promising well at the 
time, both classes were short-lived, though the 
** Columbia ” had the honour of ushering in a most 
interesting era of American practice. e engine 
was the forerunner of the so-popular ‘‘ Atlantic” 
types first brought out in 1895. 

t was about this time that American engineers 
began to take advantage of their liberal gauge- 
limits, and inaugurated the policy of applying the 
principles of railway economics to daily operation, 
as well as first construction. The change, made 
with a view to reducing transportation costs to the 
lowest possible figures, immediately bore fruit in 
the form of a demand for units of greater power. 
The locomotive of that day was progressively en- 
larged and made heavier, until the existing types 
could undergo little further expansion. Although 
the ‘‘ Atlantic” type made rapid headway, all that 
the design implied was not at first realised. On 
roads using anthracite for passenger work, the 
‘** Atlantic” type was quickly adopted. The 
Lehigh Valley and Philadelphia and ing en- 
gines of this class soon became famous. Though 
greatly facilitating boiler design, on such engines 
small trailing-wheels were not, however, absolutely 
essential, since wide and shallow anthracite fire-box 
engines of the 4-4-0 and the 4-6-0 types have been 
designed with coupled wheels, 72 in. in diameter, 
under the box. 

Full benefit was not derived from the small 
trailing- wheel idea until it was realised that 
the further development of bituminous-coal-burn- 
ing boilers along existing lines was impossible. 
Boilers had been designed with large heating 
surfaces, but proved rather unsatisfactory and un- 
economical owing to restrictions at the fire-box 
end. The usual bituminous-coal-burning boiler had 
a long and narrow box resting on the top of the 
bar-frames. Asan extreme example of this class 
of boiler the large Pittsburg, Bessemer and Lake 
Erie ‘* Consolidations " may be mentioned. This 
design held the record for being the largest in the 
world for some time. It was brought out fifteen 
years ago, and the engines, which weighed 250,3001b. 
without tender, hada heating surface of 3805 sq. ft. 
and a grate area of 36.8 aq. ft., the grate bein 
11 ft. long. It was cccliead that such long an 
narrow grates could not be economically fired, but 
there seemed to be no way of getting over this 
fact until designers broke fresh ground and intro- 
duced a shorter and moderately wide box extend- 
ing over the frames. But the difficulties were not 
over. Such a box could be advantageously applied 
to the ‘* Atlantic ” class, but on the other existing 
classes it was limited, of course, in depth, a draw- 
back in the case of bituminous coal. evertheless, 
it came into use, even where it had to be placed over 
the driving-wheels, as preferable to the narrow 
box, and it has established itself securely in favour. 
An idea of the developments which this change 
has rendered possible may be gathered by com- 
paring the figures given above with the chief 

rticulars of recent ‘* Consolidation ” engines built 
or the Wheeling and Lake Erie road. These 
engines are the largest of this type. They weigh 
266,500 lb., without tender of course, and have 
3517 sq. ft. of heating surface, and, in addition, 
774 sq. ft. of superheating surface, the grate area 
being 66.75 sq. ft. The P. B. and L. E. design of 
1900 had a ratio of heating surface to grate area 
of about 100; in the modern ‘‘ Consolidation” the 
ratio is usually about 70. 

Recent investigations have all gone to confirm 
the deductions drawn from early experiments with 
regard to the value of the fire-box end of a loco- 
motive boiler, compared with the smoke-box end, 
as regards evaporation. American designers have 
followed this up. About 1900 an adaptation of 
the Webb radial box was applied to the trailing 
end of an ‘ Atlantic ”’-type engine, instead of 
merely allowing the trailing-wheels a certain amount 
of side play. The trailing-truck, a subsequently 
developed, is now a feature of all the larger engines 
of that class, and it has rendered ible immense 
developments in other classes. fore it became 

ular, the classes were practically confined to 
the following :—American t; (4-4-0); Ten- 
Wheeler (4-6-0) ; ‘ 1” (2-6-0); ‘* Consolida- 
tion ” (2-8-0) ; ‘* Decapod ” (2-10-0). The 4-4-0 type 
had developed into the 4-4-2 before its adoption. 
The next change came to the ‘“‘ Mogul” class. 
Fitted with a trailing-truck it became a 2-6-2, and 
was known as the ‘‘ Prairie” type. Though never 





were of the 2-4-2 wheel arrangement, but Mr. 


attaining to any great degree of popularity, this 
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type produced some notable examples of design. 

he most famous were perhaps some engines on 
the Lake Shore and Michigan Southern with 79-in. 
drivers, while the heaviest were built for the 
Atchison, Topeka, and Santa Fe. Alongside the 
4-40 type, the ‘‘ten-wheeler” (46-0) was de- 
veloped forheavy passenger work, but this class 
was also handicapped as regards boiler capacity. 
The latter remark applies also to the 2-8-0 and the 
2-10-0 types after they had reached a certain size. 
In all these cases the principal development of late 
years has been the provision of additional boiler 
capacity, rendered possible, in spite of the long 
wheel-base, by the adoption of the trailing-truck. 
The types have now expanded into the 4-6-2 
(** Pacific”), the 2-8-2 (** Mikado”), and the 2-102 
(** Santa Fe”) The boiler has benefited propor- 
tionately. The trailing-truck allows an additional 
weight to the engine of 50,000 lb. or more without 
increasing axle-loading. Most of this can be put 
into the boiler. 

Some years ago the largest examples of freight 
engines were of the 4-8-0 type. This type was 
built in some numbers, but had manifest disad- 
vantages. Compared with the 2-8-0 engine, the 


ratio of total weight to adhesive weight was un- | 0 


satisfactory. It allowed, however, an increase in 
boiler capacity, but only at the front end. The 
modern freight engine of the ‘‘ Mikado” class, 
while its equal as regards the number of coupled 
and non-coupled wheels, is far superior in boiler 
power. A large twelve-wheeler had about 3500 
sq. ft. of heating surface. A modern ‘* Mikado ” may 
have 5500 sq. ft. much better disposed. The 4-8-0 
has been expanded to the 4-8-2 type, used, as its 
name imp'ies, on ‘‘ Mountain” divisions, for pas- 
senger work, but not to any very great extent. 
The limit to such classes as the 4 4-2, 4-6-2, 2-6-2, 
2-8-2, is not now concerned with boiler capacity. 
The trailing-truck has enabled boilers to & de- 
signed fully up to the work required. The limit 
in these cases is set by the allowable wheel-loads. 
The length to which American designers go, how- 
ever, in this direction may be gauged by the fact 
that the Baltimore and Ohio have some 2-10-2 
engines in service with 67,000 lb. on each pair of 
drivers. 

Statistics of the American locomotive industry 
for recent years show that the classes of which 
most are now built are the 2-8-2 class for freight, 
and the 4-6-2 for passenger work. Some of these 
freight engines have boilers ranging from 5000 sq. ft. 
to 6900 sq. ft. of heating surface, or of heatin 
and superheating surface. A little figuring will 
show that it is beyond the capacity of a fireman to 
keep saturated-steam boilers of such size going at 
maximum capacity. The trailing-truck, therefore, 
which has rendered such ag acre nme has 
made it necessary to devote incr attention to 
other points. To lighten the work of the fireman, 
economy-producing systems have been adopted, or 
resort has been had to mechanical operation, or 
both. The realisation of the fact that many of the 
large boilers introduced a few years ago have been 
underfired has probably helped superheating along 
in the States as much as anything else. The 
same may be said of mechanical firing, tests on the 
Pennsylvania Railroad having shown that greatly 
increased output was obtainable from some of 
their large engines when machiue-stokers supplied 
the grate with all the coal it could burn, the 
amount being well beyond that which a fireman 
could handle. 

Everything which helps to increase the output 
per pound of coal, or render the output indepen- 
dent of the physical disabilities of the attendant, 
is, therefore, to be considered in a light quite 
different from that in which these things were 
viewed in days before the locomotive had grown to 
its present sizes. Then little care was taken to 
ensure the satisfactory use of the coal fired. Nowa- 
days, however, the Gaines fire-box, arch-tubes, 
brick arch, combustion-chamber, saperheating and 
feed-water heating, are all accepted as helping 
towards the solution sought, and therefore to be 
studied with a view to bringing about further 
improvements. In addition to allowing greater 
latitude of design and the production of more 
efficient fire-boxes, the trailing-truck has brought 
with it increased tube-lengths, with correspondingly 
lower smoke-box temperatures. Its influence on 
the size of boilers, which we have pointed out, 





has stimulated the evolution of all sorts of mecha- | 
nical means of performing operations formerly | 
effected by hand. The American locomotive of 


to-day is covered with such contrivances. ‘There 
are power-operated stokers, fire-door openers, grate- 
rockers, reversing-gear, bell-ringers, coal-pushers 
on the tender to keep the supply within reach of 
the fireman, and so on. 

The efforts made to whittle down the weight of 
machine parts, in order to put more into the boiler, 
which first came into evidence just before the pos- 
sibilities of the trailing-truck were realised, have 
fortunately been persisted in the while, and the 
American locomotive of to-day is, generally speak- 
ing, a carefully-thought-out machine. Had we space, 
we might refer to many notable examples of very 
thorough design of recent years ; of instances of the 
saving of weight in directions in which formerly 
certain designs were accepted as orthodox and 
practically unchangeable ; and of cases in which 
excellent progress has been mado in the matter of 
applying in practice recent teachings of metallur- 
gical research—all with the object of benefiting, 
directly or indirectly, the boiler portion of the 
locomotive. It cannot be claimed that all these 
improvements, which are being carried through 
practically all classes, including the big Mallet 
ae, are the direct result of the development 
f the trailing-truck. Indirectly, however, they 
may safely be said to be so, as we have been able 
to show above, since had it not been for the great 
increase in boiler power thus rendered ible, it 
is improbable that these matters would have been 
brought so prominently into notice, in a country 
where coal economy per se was for long not 
seriously considered on the railways. 








MANUFACTURE OF MOTOR SPIRIT 
BY “CRACKING” HEAVY OILS. 

Tuat light oils can be produced by ‘‘ cracking ” 
heavy oils has been known, and the process has 
been practised for many years with the object 
of increasing the yield of lamp-oils from crude 
petroleum. More recently the process has been 
applied to the manufacture of motor spirit, which 
isa much more difficult operation. ‘* Cracking ” 
splits up the molecules of the heavy oils into 
simpler compounds without completely disrupting 
them into carbon and permanent gas, and in this 
way an amount of low-boiling fractions are pro- 
duced that cannot be obtained by simple distilla- 
tion. Two papers on the subject were read last 
week before the Institution of Petroleum Techno- 
logists by Professor Vivian B. Lewes, F.I.C., and 
Mr. William A. Hall respectively. The former 
dealt with the theory of ‘‘ cracking” heavy oils, and 
the latter, to whose paper we are indebted for the 
following information, described his own and other 
processes from a more practical standpoint. 

There is no need for us to emphasise the import- 
ance of any process which enables motor spirit to 
be produced from heavy oils. Such oils are available 
in large quantities, and are much more easily trans- 
ported than highly volatile products, so that petrol 
can be produced in any country. The importance 
of the ‘* cracking” process may also be judged from 
the fact that the Standard Oil Company are operat- 
ing the Burton process on a scale sufficiently large 
to materially affect the quantity and price of petrol 
in this country, though their plant was only started 
on a commercial scale about two years ago, and in 
spite of the fact that the spirit produced by the 
Burton process is understood to require the addition 
of a considerable percentage of high-quality petrol. 
In Mr. Hall’s opinion the most economical source 
of petrol in this country, and elsewhere, will be the 
gas-works where water-gas is made for illuminating 
purposes. For this purpose oil is used for carbu- 
retting the gas, and, instead of ‘‘ cracking” all the 
oil int> permanent gas, the operation might be 
conducted so as to yield 25 to 50 per cent. of the 
volume of the oil as motor spirit, leaving the balance 
either as substantially the same gas as would ordi- 
narily be obtained, or as a liquid residue equal 
in efficiency to the -oil of commerce. It is 
thought that a gas-works could undertake the manu- 
facture of motor spirit at about one-third the capital 
cost of a separate company, and could uce 
it for about 2d. per gallon less than it could 
be made in any shat used solely for the purpose. 
There would also be considerable saving in trans- 
portation and selling costs, owing to the fact that 
the gas-works would be near the point of con- 
sumption, so that the total cost of the spirit is 
calculated at about 5d. per gallon. 

There are two distinct methods of working, and 
each system has numerous ramifications. One 





method is to carry out the ‘‘ cracking ” in compara- 
tively large stills, where the operation may, or may 
not, be continuous, but there is always a large 
volume of oil subjected to a high temperature 
while moving at a low velocity. It is to this class 
that the Burton process belongs, and, according 
to Mr. Hall’s experience, the spirit obtained in 
this way lacks uniformity. The process is also 
said to be slow, dangerous, and uneconomical. 
According to the other fundamental process, which 
is without these objections, the oil is ‘‘ cracked” 
continuously while passing through heated tubes. 
There are, however, many difficulties encountered 
with tubes which are absent in the still processes. 
The most important of these is the deposition of 
carbon, which, according to Mr. Hall, cannot be 
avoided, so that means must be provided for 
removing it quickly and efficiently. In Mr. Hall’s 
procets the products issuing from the ‘‘ cracking,” 
still at a pressure of 50 lb. to 70 1b. per sq. in. 
and ata velocity of 5000 ft. to 6000 ft. per minute, 
pe into a chamber of, say, sixteen times the 
iameter of the ‘‘ cracking” tubes. It is found 
that the sudden expansion and reduction of speed 
throws down about 99 per cent. of all the carbon 
formed. The carbon is deposited on short pieces 
of piping with which the chamber is filled, and 
which are removed and cleaned as required. 
Although the bulk of the carbon is removed in this 
way, some is deposited on the tubes of the “ cracker,” 
and this is most easily removed by blowing com- 
pressed air through the heated tubes, though other 
methods are available for the purpose. 

The process is carried out as follows :—The oil, 
which is supplied at a rate exceeding 70 gallons 
per hour and ata pressure of 50 Ib. to 70 Ib. per 
sq. in., is first vaporised in a coil heated by waste 
heat from the furnace, and is then passed into 
the ‘‘ cracking” tubes ; the latter are 1 in: in dia- 
meter, over 300 ft. in length, and their tem- 
perature is ahout 550 deg. Cent. The velocity of 
the vapour in the tubes exceeds 5000 ft. per minute, 
which is too great for much deposit to ts formed ; 
but, at the same time, the “cracking” which 
occurs is not very extensive, as the vapour passes 
through the tubes in about 3 seconds. The 
vapours issuing from the ‘‘ cracking” tubes pass into 
a vertical pipe, 12 in. or more in diameter and about 
12 ft. high, entering it through a very confined 
space, which acts as a throttle, and preferably 
impinging against a baffle, so that the velocity is 
reduced very materially. This converts the kinetic 
energy of the gases into heat, and the temperature 
rises about 30 deg. Cent., though the pressure falls 
to approximately that of the atmosphere. In this 
pipe a large amount of ‘‘cracking” takes place 
without the application of extraneous heat. By 
this method the interior of the mass is hotter than 
the wall of the container, and as all the vapours are 
passing upwards to a cooler ome local superheating 
is SS ; no liquid condensate has ever been 
collected from this chamber. The vapours next 
= through dephlegmators, which separate all 
ractions boiling below the chosen point of cut, 
and the vapours and gases passing on are con- 
ducted, without further condensation, into a 
mechanical compressor working at 70 Ib. to 100 Ib. 
per sq. in., and then condensed through a cooler at 
that pressure. The compressor fulfils the double 

urpose of drawing the vapours through the secon- 
ry ‘‘cracking ” chamber and the dephlegmators, 
and of chemically attaching to the condensable 
liquids gases which would otherwise be permanent. 
After much experiment Mr. Hall has abandoned 
the use of water with the oil, and of catalising 
agents, such as nickel, as he found no advantage 
from either. The maintenance of the exact tempe- 
rature requisite for the particular oil under treat- 
ment was, however, found to be of the utmost 
importance ; a change of only a few degrees made 
enormous differences in the quality of the products 
and in the production of gas. 

Crude ‘“‘ cracked” spirit is of a yellow colour, and 
has a peculiar varnish-like odour, due to the pre- 
sence of resinous carbon colloids. Most of the 
latter, but not all of them, reside in the colouring 
matter, and, when the spirit is refined to water 
whiteness, the disagreeable odour disap , but 
it will frequently return on ageing, ocak the 
spirit may remain water-white. When such 4 
spirit is kept for some time in contact with air, a 
resinous red varnish deposit is formed on the 
bottom of the vessel, though if evaporated over a 
water-bath such a deposit may not appear. A 
spirit with this property would eventually clog 
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the valves of any engine in which it might be 
used. Although this varnish - forming product 
is a result of the ‘‘ cracking ” process, it is not 
inherent to all ‘‘ cracked” spirit. It is a pro- 
duct of high temperature, and ‘‘ cracking ” can 
be done at temperatures so low that the product 
does not form to any extent. At the same time, 
if the temperature is reduced sufficiently to prevent 
the formation of resinous products, the yield of 
spirit may be too small for profitable working. 
One way of getting over the difficulty is to mix 
some fully saturated petrol with the ‘‘ cracked” 
snirit, but this method has obvious objections. 
Mr. Hall’s method is to work at a temperature 
sufficiently low to be comparatively free from the 
trouble, and without regard to any large conversion 
in the heated tubes, and then to combine the gases 
with the condensable vapour by the compressor, as 
above mentioned. 

The motor spirit produced in this way is claimed 
to be entirely free from any objectionable odour in 
the liquid state, and to give an exhaust as free 
from smell as that from ordinary petrol. We 
understand that such spirit has been used for 
thousands of miles in many different motor-cars 
without avy trouble from the sooting of plugs or 
carbonising of cylinders. There is said to be no 
more tendency to a smoky exhaust than there is 
with petrol, provided a sufficient quantity of air is 
supplied to produce the best explosive raixture. 
Almost any ‘‘cracked” spirit will give more 
mileage than petrol, from 15 to 20 per cent. in- 
crease having been obtained in extensive bench 
and road tests made by Mr. Hall. Engines run 
on ‘‘cracked” spirit are also said to be free from 
knocking due to pre-ignition to an even greater 
extent than is the case with benzol. It is thought 
that, as compared with petrol, the ‘‘ cracked” 
spirit burns more slowly and ignites more rapidly, 
and this is the explanation offered to account for 
the phenomenon. 








WAR BONUS FOR RAILWAY MEN. 
As foreshadowed in our last issue, the concession 
of a war bonus to railway men is being extended 
throughout Great Britain and, indeed, Ireland. 
Oa Saturday last the Scottish railways attended a 
conference in Edinburgh with the National Union 
of Railwaymen and the Associated Society of Loco- 
motive Engineers and Firemen, the outcome of which 
was an agreement on similar lines to that applicable 
to English railways. This provides for a bonus of 
33. to men of eighteen years of age and upwards 
whose standard rate of wages is under 30s., and 
2s. to those whose standard rate of wages exceeds 
30s. The arrangement will be reviewed at the end of 
three months, and the railways will give two weeks’ 
notice to terminate it in the event of the Govern- 
ment relinquishing controlof the railways. Although 
agreed in respect of men in the Conciliation Boards, 
we understand that the bonus will be granted to 
practically all grades. As regards the cost of 
the concession, it ap there is some difference 
of opinion between the Scottish railways and the 
Government. The former hold that it is a work- 
ing expense, and should be so charged in the 
accounts. The effect would be that, under the 
arrangement whereby the Government will pay 
compensation for the use of the railways 
on the basis of net receipts—which they will 
make up to the level of the year 1913— 
the cost of the bonus would be wholly borne 
by the State. The Government, however, ap 
to desire to make a special arrangement for divi- 
sion of the cost, the President of the Board of 
‘Trade having announced that they will bear a 
only. We understand that this phase is still under 
negotiation, and that meanwhile the Scottish rail- 
ways are pressing their view of the matter upon the 
Government. 
Another settlement is that which has been 
effected by the North-Eastern Railway. That com- 
pany is differently situated from others, owing to the 
fact that all-round improvements in conditions of 
Service were made last year, and are operative 
until December, 1916. In view, however, of present 
circumstances the directors have decided to grant 
4 bonus on similar terms to that agreed by other 
English and the Scottish railways. This will be 
applied to grades in the conciliation conference, 
and, subject to wage limitation, to many other 
grades, including artieans. 
Employees in railway locomotive and carriage 


the large companies. We observe, however, that 
at a recent conference of craft unions, presided 
over by Mr. Arthur Henderson, M.P., it was 
decided to press for an advance of wages of 5s. 
per week, and a proportionate increase of piece- 
work rates. Although, in view of the high rates 
now being paid to artigans in Government and 
other workshops, this demand may be pressed, we 
incline to the opinion that the concession of a war 
bonus will probably meet the circumstances of the 
moment. 

To show the widespread character of the recent 
agitation amongst railway employees for assistance 
in meeting increased cost of living, it should be 
mentioned that the Irish railways are finding it 
necessary to make a war allowance. These lines 
are not under Government control, and therefore 
the whole cost of any concession must be borne by 
the railways. Thus the Great Southern and Western 
Railway announce that a special sum will be with- 
drawn from the general reserve fund to enable a war 
bonus of 1s. or 1s. 6d. to be paid to employees whose 
wages do not exceed 393. per week. The Great 
Northern Railway of Ireland will pay allowances of 
1s., 1s. 6d., or 2s. to employees whose wages do 
not exceed 40s. per week. Clerks are included in 
this concession, a departure which, we under- 
stand, is now to be adopted by English railways. 





ATOMS AND IONS. 

Tue subject selected by Sir J. J. Thomson, 
O.M., F.R.S., for his course of lectures this session 
at the Royal Institution is ‘‘ Recent Researches on 
Atoms and Ions.” The first lecture was delivered 
on Saturday afternoon last. 
In his opening remarks, the lecturer said that 
in discussing the results of some recent investiga- 
tions into the properties of molecules and ions, 
it was, at this stage, unnecessary to comment on 
the meaning attached to the word ‘‘ molecule,” but 
it might be well to define the sense in which he 
should use the word ‘‘ion.” There was reason 
to believe that every charge of electricity, how- 
ever large, was built up of a great number of 
unit charges, all equal and similar, and that we 
could not—do what we would—subdivide further 
these small units. A unit of electricity was 
accordingly a perfectly definite thing, and by ion 
was to be unders something which carried 
one, or two, or some other small number of these 
unit charges. The character of the ion was deter- 
mined by the charge carried rather than by the 
nature of the body serving ascarrier. The charges, 
for example, might be carried by corpuscles, by 
atoms, by molecules, or by larger aggregations ; in 
fact, particles of dust acted in some cases as genuine 
ions. He should, as stated, limit the term ‘‘ ion” 
to cases in which the total charge carried was at 
most a small multiple of the unit charge, and not 
apply it to bodies containing, say, one hundred or 
one thousand of such charges. 
The conception of the ion was due to Faraday, 
who was led to it by his researches on electrolysis. 
The name was due to Whewell, who was called in 
by Faraday, as an expert in nomenclature, to give 
a name to the infant idea. Whewell further dis- 
tinguished ions as ‘‘anions” or ‘‘ cathions,” 
according as the charge carried was positive or 
negative. These terms had, however, almost 
dropped out of use, and it was now more customary 
to use the terms “‘ positive” or ‘‘ negative” ions, 
as leading to less chance of confusion. 

It was very difficult for those who had been fami- 
liar with the notion of ions almost from the com- 
mencement of their study of physics to realise how 
enormous was the step made by Faraday when he 
introduced the idea. It was only by stepping 
backwards, and noting what physics would be 
without this conception, that one could appreciate 
the enormous stride made. In fact, one was 
reminded of the old couplet :— 
** If you had but seen these roads before they were made, 
You would lift up your hands and bless General Wade.” 

In both cases it was n 
pre-existing conditions to realise the value of the 
changes effected. 


had been studied for a much longer time. 





works have now been dealt with by practically all 


to realise the 


Faraday’s ions were ions in liquids, but in this 
course of lectures the speaker intended, he said, to 
give attention mainly to the ions found in gases. The 
study of ions in gases was, in fact, far easier than 
that of ions in liquids, and accordingly much more 
was known about them, although those in —— 
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the structure of a gas than of that of a liquid, and 
could accordingly conceive a better picture of what 
was likely to go on within it. We could, moreover, 
alter more easily the conditions of an experiment. 
It was, for example, quite easy to reduce the pres- 
sure of a gas to one-millionth of its original value, 
whilst it was not possible to vary the conditions in 
a liquid to anything like the same extent. 
In the experiments he proposed to bring before 
the meeting he intended to use an electroscope of a 
type devised by Professor Zeleny, of Yale, which, 
for lecture pur > very many advan- 
tages. The principle of the instrument was very 
simple. In Fig. 1, R denoted a plate coupled up 
to one terminal of a battery giving 100 volts P.D., 
the other terminal being earthed. In front of this 
ee was a strip of gold leaf G, which, it would 
seen, was given a quarter twist, so that its 
e, and not its side, adjoined the plate. This 
gold leaf was coupled up to the top plate P, above 
which was a collector L, connected to earth. 


Fig.1. ame “O 36: 








On coupling up the plate KR to the battery, the 
gold leaf was first attracted up to the plate, and 
receiving a charge from the latter, was repelled. 
If any leakage of current took place between the 
top plate P and the collector L, the gold leaf lost 
its charge, and in consequence was attracted up to 
the plate again, to be again repelled. So long, 
therefore, as leakage was taking place between the 
top plate and the collector, the gold leaf would 
continue to oscillate up to the plate and away from 
it again. 

A difficulty met with in embodying this principle 
in a satisfactory instrument was the liability of the 
‘old leaf to stick to the plate when it touched it. 

his was one reason for mounting the gold leaf 
edgewise, but, even so, were the surface of the 
plate clean metal, a certain ‘‘ coherer ” action arose 
when the gold leaf touched it, causing the leaf to 
stick and preventing its repulsion. He had found, 
however, ~~ 4 this difficulty — —— by 
pasting on the plate paper trea wit dian 
ink. Srhis was quite a good enough conductor, 
and the gold leaf would not stick if the ink 
used was free from too large a proportion of gum. 
Whilst advantageous for lecture purposes, the in- 
strument could, by suitably adjusting the distance 
between the leaf and the plate, be made almost as 
sensitive for laboratory purposes as the Wilson 
electroscope, 

He should, he continued, use the lecture form 
of the instrument to illustrate the existence of 
ions and some of their properties. Charging up 
the instrument, he showed that with ordinary air 
between the top plate and the collector there was 
no appreciable leakage, the pold leaf being steadily 
repelled from the plate. If, however, the lecture 
were to last for a day instead of an hour, some leak- 
age would, he said, be indicated, as ordinary air 

essed some conductivity, though but on a very 
small scale as compared with the conductivity of 
gases treated in special ways. Lighting a match and 
letting the hot flow past the electroscope, the 
lecturer showed that the leaf began to oscillate, 
demonstrating that the products of combustion were 
capable of carrying away the charge from the electro- 
scope, the leaf oscillating backwards and forwards 
several times a minute. Another method of putting 
a gas into the conductive state was, he proceeded, 
to pass it over a radioactive body. Placing a little 
poloniumin a tube, and blowing air through this tube 
on to the top plate of the electroscope, Sir Joseph 
Thomson showed that the leaf wass gain set in oscilla. 
tion. He next modified the experiment by passing 
the air, after exposure to the polonium, rough a 


metal tube, having a central wire connected to one 
pole of a battery and ite wall coupled to the opposite 








could, in fact, form a much simpler conception of 


pole. On ite way to the top plate of the electroscope 





252 


ENGINEERING. 


[Fes. 26, 1915. 








the air blown over the polonium had thus to traverse 
the electric field between the central wire and the 
tube wall, and he showed that the air thus treated 
was incapable of affecting the electroscope, whilst 
on destroying the electric field it again set the gold 
leaf into oscillation. Hence the conductivity con- 
ferred on the air by the polonium must be due to 
something which could be filtered out by the action 
of an electric field. This experiment afforded a 
convincing proof that the conductivity in question 
was due to charged particles mixed up with the 
air. That these charged particles were manu- 
factured out of the air itself could be shown by 
making use of a g vessel containing two 
electrodes, one coupled up to the electroscope, and 
the other to earth. When this was exposed to 
Roéntgen rays, the motion of the gold leaf showed 
that the air inside the bulb had become a con- 
ductor. On the other hand, if the air were re- 
moved by exhausting the vessel, there was no 
leakage. 

Holding a little polonium near the top plate of 
the electroscope, the speaker showed that the effect 
of the polonium was limited to a definite range. 
If the polonium were more than a certain distance 
away, the gold leaf was unaffected ; whilst it oscil- 
lated actively if this critical distance were decreased 
by a few millimetres. 

Réntgen radiation was, he continued, only an 
extreme form of light, and it was therefore of 
interest to determine whether other forms of light 
had the property of producing ions. It was found 
that quite definite effects could, in fact, be pro- 
duced by light, these effects varying with the 
quality of the light employed. 

Placing a piece of polished zinc on the top plate 
of the aestuemnene, the speaker focussed on it, by 
means of a quartz lens, the light obtained by spark- 
ing between two zinc points, and showed that in 
this case the gold leaf was set into oscillation if the 
zinc was negatively charged, but that the charge 
was retained when the polarity of the electroscope 
was reversed, making the metal positive. Under 
the conditions of the experiment the metal could, 
in fact, lose a — charge, but not a positive 
one. The effect, he added, was due to ultra-violet 
light of ‘*a moderate character,” capable of passing 
through a considerable 5 in air without great 
absorption and of being focussed by a quartz lens. 
It could not, however, pass through glass, the 
action being entirely stopped by interposing a sheet 
of glass between the s -gap and the quartz lens. 

fgnsing the zinc by a piece of polished brass, 
the lecturer showed the effect was much less 
marked, the leaf oscillating much more slowly. 

The ultra-violet light, which thus produced these 
ions from metals, was not, the speaker proceeded, 
capable of making a gas conductive, but there was 
another kind of light which had the power of 
ionising gases. This, known as Schumann light, 
was of extremely short wave-length, \ being equal 
to about 1200 Angstrom units, whilst the light 
which ionised the zinc, in the experiment pre- 
viously shown, had a wave-length A of about 2000 
Angstrom units. 

This Schumann light was, Sir Joseph said, very 
difficult to work with, most bodies betes practi- 
cally opaque to it, and air at its ordinary pressure 
would stop it within the distance of 1 or 2 milli- 
metres ; hence experiments could not be made in 


the open. In fact, in the experiment with the 
zinc, Schumann light was actually produced at 
the spark-gap, but was all absorbed by the sur- 


rounding air, and to get any effect from it, it 
would have been necessary to have had the plate 
almost in contact with the spark. So far as he 
knew, white fluorite was the only solid reasonably 
transparent to the Schumann rays, and in this 
respect the fluorite varied much in quality, some 
specimens being much better than others apparently 
identical. Coloured fluorite was useless. 

To produce the Schumann light, he could use a 
tube devised by Professor Lyman, and represented 
in Fig, 2. 1t consisted of an exhausted bulb, 
divided into two compartments, communicating 
through the capillary tube A. Around this tube 
was arranged the 1g re B, the other 
electrode being at C. The top of the tube was 
covered by the plate of white fluorite F. On 
coupling up the tube to a coil, a discharge of con- 
siderable intensity passed through the capillary 
tube, and Schumann rays were given off, which 
passed out through the fluorite plate. Setting the 
coil in operation, and blowing air across the 
top of the fluorite plate, Sir Joseph Thomson 





showed that this air was ionised, and was capable 
of discharging an electroscope. The great opacity 
of air to the rays was shown by deflecting the blast 
so that it passed some few millimetres above the 
plate, in which case it acquired very little conduc- 
tivity. A quartz plate placed on top of the fluorite 
destroyed all signs of conductivity, the quartz being 
opaque to the Schumann rays. 

This ionisation of gases by ultra-violet light 
touched, Sir Joseph said, on a most interesting part 
of his subject—viz., the connection between ordi- 
nary light and Réntgen rays. The latter ionised 
all gases to some estent, whilst he thought pure 
helium would be immune to the action of Schumann 
light, helium being, in fact, one of the hardest of 
all gases to ionise, probably just outside the limit 
at which ionisation by the Schumann radiation was 
practicable. 

There was, he said, still another method of pro- 
ducing ions in gases. The gases given off by heated 
metals were. in fact, ionised, positive ions being 
produced mainly at low temperatures, and negative 
ones mainly at a white heat. 





NOTES. 
Tue DiarHRacmM Metaop or Gaucine Open 
CHANNELS. 

In a paper published as a Bulletin by the Uni- 
versity of Wisconsin, Mr. C. R. Weidner, instructor 
in hydraulic engineering in Wisconsin University, 
describes the diaphragm method of measuring the 
flow of water in open channels of uniform cross- 
section. The method originated with Professor 
Erik Andersson, of Stockholm, and a thorough test 
carried out by the Swiss Bureau of Hydrography 
has shown that a very high degree of precision may 
be obtained, but the plan is applicable only to 
straight parallel channels. To use it, carefully 
levelled rails are laid on each side of the channel, 
these rails being utilised to carry a small car 
which spans the waterway. To secure lightness and 


easy running this car is built of aluminium, and is | Bag 


fitted with ball-bearings. A frame pivoted on a 
horizontal axis on the car, transverse to the channel, 
supports a diaphragm of oiled canvas. This dia- 
phragm, when in the vertical ition, practically 
tills the whole cross-section of the channel, and the 
discharge of the latter is gauged by securing the 
diaphragm in its lowest position, and noting the time 
taken by the car to pass over a measured length of 
track. The car is always started some distance 
beyond the up-stream end of the measured length 
of track, so that by the time it enters the measured 
length any disturbance caused by the starting of 
the experiment may have been dissipated. It is 
assumed that the speed of the diaphragm is the 
same as the mean speed of the water in the 
channel. If due care be taken in the design 
of the apparatus, this is said to be sensibly true, 
since the frictional resistance of the car can be 
made very small, and the diaphragm fills the 
channel, with a clearance of not more than 4 in. 
The errors due to the neglect of the flow in 
this clearance, and that due to the frictional 
resistance of the car, are contrary in sign, 
and hence tend to cancel each other. e 
chief advantage of the method is said to be 
the rapidity with which readings can be taken, 
and since there is nosacrifice of head, it can be used 
for the testing of turbines working with low falls. 
On the other hand, it is somewhat expensive to 
instal. Professor Andersson has used it extensively 
for turbine-testing, extemporising a gauging channel 


or flume out of timber, when the regular supply | 


canal was unsuitable. These flumes should be from 
50 ft. to 100 ft. long, but Professor Andersson has 
in some cases worked successfully with a length of 
33 ft. only, in which case the actual gauging dis‘ance 
was only from 10 ft. to 13 ft. in length. Some of 
the channels ‘tested by him carried as much as 830 
cub. ft. per second. 


German Scoemes IN TURKEY. 


A a paper deals with the altered 
aspect of Turkey from a financial and industrial 
point of view. Now that she has joined in the war 
the interest in her political and industrial future 
has greatly increased ; formerly all her commercial 
measures had to be sanctioned by the great Powers, 
and for thirty-three years she was under financial 
control. The cancelling of the capitulations has 
altered all this. The population of Turkey is abput 
21,000,000. 
carried on in the most. old-fashioned manner, but 





the textile industry is making some headway, with 
factories of different kinds in several of the larger 
towns. Turkey’s foreign trade shows a heavy 
deficit on the export side, the figures for the last 
average financial year, 1910-11, being :—Exports, 
380,300,000 francs ; imports, 558,700,000 francs. 
Of the latter, Britain heads the list with 
186,000,000 francs, or 19.87 per cent. ; next comes 
France, with 168,000,000 francs, or 17.93 per cent. ; 
Austria, with 86,100,000 francs, or 9.21 per cent.; 
and Germany, with 85,700,000 francs, or 9.13 per 
cent. The three first-mentioned countries have 
the same respective position as regards the exports, 
whilst Germany here has to put up with the 
seventh place. The most important articles of 
export were cotton and textiles, 135,000,000 francs; 
fruit, vegetables, and conserves, 107,000,000 francs ; 
tobacco, 68,000,000 francs, &. On the import 
side, textiles represented a sum of 344,000,000 
francs, &c. The development of Turkey’s re- 
sources has been greatly hampered by the dearth 


| of railways, the aggregate of railways only amount- 


ing to 4155 miles. Amongst the industrial problems 
are the extension of the railway system, irrigation 
undertakings on a large scale, and the exploitation 
of the petroleum deposits. The comprehensive 
railway-construction programme at the beginning 
of 1914 embraced some 5600 miles, and was then 
divided between Germany, France, Russia, and 
Britain. Along with the building of these rail- 
ways will go large irrigation works in many fertile 
plains, more especiallyin Upper and Lower Mesopo- 
tamia. Sir William Willcocks, who worked outa 
great irrigation scheme for Mesopotamia, estimated 
the area benefited by it to be 13,800,000 acres, 
and the cost at 7,500,0001. The building of 
railways will also make it ible to exploit the 
rich petroleum deposits with remunerative results. 
The petroleum is in many places nearly at the 
surface, and everywhere covered with a thick layer 
of asphalt. The most important petroleum deposits 
so far ascertained lie in the villayets of Mosul and 
dad. Turkey’s State debts amounted to 
£T128,834,486 on September 14, 1913; about 
one-fourth of this sum Turkey owes to Germany 
and three-fifths to France. It will be remembered 
that France granted Turkey a loan of 500,000,000 
francs last April. 





THE LATE SIR CHARLES AUGUSTUS 
HARTLEY. 

WE regret to have to announce the death, which 
occurred on Saturday last, the 20th inst., of Sir 
Charles Augustus Hartley, so well known for his 
important work in connection with the develop- 
ment of the navigation of the River Danube. 
Sir Charles was m in 1825, at Hedworth, 
Durham, and was the son of Mr. W, A. Hartley, 
of Darlington. He received his education at 
Bishop Auckland and at Leeds. After serving a 
regular period of pupilage under Mr. Falshaw, he 
was appointed, before attaining his majority, district 
engineer for Messrs. Stevenson and Brassey, on the 
construction of the Scottish Central Railway. He 
was, later, from 1848 to 1855, resident engi- 
neer on the Sutton Harbour Works, Plymouth, 
under Mr. Joseph Locke. In 1855 he accepted a 
commission as Captain of the Anglo-Turkish con- 
tingent in the Crimean campaign, and he served in 
this force at Kertch until the termination of the 
war, receiving the Crimean War medal. 

From 1856 down to April, 1907, Sir Charles 


Hartley acted first as engineer-in-chief and later as 





Agriculture and stock-raising are | 


consulting engineer to the European Commission of 
the Sesthe, a commission which was constituted in 


' the autumn of 1856, by virtue of the Treaty of Paris. 


executed the works necessary below the Bulgarian 
town of Isaktcha, to clear the mouths of the 
Danube and the neighbouring parts of the sea from 
the sands and other impediments which obstructed 
them, so as to put that t of the river and the 
said parts of the sea in the best possible state for 
navigation.” The Commission at the commence- 
ment of its labours appointed the «leceased, then 
Mr. C. A. Hartley, engineer-in-chief of the works. 
He was engaged in the spring and summer of 1857 
with the engineering staff in making preliminary 
studies of each of the three principal branches and 
mouths of the Danube, = a view to reporting on 
their respective capacities for permanent improve- 
ment. The Sutin tench was eventually selected 
as the most suitable for treatment, and after a 
series of preliminary operations, the works were 


Its object was ‘‘to designate and to oul to be 
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put in hand in the spring of 1858, and carried to 
a successful issue, rendering Sulina from that time 
forward one of the best harbours of refuge in the 
Black Sea. 

The above-mentioned works at the Sulina mouth 
were, however, of a wre nature only, and 
were undertaken with the object of giving an 
increased depth of at least 2 ft. for a period of from | 
six to eight years, this duration of time being based 
on the assumption that during such an interval | 
either another branch of the river, the St. George | 
branch, would be opened, or it might be considered 
expedient to render permanent the provisional 
works already executed at Sulina. The retention of | 
the Sulina branch as the sole navigable branch 
was finally decided 
upon, when it was found 
that the provisional 
piers at the mouth had, 
for five years after their 
completion, maintained 
over the bar the addi- 
tional depth referred 
to, and that sufficient 
funds could not by any 
possibility be obtained 
for the improvement of 
the St. George branch. 

In 1866, therefore, the 
Commission adopted 
Sir Charles Hartley’s 
project for the con- 
version of the Sulina 
piers into solid struc- 
tures. The consolida- 
tion works were begun 
in that year, but little 
progress was made until 
1868, when the Com- 
mission, principally 
through the unwearied 
exertions of Colonel J. 
Stokes, the British 
member of the Com- 
mission from 1856 to 
1871, raised a loan on 
favourable terms for 
the completion and ex- 
tension of the works. 
These were completed 
in the autumn of 1871. 
The two piers, the main 
feature of Sir Charles’s 
scheme, form an exten- 
sion seaward of the 
river channel, the north 
pier having a length of 

5332 ft., and the south 
ier a length of 3457 ft. 
he totalsum expended 

on them amounted to 

185,352]. on Sept- 

ember 30, 1871, when 
the works were entirely 

finished. In 1857, 

before it was decided 
to try the effect of 
temporary works, the 
lowest estimate sub- 
mitted by engineers for 
permanent works was 
307,2001., and the 
highest 384,000/., so 
that the provisional 
works and their subse- 
quent consolidation had 
been carried out by Sir 

Charles for about half 

the amount estimated 
in the original schemes. 

_From these brief indications of the period of Sir 

Charles's greatest activity it will be seen that the 

problem he had been called upon to solve was an 

intricate one, both from the point of view of civil 
engineering and from that of finance. A selection 
had to be made of the branch of the river best 
suited to navigation ; the mouth of the Sulina 
branch, the one selected, had to be improved sea- 
wards and the branch itself had to fe cleared 
and a suitable depth of water maintained to ensure 
safe navigation at all times. In to the 
nancial difficulties, as we reported at the time (see 

ENGINEERING, vol. xiii., page 162), these were very 
great, and more than once threatened to bring the 
affairs of the Commission to a standstill, The 





Sublime Porte had engaged to make the necessary | Sir Charles, and so ably were they stated, that they 


advances, but the funds were supplied in small | 
amounts, and with such irregularity that the | 
works were frequently in danger of suspension. | 
At a critical moment, when the crowning operations 


|at the Sulina mouth had to be vigorously pushed 


forward, the supplies stopped altogether. The | 
Commission was obliged to enact a tariff for navi- | 
gation on the river, and the loan referred to above, 
raised on the strength of this tariff, enabled the 
Commission to complete its undertaking. The 


remarkable success of the works afforded such 
benefits to commerce that no complaints were 
made in regard to the tolls. 

Thanks to the improvements effected, vessels of 
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4000 tons register, and having from 20 ft. to 23 ft. 
draught, were able to trade regularly up the Danube 
without any difficulty, as far as the great corn 
export centres of Galatz and Braila, whereas 
formerly navigation was limited to ships having a 
maximum displacement of 400 tons on a draught of 
from 8 ft. to 9 ft. 

The part played by the subject of our memoir in 
this important undertaking is best expressed by the 
following reference :—At a meeting of the Institu- 
tion of Civil Engineers, held on May 13, 1873, at the 
close of the discussion of a paper by Sir Charles 
Hartley on the Danube Delta Works in question, 
Colonel Stokes said that from the commencement 
‘**so sound and moderate were the views taken by 





prevailed. In spite of the language and other 
difficulties experienced at the outset, y the end of 
two years Sir Charles had completely won the 
confidence of the Commissioners by the ability and 
modesty which he displayed. During his long 
sojourn on the Danube he had, by his high integ- 


| rity, strict justice, and delicate sense of honour, 
| gained the esteem and affection of everyone with 


whom he had been brought in contact, not except- 
ing those who originally were opposed to him.” 

Sir Charles Hartley was chief engineer to the 
European Commission of the Danube from 1856 to 
1872, when he was appointed its consulting engi- 
neer, @ position which, as we have stated above, he 
retained until April, 
1907, when, after fifty 
years of service, he 
resigned on account of 
his age. 

Notwithstanding his 
very heavy duties as 
chief engineer and con- 
sulting engineer to this 
Commission, Sir Charles 
was frequently consul- 
ted in the matter of 
other civil engineering 
works. Thus, for exam- 
ple, in 1861 he inspected 
the early operations at 
the Suez Canal, and 
reported favourably on 
them to the British 
Government. In 1867 
he reported also to the 
Government on impor- 
tant questions of engi- 
neering connected with 
the River Scheldt. Also 
in 1867 he drew up 
plans for the enlarge- 
ment of Odessa Har- 
bour, for which he was 
awarded bythe Emperor 
of Russia the grand 
competition prize of 
8000 silver roubles. In 
1875 he was’ appointed 
by the President of the 
United States a member 
of a Board of Engineers 
to report on the im- 
provement of the Mis- 
sissippi. In 1879 he 
ac as member of a 
Congress which sat at 
Paris to decide on the 
best route for a ship 
canal across the isthmus 
of Panama. He was 
nominated in 1884 by 
the British Govern- 
ment a member of the 
International Technical 
Commission of the Suez 
Canal. He was consul- 
ted at different times 
by the Indian, Austrian, 
Russian, Egyptian, 
Roumanian, and Bul- 
garian Governments, 
concerning respectively 
improvements of the 
Hooghly below Calcutta 
and the harbour of 
Madras, the enlarge- 
ment of the port of 
Trieste, the improve- 
ment of the Don and 
Dnieper, the consolidation of the Nile barrage 
below Cairo, and on the commercial harbours of 
Constantza, Bourgas, and Varna. 

In 1879 Sir Charles was appointed by the Board 
of Trade umpire in a dispute between the Metro- 
politan Board of Works and the Conservators of 
the Thames. He was appointed in 1889 a member 
of the Ribble Navigation Commission, and in 1896 
he inspected Durban Harbour with a view to its 
improvement, in conjunction with Sir John Wolfe 
Barry, and reported thereon to the Natal Govern- 
ment. 

He was knighted in 1862 for his services in con- 
nection with the Danube enterprise, and was 
created a K.C.M.G, in 1884, He was a Fellow of 
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the Royal Society of Edinburgh ; was at one time 
a Member of Council of the Institution of Civil 
Engineers ; and was an Associate of the Royal 
Institution of British Architects ; and a honorary 
member of the Roumanian Academy of Arts and 
of the Canadian Society of Civil Engineers. At 
different times he was made the recipient of several 
foreign Orders. He received the Gold Medal of 
the Society of Arts in 1903; from the Institution 
of Civil Engineers he received the Telford, Watt 
and George Stephenson medals, and the Cranford 
prize and Telford and Manby premiums. He was 
the author of several books dealing with important 
civil engineering works. 





INDUSTRIAL NOTES. 

Tur Committee appointed by Government to inquire 
and report on the question of prduction in engineer- 
ing and shipbuilding establishments engaged on 
Government work have issued the following report :— 

‘*We have considered the question of disputes 
between employers and their workpeople, which 
impair, or are likely to impair, the productive power 
of establishments engaged on Government work, and 
we are strongly of opinion that during the present 
crisis employers and workmen should in no circum- 
stances allow their differences to result in stoppage 
of work. Whatever may be the rights of the parties 
at normal times, and whatever may be the methods 
considered necessary for the maintenance and en- 
forcement of those rights, we think there can be no 
justification whatever for a resort to strikes or lock- 
outs under present conditions, when the resulting 
cessation of work would prevent the production of 
ships, guns, equipment, stores, or other commodities 
required by the Government for the pu s of war. 

** We therefore submit for the consideration of the 
Government the desirability of the immediate publica- 
tion of the following recommendation to Government 
contractors and sub-contractors and to trade unions, 
and to request their adhesion to this recommendation, 
and avoidance of stoppages on work for Government 
purposes. 

‘* With a view to preventing the loss of production 
caused by disputes between employers and work- 
people, no stoppage of work by strike or lock-out 
should take place on work for Government poe. 
In the event of disputes arising which fail to be settled 
by the parties directly concerned, or by their repre- 
sentatives, or under any existing agreements, the 
matter shall be referred to an impartial tribunal, 
nominated by His Majesty’s Government, for imme- 
diate investigation and report to the Government, 
with a view to a settlement.” 

The report is signed by Sir yr Askwith (Board 
of Trade), Sir Francis Hopwood (Admiralty), and Sir 
George Gibb (War Office). 

His Majesty’s Government have intimated their 
concurrence in the Committee’s recommendation, and 
with a view to providing the necessary tribunal indi- 
cated therein they have extended the present reference 
to the Committee by empowering them to accept and 
deal with any cases arising under the above recom- 
mendation. 


We referred in our last issue (cee page 216 ante) to 
the advance of #d. per hour, or 3s. 44d. per week, in 
the wages of the Clyde members of the Amalgamated 
Society of Engineers. Since the York Conference, at 
which this advance had been agreed upon, the Clyde 
members have gone out on strike, to secure the ad- 
Vance they had applied for in June last, of 2d. an hour 
on their present w of 84d. per hour. The men’s 
contention is that they did not share in the general 
increases which shipyard employees had received 
during the last three years, and that their scale of 
w compares unfavourably with that of other 
skilled trades. 

Since the end of last week the strike has spread 
through the Clyde shipbuilding and engineering works, 
and it is computed that over 10,000 men have left 
off work. 

By so doing, they have ignored the advice of their 
alien. who w them to resume work pending the 
result of the ballot as to the acceptance or rejection 
of the offer made by the employers of the advance 
of #d. per hour arranged for at the York Conference. 

In the ballot 8926 voted against’ the acceptance of 
the masters’ terms and 829 for acceptance. 





The Government Committee on Production in 
Engineering and Shipbuilding Establishments states 
that a conference between the Shipbuilding Em- 
ployers’ Federation and the Boiler-Makers and Iron 
a Steel Shipbuilders, the ee pe and other 
shipyard trades, was held at Newcastle on Tuesday to 
sonsider an application made on behalf of the work- 
people for an advance of wages, but no agreement was 





arrived at. It has been arranged that the matter shall 
be referred to the Government Committee, which 
arranged to meet the representatives of the Em- | 


ployers’ Federation and the representatives of the 

unions concerned in London to-day. Twelve 
trade unions request advances in wages of 6s. per 
week, and have given notice to cease work in seven 
days if a settlement is not reached. 

This affects directly over 100,000 men employed on 
the Tyne and other parts of the East Coast, on the 
Clyde and elsewhere in Scotland, and on the West 
Coast of England. the only great shipbuilding centre 
a is outside the scope of the Federation being 

ast. 





Mr. John McManus, the district delegate of the 
National Amalgamated Union of Labour, addressed a 
dinner-hour meeting of workmen at the Wallsend 
Engineering and Slipway Works on Monday last, 
when he pe Baw the members of his union to accept 
the offer of the employers of an advance of 4s. a week 
to time-workers and 10 per cent. on piece rates. 
Sixteen societies are interested in this offer. his, we 
are informed, is the first occasion since the formation 
of the National Amalgamated Union of Labour on 
which the labourers have received the same recognition 
as other trades. The votes for or against acceptance 
are returnable in Newcastle to-morrow, and on Mon- 
day next the representatives of the sixteen societies 
interested will meet at Newcastle to consider the 
result. It isstated that the men in the Mid-Tyne dis- 
trict are in favour of accepting the employers’ terms. 





A conference of the representatives from the Fede- 
rated mining districts in England and North Wales 
included within the Conciliation Board was held on 
Monday in London. Mr. Stephen Walsh, M.P., 
occupied the chair. The object of the conference was 
to consider the terms of the provisional wage agree- 
ment and to decide the policy at the National Federa 
tion Conference. A meeting of the men’s committee 
of the Conciliation Board was held previous to the 
conference for the purpose of receiving reports from 
the districts. 

The discussion in the committee and at the confer- 
ence showed that a good deal of opposition to the 
terms of the provisional wage agreement had arisen 
among men in the Federation districts. The rise in 
the cost of living is responsible for the demand for an 
immediate increase in wages. The present agreement 
is only terminable by three months’ notice from April 1, 
and this means that a new a will only become 
operative from July 1, and any application for an 
advance in wages would be defe uotil that date. 
It is contended, however, that the present selling prices 
at the collieries justify an advance in wages, that 
it should be granted to the men to meet the rise in 
the cost of living. An objection has also been raised 
to the insertion of maximum percentages in any future 
wage wy which may be signed. It is further 
contended that the maximum in the present agree- 
ment has prevented the workmen from benefiting from 
the prevailing high selling prices, to the extent that 
should have obtained, and that they should have 
complete freedom in future agreements to receive 
their share of trade prosperity. These two points 
present difficulties which may lead to a re-opening of 
the negotiations between the representatives of the 
coal-owners and the workmen, instead of, as was 
expected, the signing of the agreement at the meeting 
of the Conciliation rd on March 3. ; 

Opposition was also offered to the proposed minimum 
wage of 60 per cent. on the cendesl, and it was urged 
that the miners’ original proposal for a minimum of 
65 per cent. should be further pressed. 

In the matter of the 5s. minimum for surface 
workers claimed by the Miners’ Federation of Great 
Britain, which is not included in the provisional 
agreement with the coal-owners, the Ovonference 
preseed for this to be further raised in the Concilia- 
tion Board. 

The raising of these further questions and demands 
means a further period of negotiation and of uncer- 
tainty. The one clause in the provisional agreement 
which has been endorsed is the pro new wage 
standard in substitution for the 1888 standard in which 
the present minimum of 50 per cent. is merged. 

At the close, the chairman issued the following 
official report of the Conference :— ’ 

‘The first clause of the provisional agreement, 
setting out the basis of December, 1911, and the appli- 
cation of future advances to each and every class of 
work on the price-list of such date, were agreed to. 

‘*In the matter of the minimum and maximum wage 
submitted by the owners, considerable opposition 
was shown by the delegates, but the resolution was 
carried authorising the workmen’s section to make 
further sustained efforts for improvement in both 
directions. 

“In respect of the 5s. minimum for all adult 
surface workers comprised within the Federation, it 
was agreed that sustained efforts he made by the 
workmen’s section of the Conciliation Board to bring 
this about, and on both matters a report is to be made 
to a future conference. 

‘*The applications of any advance agreed upon in 





the future by the Conciliation Board to both the 
existing minimum wage and to any that may be here- 
after agreed upon was decided by the conference as 
& fundamental condition of the renewal of the agree- 
ment.” 





A number of meetings of members of the Amalga- 
mated Society of Engineers, the Machine Workers’ 
Society, and the Steam-Engine Makers’ Society em- 
ploy at the Elswick Ordnance Works and Shipyard, 

ave been held of late in Newcastle, with a view to 
protest against the introduction of unskilled and semi- 
skilled men to do engineers’ work. 

There was a very strong feeling at the meeting of 
Wednesday, the 17th inst., to the effect that the 
members of the three societies should give a week’s 
notice and cease work on the following W«dnesday, 
the 24th inst., should satisfaction not be given by the 
firm and a guarantee made that no more men of the 
kind objected to would be introduced to do engineers’ 
work. The Elswick men allege that lace-makers, 
jewellers, copper-smiths, textile workers, &c., had been 
imported from Lancashire and other parts, were doing 
fitters’ work, and were receiving fitters’ pay. 

A conference on the subject between the represen- 
tatives of Elswick and the delegates of the engineers 
was held last Monday ; it lasted over three hours. At 
the close the men’s leaders stated that a settlement, 
which appeared to be satisfactory to both sides, had 
been arrived at; but the terms would not be made 
known until they had been laid before a meeting of 
the men to be held on the following day, last 
Tuesday. 

At Tuecday’s meeting the men decided to suspend 
the notices pending negotiations with the general 
body of engineering employers, which will take place 
at a District Conference at Newcastle on Monday, 
and a Central Conference at Sheffield on Wednesday 
or Thursday next. The promises made to the men by 
Elswick were not officially stated, but it is understood 
that the men objected to are to be retained, at any 
rate until after the conferences referred to, but no 
more are to be introduced until after the conferences. 
The firm, it is understood, put forward its difficulty in 
replacing men and getting work in hand completed, 
but agreed that the cutsiders should be discharged if 
the engineering unions could supply men to fill their 
places, and that they would be the first to leave when 
there,is slackness or at the end of the war. 





The car ie | appeal to the dock labourers of Liver- 
pool was issued by Mr. James Sexton, the secretary of 
the National Dock Labourers’ Union, after the » og 
owners of the port had granted the men’s demand for 
ls. per day increase in wages :— 

‘* Fellow Members,— You will see by the agreement 
which has been arrived at that, while the ls. per day 
advance is granted, we have not succeeded in securing 
any advance on overtime rates. 

**The Executive, however, and the members of the 
Joint Committee on our side, have fully considered all 
the circumstances of the case, and feeling that any 
further delay might cause disruption of the trade of 
the port, have decided to recommend our members to 
accept the offer, for the following reasons :— 

**1. That it would be disastrous, not only in our own 
interests, but in the nation’s, for any interference with 
the supply of commodities to take place at present, 
and would cause more suffering to our own people 
than to any other class of the community, Liverpool 
being now one of the principal ports, and likely to be 
soon the only one by which commodities can be 
distributed. 

“Y%. That, were this offer to be refused, it wou'd, in 
our opinion, result in a stoppage, and no matter for 
how short a time, it would not only make the present 
congestion worse, but, in view of the offer of the 
employers, would place the members of the union in a 
very unenvious position in the eyes of the public. 

‘*In view, therefore, of the strenuous efforts being 
made to end this disastrous war es soon as possible, 
and this can only be done by the supply, as far as 
is humanly suaplite, not only of foodstuffs, but of the 
munitions necessary for the defence of the nation, the 
members of the Executive and the Joint Committee 
feel they could not accept the responsibility of either 
delaying the settlement or refusing the offer at the 

resent juncture, as that would mean also the probable 
oss of our present clearing-house machinery, and 
possible Government intervention in a manner which 
might place us in a much worse position from the 
point of view of an organised body.” 


A meeting of Liverpool carters was held last Sunday 
to hand in notices in view of the rejection of their 
demand for an increase of 6s. a week, recently made to 
the master carters. The men had asked for an increase 
of 6s. per week all round. The masters offered a 3s. 
per week increase for teamemen, 2s. per week for 
one-horee men, and Is. per week for juniors. The 
notices take effect from to-morrow, but hopes are 
entertained that a satisfactory settlement will be 
arrived at. 
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THE FLOATING CRANE FAILURE AT THE 
PANAMA CANAL. 


Tur Isthmian Canal Commission decided some time 
ago that the requirements of the Panama Canal 
necessitated the provision of two large floating cranes. 
These cranes were intended to handle such heavy loads 
as the largest lock and dock-gate leaves. They would 
also have to meet the needs of the Navy Department 
and to be capable of handling any weights which 
might have to be moved in connection with the repair 
of warships, as well as the heaviest guns to be mounted 
on the Canal fortifications. The ibility of their 
services being required in wrecking operations and 
lifting work in connection with commercial vessels 
cau the Commission to decide upon two floatin 
cranes, each of 250 tons capacity. Tenders were ask 
for the construction and delivery of two cranes of 
this capacity and of the revolving type, on October 
30, 1912. On January 13, 1913, when the bids were 
examined, four tenders had been received. We give 
these below, taken from the Canal Commission Report 
for 1913, the price given being for two cranes, though 
tenders were also asked, and sent in, for one crane : — 


Price. Time. 





Deutsche Maschinen Fabrik A.-G. Days. 
of Duisburg, Germany ... dols. 820,350 580 
Werf Gusto, Schiedam, Holland,, 920,000 No time. 

Cowans, Sheldon Company, Ltd., 
Carlisle, England ... ie £ 230,000 548 
Wellman - Seaver - Morgan Con- 
pany, Cleveland, Ohio, U.S.A. 
dols. 1,450,000 690 





The contract was finally awarded to the Deutsche 
Maschinen Fabrik A.-G., of Duisburg, the price fixed 
upon as 827,550 dols., including some modifications in 
details, In connection with the construction of the 
Canal, an Act was passed restricting the purchase of 
material and equipment required for the Canal con- 
struction, &c., to firms in the United States, unless, for 
special reasons, the President decided otherwise. The 
official records supported the decision to accept the 
tender of the Duisburg firm in the following terms :— 
‘The proposal of the German firm was so much lower 
in price than any other, and the experience, facilities, 
and reputation of this firm so excellent, that it was 
unquestionably the best of those received.” Whether 
this opinion is still held may be questioned in view of 
the striking illustrations we publish on page 248. Of 
these views, Figs. 1 and 2 show the failure of the first 
crane to be tested. 

The design was for a pontoon crane of the revolvin 
type, illustrated in Fig. 3. The pontoon was desi 
to bs 150 ft. long, 88 ft. wide, with a depth of 
15 ft. 9 in. at the sides and 16 ft. 8 in. at the centre. 

fae pontoons are stron ly framed of beams and 
girders, and are divided into water-tight compart- 
ments, any two of which can be flooded without 
destroying the stability of the crane under full load 
at full reach in any position, and with a wind pres- 
sure of 10 Ib. per aq. ft. The pontoons are not self- 
propelling, but a steam warping-capstan is fitted at 
cach corner. The plant on the pontoon includes 
« Scotch boiler supplying steam to marine-type engines 
driving main and auxiliary electrical generating units 
furnishing current at 220 volts to the crane motors. 
An area of the deck, 60 ft. by 20 ft., is strengthened 
to support a load of 2000 lb. per eq. ft., and is 


work will be mostly in confi 
lock-chambers, &c. 
a tower, over which fits a framework bell, to the 
head of which is fixed the jib. The tower fixed to 
the pontoon consists of a structural steel 
frame, from the upper end of which the “ 
is suspended. The latter is provided at the bottom 
with rollers which bear on a roller-path fixed at the 
base of the tower. 
the bell by two large hinge-pins, and is raised and 
lowered by diagonal links which pass back to cross- 
heads at 
jib is slewed by motors at the base of the tower, 
driving 
bottom end of the bell-frame. 
carries under the jib the operating cab, from which all 
motions are controlled. 
op 
weights, driving-motors, drums, &c., for the main and 
auxiliary hoists, &c. 


tons capacity, coupled by an equaliser-bar, forming 
substantially one tackle of 250 tons ca 
auxiliary hoist is of 15 tons capacity, an 
a block suspended from a travelling trolley moving 
out or in on a runway secured to the underside of the 
~. The jib will revolve through 360 deg. 


follows :— 

100 Tons. 150 Tons. 250 Tons. 
Loaded reach over end ft. 80.1 59.0 21.0 
Loaded reach over side ,, 81.6 62.4 22.3 





The revolving type of crane was adopted, as the 
spaces, such as the 
The crane equipment consists of 


ay eee 
ll” frame 


The jib is pivoted to the top of 


e back and work on vertical screws. The 
rs in mesh with a circular rack at the 
The revolving frame 


he machinery-house on the 
ite side of the revolving frame contains counter- 


The main hoist consists of two blocks, each of 125 


ity. The 
consists of 


e@ reach required by the specification was as 


The loaded reach given is that measured from the 
centre of block to the face of the pontoon. The centre 
of the tower is 39 ft. from the end of the pontoon, 
and, as stated above, the pontoon is 88 ft. wide. 
The hoisting speeds were to be as follow :—250 tons, 
3 ft. 6 in. per minute ; 125 tons, 7 ft. per minute ; and 
62.5 tons, 14 ft. per minute. The unloaded blocks 
could be raised or lowered at 20 ft. per minute, and 
the jib could be slewed through 360 deg. in from 5 to 8 
minutes. Loaded with 100 tons the jib was to be 
luffed in from maximum to minimum reach in 17 
minutes, and luffed out in 13 minutes. The hoistin 
speed of the auxiliary block was to be 40 ft. loaded, 
and 80 ft. unloaded, the travelling speed of the trolley 
being 40 ft. to 80 ft. per minute, depending upon the 
inclination of the jib. 

There sre no moving counter-weights in these 
cranes, nor is water-ballast employed. The any 
stability, when handling maximum loads, depends 
wholly on the dimensions and design of the pontoon. 
The pontoon has normally a freeboard of 34 ft. If the 
deck load of 300 tons is present, the freeboard is 2 ft. 
The maximum longitudinal inclination of the pontoon 
was calculated not to exceed 24 deg., and the trans- 
verse inclination 5 deg. The counter-weights for the 
jib are of concrete, containing scrap iron. They weigh 
about 150 tons. 

The cranes were named the ‘‘ Ajax” and the 
‘*Hercules.” The pontoons were built at Emden, and the 
structural parts of the crane at Benrath, subsequently 
being ship to Emden. The pontoons were towed 
out to Colon by the International Towing Company, 
of Rotterdam. The ‘‘ Ajax ” left Emden on April 26 
last, and was seventy-four days on the way, encounter- 
ing such bad weather in the Bay that a return had to 





intended for loads of 300 tons. 


be made to Falmouth. The ‘‘ Hercules ” left Emden 


connection with the removal of the 
Teredo.* 
ture blast, had been cut up, but two pieces of about 
50 tons each remained in the channel. 
handled without difficulty by the ‘ Ajax.” 
crane was subsequently returned to the contractor to 
be finished off before 
of the ‘* Hercules” was fitted on November 8. 


The tests specified a 20 
normal load for the main hoist, and a 334 per cent. 
increase for the auxiliary hoist. 
weight which had to be handled without overstrain 
was therefore 672,000 lb. at a distance of 66.3 ft. 
from the centre of the tower. 
test with the 120-ton load is depicted in Figs. 1 
and 2, 
specified distance when the jib collapsed. 
probable from Fig. 4, annexed, that the breakdown 
was caused b 


on May 30, and had a better assage, being only fifty- 
six days on the voyage. As shipped frees 
were complete as to hull and all internal steam and 
electric plant, the ae were in place, 
including the tower an 

winch-house, counterweights, &c. 
was shipped separately, and erected at Gatun on the 
fill behind the outside wall of one of the middle 
locks. The jibs are 140 ft. long and contain about 
165 tons of steel. 
pivot end towards the lock. When completed they 
were placed on rollers and moved over the edge of 
the lock, and the pontoons were eg into ition 


e pontoons 


** bell” frame, but not the 
The jib material 


They were erected with the heel or 


beneath, the water level of the lock being lowered 
to the required height. After the hinge-pins had been 
inserted cable attachments were made and the jibs 


raised by the cranes’ own machinery. The jib of the 
“* Ajax,” after a slight accident, was successfully 


in position on October 2, and in the middle of 
ovember this crane was first used on actual work in 
wreck of the 
The Teredo, which had sunk after a prema- 


These were 
The 
ing offered for test. The jib 


The “ Ajax” was offered for test on December 1. 
r cent. increase of the 


The maximum 


The result of the 


248. The load was not quite out to the 
it oueere 
the collapse of the vertical bars A 


iving way » Men h some lateral stress unprovided 
or. These members are not joined together or 


stiffened except by the bar B. A very small bateral 
stress caused b 
erection, would suffice to convert the central load 
taken by these members into an ecnentric one, when 
buckling might easily result. 
prevented by employing additional members, as, for 
instance, C and B, ¥ 

the load of concrete and rails was about 3 ft. off the 
ground. Fortunately, only one man was injured, and 


wind, or by slewing, or inaccurate 


This might have been 
ig. 5. The jib collapsed when 


that not seriously. The damage is estimated at about 
120,000 dols., and the work will take about six 
months to put right. In our photographs the member 
A will be seen to be completely crumpled up. In the 
background in Fig. 1 stands the ‘‘ Hercules,” which 
was offered for test on December 10, but will not be 
put through its until the cause of the collapee of 
the jib of the ‘* Ajax ” has been officially determined. 





ABANDONED INDUSTRIAL VENTURES IN Norway.-—The 
contemplated further exploitation of the Tysse Falls in 
connection with new carbide and cyanamide manufac- 
tories has been abandoned, at least for the present, on 
account of the war. For the same reason the Tysso 
Electro-Metallurgical Pompe. which took over the 
pro of the Hardanger Steel Works and secured 
a Government concession for electric power, &c., has 
relinquished that concession. 

German Porasu.—The German Kali Syndicate is con- 
siderably concerned about the embargo put on potash. A 
commission has appointed for the purpose of maki 
investigations as to the possibility of treating the potas 
in une manner that any chance of using it for explo- 
sives or other military use might be prevented, at the 
same time not altering its virtue as an artificial manure. 
When the results of these experiments are known, the 
commission will approach the Government authorities in 
question, with a view to obtaining possible facilities as 
regards ex syndicate is hit rather hard by the 
export prohibition, because potash already en route must 
be brought back again, which, of course, will mean heavy 
additional expenses. 





Tue GrAnoxsperc Inon-Ornz Deposits, Swepen.— 
A Swedish expert has recently investigated the Griinges. 
poy Ry deposits, and pronounced their contents 
to much larger than was formerly believed. Only 
a few years ago the aggregate capacity of these deposits 
was put at some 60,000,000 tons, and the area 
within which they were found at 72,800 square metres. 
Now the quantity, as regards only the phosphoric ore, 
is reckoned to be three or four times as much. The 
surveying and examination work undertaken at Gr ii - 

is the a its kind ever undertaken in Sweden, 
and it has joan goes on ever since 1906, The examina- 
tion has rev the presence of 180,000,000 tons pure 
ore, and it is now pro to extend the boring to 1000 
metres. A ximately an eugremate of 250,000,000 tons 
pure phosphoric ore may be ‘oned upon. With the pre- 
sent production of about 840,000 tons annually, the de- 
posits are calculated to last eome 200 to 300 years. Further 
Investigations are expected to reveal the presence of 
additional iron-ore deposits in this mining district. 





— * See ENGINEERING, vol. xoviii., page 256. 
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ELECTROLYTIC ACTION OF ELECTRIC 
CURRENTS ON GAS AND WATER-MAINS. 


The Electrolytic Action of Return Currents in Electric 
Tramways on Gus und Watir Mains, und the Best Means 
cf Promdin,s Against klictricul Disturbances * 

By Harny Epwarp Yerxsury, M. Inst. C.E. 

THis paper opens with ieference to the systematic 
study which has been given to the causes of cor:osion, 
and epitomises the theories which have been evolved as a 
result of such study. The author favuurs the electro- 
lytic theory, as its effect can be demonstrated. The pro- 
cvss is, moreover, in full accord with modern thought, 
based on the fact that metals have « definite solution 
pressure, and by the Nernst formula this and an osmotic 
pressuré are all that is required for electromotive force, 
and hence for corrosion. 

Electrolysis may be intensified by an extraneous or 
leakage current from, say, electric tramways worked, as 
they invariably are, by an uninsulated track. A case is 
cited where a protective clause was inserted by a gas 
company agxiust possible injurious action by such leakage 
currents. Board of Trade Rules and Regulations and 
their revisions, from 1894 to the present date, are 
criticised. The influence of a leakage current un rein- 
forced concrete is dealt with. 

It is assumed that concrete conducts electrolytically, 
and not like a metal, and cases are recorded where elec- 
trolysis has been attributed to an impurity, such as 
cslvium sulphate, which was added to cements of American 
make to retard quick setting. The seriousness of the 
mechanical effects due to the products of corrosion is 
pointed out in connection with reinforced-concrete 
+trectures, 

The constitution or structure of meta's has undoubtedly 
an influence on the effects of electrolytic action, and 
white cast-iron has been proved to be less susceptible to 
coiroson and pitting than grey iron, as it contains less 
graphitic carbon and sil'con. The influence of high per- 
cen of silicon in cast and wrought iron is cited. In 
the su eters 9 of the paper the causes and results of 
pitting have not been specifi ally dealt with, apart from 
general corrosion, and the expression ‘* damage to pipes ” 
is to be understood to mean buth local pitting and general 
corrosion. 

The preventive measures proposed by British and Con- 
tinental authorities in order to reduce the potential 
differences between tramway-tracks and pipes are claasi- 
fied, and a description of the function of a negative 
booster is given in devail. Two theoretical diagrams are 
given to show the working and effect of a bouster system 
as compared with unboosted negative return conductors. 
Where the rails and the mass of earth are positive to 
pipes in the vicinity of the track, there can be no r 
to pipes in that ares, as they are cathodic. On the other 
hand, danger exists to all pipes and metallic structures 
(where embedded in soil) which are positive to the rails, 
as itis the flow of current out of the pipes that has a 
tendency to cause corrosion and pitting. The danger, 
however, is nothing like as great «s would appear from 
the theoretical standpoint. 

Obviously, if the boosted and unboosted return con- 
ductors bonded to the rails are kept at or about the same 
potential, the ideal system as affecting leakage currents 
is brought about. Assuming that the potential of the 
rails, at some point w a negative boosted conductor 
is bonded, is lowered to an abnormal degree, it follows 
that pipes carrying a leakage current are invited to give 
up their charge, as difference of potential is thereby 


* Abstract of a per read befors the Institution of 
Civil Engineers on Tuesday, February 23, 1915. 
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increased. This fact is appreciated by the Board of | iron and steel is due to local electrolytic couples set up 
‘rade, as one regulation stipulates that the direction of ; by some internal crystalline arrangement, or to thermal 
the current should be reversed by interposing one | or mechanical stresses in manufacture. 


LeclancLé cell (1.48 volt) if the current is from the pipe 
to the return, whereas up to 4.4 volts are allowed where 
the direction of the current is from the uninsulated return 
to »ny pipe in the vicinity. Results of actual potential- 
difference and current tests on Sheffield pipes in various 
parts of the city are shown. 

As current density and duration of current are the 
most important factors in connection with injurious 
electrolytic action of or on gas or water-pipes, potential 
readings are somewhat misleading, as it is now well 
known that where a comparatively high difference of 
potential exists there is as a rule less injurious current 
passing. This is largely attributable to the counter 
electromotive force of polarisation. In Sheffield, when 
the tramway system and generating station have been 
shut down, differences of potential up to 0.66 volt have 
been observed on pipes. 

Board of ‘Trade regulations in respect to leakage 
currents can easily be complied with on all tramway 
undertakings, and are absolutely effective in safeguarding 
the property of other authorities. As 650 volts are 
allowed as a generating or transforming pressure, in the 
author’s opinion up to 600 volts could be ailowed between 
overhead conductors and earth, as 10 per cent. is often 
the maximum drop on a tramway system. This increase 
of voltage would reduce the cost of feeders and also the 
heavy currents now dealt with. 

Electrical disturbances, apart from return currents, are 
mentioned, such as electromagnetic and electrostatic in- 
duction. Single-phase alternating-current railways are 
especially troublesome. Telephone-circuit interference 
is chiefly due to harmonics of such a frequency as to 
come within the range to which the ear is sensitive. 
Voltage waves from generators and transformers are 
usually distorted and do not vary uniformly according to 
the sine law. Star-connected alternators with earthed 
neutral point frequently cause disturbances in neigh- 
bouring telegra: ~ and telephone systems, due to the 
presence of triple-frequency harmonics in the pressure- 
wave, 

The interference with telegraphs and telephones is not 
entirely confined to alternating-current systems, and 
trouble has been experienced by pulsating direct current 
set up by the generators or rotary converters. Special 
study of each individual case is required before a remedy 
can be applied. It is desirable, however, that in con- 
tinuous-current generation and distribution the gene- 
rators should produce a current without appreciable 
pulsation, and for alternating work generators having a 
pure sine wave should be used. 

The influence of magnetic fields near tramway-tracks 
has not been considered in the paper, as such disturb- 
ances only appreciably affect magnetic observatories. 

he psper concludes with a summary, and a theory is 
put forward that incrustation in the bore of pipes is 
often caused by local electrolytic action. This growth 
might be started as a speck of rust, thus forming with 
the iron a galvanic couple, the oxide being electro- 
negative to iron. The electrolyte might be created by 
the secretions of animalcule or other acids. This nucleus 
would then establish a closed circuit, and the growth 
would continue 7 the increased bulk of oxide acting as a 
shell to retain the electrolyte. Iron pipes should be 
subjected at a proper temperature to a dipping in some 
bitumastic solution, so as to form a tough adherent 
cov . This appears to be the best preventive against 
in and external corrosion or pitting. 

The author suggests that a field of research is open to 
metallurgists to determine whether corrosion of wrought 





It appears that cold-worked metal is generally anodic, 
and can be changed to a cathodic condition by annealing. 
When cold-worked and unworked metal are in contact, 
the possibility of an electrolytic couple exists. Alter- 
nating stress,is also a potential cause of corrosion. 
Metallic connections to the rails, such as bonds from 
tramway-poles and feeder-pillars, should be as few as 
possible, and all pipes should be kept at least 2 ft. from 
the track. All ruil-joints should ‘be tested periodically. 
Where joints are welded, a copper bond is recommended 
as & precautionary measure in case of a high resistance 
being set up by a badly-welded joint, which resistance in 
course of time would be intensified by additional oxidation. 





SpeciaL Frre-Survey Force.—Owing to several mem- 
bers having obtained commissions in the Army, there 
are now sume vacancies for architects, civil engineers, 
building surveyors, and insurance surveyors who are 
prepared to act in an honorary capacity on the Special 
Fire-Survey Force, whose head-quarters are 8, Waterloo- 
place, London, S.W. Professional men are required to 
give, on the average, one day per fortnight (generally 
Saturdays). They should be men of experience, prefer- 
ably over thirty-five years of age, and the districts in 
which further assistance is specially required are :— 
Cornwall, Darham, Gloucestershire, Somersetshire, War- 
wickshire, Wiltshire, and Worcestershire. 





DESTRUCTION OF A VILLAGE BY FirgE.—The Commer- 
cial Motor-Users’ Association, in conjunction with the 
Furniture Removers’ Association, has just been success- 
ful in winning an important case on behalf of owners of 
steam motor-wagons. Mr. Henry Farr, of Chichester, 
who is a member of both associations, was the defendant 
in an action in which it was sought to recover 6000/. for 
the destruction of the village of Little Chesterford, 
Essex, it being alleged that sparks from defendant’s 
Foden wagon set fire toa barn which caused the con- 
flagration which destroyed practically she whole of the 
village Expert evidence was brought to show that a 
Foden wagon could not be made to emit sparks, and that 
the fire probably originated from a railway locomotive 
on the railway, some ards from the barn. The case 
was heard before Mr. Justice Horridge, at the Essex 
Assizes, Chelmsford, Mr. E. Wild, K.C., being counsel 
for the defence, and after a two days’ hearing, the jury 
brought in a verdict for the defendant, that the Foden 
wagon did not emit sparks. 





INSTITUTE OF INDUSTRY AND Commrnce.—It is officially 
announced that, in view of important developments, the 
Institute of Industry and Commerce has now changed 
its name to that of ‘Institute of Industry and 
Science.” The word ‘‘Commerce” has been dropped in 
order not to confuse Institute with ot existing 
associations, and also to define more clearly the objects of 
the Institute in its title. The Institute of Industry and 
Science is a ~~ of a German organisation known 
as the Hansa Bund, which is in reality a Chamber of 
manufacturers, shippers, and trade organisations—‘.¢., & 
confederation of important German firms for promoting, 
encouraging, and facilitating German industry, com- 
merce, and ex ion of foreign trade. The Hansa Bund 
was founded in 1909; it has its head office in Berlin, 
with a large branch at Hamburg, and has a comprehensive 
membership. It holds. meetings and publishes poome 
and reports upon all matters relating to the welfare of 
German industry and finance. The present German 
Minister of Finance was an active member of the Bund, 
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CONVERTIBLE COMBUSTION ENGINES.* 
By Auan E. L. Cuortton, of Lincoln. 


Tue advance in the use of the internal 
engine for all duties becomes yearly more marked ; and | 
in the last decade, particularly the latter five years, it 
has been almost phenomenal, as exemplified by engines 
of the higher compression type, using fuel oil. In the 
United Kingdom, where, it would seem, coal must always 
be the basis fuel, the geen of the oil-combustion 
engine must naturally restricted, except for special 
duties and conditions called into being, perhaps by 
fashion, or the alarm caused by the interruption of the 
coal supply, due to artificial conditions, such as strikes. 
At the same time the conveniences in the use of oil are 
so noteworthy that they are bound to claim serious con- 
sideration in almost all cases, even where coal is the basis 


| 


, et 





fuel. 

It is not the object of this paper to advance the claims 
of either the gas or the oil-engine, but rather to direct 
attention to the possibilities of a convertible engine de- 
signed to use advantageously both gas and oil. In sur- 
veying the problem in general, one might at first sight 
say that the combustion engine most ready to work on 
differing fuels would be of the self-ignition type, with a 
cycle approximating to that of constant pressure, in 
which the heat of compression is always sufficient to 
ignite the in-coming fuel, whether solid, liquid, or 

aseous, and the only —_ D in going from 
quid to solid would be in the fuel-injection device. In 
practice, however, owing to the difficulty with solid-fuel 
injection, such a type would not prove workable, and 
even when the fuel is first gasified the results do not 
justify the —— Thus this type, whilst highly 
successful on oil, must suffer a ical conversion to use 
coal. The problem of rope pen an engine is better met, 
especially on the grounds of simplicity and suitability for 
everyday use, by trying to combine known types for gas 
and oil in which good re-ults are obtained at the present, 
and which, in general principles, show the same charac 
teristics. 

Many of the types of engines in everday use will there. 
fore be ccrs‘dered, as well as other methcds presenting 
advantageous possibilities. In the normal engines, for 
both gas and oil, the chief difference lies in the degree of 























engine, using crude or residual oils, the compression 
pressure may exceed 500 Ib. per sq. in., as in the case of 
8 Diesel engine using tar-oil, but may be considerably less 





Ftg./. DIAGRAM OF ORDINARY MOTOR-CAR 
ENGINE USING VARIOUS FUEL. 


_ or four—it may be 
desirable characteristics of the convertible 
Simplicity and reliability ; econom 
each fuel ; first cost as little as possible above that of the 


undertaken by a 
three groups, with fu su 
ties of design :— 


well, however, but not so economical 
requires very good paraffin, and is not efficient at 
compression with 


commoner 
must be provided whereby more heat is available for the 
ignition and combustion of the oil, and this can be con- 
veniently done by the addition of an unjacketed ey ear 
be i = A change 

ulb type. 
not present any difficulties, and these can 
to give with any adjustments of compression 
the producer-gas with the greater heat 7 i for 
ignition and combustion of the oil. ttings are 
provided with electric ignition, also suita 
is used, whilst the para 
self-ignited by the hot bulb. Fi 
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compression. Thus the compression of a modern gas- 
Fig.2 °\AGRAM_OF CONVERTIBLE ENGINE FOR SMALL POWERS, USING GAS OR 
LIQUID FUEL 
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engine using coal as its basis fuel may vary from 90 1b. per 


®q. in., when using coke-oven to 150 Ib. per sq. in. 


for producer-gas (and even higher if waste gases are 
from blast - furnaces, &c.); whilst for the liquid-fuel 





: Paper read before the Institution of Mechanical 
Engineers, Friday, February 19, 1915. 
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if the temperature of ignition is obtained by uncooled 
surfaces, or auxiliary or pocket firing used. : 

As there is no fundamental difference in engines for 
gaseous or liquid fuels, except in their conventional 
cycles, it follows that any schemes of convertibility must 
provide means whereby the requisite compressions can be 
readily obtained = between _ Ib. and Ib. 0 
is a great gap, ti lency ic, for practicol reasons, 
combine the lower compression oil-engine and the higher 
compression gas-engine, and thus deal with a st 
com ion pressure The problem is mainly a 
ical one, in and around this change of compres- 
sion, and a combination from a judicious selection of 
well - known types which have proved successful with 


257 
their various fuels. Though the convertibility may 
be affected somewhat by the cycle — that is, whether 


: taken generally that the 
on is the governing factor. The 
ine are :— 
high for 


of com: 
should 
for each fuel; easy convertibility ; as 


standard — 
near as possible the same power developed for each fuel. 


The consideration of the subject may be more clearly 
of engines in use into 


ivisions due to peculiari- 
1. Engines of low compression and low power. 
2. Engines of high compression and hi ce power. 
3. Engines of medium compression and higher power. 
Group 1.—As an example of the first group we may 


take the ordinary motor-car engine, Fig. 1, having a 
com 
slight modifications, will run oa :— 


pression up to 90 lb. per sq. in., and which, with 


(a) Petrol or benzole. 

(b) Good paraffin, with an exhaust-heated carburettor. 
(c) Town gas. 

(d) Producer-gas made from coal or waste combustible 
terials. 


Tt is designed for, and works best on, petrol ; fairly 

ly, on town 3 1b 

a low 
ucer- 

and candies range 

paraffin ora brand of crude oil, means 


To go further 


end, when the engine becomes of hot- 

of parts for such an engine does 
be readily —_ 
or 


The 
when petrol 
crude oil would be 
2A, and 2B, illustrate 
modifications. The 
was lately built with success to work on 
available fuels, for small powers, and such a 
changed by unskilled labour (may be a farm 


ffin and sod 
the practical application of 


type can 
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hand) from a gas-engine working with a wood or coa 
producer, to an oil-engine using a good brand of Russian 
crude oil, the governor requiring no adjustment for the 
full range of fuels. A comparative commercial table 
the results obtamed with this engine is :— 





Maximum 








Compres- B.Th.U. per 
= don. | Presouse. | MEP. | BHP, Hour 
ta Ib, | 
Paraffin oil . 55 210 58 14,500 
Producer-gas 90 230 65 12,000 





256, show the gas 
or petrol-engine with electric ignition, also the oil-engine, 
a hot-bulb Cong added in the latter case and ignition 
obtained thereby. 

Thie type of engine is not suitable for any but com- 
paratively low powers, and the range of fuels does not 
include one heavier than good crude oil. Further, its 
economy on oil is not high. It is mainly described here 
as it contains the basic principles of a more suitable 
engine for large powers. Further modifications must 
therefore be made in order that the fuels of poorer 

uality may be used, and this for any range of power. 

ese conditions demand an fe goat ne considerably 
higher compression for the fuel and ue oils, and in 
the second group we have engines with high compression 
and higher power. . 

Group 2.—This group is represented 4 the Diesel 
engine, with a com ion of over 500 Ib. per sq. in., 
when using tar-oils (unless an ignition oil is used). 
the maximum compression for gas (in the normally-used 
type of engine) does not exceed 150 Ib. per sq. in., it will 
be readily seen that there are considerable mechanical 
difficulties in building an engine in which both of these 
compressions can be obtai with a reasonable amount 
of modification. Further, the Diesel engine has an ex- 
pensive high-pressure air-pump, which is unnecessary for 
the ordinary 


Fig. 2, and the illustrations on 





Apart why mechanical difficulties, we may com- 
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CONVERTIBLE COMBUSTION ENGINES. 


4ig.5 ENGINE INDICATOR DIAGRAMS. (TRACED FROM CARDS., CURVE OF 130 
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Fig.6. DIAGRAM OF CYLINDER, FLYWHEEL, ETC., 
OF CONVERTIBLE ENGINE. 
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] ibility. The cost of the air-compressing part of the : 
1 Diesel has not been considered, nor has the working of : 








the gas-engine on the Diesel cycle, for this alternative, at 
any rate at the present date, is not a commercial propo- 

sition. (The net efficiency may be actually lower, due to 
WA the loss in the gas compression ; and the risks of working 
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greater.) Although it is of the utmost necessity that any 
lasting type of prime mover must have in these days as 
its essential feature economy in fuel, it is still not the 


, only point, for reliability and simplicity must be equally 
f 9 6. poof vee Whilst, therefore, recognising the economy 
ARRANGED FOR GAS. of the high-compression self-ignition engine, we are com- 


pelled to look to one of the other types described as a 
more suitable combiration for every-day use. 

Group 3 —Engines with a moderate compression suit- 
able for developing higher powers. The range of the 
compression of these engines lies in between that of 
Groups 1 and 2. and usually is from 150 lb. to 300 lb. The 
com ion of 150 lb. is suitable for most forms of 

ucer-gas; but it is not usually exceeded, for the 
reason that pre-ignition of the compressed charge is 
more prevalent in very high-compression gas-engines. 
On the other hand, it is necessary for all compressions 
below self-ignition compression, as in the Diesel, to 
employ some auxiliary means to obtain the necessary 
height of _ oo for the proper combustion of the 
residue oil. ormally, as in the second engine (Fig. 2. 
page 257), the additional heat is obtained by an unjacketed 
surface or combustion bulb at the cylinder end. This 
temperature - raisi device is employed, with other 
agents, to give the t effects, on the score of economy ; 
for the lower compression, such as 150 Ib., a satisfactorily 
running oil-engine is obtained ; the economy, however, is 
not quite so high, and the range of fuel not so fully 
extended. 

The various devices employed in and around the ques- 
tion of temperature, compression, and convertibility of 
this my 4 of engine may be considered by subdividing 
it under the following heads :— d 

(a) Engines working with a compression not exceeding 
150 lb., both for oil and gas ; these may employ pocket- 
firing, with or without air-injection, for one, and elec- 
trical ignition for the other, or some combination, the 

ler compression not involving material mechanical 
change of the ‘ ; 

(6) Engines working with a higher compression for oil 
than gas, involving some modification of the combustion- 
chamber by substitution of a part for oil as against a part 
for gas; otherwise maintaining the simplicity of both 









ty 

te) 1 Engines obtaining the necessary change from gas to 
oil by temperature control of the air charge, together 
with alteration of the valve-settings. : 

(d) Engines employing the super-compression of Dr. 
Dugald Clerk, to control effectively thereby the com- 
pression required for either fuel. (Final ignition tem- 
perature by other means.) _ f 

Under subdivision (a) there is a large number of engines 
which are used only for oil, but which might, without 
material alteration, become effective in the use of gas, 
although the whole combination is not as efficient as the 
hightest individual member. As an instance of thie divi- 
sion, there is the two-cycle Bolinder ne, at present 








pare the commercial possibilities of this type, the oil and| These figures show how incompatible the two designs | only used for oil, although originally used by Day for gas, 

gas sides being as follow for engines of the same cylinder | are, for they illustrate that the Diesel structure must be | Fig. 3. When made with a stepped piston, as in Fig. 4. 

- — built twice as strongly for the very high maximum with uncooled cylinder-head substituted by a water-cooled 

: a om en sible pressure, due to the fuel valve sticking, &c. one, a gas-engine for small powers is more or less effec- 
Abnormal higher M.E.P. used is some compensation for this extra | tively obtained. hae : 

—_— Com Maximum | M.E.P. cost and weight. The mean cylinder pressures reveala| For larger powers it is usual to separate the air and gas 

oon. Pressure. still further disadvantage when the conversion is|in the pump, and the engine becomes, therefore, not 

ans; i . there is, besides this ‘high firat cost, a | quite so simple a proposition to change over from the use 

: Ib. Ib. Set | reduced power, owing to ing at a lower M.E.P.— | of oil to the use of gas. In the four-cycle engine the 

Oil-engine ..| 500 over 1000 | 100-110 80 Ib., as against 100 1b. to 11016. per sq. in. A con- change from oil to gas involves a removal of the un- 

—S—=___*-_2 IS ible engine on these lines does not seem a commercial | jacketed part of the combustion head for that of a gas 
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Fig.12. INDICATOR DIAGRAM. 
SUPER-COMPRESSION ENGINE. 
(CLERK) 








type, with electrical ignition. A variation of this type, 
employing air-injection for the fuel, combined with 
pocket-firing for the ignition of the chargs, secures con- 
siderable economy when us-d with oil. The advantage, 
however, in using more or less the same compression for 
both oil and gas is lost through the need of a high-pres- 
sure air-compressor (as with the Diesel) and the employ- 
ment of double-injectioa needles. For higher powers 
and the best economies, it is necessary to go considerably 
further, for, unless the economy upon oil is approximate 
to that of the Diesel engine, the convertible type will nob 
become of any lasting value. 

In considering the next division—namely, (b)—a useful 
comparison of its possibilities is given in tabular form, 
for engines of the same cylinder dimensions :— 


| Abnormal | | 











B.Th. U. 
— a ga | Maximum M.E.P. | per 
mn. | Pressure. B.H.P. Hour. 
= Ib. Ib. 
Oil-engine | 250/280 600 80 8100 
Gas-engine ..| 150 600 80 8500 
| 


It will be seen from this that the outputs and general 
figures relative to the engine bear a great similarity. 
Further, as in Fig. 5, the diagrams actually taken when 
running on oil and gas are also shown to be of very similar 
nature. The possibilities, therefore, of this type of con- 
vertible engine appear, from these indications, to be very 
great; and an engine which has at present been made in 
considerable numbers to fulfil these conditions is shown 
in Figs. 6 to 8 (Messrs. Ruston, Proctor and Co., 
Limited). These show clearly that in both cases the 
engine presents the ordinary features of the four-cycle 
engine, and the only change involved in converting from 
oil to gas lies around the combustion bulb of the oil- 


engine, in which the fuel oil is injected, and in the change | the 


from an oil-type to a gas-type piston. 

Fig.7 indicates the arrangement of parts when runni: 
on oil, and Fig. 8 when running on As the essenti 
feature of the convertible engine (as been pointed out) 
is that it must maintain the economy when on either fuel, 
the curve is given in Fig. 9 showing the consumption of 
this type engine when running on Russian crude oil. 
On gas, where it is seen that the engine resembles the 
well-known four-cycle type, the consumption figures are 
in parallel with those which have been taken on various 
occasions by different experimenters. 

roup (c).—The use of the arrangements grouped in 
this division may said to be one of mechanical and 
constructional convenience. for they can hardly be 
defended on the score of efficiency. In one method the 
jacket of the cylinder cover or breach end is formed to 
withstand a pressure, and is worked in the manner of a 
boiler. The increased heat is impressed in the charge of 
air during the compression stroke to raise the temperature 
sufficiently to afford ignition. This ment thus 
replaces the hot-balb or unjacketed end of the cylin- 
der. It has some advantages, in that it is 
—_ —— and the ——— ted may Ke used 
or some useful purpose, per in conjunction with an 
exhaust-heated boiler for an anaillery steam-cylinder 
on the main engine. The water-injection of some 
hot-bulb engines is also done away with. This type 
of engine is unusual in practice. in use as & 
gas-engine, such a convertible engine would have to 
dispense with the pressure-jacket temperature when 








Fig. 13. DIAGRAM OF 4 CYL. §20 B.H.P. 
O1L ENGINE. (RUSTON) 





using the lower compression and temperature needed 
for such an engine. Actual heating of the inlet air 
may be a practical convenience for dealing with a 
particularly refractory oil, not amenable to the available 
compression of the ine. The valve-setting of an 
engine may be modified. as in Fig. 10, to give suitable 
compressions for oil and gas; this can be worked in con- 
junction with the temperature arrangement just described. 
The gas-engine suffers in loss of output, as is shown in 
the diagram. , 
Group (d).—The Clerk super-compression e 
much more suitable and promising type for d 


ine is & 
ing with 
variable compression problem of the convertible 
2. In this engine, the principle of which is prob- 
ably well known (an actual engine built some years ago 
being shown in Fig. 11), an extra charge of air or inert 
gas is added to the working mixture at the end of the 
suction stroke. By this means, owing to the, so to speak, 
“watering” of the charge, much lower maximum flame 
temperatures are obtained, and a higher mean cylinder 
pressure rendered possible. For the purpose of the con- 
vertible engine, it is mainly suitable, as by varying this 
amount of added air the compression can be adjusted 
between wide limits, the final temperature being con- 
trolled by any of the previously-indicated means. For 
instance, with a compression of 300 1b. maximum, the 
full displacement of the air-pump may be used; for 
the lower com ion of the gas-engine one can, by any 
suitable valvular means, as an ordinary by-pass, reduce 
the amount of discharge as required. 

The commercial value of this type has hardly been 
determined in practice, but it would almost appear that 
its possible usefulness will only come in for large engines, 
for, after all, it is an addition, if not a complication, to 
the ordi engine of everyday use. The diagram of 
such an engine, from one of Dr. Clerk’s papers, is given 
in Fig. 12. Tbe engine really uses a two-stage compres- 
sion, but not expansion. 

The conclusion the author arrives at is that, for powers 
up to, say, 1000 brake horse-power, the type of engine 
represented by the ‘‘ Ruston,” class B, Fig. 13, is the 
most suitable as a convertible engine, whilst for siill 


of removable parts become a problem, the Olerk super- 
compression type offers very interesting and hopeful 
possibilities. 





FOREIGN ENGINEERING PROJECTS. 


We give below a few data on two Spanish engineering 
projects, taken from the Board of Trade Jowrnal. Further 
information concerning these projects can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, London, E.C. 

Spain: The Gaceta de Madrid notifies that tenders will 
be opened at noon on March 2, at the Direccién General 
de Obras Publicas, Ministerio de Fomento, Madrid, for 
the construction of the eastern quay at the port of 
Caetellén, and approach-channel, at a total estimated cost 
of 1,080,247 pesetas (about 43,2007 ). A provisional de- 
posit of 54,000 pesetas (about 2160.) is required to qualify 
any tender. The works must be commenced within a period 
of 60 days from the date of the award of the contract, and 
must be completed within three years. The conditions of 
contract contain clauses to the effect that at the first 
competition the materials to be used will be confined, 
with certain exceptions, to products of Spanish manufac- 
ture ; but that in the event of no decision being arrived 
at, a second competition, in which foreign products may 
be accepted, will then take place. In the latter event 
Spanish products will have a 10 per cent. margin of 
preference over foreign. The Gaceta of February 8 also 
notifies that sealed tenders will be received, within a 
period of 60 davs from that date, at the Registro General 
de Telégrafos, Direcciin General de Correos y Telégrafos, 
Calle de Carretas, 10, Madrid, for the supply and de- 
livery of underground telegraph cable for connecting the 
stations of Cadiz and Teneriffe with their respective 
Transatlantic cable A provisional deposit of 1500 

tos (about 60/.) is required to qualify any tender. 
ies must be quoted per kilometre or per mile of 1855 
metres. 





Tue University or Bristo.: ScHoLtarsnips.—The 
Society of Merchant Venturers, in whose technical 
college the Faculty of Engineering is provided and main- 
tained, have decided to offer ten scholarships, tenable 
in the Faculty for three sessions, beginning with the 
session 1915-16, to the sons of officers in his Majesty’s 
service whd have been killed in the war, and whose 
mothers or guardians are in needy circumstances. 





Tue Instirure or Merrais.—The annual general 
meeting of the Institute of Metals will be held at the 
Institution of Mechanical Engineers, Storey’s Gate, 
Westminster, 8.W., on Thursday and Friday, March 18 
and 19, 1916. The meeting will commence at 3 pm. on 
March 18, and 10.30 a.m. on March 19. The following is 
a list of the papers that are expected to be submitted :— 
(1) **Some Experiments upon Copper - Aluminium 
Alloys,” by J. H. Andrew, M.Sc. (2) ‘‘The Constitu- 
tion of the Alloys of Conper with Tin: Parts I. and IL.,” 
by J. L. Haughton, M.Sc. (3) “Kitching Reagents and 
Their Applications,” by O. F. Hudsor, M.Sc. (4) ‘The 
Effects of Heat and of Work on the Mechanical Proper- 
ties of Metals,” by Professor A. K. Huntington, 
A.R.S.M. (5) ‘‘The Quantitative Effect of Rapid Cool- 
ing u the Constitution of Binary Alloys. Pert IIT.” 
(Conclusion), by G. H. Gulliver, D.Sc. (6) “The 
Properties of me Nick+l-Alominium and Copper- 
Nickel-Aluminium Alloyr,” by Professor A. A. Read, 
D.Met, and R. H. Greaves, M.Sc. (7) “Some Appli- 
ances for Metallographic Research,” by W. Rosenhain, 
D.Se.. F.R.S. (8) ** The Micro-Chemistry of Corrosion. 
Part IIT.: The Alloysof Copper and Zinc.” by 8. Whyte, 
B.Sc. The fifth annual May lectnre will be given on 
Wednerday, May 12, 1915, by Sir J. J. Thomson, O.M., 
D.Sce., F.R 8. @ time and place of meeting will be 
upnou at the annual meeting. Owing to the 
war, the Council have decided not to arrange the usual 





larger powers, when engines and size and weight 





dinner in connection with the annual general meeting. 
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HEAVY PROJECTILE-BORING LATHE. 
CONSTRUCTED BY THE NILES-BEMENT-POND COMPANY, ENGINEERS, NEW YORK. 








4320 


Tue illustration above shows a heavy boring-lathe 
for rough and finish boring of projectiles from 6 in. to 
14 in. in diameter, constructed by the Niles-Bement- 
Pond Company, of New York, N.Y., U.S.A. It will 
be seen to be a machine of massive proportions. The 
slides are flat and of large surface. The bed is of 
large cross-section, stiffened with box-girder cross-ties 
at frequent intervals. A rack is cast in the bed to 
take the tailstock pawl. 

The headstock is of box construction, having a 
length of 7 ft. 5 in. on the bed. The large proportions 
of the headstock may be gathered from the fact that 
the front spindle-bearing is 8 in. in diameter and 
23 in. long. The bearings and gears are entirel 
enclosed, and lubricated from a tank in the head, 
which is kept filled by a pump with oil drawn from 
a tank in the bed. The main spindle is driven by a 
35-horse-power variable-s motor mounted on the 
headstock. The headstock gears give three changes, 
controlled by hand-wheels. These, in combina- 
tion with the variation of speed of the motor 
by the controller, provide for no less than sixty 
face-plate speeds, varying from 24 to 77 revolutions 
per minute. The motor may be controlled without 
the operator leaving his position at the tool. Thelow 
face-plate speeds are obtained by a pinion driving the 
face-plate gear, and in a manner which eliminates 
any tendency to lift the main spindle in its bearings, 
and also relieving the main-spindle caps of upward 
thrust due to the cut. The higher speeds are obtained 
by driving through the face-plate spindle. The main 
spindle thrust-bearing is of the self-oiling roller type. 

The tailstock is fitted with a square boring-bar, the 
feed of the bar being from a shaft running along the 
back of the bed. e feed is taken from this shaft 
through worm and pinion gear to the bar, which has a 
rack on its underside. It can be started, stopped, 
and reversed by large hand-spiders. Eight feeds are 
— varying from 0.005 in. to 0.03 in. per revo- 
ution of the face-plate. Four of these feeds are 
obtained by a position-clutch without change of gears, 
the changes being made by two levers on the front 
of the tailstock. The remaining four feeds are obtained 
by one change of gears at the headend. The boring- 
bar has a continuous feed of 48 in. without resetting 
the tailstock. 

The tailstock will be seen to be of very rigid con- 
struction. It can be clamped in any position on the 
bed, and also, as implied above, is fitted with a pawl 
engaging with a rack in the bed, to prevent slipping 
back under heavy thrusts. The boring-bar is further 
steadied by a sliding support, which is placed as near 
the work as possible, thus supporting the bar close to 
the tool. A large and rigid steady is also furnished, 
having four jaws, and arranged for work varying 
between 6 in. and 20 in. in diameter. 





Crmunt In GrramaNny.—The war has naturally had a 
depressing effect upon the building trades, which, prior 
to its commencement, were al y very slack in many 
ts of the country. an —— Portland Cement 
pany is adividend of 6 per cent., compared 
with 10 per cent. for the preceding year. 








POSITION AND PROSPECTS OF GERMANY’S 
IRON AND COAL INDUSTRY. 


Reports from tie we:tern part of Germany point 
ous that the iron maiket has become decidedly trmer 
during the last few weeks. The caution which has been 
noticeable since the war commenced has not only dis- 
appeared, but has made room for a marked and increas- 
ing activity. ‘The high cost of production caused by 
30 to 40 per cent. of the employees being called to the 
front oo, degrees, been realised by the consumers, 
and the trade, though reluctantly, bas accommodated 
itself to the rising prices ere | by the works. The 
cheap rates which at the commencement of the war 
were forthcoming from middlemen, and. placed a fal-e 
aspect upon the position, have dnggeant. The trade 
are obli to buy, and have in the course of January 
become buyers on an increasing scale. 

In Southern Germany, material orders, especially for ! 
bar iron, have been booked, and the price has gradually 
risen to 100 marks at railway-station in Lorraine, with- 
out any discount. In Rhineland and Westphalia, the 
local demand has not yet manifested itself to any marked 
extent, but this district has been greatly benefited by 


substantial orders from abroad, from the neutral 
countries. In Holland, t activity Ley. the 
shipyards are very busy with river craft, and the Govern- 


ment is placing large contracts for works at the Rotter- 
dam port and for the colonies. Also, the Scandinavian 
countries and Italy almost daily send increased orders, 
and even to Austria the export shows an increase, in spite 
of the high duty. The export, consequently, in spite of 
the war, is assuming larger dimensions, and it has enabled 
the works to put the price for bar iron up to 110 marks 
net at Oberhausen. 

The State departments do all in their power to afford 
the industry the possibility of working with a profit; 
for this purpose prisoners-of-war are being placed at 
the disposal of the works. In Lorraine a trial is being 
made with 200 Russians, whilst in Westphalia they use 
French and Belgian prisoners from the neighbouring 
camps. It is possible that the production of coal ma 
increased correspondingly if the State departments show 
further accommodation in the same direction. 

The demand for coal continues so active that the Coal 
Syndicate would hardly be in a position to satisfy it were 
it not for the large qheae of coke which they have avail- 
able, and which help to supply the wants. It has again 
been evident that the mines act wisely by not reducing 
the output too seriously in bad times, but work to stock. 
Also the despatch of coke has somewhat improved, and a 
gradual disposal of the large stocks may be expected. 

The negotiations about the renewal of the Syndi- 
cate have in the meantime made some trifling progress, 
inasmuch as an understanding has been arrived at 
with the Mannesmann concern regarding the Konigin 
Elisabeth mine, and with the Buderuss Iron Wor 
about their mine. There also seems a likehood of an 
understanding being arrived at with the Harpener Miniu; 
Company as the Sales Union. It is expect 
that the next meeting will unanimously prolong the 
arrangement until October 31, 1916, so that ample 
time will be left for further tiations. 

The Steel Union has recently received large orders for 
half-finished goods from Italy. As regards girders, the 
demand, on account of the time of the year, and the stop 
which the war has f nw to all building operations, 18 
exceedingly small. Rp as regards railway 
satisfa 


T'a tarten qpuiieste, 


material, on the other hand, is 
As regards the formation 








pronounced scepticism prevails. The time is unfavour- 
able for the formation of syndicates, because no one can 
have any idea about the position of the market after the 
war. In this direction no great strides are likely to be 
recorded at present, but, on the other hand, there is in 
many quarters a marked disposition to bring about price 
conventions as far as finished goods are concerned. The 
question of a comprehensive syndicating of the German 
iron industry was also discuesed at the last meeting of the 
German steel works, where opinion appeared to be divided, 
although it was admitted that the time was not favour- 
able for such schemes. A committee was appointed, 
which is to prepare the work for further discussions 
about this important subject. 








GERMANY AND SoutH America.—The report that the 
Government of the United States has formally invited all 
the South American countries to send leading financial 
representatives to Washington, in order to discuss com- 
mercial and financial problems, is attracting much atten- 
tion in Germany. The object of the conference is under- 
stood to be the emancipation of South America, financially, 
from European influence, the United States taking the 
place of the Old World. Commenting upon this news 
a leading German paper remarks that oath Ausesien has 
hitherto to a great extent been financially dependent 
upon Germany ; should the United States for the first few 
years intend to ~- into Germany’s shoes as the finder 
of money, this will not be unwelcome to Germany. 
Naturally, the United States also intends to extend her 
influence in South America industrially, nor will German 
object to this; competition with the United States will 
show which of the two countries is the most efficient. 





IRRIGATION IN AUSTRALIA.—In the work of bringing 
in areas under cultivation in Australia, in order 
to meet the demand for products which Australia 
is so well able to yield, the various irrigation schemes 
controlled by the State Governments are likely to play an 


be | important part. A Bill was recently before the Victorian 


Parlidment dealing with the utilisation of the Murray 
River waters. In introducing the measure, the Victorian 
Attorney-General stated that it was of immense import- 
ance to the country, and was one which was acceptable, 
not only in Victoria, but to the neighbouring States con- 
cerned. Victoria always regarded the question of the 
Murray waters as an irrigation matter, while South 
Australia looked upon it from the navigation standpoint. 
The discovery of useful farm-lands had, however, con- 
vinced South Australia of the value of the Murray as a 
provider of water for irrigation pu In 1913 it was 
shown that the practicable irrigable areas were :—New 
South Wales, 4,950,000 acres ; Victoria, 1,450,000 acres ; 
and South Australia, about 1,000,000 acres. The storages 
could vide 1,700,000 acre-ft., and the output would be 
limited to 1,400,000 acre-ft. for each State. If locks were 
not provided, navigation would be absolutely knocked 
out. The scheme would enable 1,400,000 acres to be 
irrigated in the three States. The present agreement 
was based on the recommendations of engineers repre- 
senting three States All this means a demand for 
irrigation settlers, and experts are in England for the 
purpose of giving detailed information concerning the 
opportunities which these schemes afford. The chief 
onvem is that the irrigation settler is practically 
inde) lent of the rainfall in his particular district. 
From the river he obtains a — and adequate supply, 
and there is always a good market for his produce. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS 


Tue paper by Mr. A. E. L. Chorlton entitled 
‘*Convertible Combustion Engines,” read before 
the Institution of Mechanical Engineers in London, 
on Friday, the 19th ult., reported in our 
columns last week, was repeated in Birmingham on 
the 25th, and in Manchester on the 26th ult., at two 
fairly-well-attended meetings. 


BrrutwncHaM MeEgEtine. 


The meeting at Birmingham was held in the 
Medical Lecture Theatre of the Birmingham Uni- 
versity, Edmund-Street, the chair being taken by 
Sir Gerard ng Per ape prime = <n? his 

a vote of 8 was to him, being 
esd with acclamation. The first speaker in the 
discussion was Mr. E. C. R. Marks, who wished 
to convey in person his thanks to Mr. Chorlton 
for coming to read his paper in Birmingham. 
His last connection with the author had been of a 
different character. They had both been, so to 
speak, disturbers of the peace. Two or three years 
ago there had been something like a conspiracy 
among the Manchester and Birmingham members 
of the Institution to endeavour to stir things up a 
little at the annual meeting in London. Mr. 
Chorlton was a party to that conspiracy, but when 
the time came he failed to put in an appearance at 
the meeting. However, the result was that they 
had him there that night. Mr. Chorlton had done 
a great deal of pioneer work in this country, more 
particularly in connection with the large gas-engine 
question. He was sorry he had not followed that 
line of work further.» When they heard that it was 
possible to get an efficiency of something like 42 
per cent. with a large gas-engine, he felt that Mr. 
Chorlton ought to have kept to the gas-engine 

roblem, as that evidently opened up great possi- 
Gilities in comparison with the coal to electricity 
efficiency of steam-turbine plant, which was about 
17 percent. He was interested in large units, and 
he hoped Mr. Chorlton would return to the ques- 
tion of large -engines. The sizes of engines 
dealt with in the paper were, of course, not suit- 
able for power-stations, in which he was chiefly 
interested. 

He considered the paper severely practical. A 
slight reference was made to an engine using solid 
fuel. Attempts had been made in that direction, 
but one could imagine the state of the cylinder of 
such an engine after working a short time. It was 
probable that nothing very much would come of 
that type of engine. tt was new to him that there 
was a market for an engine which would work on 
either oil or gas. It was mentioned in the paper 
that an agricultural labourer could make the 
change, but he would be a little bit sorry fcr 
the labourer who had to make the change-quickly 
from gas to oil. The wording of the paper sug- 
gested that not many engines had been built of the 
type of engine shown in Fig. 2. To him the design 
suggested that it was something of a temporary 
job. A type mentioned later in the paper required 
the change of the piston. That did not appeal to 
him as a final solution of the problem. It seemed 
to him that an engine built for use with moderate 
temperatures when running on gas might give 
trouble when converted to the higher temperatures 
required with oil. 

he so-called hot-bulb engine was extremely 
popular to-day, and undoubtedly worked v 
sweetly. Perhaps that was a type of.engine whic 
might lend itself readily to adaptation. He did not 
think there was much likelihood of a market for.a 
convertible type, but a number of the hot-bulb 
type of engine were used in their own district on 
the canals. A table was given in the paper relating 
to the engines depicted in Figs. 7 and 8, in con- 
nection with which the words ‘‘comparison of 
possibilities” were used. Did that mean that 
these results had not been actually achieved? As 
already stated, he was. chiefly interested in the 
large gas-engine. The city of Birmingham was 
just now concerned with meeting large demand 
for power resulting from the general activity of the 
works on account of the war. In connection with 
large units, he thought Dr. Clerk’s super-compres- 
sion type offered possibilities. The type was not 
as well known as it might be. The idea of knocking 
out the super-com ion attachment when work- 
ing with oil seemed to promise well. 

Mr. A. G. Haffenden said it had come as a 


actually constructed and sold as convertible engines. 


The conversion certainly could not be accom- 
plished in a few minutes, though it might pos- 
sibly be done by a farm hand. The only need 
for conversion, so far as he could see, was in pos- 
sibly meeting some emergency. But if the time 
occupied in conversion were considerable, the 
value of the change would be discounted very con- 
siderably. It was a big undertaking to change the 
pistons of a 1000-horse-power engine. The c 

of the back end was not a serious matter. Some 
of the illustrations suggested the need of changing 
the inlet valves also. e thought the idea might 
be developed further and the change of the pistons 
dispensed with ——— an alteration of the 
combustion-chamber. On the whole there did not 
seem to be much opening for the convertible engine 
on the English market, in which simplicity was so 
important a factor. Anyone who designed a com- 
plicated engine could not sell it here. If the idea 
were to develop successfully, that would have to be 
kept in view. He thought the cylinder-head 


should be c' instead of the piston. 
Mr. A. E. Edwards said it was a ag privilege 
to have the paper read in Birmingham. He had 


been a member of the Institution for a large 
number of years, but had always felt before that 
he had got nothing for his money, as he had not 
been able to attend the London meetings, and so 
far as the proceedings were concerned he had got 
all he wanted from the reports in the technical 
Press. He thought Mr. Chorlton’s subject would 
be vew to most of them in Birmingham, and there- 
fore, perhaps, they could not discuss the full merits 
of the scheme in the manner it deserved. Perhaps 
it would attract the attention of the University, 
where it might be followed up. The paper dealt 
fairly adequately with the possibilities of the 
proposals, but had said nothing about the commer- 
cial prospects. He did not think the user wanted 
an engine of this type. It was really the agents 
and dealers to whom the builders would have +» look 
for encouragement. The foreign merchants and 
others would, of course, benefit if they could stock 
one class of engine and adapt it readily for different 
fuels ; but there was such a variety of qualities of 
fuel that a merchant would require a large ap ount 
of knowledge before the results would be satisfac- 


tory. 

He felt that gas and oil-engines were built here 
with too great a disregard of the users’ require- 
ments, That was not the case with steam-engines, 
which could be procured in infinite variety. The 
gas and oil-engines, however, were all of stereotyped 
design, weighing about 200 lb. per horse-power, 
while the motor-car engine weighed about 4 fb. per 
horse-power. Between the commercial gas-engine 
and the motor-car engine there seemed to be a field 
for development. e practical manager wanted 
an engine in his works which he could put right 
without having to call in an engineer. Probably he 
owned a motor-car, and that he repaired himself if 
it went wrong. Repairs to his factory engine, how- 
ever, he could not , because the parts were 
so heavy that engineers had to be called in to deal 
with them. The motor-car engine had a very 
fair life, although it was built to light designs. 
From 10,000 to 30;000 miles could be run before 
the engine had to be taken down. That would 
correspond to about three years’ work for the factory 
—_ without taking down. He thought a lighter 

somewhat higher-speed engine than the present 
factory engine could advantageously be designed, 
It could then be placed on —— floors or wherever 
needed, and presented other advantages. The 
author had not referred to the question of govern- 
ing, which in the gas-engine was accomplished by 
varying the lift of the inlet-valve ; in the oil-engine 
it was ‘ormed by regulating the amount of oil 
inj . It was not explained how these two 
functions were or 5 oy in the convertible engine. 
Spark ignition could be used both with oil and gas, 
and the hot bulb dispensed with. It might be 
an advantage to try developments along that line. 

Mr. W. A. Jeboult thought the paper would be 
useful to the manufacturing engineer. Figs. 6 
to 8 appealed to him, as it seemed it would be 
possible to carry in stock the necessary parte for 
oil and gas and to mount which ever was necessary 
on an ine. But he would not like an agri- 
cultural labourer to have to do the job, especially 
when it was seen, as in those that some of 
the bolts to be got at were inside the water-jacket. 
It would be interesting to know how the governing 





surprise to him to see that engines had been 


was effected. 


Mr. A. G. Engholm, who followed, asked if the 
author could give any idea of the prices of such 
gee He thought that had an important bear- 
ing on the , 

r. A. Johnson continued the discussion, re- 
marking that he thought there would be a 
opening for such engines in certain parts of the 
world, like Canada and Russia, where companies 
were formed which took plant from place to place 
for threshing and other work, instead of the 
farmers doing the work themselves. One fuel 
might be available in one district and another in 
another, and it would be an advan to be able 
to convert from one to the other. He would like 
to know how Mr. Chorlton proposed to deal with 
the fact that one fuel would give more power than 
another, in connection with electrical generators. 

Mr. W. H. Thornbery said the subject did not 
seem to be of much importance. In Birming- 
ham it had only an academic interest. That, how- 
ever, was not the case'abroad. He understood 
that Mr. Chorlton was aware of districts where it 
was of importance to have a convertible engine. 
The question was of real importance to manufac- 
turers, as it affected a large trade. It was inte- 
resting to them as engineers, but did not appeal 


to them locally as ical men. 

Mr. Lones said he had no knowl to im 
as he was only a student, but he wished to thank 
the Institution of Mechanical Engineers for ex- 


tending to him and others an invitation to attend 
the meeting. The paper had been to him both 
instructive and enjoyable. Mr. O. B. Davis said 
he thought the paper opened up a possibilities 
in this country. He came from Coventry, and was 
interested in motor-car engines. If 
convert an engine quickly to run on petrol or 
—s. on the principle suggested by the poner: 

e thought it would be a great ay © was 
of the opinion that the alteration of the com- 
pression might be advantageously effected by an 
eccentric bush on the crank. 

Mr. Chorlton, in reply to the discussion, said 
that Mr. Marks had not given quite a correct idea 
of the part he took in nor about the recent 
changes in the Institution. He i Mr. Chorlton) had 
negotiated with the Council, and the changes were 
made. He had gone about things in a — way, 
and they saw the results now. Mr. ks had 
spoken of large power-stations driven by gas. 

e thoroughly agreed. Especially when run on 
town gas uced in vertical retorts, it was the 
best form of station if the gas was anything less 
than 6d. per 1000 cub. ft. The solid-fuel engine was 
. The chief difficulty in regard to it 


interesting 
was the injection device. The agricultural labourer 
@ paper, and then 
: Oertai 


ey could 


appeared only in one part of 
in connection with the small engine. 
critics had carried him right on to the end, how- 
ever, to ines with which he had nothing to do. 
The senthoulen forms depicted in the paper should 
not be too greatly criticised. He was sorry that 
more manufacturers had not spoken. He thought 
that ibly the cause of that had been the fear 
of giving something away. That fear was the fear 
of ignorance. There was a great national gain in 
intercommunication. The curve given in Fig. 9 
was for an oil of about 18,200 B.Th.U. per pound, 
and the efficiency would therefore be about 32 per 
cent. It did not follow that pistons had to ba 
changed. That was one way of arriving at the 
desired result. Another was not discl . 
With to engine weights, he thought 4 Ib. 
horse-power was really about the weight of a 
ying-machine engine. A motor-car engine ran to 
more like 40; the gas-erigine was something of 
the order of 200 Ib. One difficulty in applying 
the high-speed engine to ordinary work lay in the 
fact that it required rather more care. The 
ordinary horizontal engine ran ‘at- load; the 
motor-car enginé did not. The governing method 
was not shown. In one case the governor was 
connected to the throttle and air, and in the other 
to the by-pass on the oil. He had intended to 
confine the paper to the principles of temperature- 
com ion, and not to deal with mechanical 
details. The system of conversion was in some 
ways a convenience to man . It was 
brought forward, however, as of advan te the 
user. A rise in the price of oil might y make 
it an advantage to . A large field for such an 
engine was on the oil-fields abroad, and it was also 
useful in agricultural districts. As elec- 
trical generation, the engine, if convertible, would 





have to be designed for the output to be the same 
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with either fuel. The use of paraffin in the petrol- 
engine was outside the scope of the paper, but 
was quite feasible, and would come about in the 
future. 

Sir Gerard Muntz, in closing the meeting, said 
that it lay with the members in Birmingham 
whether they had meetings of the Institution there. 
If they came and spoke, and brought friends, so as 
to make the meetings a success, the Council would 
regard the matter favourably. A short discussion 
as to the most convenient time to hold such meet- 
ings and a few remarks by Mr. Worthington and Mr. 
E. C. R. Marke brought the meeting to an end. 


Mancuesterk Meetine, Fesruary 26. 


The meeting at Manchester, held on Friday, the 
26th ult., took place in the Engineers’ Club. It 
had been hoped that the chair would have been 
taken by Mr. Michael Longridge, but owing to the 
doctor’s orders that proved unfortunately impos- 
sible. It was therefore occupied by Mr. Daniel 
Adamson, who, in os = proceedings, said 
that it was appropriate that the first meeting of 
the Institution of Mechanical Engineers at the 
Engineers’ Club should be for the consideration of 
a paper by Mr. Chorlton, who was a life-member of 
the club and had been concerned with its founda- 
tion, and to whose initiative these provincial 
meetings of the Institution were y due. 

After Mr. Chorlton had read his paper, the 
chairman, in proposing the vote of thanks to the 
author, not only for the paper, but for coming to 
Manchester to read it, said that Mr. Chorlton was 
there as the result of efforts of two or three years 
ago, when he had taken part in expressing the 
feeling of the local members that rather more 
might be done in connection with the Institution 
in chester. Manchester was the home of the 
successful explosion engine. The gas-engine and 
Diesel engine were both made there. All members 
of visiting institutions would in future be con- 
sidered as hon. members of the club for the day 
of the ?e_ 

Mr. G. E. Windeler said that Manchester was 
the home of internal-combustion engineers. It was 
right, therefore, that novelties should be discussed 
there. The paper provided food for thought for 
the producer of the small engine, who often had to 
make his engine work on different types of fuel. 
In the matter of economy, the small engine had 
made great advances. ere had been great pro- 
gress in the last two years, and now a consump- 
tion of about 0.45 lb. per brake-horse-power hour 
was obtained on crude and residual oils. He was 
interested in the Diesel engine, which he thought 
the best, and which gave the best fuel consump- 
tion. They got with that engine a consumption of 
0.61 Ib. or 0.62 lb. per kilowatt-hour, which he 
thought about as close to a satisfactory result as it 
was possible to attain. But the Diesel engine was 
mainly suitable for large powers ; other types did 
well when smaller powers were needed. Before 
the war he had been in Germany, and had visited 
works where they were running Diesel and gas- 
engines side by side, of the same pattern, except 
for alterations at the breech end, and other moditfi- 
cations. Those oe had been designed with 
a view to convertibility. The compression space 
was reduced by introducing a distance-piece at the 
crosshead. Hundreds of such engines had been 
built. Parts were merely blanked off or removed. 
They worked quite smoothly. They had at their 
own works a Diesel engine using cleanly and 
economically coke-oven tar. That opened up possi- 
bilities. It would be an advantage in the case of 
shortage of fuel. He could not add much on the 
Clerk super-cumpression engine. The possible 
conversion of that engine should prove an interest- 
ing subject to study. In Germany, where fuels 
were more expensive than here, they had gone 
into the subject of convertibility more thoroughly 
than we had yet done, and had got a good deal 
further. However, the present state of affairs 
would bring the firms of this country into their 
own. Insupplying the presenc requirements Man- 
chester was fully holding its own, and would con- 
tinue to retain its share after the war was ended. 

Mr. J. Butterworth said it was some years since 
he was actively engaged with gas-engine work. At 
first sight the paper might seem to be practically 
useless. His own opinion was that it was hopeless 
to attempt to make a thoroughly economical engine 
to use either oil or ‘ owever, oil was a fuel 
which was most liable to be cornered, and hence 
the utility of Mr. Chorlton’s suggestions. With 





ages to heating the gas before charging the 
cylinder, his experience was that when that was 
done the gas became attenuated, and the weight of 
gas was reduced. The M.E.P. was lower, and 
power was lost. He thought a good plan was to 
compress the air first and then cool it. A pressure 
of up to, say, 3 lb. might be obtained by means of 
a rotary blower, and if air at that pressure were 
used it would raise the compression pressure from 
150 1b. to nearly 200 lb., which brought it within 
the range of the oil-engine. That suggested one 
alternative. 

Mr. H. N. Bickerton regretted that Dr. Dugald 
Clerk was unable to be present. The author sug- 
gested that Dr. Clerk’s super-compression engine 
might be adapted, and that the principle employed 
in it might be used for raising the compression. 
Dr. Clerk's idea really was to add to the volume 
of the cylinder, and thus increase the cylinder 
charge. It was successful, but entailed additional 
mechanical contrivances. That in small engines 
was possibly not worth the candle. Another method 
of accomplishing super - compression with the 
exhaust gases was by bottling them up before the 
end of the stroke, cooling them, and then, after 
the suction stroke, introducing them into the 
cylinder. That was less complicated. If with 
semi-crude oils the compression had to be raised, 
it might be done in that way—i e., by bottling up 
some of the gases. But he did not see why they 
should not be kept hot. That would increase the 
heat of the charge. He sugge>ted introducing the 
charge cold, and heating it when in the cylinder. 
He did not think there would be any loss of 
efficiency entailed in that course. In the oil-engine 
referred to in the paper, or the crude-oil engine, 
as referred to by others, a very careful selection of 
the oil fuel had to be made between narrow boun- 
daries. On the other hand, with the Diesel engine, 
a y « of oil was possible. 

r. Frank Foster remarked that the author had 
omitted to mention one possible form of con- 
vertibility—namely, the use of steam in com- 
bustion-engines. Many gas-engines were in use in 
this country where steam was to be had. Such a 
conversion was interesting. Oil and gas-engines 
were converted in numbers outside this country, 
and there was a large field for such an engine in 


Russia. He was sorry the author had not dis-| i 


cussed more fully the difficulties of the mechanical 
change from one fuel to the other. If he had 
brought forward the mechanical problems involved, 
it would have been interesting. Diesel engines 
were in use now in which compressed air was 
not employed, except for starting. He thought 
the main line of progress with such engines lay in 
having plenty of injection pressure—afew thousands 
of pounds—and very fine jets, eo that the spray was 
so fine as to almost amount to nothing more than a 
dampness which could be felt by the hand, and 
which flashed off immediately it was brought in 
contact with a light. If it were found practicable 
to spray the oil without air, he thought one of the 
great difficulties would have been removed. 

The practice of scavenging had been used up to a 
certain point, not only in two-cycle, but in four-cycle 
engines. On the Continent, in four-cycle engines 
scavenging had been employed to blow the waste 
gases out of the clearance space, and thus get rid 
of the burnt gases, thereby increasing the weight 
of the charge. By this means more power could 
be got out of a given engine, while capital costs 
might be kept down. 1t was arranged that this 
scavenging should take place when the piston was 
at the end of its stroke. The only surfaces then 
exposed to the cold air were the piston-end and the 
cylinder-head. These normally were the most 
heated, and it was thus an advantage to cool them, 
as it was then possible to carry on to higher tem- 
peratures. As the scavenging air was under pres- 
sure, the system resulted in higher compression 
pressure. e@ system resulted in an increase of 
power in a given engine of from 35 to 40 per cent. 
with better M.E.P. 

It did not pay to adopt the method for one 
engine, but in irun works or stations it was a great 
advantage, and enabled a few engines to deal with 
overloads. The consumption curve came out much 
flatter than usual, and the range of economical 
working was longer. The scavenging system seemed 
to bear on the super-com ion system. He was 
interested in the convertibility problem more with 
a view to changing from one class of gas to another. 
In iron works they had coke-oven gas of about 400 
to 450 B.T.U., and blast-furnace gas of a value of 





about 90 B.T.U. If the maximum economy was 
desired, it was ncessary to alter the inlet valve 
and valve-box. The compression could easily be 
changed by alterations at the head end and the 
introduction of distance-pieces. That was much 
better than changing the length of the piston-rod, 
which could only result in trouble on account of 
bringing the piston on to a new surface or in over- 
running the rings. 

Mr. Alfred Saxon said that the author had made 
out a very fair case for the convertible engine, but 
he gathered that so far it had only been made up to 
a certain size. It was only by the larger sizes 
that the value of the engine could really be deter- 
mined. The paper was indefinite as regards the 
size of engines so far successfully built. The author's 
firm had evidently made such engines, but he 
would like to know something of their size. He 
did not know what the limit was. ‘The author 
spoke of a 1000-brake-horse-power engine. Had 

ey built them up to that power? The author 
knew something of the difficulties of large gas- 
engines, and knowing them, he thought he should 

use before he interfered with them and added 
urther to their complications. He (the speaker) 
knew that there were troubles with large gas- 
engines. The step of making them convertible 
should only be taken after very careful considera- 
tion indeed. 

Mr. Chorlton then replied to the discussion. He 
first referred to the fact that had been mentioned 
of Diesel and gas-engines working side by side in 
Germany. He also had seen those engines, but 
they were not built as convertible engines, but 
with the idea of using a number of common ts. 
He believed the reference had been to the Deutz 
engine, which used direct injection without air- 
bottles. The engine when using oil was un- 
doubtedly higher stressed. He was aware that tar 
could be used in the Diesel engine ; it was mainly 
@ question of temperatures. He did not see why 
it should not be used in other engines. It was not 
correct to say that the latter could only work on 
selected oils. The Ruston engine worked on a 
wide range of fuels and could be made to run 
successfully on a still wider range. The use of tar 
increased the range of fuels, and, what was more 
se cere added a fuel which was outside the 
influence of the oil rings. Now that the Mexican 
independent supplies had come in oil was down to 
42s. 6d. per ton. He thought there was something 
in the tar-fuel proposition. 

All the possible points had not been gone into in 
the paper. He thought the audience should help 
the author out, and, if he had given them something, 
should give a bit in return. The fear of giving 
something away was a mistaken one. The man who 
was afraid, he found, often had little to give. Our 
enemies were much more open and communicative. 
They read papers continually and discussed prin- 
ciples and researches, greatly to the national advan- 
tage. The rotary compressor question was hardly 
germane to the paper. It was not an efficient 
contrivance, but if used in connection with a large 
station, the raatter might be dealt with in a reason- 
able manner. Dr. Clerk’s idea was certainly to 
increase the charge, but he also wanted to get over 
the maximum flame-temperature trouble. The use 
of exhaust gas could be adopted if preferred. The 
two-cycle crank-case compression engine worked 
with a large amount of exhaust gas in the cylinder 
and secured a high temperature. The present 
waste in the exhaust gases might be profitably 
employed. After all, the release was often at a 
pressure of 40 lb. per sq. in.; in the case of the 
super-compression engine it was 60. That might 
be utilised either as pressure or temperature. 
Although the Diesel engine had been greatly 
developed, he did, not think that its present form 
was that in which we would eventually have it. It 
was far too complicated. 

The use of steam in the gas-engine had occurred 
to him. The two-cycle engine supplied with steam 
would be like the uniflow Stumpf engine. Steam 
could be used, he thought ; but it would be attended 
by considerable difficulties, and, he thought, would 
not be found to be desirable. Steam produced 
working surfaces in the cylinders, &c., of a cha- 
racter quite different from that produced in an 
internal-combustion engine. It would be possibl 
a difficult matter to keep the surfaces good. Wit 
regard to the mechanical features, he had desired 
to present the principles of convertibility instead 
of mentioning every detail. Most of the details, 
however, were described. Mechanical atomising 
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was a question with which they were all concerned. 
It had been greatly developed recently. If pursued, 
it might prove the solution of the problem. Capital 
costs had been the bane of the internal-combustion 
engine. As the cost of fuel advanced, he thought 
the internal-combustion engine would benefit by 
the necessity of getting the highest possible effi- 
ciency from it. When costs rose, he thought the 
large-gas-engine builder would come into his own. 
The idea of altering the compression by altering 
the cylinder-cover was good; it had already 
been used. He assured Mr. Saxon that when 
connected with large issues at stake, he was very 
careful how he dealt with such propositions. At 
the same time he considered that we should all 
help each other as far as possible. He wrote his 
paper thinking that if he could go some distance 
in the matter of principles it would be a help in the 
right direction. The largest — so far built in 
one cylinder of the type of engine dealt with 
in the paper was 150 horse-power. For any- 
thing above that it was n to go in for 
multiple cylinders. Progress would naturally 
have to be made carefully. 

A vote of thanks to Mr. Daniel Adamson, pro- 
posed by Mr. Bickerton, brought the meeting to a 
close. 





NEW SWING-BRIDGE, WHITBY. 


By W. Noste Twetvetress, M.I. Mech. E., 
M.. Soc. Ing. Civ. 


SrruaTED on the east and west banks of the River 
Esk, and bounded on the north by the sea, Whitby 
is better known in the present day as a watering- 
place than as a —- The harbour, terminated 
at the seaward end by two piers, is divided into the 
lower and the upper harbour by a swing-bridge. 
Various improvements have been made during the 
last 200 years, and towards the close of the nine- 
teenth century dredging operations and quay-exten- 
sion works were undertaken with the object of 
permitting fish to be landed close to the railway 
station, which is situated above the bridge on the 
west side of the upper harbour. 

The swing-bridge, which was built in 1835, on the 
site of an older structure, offered considerable 
obstruction to navigation as well as to street traffic, 
and the Urban District Council, who also constitute 
the harbour authority of Whitby, decided a few 
years ago to replace it by a wider and more con- 
venient bridge, which was designed in its complete 
details by Mr. J. Mitchell Moncrieff, M. st. 
C.E., of Newcastle-upon-Tyne, and built, under his 
superintendence, by Messrs. Heenan and Froude, 
Limited, of Manchester. 

The old bridge (see Fig. 1, annexed) was not only 
too narrow can too weak for modern traffic, but 
owing to the narrowness of the navigation opening, 
vessels of large size could not enter the u 
harbour, and the bulk of the fish brought into the 
ae had to be landed at the quays in the lower 

arbour and carted to the railway station. The 
new bridge in reality forms only one item-in a 
comprehensive project of improvements undertaken 
by the District Council for the encouragement of the 
fish industry and the revival of the shipbuilding 
industry in the upper harbour. 

In this connection, it may be mentioned that 
Whitby was once famous for the building of wooden 
ships, and that the voyages of Captain Cook were 
made in vessels built in the port. In more recent 
times a good many ships were built at the yards of 
Messrs. Turnbull, in the upper harbour, the de- 
velopment of which, under the auspices of the 
present harbour authority, should add very con- 
ana to the prosperity of the port and the 

wa. 

General Description of Old and New Bridges.— 
Fiy. 2 is a key plan showing the site of the old 
and new bridges and the position of the temporary 
bridge, constructed to provide for traffic and navi- 
gation during the demolition of the old bridge and 
the erection of the new structure. It should be 
noted that the actual position of the new bridge is 
slightly different from that shown in the plan, as 
the east end was placed about 18 in. further to the 
south, in order to improve traffic conditions. 

‘The old bridge was 174 ft. long by 20 ft. 6 in. 
wide at each end, the width decreasing to 15. ft. 
in the middle span, where the roadway was only a 
fraction more than 6 ft. in width, The — - 
Spans were operated by hydraulic machinery, and, 
when open, provided a navigation opening of 46 ft. 





at high water, but of only 38 ft. to 39 ft. at low 
water. 

The new bridge is of the same length as the old 
structure, and is of uniform width throughout, 
measuring 23 ft. between pets, and providing 
a 14-ft. roadway flanked by two 4-ft. 6-in. foot- 
walks. The river-piers are placed so as to give a 
navigation opening of 70 ft. clear at all states 
of the tide between the timber protection jetties. 
Thus it will be seen that the new bridge consti- 
tutes a marked improvement, the navigation open- 
ing — been increased by more than 75 per 
“re and the roadway more than doubled in 
width. 

Fig. 3, e 264, is reproduced from a wy % h 
of the ae bridge, a Figs. 4, 5, oe) > ran 
page 265, include a plan, elevation, and section, 
which will give a good general idea of the work. 
Briefly described, the bridge consists of east and 
west masonry abutments, east and west river- 





piers of masonry and cylindrical in cross-section, 
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piers. This simple arrangement has been found 
thoroughly efficient in practice, and its adoption 
has not only saved a considerable sum that would 
have been uired otherwise for powerful and 
complicated hydraulic machinery, but has also 
kept working expenses down to a minimum. 

Temporary Bridge.—Before commencing the 
construction of the new bridge, the contractors 
were required to build a temporary bridge for street 
traffic, with an opening span for navigation pur- 
poses, and also to demolish and remove the old 
swing-bridge. 

Situated in the position indicated in Fig. 2, the 
temporary bridge was designed by the contractors 
and tested to the satisfaction of the engineer. It 
was constructed of timber, steel, and ironwork, and 

rovided an opening for navigation 45 ft. clear 

tween the fenders. The roadway was 15 ft. wide 
between the hand-rails, and the structure was de- 
signed-for the rolling load of vehicles imposing 
a load of 1 ton per wheel, it being assumed that 
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and two swing-spans, each carried by a pair of 
main plate-girders, pivoted, balanced, and arranged | 
so as to permit the bridge to be opened and closed | 


there would be two lines of vehicles upon the bridge 
and that the wheel axles would be 10 ft. apart 
It was further assumed that the 


longitudinally. 
rapidly, and with a minimum expenditure of | bridge should be capable of safely carrying a uni- 


wer. 

Details of the operating gear and arrangements 
in connection therewith will be given later, but in 
order that the description of the main structure 
may be rendered more intelligible, it will be con- 
venient to state here, in general terms, the prin- 
cipal features of the swing-spans. 

When the bridge is closed, the tail of each span 
is brought up against the under side of an anchorage 
girder secured to the abutment, and th span is 


formly distributed load of 80 lb. per sq. ft. over 
the whole area of the platform. 

Removal of Old Bridge.—After the temporary 
bridge had been completed and tested, the con- 
tractors commenced to demolish and remove the 
old swing-bridge. When the iron spans and the 
stone arches at the shore ends had been taken away, 
the river-piers and all masonry, timberwork, and 
piling in their foundations were entirely removed, 
so as to leave the site free for the construction of 





supported on the pivot and two stools, all three | the new bridge, and to leave the main channel free 
supports being fixed to the river-pier. The spans from all obstructions. The abutment-walls at each 
are adjusted in correct alignment, after having end were taken down to the levels required for 
been closed, by the aid of a semi-automatic spring- | the execution of the new masonry shown in the 
catch at each abutment, and are then locked by | drawings. 
two latches at each end abutment and connected| Abutments.—Figs. 7 to 10, 266, include a 
by two similar latches at the middle of the naviga- | plan, end and side elevations, and a cross-section of 
tion opening. the west, abutment, the east abutment being pre- 
In order to open the bridge, the oatch and latches | cisely similar. As the character of the work and 
are drawn back, and the tail of each span is lowered all the chief dimensions are clearly shown by the 
slightly. The spans are then ready for swinging, an | drawings, it is needless to occupy by a detailed 
operation which is performed by means of gearing | description ; but reference must made to some 
driven by an electric-motor, or worked by hand. | details connected with the operation of the swing- 
While being swung, and when at rest inthe ‘‘open” | span. The gates at each end of the bridge are fitted 
ition, each span is kept level by a set of four with mechanism which actuates the locking-gear by 
Palancing, or steadying, rollers, ey on two | which the spans are secured at the abutments. 
concentric paths laid on the top of the river-| The alignment sockets for the spring-latches are 
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situated near the top of the upper curved'face of the 
abutment, shown in Figs. 7, 9, and 10, each socket 
being formed of a steel casting bolted to a cast-iron 
bed-plate secured to the abutment by six anchor- 
bolts. A short distance lower down a curved 
guiding-girder, consisting of a 10-in. by 6-in. I-beam, 
is fixed in front of the curved face of the masonry. 
At the middle of the girder a short steadying-piece 
of the same section is riveted on so as to project 
about 1 ft. 9 in. into the abutment, and near each 
end the guiding-girder is cut to provide for the 
insertion of two anchorage girders, each formed of 
two 10-in. by 8-in. I-beams projecting 6 ft. 9 in. into 
the abutment. These anchorage girders are further 
secured by vertical anchor-bolts, 21 ft. 9 in. long, 
passing through the concrete backing. To provide 
efficient anchorage at the bottom end of the vertical 
bolts, two 16-in. by 6-in. I-beams and a series of 
nine rails are embedded in the concrete, and a cast- 
iron saddle is provided beneath the I-beams for each 
set of three bolts, forged wrought-iron saddles 
being employed at the top end of the bolts over the 
anchorage girders. 

The curved guiding-girder is completed by a con- 
tinuous cover-plate on the under side, and the 
connections to the anchorage girders form abut- 
mente for the tail of the swing-span when the 
latter is closed. 

On the shelf constituted by the projecting portion 
of the abutment a curved cast-iron bearing-plate is 
set in a chase cut in the masonry and bolted down. 
This bearing-plate takes the thrust of the screw 
by means of which the tail of each swing-span is 
raised to bear against the anchorage girder. It may 
be explained that the screw-gear is necessary for 
the reason that each swing-span is loaded, so that 
the short arm slightly overbalances the long arm, 
an arrangement making it easy to lower the tail 
sufficiently to permit the spans to be swung. De- 


tails of the kentledge and its supports will be found | perty 


in Figs. 37 to 40, on Plate XXII. 

Before tenders were invitei, a careful survey of 
the old bridge was made by the engineer, who sunk 
twelve bore-holes around the piers in the positions 
indicated in Fig. 2. Although the nature of the 
strata as thus ascertained was believed to be 
correct, it was distinctly stated in the specification 
that no responsibility would be by the 
engineer for their accuracy, the wisdom of this pre- 
caution having been amply justified by subsequent 
experience during the construction of the west 
pier. 

Kast Pier.—The east pier is 18 ft, in diameter, 





the cap measuring 19 ft. 11 in. over all, while the 
distance from its centre to the curved face of the 
abutment is 32ft. It rises to a height of 16 ft. lin. 
above low-water level, and of 1 ft. 1 in. above high- 
water level. As shown in Figs. 11 to 15, the pier 
is built up from a platform formed of greenheart 
timber, supported on thirty-seven 12 in. square 
piles of the same material, varying from 45 ft. to 
50 ft. long. The piles are arranged in seven rows, 
spaced 3 ft. apart, centre to centre, and the piles 
in each row are similarly spaced. Most of them 
were trimmed off at low-water level, but twelve 
of those on the outside were cut off 12 in. lower, 
and were connected at the top by three diagonally- 
placed crown-beams 12 in. square. The piles in 
each row are connected by crown-beams 12 in. 
square, and the platform is completed by 6-in. 
planking, laid at right angles to the crown-beams. 
The ends of all the piles and crown-beams are 
bound with 3-in. by §-in. wrought-iron straps. 
The crown - beams are secured by Muntz - metal 
spikes of 1} in. diameter by 2 ft. 6in. and 3 ft. 6 in. 
long, and the planking is held by similar spikes, 
12 in. long by { in. diameter. The platform 
is of octagonal form in plan, its upper surface 
being 1 ft. 6 in. above low-water level. The body 
of the pier is composed of 1 : 2 : 4 cement-concrete, 
the exterior consisting of snecked rubble masonry, 
as shown in the drawing. 

West Pier.—The foundation of the west pier 
is of entirely different character, consisting of a 
steel cylindrical caisson, 19 ft. high by 19 ft. in 
diameter, having a working chamber 9 ft. high, with 
an access shaft of 3 ft. diameter. The caisson was 
provided with the usual air-locks, and all appli- 
ances uisite for the safety and welfare of the 
men employed. It was sunk by the plenum pneu- 
matic process, and great care was taken to guard 
against injury to the quay-wall and adjacent pro- 
. In order to provide for the filling of the 
working-chamber with concrete right up to the 
under side of its roof, after sinking the caisson, 
six 3-in. diameter steel grouting-pipes were fixed 
at approximately equal distances apart, about 
5 ft. 6 in. from the centre. 

Fig. 16, page 266, is reproduced from a drawing 
of special interest, showing the west pier as 
pte. ws constructed after practical information had 
been obtained from the interior of the working- 
chamber as to the exact nature and bearing power 
of the strata penetrated. 

Judging by the samples of material obtained from 
boreholes Nos. 9 and 10, it was reasonable to infer 





that a sufficiently stable bottom would be reached 
at the depth of 19 ft. below low-water level, thus 
bringing the top of the caisson to that level, and 
making the masonry part of the pier 16 ft. 8 in. 
high. But as the boreholes were 17 ft. 6 in. and 
17 ft. respectively away from the centre line of the 
pier, they could not give precise information as to 
the nature of the material between them, and when 
the caisson had been sunk to the depth originally 
intended, soft grey shale and clay were found 
instead of broken freestone and shale. Therefore, 
in order to reach more stable soil, the engineer 
instructed the contractors to continue the operation 
of sinking, the result being that in its final position 
the bottom of the caisson was 39 ft. below low- 
water level, as shown in Fig. 16. Consequently 
the masonry portion of the pier, as actually con- 
structed, is 36 ft. 8 in. high above the top of the 
caisson. The top of the piers inside the masonry 
copings is formed by a 12-in. layer of concrete, 
flush with the stonework, and finished perfectly 
true. Special care was necessary in this respect 
in the case of the piers, and also of the abut- 
ments, in order to provide for the accurate fixing 
of the pivots, stools, roller-tracks, and other iron- 
work connected with the mechanical equipment of 
the swing-spans. 

Protection Jetties.—To prevent vessels coming 
into contact with the piers and swing-spans when 
the latter are open, a timber jetty, 110 ft. 6 in. 
long by 30 ft. wide, was constructed at each side 
of the navigation opening. 

The form of the jetties is shown in Fig. 2, each 
jetty having two pointed ends, and extending con- 
tinuously along the river side of the navigation 
channel, so as to afford adequate protection. The 
jetties are constructed of timber piles, connected 
together by cross-ties, longitudinal ties, and bracing. 
In the case of piles which encountered rock near 
to the surface, special pile-shoes were employed. 
Each of these shoes was terminated by a 5-in. 
diameter bar, about 3 ft. long, and holes were 
drilled down into the rock to receive the bars, 
the shoes being anchored in place by cement grout. 

Swing-Spans.—The east and west swing-spans 
are practically identical in dimensions and in 
other reapects. Therefore it is only necessary to 
describe one of them. The two main girders 
measure 81 ft. 74 in. long over all, the ae being 
31 ft. 73 in. from the tail or shore end As may 
be seen by the details reproduced in Figs. 17 to 
36, on Plate XXII., the depth of the girders varies 
at different points, being 4 ft. 7§ in. at the tail, 
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end of each main girder was left slightly higher 
than the top of the angle-bars, and the projec- 
tion was afterwards dressed down flush with the 
latter, in order to ensure that the load should 
pass direct into the web without first imposin 
strain upon the rivets connecting the angles wit 
the web. 

The girders are built up of steel plates and angle- 
bars, the top and bottom oe measuring 1 ft. 
8 in. wide throughout.. The dimensions of the 
plates and angles are shown on the drawings, 
where also may be seen details of the web-stiffeners, 
and of the diaphragms connecting the two girders 
at the points C, D, and E, and at another point 
near the tailend. The girders are also connected 
at each end of the spans by curved beams, and 
elsewhere by other members for special purposes, 
i as follows :—(1) Two channel-bar girders at the 
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pe v ¥ v , v iw oe tail end, one for the support of the lifting-gears, 
6 ft. 43 : aw and the other for the attachment of the screw 
et in. at the pivot, 6 ft. 6in. at the distance | engage with the anchorage girder on tha face of | lifting-jacks under the tail end. (2) Four 14-in. 
of 8 ft. beyond the pivot, and decreasing thence to | the abutment when the bridge is closed. by 6-in. I-beams for the support of che kentledge, 


3 , at the end. In order to enable the bottom flange to with-| by which the long arm of the io is counter- 
-. t the tail end, the web of each girder is cut/| stand the strain consequent on the raising of the| balanced. (3) Girder X and a small beam, ing 

ay to clear the anchorage girders and curved | span, diagonal bracing is provided, as shown in * of the operating gear. (4) Girders A and A’ 
~~ Se at the abutments, and the bottom | Fig. 37, Plate XXII. As an additional precaution, |fo the balancing-rollers travelling on the outer 
Part of the main girder projects so that it may|the top edge of the web at the heel of the inner! circular track, girder A algo carrying part of the 
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Fig. 7. END ELEVATION. WEST ABUTMENT. 





operating = (5) Diagonal girders B carry- 
ing a forged-steel strap passing over the rocking- 
pin, which is supported by the central pivot, and 
enables the entire span to tilted up and down 
longitudinally as required, before and after the 
spans are closed and opened. 

The main girders are connected at the top flange 
by cross-girders, consisting of 14 in. by 6 in. 
I-beams, spaced 6 ft. 10 in. apart longitudinally, 
and projecting at each end 6 ft. 6 in. beyond the 
centres of the main girders for the support of the 
footpaths and part of the ee he frame- 
work of the decking is completed by longitudinal 
joists, formed of 8 in. by 5 in. I-beams spaced 
3 ft. 9.9 te res 

As required by the engineer’s specification, the 
main girders were rive up in the contractors’ 
yard and delivered complete on the site. Each 
— was given a slight upward camber, so as to 

ring the top flange perfectly straight after being 
loaded with the weight of the cross-girders and 
other steelwork of the decking, and of the materials 
used in the construction of the flooring, roadway, 
footpaths and balustrades. The cross-girders and 
longitudinal joists were carefully prepared and 
erected so as to be perfectly straight and true, and 
the top surfaces were perfectly flush with each 
other in order that a true and even bed should be 
formed for the buckled plates of the decking. The 
packings between the bottom flange of the cross- 
girders and the top flange of the main girders were 
all machined to the correct thickness so as to give 
perfect joints and true ae ea the members. 

Flooring.—Figs. 41 to 53, Plate XXII., are repro- 


duced from drawings giving details of the flooring 
under the roadway and the footpaths, and of the 
cast-steel curbs at the middle of the bridge. It will 
be noticed that, except in the panels at each end of 
the spans, the flooring is composed of buckled-steel 
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plates, those beneath the roadway being arranged 
with the concave face uppermost, and those under 
the footpaths with the convex face uppermost—an 
arrangement which is appropriate to the relative 
amounts of the loads, a also permits the plates 
to be applied in the most advantageous manner. 
The buckled plates were prepared so that the 
buckle extends right up to the flange of the cross- 
girder or longitudinal joist, as the case may be, 
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the reverse curve being commenced after the edge 
of the flange was reached. The upper surface of 
the flooring-plates was left unoiled and unpainted, 
and on the completion of riveting it was cleaned 
perfectly free from rust and scale, washed over 
with neat cement-grout, and then covered with 
the concrete foundation for the road-bed and foot- 
paths. The paving throughout is of Baltic red- 
wood, creosoted with 10 lb. of creosote oil per 
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cubic foot, the blocks being 5 in. deep for the 
roadway and 4 in. deep for the footpaths, with a 
uniform thickness of 3 in., and varying in length 
from 7 in. to 11 in., breaking joint at not less than 
3 in. in any part. The blocks were laid in courses 
at an angle of 30 deg. with the line of the road- 
way and at right angles with the line of the foot- 
paths, and all joints were filled with hot pitch and 
small granite chips. Fig. 41 is a section illustrat- 
ing this part of the construction. 

Parapets. —Figs. 54 to 57, Plate X XII., include 
details of the parapets and bases of the lamp- 
standards, these drawings being self-explanatory, 
and requiring no explanation. The design is of 
simple yet appropriate character, and, as may be 
judged by the photograph of the finished structure, 
the effect of the parapets and of the steelwork 
generally is distinctly pleasing from the artistic 
point of view. 

(To be continued.) 





THE LATE MR. CHARLES MARTIN HALL. 

Mr. CuarLes Martin HA, the electro-chemical 
engineer of aluminium fame, whose premature death 
we have to regret, was one of the prominent young 
men who made the early period of our electric age so 
remarkable. He was barely twenty years old when 
he solved the aluminium B my at which many 
great chemists had worked for more than half a 
century. Born at Thompson, Ohio, in December, 
1863, he was educated at Oberlin College; his study 
was classics, his hobby chemistry and aluminium in 
particular. Searching for a solvent of anhydrous 
alumina, he observed, in February, 1886, that this 

wdered substance dissolved in tused cryolite, the 
Fouble fluoride of ‘sodium and aluminium, as s 
dissolves in water. But che fusing cryolite seemed to 
destroy almost any vessel, until he found that the solid 
powered material or the solidified mixture itself formed 
the best protective coating for the carbon walls of his 
crucible. In July, 1886, he applied for his patent on 
the reduction of. aluminium from alumina dissolved in 
eryolite or in a fused mixture of fluorides by means of 
the electric current introduced through carbon elec- 
trodes. The patent was only granted in 1889, and 
we cannot wonder that it was hotly contested. 

Many of the te points of his invention had 
certainly been ahticipated, a fact which does not im- 
pair the credit due to Mr. Hall. Wohler had reduced 
aluminium from its chloride by sodium in 1827; St. 
Claire Deville, financed by Napoleon III., had worked 
on Wohler’s lines since 1854, chiefly by putting the 
metallurgy of sodium on a technical basis ; Bunsen in 
the same year electrolytically reduced aluminium 
from its double chloride. Rose isolated electrolytic- 
ally aluminium from cryolite in 1855. Deville made in 
his works up to 1888 aluminium, totalling 5000 lb. per 
year finally. In 1886 Hamilton Y. Castner discovered a 
new sodium process and brought the aluminium price 
down to about 16s. per pound in his works at Oldbury. 
Then, however, the Brothers Cowles reduced at 
Milton, near Birmingham, a mixture of alumina and 
carbon by the electric arc, and the Hall process en- 
tered upon the field in the same year, 1888 ; the price 
of aluminium soon went down to 4s. The victory 
fellto Hall. He had tried to interest various people in 


his process, and had joined the American works of| I 


Cowles, who, however, were not impressed with his pro- 
cess. But the Pittsburg Reduction Company started 
operations on the Hall process in November, 1888, before 
the master patent was secured, and the Aluminium 
Company of America, which grew out of the Pittsburg 
Company, has now works at Niagara Falls, at Massena 
(New York), and at Shawinigan Falls, in Canada, 
commanding together 140,000 horse- power, and 
capable of producing more than 50,000,000 lb. of 
aluminium at about ls. per pound. It is singular that 


the late Paul Héroult, also born in 1863, made e- B kee 


tically the same discovery simultaneously with 

in America it is the Hall process which is worked, in 
Europe the Héroult process. Both these distinguished 
men were present when the Perkin Gold Medal was 
conferred upon Mr. Hall, in New York, in 1911, by the 
Affiliated Societies of Chemistry, Electrochemistry, 
and Chemical Industry. Mr. Hall had already been 
made an honorary LLD. of his college in 1910. He 
concentrated his energy almost entifely upon the 
development of the aluminium industry, and to his 
remarkable insight and skill as an engineer the 
Niagara Falls Works owe their prosperity in the first 
instance. His constitution was unfortunately delicate, 
and the end, which came in Florida on December 27, 
had long been foreseen. He had the true modesty of 
the scientist, and his winning kindness endeared him 
to all who came in contact with him. 





THe GzRMaN 
despatched by 

anuary, according to a prelimi 
to 250,000 tons welehe 
December, 1914, 


Sree, Union.—The quantity of goods 
the German Steel Union in the course of 
inary statement, amounted 
ht of steel against 268,189 tons for 
455,191 tons in January, 1914. 


HOW A TOP STANDS UP.* 


By J. Swinsugng, F.R.S., Past-President, Institution 
of Electrical Engineers. 
IF a mathematician is asked to explain the action of a 
gyrostat, he generally says that the theory is to be found 
in th, or murmurs something about spins being 
compounded like forces, which is rather like explaining 
the action of an archdeacon by saying he exercises 
archidiaconal functions. The fundamental action of a 


Before dealing with the top, let us consider the moditi- 
cation of the movement of a body, such, for instance, as 
a rifle bullet, fired horizontally. The force of gravity 
acting at right angles to the direction of motion produces 
its own vertical component, independently of the speed 
of the bullet. The bullet has the same vertical motion 
as it would have had if it had no horizontal motion. 
If there were a stream of bullets from a Maxim, 
gravity would act on the stream so as to give the same 
hee te acceleration independently of the horizontal 
velocity. 

If a surface were put in front of the Maxim at a slight 
angle, so as to deflect the — of the bullets, they would 
exercise a great force on the surface normal to it. Thus, 
if the surface were curved through two right angles, and 
were perfectly smooth, the stream of bullets would be 
returned in the reverse direction at the same velocity ; and 
the pressure, which would be enormous, could be easily 
calculated from the frequency, and vis viva, of the bullets. 
A sort of Pelton wheel can be imagined. If a per- 
fectly efficient Pelton wheel has its bucket held still, 
it returns the water at the same velocity in the reverse 
direction. 

_ Instead of considering a top as a rotating continuous 
ring, it may be i i as made up of a number of 
masses, each on the end of an arm. In the diagram here- 
with there are four little balls on arms with a central arbor, 
=e in @ point at the lowerend. This spins like a top; 
and ing more and arms until a continuous f 
is obtained produces a top. Imagine the top is spinning, 
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and gravity is tending to make it fall so that ball A, which 
is at the lowest point, tends to be moved still lower, and 
the ball B raised. Gravity tends to move these balls in 
directions at right angles to their instantaneous direction 
of motion ; so the offer no resistance, due to their 
rapid motion. 
© arrows E and F show the direction of the pull of 
vity; and G, H the directions in which the balls would 
moved round the centre I, av the point of the top. 
Both F and H are at right angles to the direction of 
motion of the ball. The ball C, however, is moving in the 
direction J K, and if the top, as a whole, is moved round 
the axis through C D, or a parallel horizontal axis through 
. 7 is altered towards such a direction as L M. 
The will tend very strongly to go on along its old 
path, and this will raw f to bend its arm down. Similarly, 
the ball D will tend to bend its arm up. This will tend to 
tilt the top towards the observer—that is to say, ina 
direction at y whe go to the movement the top would 
have had if it not been spinning. 

If this movement begins, it alters the directions of 
movement of A and B, tending to make A move towards 
the observer in a slightly downward direction, while B 
moves away ata slightly upward angle; but as this 
would change the direction of movement, the balls A and 
ping their old courses, will tend to bend the arm of 
A up and the arm of B down; that is tosay, the force of 
gravity will be counteracted by the force up and down 
on A and B produced by the top as a whole leaning a 
little towards the observer. 

The top will lean over just enough to counteract the 
force of gravity at A, so that the lowest part of the top 
will now be, not at A, but between A and C; and as 
this action continues, © will soon be the lowest point, 
and A and B will be level. The axis of the top will thus 
describe a cone. The speed with which it describes it 
will depend on the speed of the top; the faster it is 
nue the greater is the force due to of direction 
o element. 


motion of each 
The rim of the top may be considered as made up of 
masses like A, B, C, D, and elements of the rim that are 
between lowest and the medium, or medium and highest 
positions, have partly translation movements at right 
angles to the other directions of motion, which give rise 
to no forces tending to right the top, and forces due to 
change of direction. 

If the top is spun in a slanting position, as shown, it 
thus keeps itself up by precessing or preceding. “‘ 


* From the Journal of the Institution of Electrical 





rs. 


quae body is susceptible of a quite simple explana- | \i1) 
on. 


Pre- | Mr. 
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— | ” sounds more like English, so scientific men 
er “ had 
Returning to the diagram, if the top of the arbor is 
pushed towards the observer, it helps the ion; and 
the change of direction of the movement of A and B raises 
A and lowers B ; and the arbor thus tends to move to the 
left. The arbor thus moves at right angles to the direction 
of the applied force. Helpi r the precession by external 
means thus raises the top to the vertical position. 
The point “‘I” has been supposed to spin in the same 
place; but if the point is replaced by a small blunt nose, it 
will roll to some extent on the table ; and in the diagram 
it will roll so that the point moves away from the observer. 
That tends to make © fall and D rise, and to alter the 
directions of motion of A and B in such a way that A is 
raised and B depressed. The point ‘‘I” will therefore 
run round as the top precedes; and its movement will 
grad ually raise the top toa vertical position, so that it 
rf) ee > 

ne, § = —_ a syrontate ened =e conditions 
can iow seeing which parts of the spinnin 
body have their directions of movement altered, and 
tracing the forces so produced. 

This simple — was published about twenty 
years ago in Words. As it is possible that some 
of the members of the Institution did not see the number, 
it seemed w while to repeat it, as it may help the 
understanding of Professor Gray’s Kelvin Lecture.* 





Tae Sm Wii1tamM Wuire Memortrat Funp.—The 
Institution of Naval Architects states that the appeal for 
subscriptions to the above has resulted in a sum of 
30761. 14s. 6d. having been contributed by 455 subscribers. 
The Committee, after carefully idering various sug- 
gestions, have decided that the most suitable form whic 
the memorial could take wo' the establishment of a 
Research Scholarship in Naval Architecture, to be named 
after Sir William ite, and they have accordingly 

to'‘hand over to the Cou of the Institution 
of Naval Architects the ter part of the funds sub- 
scribed, so that a sum of at least 1007. a year shall be 
available for the scholarship, which will be administered 
by the Council of pon ie aaiinton. As a number of 
subscri more particularly those g engi- 
neering societies in America and on the Continent were 
anxious that their donations should be devoted to some 
form of memorial tablet, it has been arranged for a 
medallion portrait to be placed, by the kind permission 
of toe Institution of Civil in their new 
building. Finally, at the suggestion of Lady White, a 
donation of 100 guineas has been made to the Westminster 
Hospital, where Sir William White passed away. Any 
surplus left after defraying the cost of the memorial 


tablet, the donation to the hospital, and the small charges 
incidental to printing and tage, will be devoted to 
increasing the value of the Scholarship. Addi- 


tional donations can therefore still be received for that 
purpose. The committee desire to express their appre- 
ciation of the manner in which their appeal has been 
responded to. 





Dr. ArcHIBALD Barr, Emeritus - PRorgssor oF 
Gtasaow University.— When Professor Barr retired from 
the Engineering Chair of Glasgow University in 1913, the 
University Engineering Society resolved that the students 
and former students, and all who had been associated 
with him in the work of that department, should join 
in making some tangible recognition of his services. 
Accordingly, they commissioned Mr. Fiddes Watt, 
A.R.8.A., to paint two portraits of Professor , one 
for presentation to the University, and the other to 
Mrs. Barr; and at a y attended meeting at the 
University, on the 24th ult., presided over by Mr. J. 8. 
Nicholson, Lecturer in Electrical Engineering, Mr. Hugh 
Reid, in the name of the subscribers, asked pe 
MacAlister to accept one of the portraits on of 
the University. In doing so, he gave an interesting 
biographical sketch of Professor Barr’s career, from the 
days of his early education in Paisley to the present 
time. He spoke of Dr. Barr’s distinction as a student at 
Glasgow University, and recalled that, after his election 
to the Chair of Mechanical Engi ing in the Yorkshire 
College, in 1884, he returned five years later to Glasgow 
as the natural successor of Lewis Gordon, uorn 
Rankine, and James Thomson, former occupants of the 
Chair. “rhe great scheme which resulted in the building 
and equipment of the James Watt Engineering Labora- 
tories at the University owed much of its success to 
Professor Barr, and the number of students had wn 
from 36 in 1889 to 220 in 1911. Principal Sir id 
MacAlister said that no gift of the kind had been 
accepted with a heartier welcome than be now offered, in 
the name of all his oatengaen, to that tribute of pupils 
and friends to Professor 8 vigorous and genial per- 
sonality. The University’s laboratories of engineering, 
in which sound knowledge and practice were both incul- 
cated and extended, were the product of his personal 
influence and indus He had trained his engineers to 
use their brains as as their hands. His own tical 
achievements and applications of ecience (in the and 
Stroud finder, for instance) had in their own domain 
gained for & w an international reputation. If they 
were guthered there that afternoon in peace and safety, 
it was mainly due to the vigilance of our Fleet and to the 
deadly sureness of our guns. The eyes that enabled the 
men behind the guns to seek and to find their object were 
made at Asaiedend. Professor Barr returned thanks. 
The ie. to Biss, Base wap Sormeliy peomnted by 
. F. Henderson in the name of the su bers, and 
was acknowledged by Lieutenant Barr. 








° Page 207 ante. 
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NOTES FROM THE UNITED STATES. 
Puiape puis, February 17. 
A FURTHER increase in iron and steel activity is 


noted during the past week. The most encouraging | M. 


feature just now is in shipyard work. Fifteen large 
vessels have been recently contracted for, and five are 


now under negotiation. The Texas Oil Company has 
ordered two -ton oil-steamers, and another line 
a 5000-ton steamer. Yesterday the Government 


received bids on 18,000 tons of steel for the a me 
California, to be built at the Brooklyn Navy Yard. 
The Pennsylvania Railroad Com has withdrawn 
its bid for 19,000 tons of gene bridge material, as 
prices were too high. The Burlington Railroad Com- 
apd is asking prices on 20,000 tons of rails and 
engines and 15 passenger-cars. The Baltimore and 
Ohio Railroad is ordering 3600 tons of bridge material. 
The Altona shops of the Pennsylvania Railroad are 
crowded with work for the road. About one-half 
more business is being done in steel than in December. 
All material ordered is for early delivery and imme- 
diate use. Very little forward contracting is being 
done. Practically the entire season’s business in tin- 
plate was placed in December. This year’s production 
may reach nearly one million tons. There are in- 
uiries in the market for basic iron from France, 
ngland, and Scotland. The sharper demand for 
coke is due to increased furnace activity. More 
ovens are being fired. Plain and galvanised iron have 
been olveneel Western natural-gas companies are 
ordering large quantities of pipe, much of which goes 
to the National Tube Company, near Pittsburg. The 
larger foundries, stove works, and engineeriug plants 
are now buying foundry iron more freely than usual, 
though not much for distant delivery. The uplift is 
general and encouraging. 





New Soutn Wa xgs Steet Worxs.—With reference to 
the aay Sl completion of the Broken Hill Steel 
Proprietar mpany’s works, it appears from the 
Bulletin of January 14 of the South Australian Official 
Intelligence Bureau at Adelaide, quoted by the Board 
of Trade Journal, that these works, which are at New- 
castle, N.S.W., are expeoted to be ready to commence 
operations in March, and it is understood that the South 
Australian Government ready accepted a tender 
from the company for the ape = 2000 tons of 60-lb. 
steel rails and 140 tons of fish-plates. The rails will be 
manufactured on the basic open-hearth method, and 
the Sandberg process applied. The acceptance of the 
tender means that for the first time in the history 
of the South Australian Railways rails of Australian 
manufacture will be used. In connection with the 
utilisation of some of the large iron-ore deposits in 
South Australia, it is interesting to note that a ship- 
ment of 2800 tons of ironstone was recently despatched 
to the Broken Hill Proprietary Company’s iron and 
steel works at Newcastle, N.S.W. The ironstone 
was obtained from Iron Knob, some 41 miles from 
Port Augusta, where is situated the largest deposit in 
that State. This is contained in two great ore bodies 
known as the Iron Knob and Iron Monarch, the latter 
being the larger of the two. The ore from the Iron Knob 
has, during the Mast 12 years, been used by the Pro- 
prietary Company for fluxing purposes at its smelting 
works at Port Pirie, and its average content of metallic 
iron has been found to be over 68.5 per cent. The extent 
of the deposits has nct yet been actually determined, but 
on the assumption that the average depth of ore is no 
more than 100 ft., it has been calculated that over 
21,000,000 tons of ore are available. 





BULLETIN OF THE IMPERIAL INSTITUTE.—The new 
number of the Bulletin, which has just been published, 
contains the first of what is to be a series of articles on 
the economic resources of the German colonies. The first 
article deals with German East Africa and the minerals 
in which the country is said to be rich. When systema- 
tically prospected, there is, doubtless, a great commercial 
future in store for this country. In a second article, which 
will cogne in a subsequent issue of the Bulletin, the 
agricultural and forest resources of the country will be 
dealt with. The mt issue contains an article entitled 
‘The Industrial Position of Copra, Coconut-Oil, and 
Coconut-Cake,” calling attention to the magnitude of this 
trade and to the desirability of British merchants and 
manufacturers securing a larger proportion of copra for 
industrial purposes in this country. In another article 
the food value of palm-kernel cake and meal for live stock 
is fully discussed, and it is gratifying to learn that those 
of British manufacture have proved, without exception, 
to be superior to German products. A number of 
agricultural coll are now carrying out stock-feeding 
trials with palm-kernel cake, and their should be 
carefully considered by British farmers. Useful informa- 
tion on such diverse subjects as the soils of the East 
Africa Protectorate, tea from Uganda, beans from British 
West Africa, and barley from Cyprus, is given in the 
“Reports of Recent Investigations at the Imperial 
Institute.” Some new developments in the work of the 
Institute are also dealt with. Among them is the forma- 
tion of a Technical Information Bureau, which has 
already proved to be of great assistance to manufacturers 


and users of raw materials of all kinds. The Bulletin is 
published by Mr. John Murray, of Albemarle-street, W., 
at the price of 2s. 6d. net, or post free 2s. 9d. 


ritish | H. 





THE PHYSICAL SOCIETY OF LONDON. 


AT the annual meeting held on February 12, 
at the Tmperial College of Sotenee, Dr. A. Russell, 
A.. Vice-President, in the \ report of the 
Council was taken as read, and the report of the Treasurer 
was read by Mr. Duddell. 

Prince B. Galitzin was balloted for and elected an 
Honorary Fellow of the Society. 

The following is the list of officers elected for the 
one, ear :—President: Sir J. J. Thomson, O.M., 
D.8Sc., F.R.S. Vice-Presidents who have filled the office 
of President: Professor G. C. Foster, F.R.S., Professor 
W. G. Adams, M.A., F.R.S., Professor R. B. Cli 
M.A., F.R.S., Professor A. W. Reinold, C.B., M.A., 
F.R.S8., Professor Sir Arthur W. Riicker, M.A., D.Sc., 
F.R.S., Sir W. de W. Abney, R.E., K.C.B., D.C.L., 
F.R.S., Principal Sir Oliver J. Lodge, D.Sc., F.R.S. 
Professor 8. P. Thompson, D.Sc., F.R.S8., Mr. R. T. Glaze- 
D.8c., F.R.S., Professor J. Perry, D.Sc., F.R.S., 
Mr. OC. Ch Sc.D., F.R.S., Professor H. L. Callendar, 
M.A., F.R.S., Professor A. Schuster, Ph.D., F.R.S. 
Vice Presidents : Mr. W. 


A. 


.Sc., F.R.S., Pro . Rich we 7 
D.S8c., F.R.S., Professor the Hon. R. J. Strutt, F.R.S., 
Mr. W. E. Sumpner, D.Sc. 

A paper, entitled ‘‘ A Galvanic Cell which Reverses its 
Polarity when Iliwminated,” was read by Mr. A. A. 
Campbell Swinton. 

If two plates—one of zine and the other of tinned 
copper coated on onesurface with selenium and varnished 
with enamel over the remainder of its surface—are im- 
mersed in tap-water, the electric current through a gal- 
vanometer connected to the plates shows that in the dark 
the zinc is electro-positive to the selenium, while the 
— of light falling on the selenium is to increase the 
effect. 

If, however, instead of zinc, carbon or copper is em- 
—— for the non-coated plate, the interesting result 
is obtained that, while the selenium proves to be electro- 
ee | to the carbon or copper in the dark, it imme- 

iately becomes electro-negative to carbon or copper the 
moment it is illuminated, this being easily shown by the 
deflections of the galvanometer in contrary directions as 
the light is turned on and off. 

Professor T. ther asked if the increase of ‘current 
produced by the illumination was proportional to the 
electromotive force which the author had detected with 
the quadrant electrometer. 

Mr. S. D. Chalmers asked if heat waves would pro- 
duce the effect. 

Mr. W. Daddell commented on the fact that the visible 
rays were most effective while the ultra-violet rays were 
ineffective, and contrasted the result with the recent 
discovery that selenium is very sensitive to X-rays. 

Mr. D. Owen asked if the action was instantaneous. 
If so, by using intermittent illumination one should get 
a strong effect produced in a telephone circuit. 

Mr. G. D. West thought that the ineffectiveness of the 
ultra-violet radiation might be due to the absorption of 
these rays, which was bound to occur in the electrolyte. 

The author, in reply, said that the extreme instability 
of the cell made it impossible to co-ordinate readi' of 
the current and the electromotive force produ by 
yy P a did not think rete —s — able to 

uce the effect, as passing the light through a solu- 
tion of alum did a ey reduce it. The pan he 
thought, was practically instantaneous. He that 
the absorption of the cell would probably account for the 
ineffectiveness of the ultra-violet rays. 

A paper entitled ‘On the Criterion of Steel Suitable 
for Permanent Magnets,” by Professor S. P. Thompson, 
F.R.S., was read in abstract by the secretary, the author 
not being present. 

Whatever the form to be given to a permanent magnet, 
the prime requisites as to the quality of the steel are :— 
(1) remanent magnetism (Jrem.) and a high coer- 
cive force (H.). Since Hopkimson’s determinations of 
1885 it has been supposed that, for the purpose of making 
permanent magnets, the best material would be that for 
which both of these quantities, and, consequently, their 


numerical » a ww should be as high as possible. 
Recently Mr. J. A. Mathews, and, independently, Mr. 
J. R. Ashworth, have pro to take the ratio 


He + Jrem. or He + Brem., which only differs in scale as 


the criterion. 
_ To decide as to the cngetion to take the ratio 
instead of the product, a table giving the values of 
ec, Jrem., He + Jrem, "x Jrem. for a number of 
steels is given, and it is clearly shown that the use of the 
ratio as a criterion of magnetic usefulness leads to most 
absurd results. As an example, annealed manganese 
steel (almost non-magnetic) should, judging from the 


ratio, six times as good as Remy steel, whereas in 
reality, for equality of pull, a magnet of 8 
would require to be 312 times the weight of that made of 


Remy steel. The qualities requisite in an ideal steel for 
permanent magnets are indicated. 

Dr. S. W. J. Smith said that in cases (by far the most 
numerous) in which it was as essential that the moment 
of the magnet should be high as that it should be = 
manent, the criterion H. + J, a maximum obviously 
very little to be said for itin comparison with the criterion 





. | Strongly in one direction than in the other. 





H. xJ,r #maximum, as Professor Thompson had so clearly 
shown. It was possible, however, to think of cases where 
o* magnet” might be required in which the 
constancy of the moment might be much more important 
than its magnitude. In these cases more might said 
in favour of the first criterion. He pointed out that the 
choice between two different materials for a particular 
ppend might depend as much upon the shape of the 

H curve as upon the values of J, and He. 

Mr. A. Campbell said that for practical purposes it was 
important that J, should be large, or else a large coercive 
force was of no use. He agreed, therefore, that the 
product of H. and J, was the most useful criterion, and 
could not think of a case where the quotient would give a 
useful indication of the quality of the steel. 

Dr. C. Chree said that uliar cases were often 
encountered in which it was difficult to say exactly what 
interpretation should be put on the terms ‘‘ permanent 
magnetism,” ‘‘ coercive force,” &c. Some years ago he 
had had occasion to demagnetise a bar of cobalt. He 
had used the ordinary method of reversals, accelerating 
the process by hammering. By this process he actually 
reversed the magnetisation, a phenomenon which he 
attributed to the original magnetism being in the oppo- 
site direction in the outer layers to what it was in the 


:|inner core, the magnetism of the outer layers being 
. | destroyed by the hammering. 


He had also found with a 
certain dip-needle that it could be magnetised 3 more 
i tb was 
afterwards found that the steel from which the dip- 

je was made had been magnetised very strongly in 
that direction by the maker. here was another factor 
of importance ides the permanence of the moment of 
& magnet, and that was permanence of the distribution 
of the magnetisation. e cited the case of two Kew 
magnetometer magnets which had inadvertently been 
allowed to touch. Their moments were unaltered, but 
their mutual influence was considerably affected owing 
toa change in the distribution of the magnetisation. 

Mr. E. H. Rayner communicated the following :— 
From a practical point of view a high value for the 
product of remanence x coercivity is to be desired, with 
the proviso that a low value in one of them cannot com- 
pensate for a corresponding unusually high value in the 
other. A ‘‘figure of merit” might be made out by 
penalising the material in both of these properties, 
counting only after a certain value has been attained. 
This figure might be calculated from the formula 
(J, — 400) x (H- — 20). This would give a positive figure 
of merit to fifteen materials in the list given in the 
paper, implying that, from a peters point of view, the 
rest were comparatively worthless. The order of those 
with a — figure of merit is much the same as the 
order of the magnitudes given in the last column of the 
paper, the first four being in the same order, and the fifth 
and sixth inverted. e most notable exception is the 
molybd tungsten steel, which comes tenth in order of 
merit in the last column of the paper, but which, by 
reason of having a value for J, of less than 400—namely, 
370—has a negative figure of merit on the basis suggested. 
It would be interesting if Professor Thompson could 
give some idea of what is the minimum value for H., 
which is desirable in a good permanent magnet for com- 
mercial purposes, such as magnetos for explosion-engines. 

A paper entitled ‘* An Investigation of the Photographic 
Effect of Recoil Atoms,” by Messrs. A. B. Wood. M.Sc., 
and A. I. Steven, M.A., was taken as read. 

The ionising, phosphorescent, and photographic effects 
of the a particles from a radioactive substance entirely 
cease when the particle still retains about 40 per cent. of 
its kinetic energy. It ees possible, therefore, that 
the recoil atoms from a radioactive source should be able to 
affect a pho’ phic plate, for though the range of a recoil 
atom is only about x};th of that of the a icle shot off 
from it, the ape J effect has been shown by Wertenstein 
and one of the authors to be ten times as powerful over 
the corresponding range as that of the a particle. 

Attempts have therefore been made to demonstrate 
this action in the case of the recoil atom from polonium, 
this substance being chosen on account of the inactive 
nature of the recoiling atom. Two distinct methods were 
5 te :—(1) The recoil atom was “‘ absorbed ;” (2) the 
difference of deflection of the a particle and the recoil 
atom in a strong etic field was utilised in order to 
attempt to separate their effects. Schumann plates were 
used as being most easily penetrable, but in all cases the 
results were negative or inconclusive. This is probably 
due to the fact that the recoil atoms are nod able to 
penetrate sufficiently deeply into the sensitive layer to 
render the grains developable. 








Tue German Tuse Synpicate.—The endeavours made 
to form a new German tube syndicate are being continued 
and it would 7[—er that the prospects of their success 
are improving. Thus the Rhenish-Westphalian works are 
understood to have arrived at a comprehensive under- 
standing, and the differences between the Mannesmann 

up and the Thyssen firm have been —— of. The 
ormer now appear willing to grant the Tyssen firm an 
allotment in steel bottles, previously asked for, under the 
agreement of the new tube syndicate. On previous occa- 
sions the formation of the syndicate has been prevented 
by the freight conditions asked for by the Upper Silesian 
works and the Lauchhammer concern, in addition to the 
Mannesmann-Tyssen differences. As the Upper Silesian 
works, &c., were not adequately represented at a recent 
meeting of tube works, their presend attitude as 
regards the new syndicate has not yet been ascertained. 
So much, however, seems in, that the tube works, 
which have not to effect any sales of tubes before 
the next full meeting, will at that meeting agree upon 
a further rise in the quotations. 








Marcu 5, 1915. ] 


ENGINEERING. 





269 








THE EXPEDITING OF WORK ON WAR 
MUN . 


ITIONS 

Tue second interim report to His Majesty’s Govern- 
ment of the Committee on Production in Engineering 
and Shipbuilding Establishments engaged on Govern- 
ment Work deals with (a) production of shells and fuses 
for shells, &c. ; (b) avoidance of sto} » of work ; (c 
guarantee to workpeople. The report, which is refe 
to in our leading article, is here reproduced in full. 

(a) Production of Shells and Fuses.—It has been repre- 
sented to us very strongly by both the Admiralty and the 
War Office that there is a + and contin y in- 
creasing need for shells and fuses for use by both the 
naval and military services, and that it is necessary for 
the existing production to be increased rapidly in order 
tomeetthedemand. We need not enlarge upon the vital 
importance of such a matter and its effects upon the 
successful prosecution of war. Under these circum- 
stances there is no reason to doubt that all sections of the 
community, and not least the workpeople, will desire that 
everything possible be done to maintain and accele- 
rate adequate supplies of ammunition to the Fleet and 
the troops. Restrictive rules or customs calculated to 
affect the production of munitions of war or to hamper 
or impede any reasonable steps to achieve a maximum 
output are under — circumstances seriously hurtful 
to the welfare of the country, and we think they should 
be suspended during the period of the war, with proper 
safeguards and adjustments to protect the interests of 
the workpeople and their trade unions. Dealing in this 
part of the present report with the pressing question of 


shells and fuses, there a to be two methods whereby 
the present rate of uction of these munitions of war 
can be increased. 


1. We are of opinion that the production of shells and 
fuses would be considerably accelerated if there were a 
relaxation of the present ice of the workmen con- 
fining their earnings, on the basis of the existing piece 
rates, to ‘‘ time-and-half,” or whatever the local standard 
may be. We understand this practice is due to some 
extent to a desire to protect the piece rates; we agree that 
the present circumstances should not be utilised as a 
means of lowering rates of wages, and we think the rates 
in question should be protected. This can be adequately 
done, however, by other means than restriction of earni 
and output. As the only consumers of shells are the 
Government, we recommend that firms engaged in the 
production of shells and fuses should give an undertaking 
to this Committee on behalf of the Government to the 
effect that in fixing piece-work prices the earnings of men 
during the period of the war shall not be considered as 
a factor in the matter, and that no reduction in piece 
rates will be made unless warranted by a change in the 
method of manufacture—e.g., by the introduction of a 
new type of machine. The protection afforded by this 
guarantee should remove apprehensions on the part of 
the men that their piece rates might be en , and 
we think, therefore, that the Government would be fully 
justified in calling upon each man to increase his 
duction to the fullest possible extent, irrespective of his 
former limits of earnings or shop customs. Any differ- 
ence which may arise on this matter which cannot 
settled by the parties directly concerned, or by their 
representatives, should be referred as nepeee in our 
a aca respecting ‘‘ Avoidance of Stoppage of 

ork.” 

2. We are satisfied that, in the production of shells and 
fuses, there are numerous operations of a nature that can 
be, and are already in some shops, suitabl rformed by 
female labour. We therefore recommen t, in order 
to increase the output, there should be an extension of 
the practice of employing female labour on this work, 
under suitable and proper conditions. If the conditions 
of employmend cannot be mutually arranged by the 
parties directly concerned, or by their representatives, we 
think the matter should be referred as in our 
romeegeneneien respecting ‘‘ Avoidance of Stoppage of 

ork.” 

_(b) Avoidance of e of Work.—We have con- 
sidered the question of disputes between employers and 
their workpeople which impair, or are likely to impair, 
the productive power of establishments on 
Government work, and we are aes | of opinion that 
during the present crisis employers and workmen should 
under no circumstances allow their differences to result 
in a stoppage of work. Whatever may be the rights of 
the parties at normal times, and whatever i = the 
methods considered necessary for the maintenance and 
enforcement of those rights, we think there can be no 
justification whatever for a resort to strikes or lock-outs 
under present conditions, when the resulting cessation of 
work would prevent the production of ships, equi 
inent, stores, or other commodities required by the 
Government for the purposes of the war. We therefore 
submit for the consideration of His Majesty’s Govern- 
ment the desirability of the immediate publication of the 
following recommendation to Government contractors 
and sub-contractors and to trade unions, and to request 
their adhesion to this recommendation, viz. :— 

Avoidance of Stoppages on Work for Government Pur- 
poses.—With a view to preventing loss of production 
caused by disputes between employers and —— 
no stoppage of work by strike or lock-out sh take 
place on work for Government In the event 
of differences 
parties directly 
under any existing 
referred to an im 


Majesty’s Government for immediate investigation and 
oy to the Government with a view to ee 

c) Guarantee to Wor .—In order tosafeguard the 
position of the trade unions and of the workpeople con- 


, or by their representatives, or 
ments, the matter shall 


or. purposes. 
arising which fail to be settled by the | th 


e be | chiefly German capital, either direct or indirectly th 
partial tribunal nominated by His | Belgian channels. 





cerned we think that each contracting firm should give 
an undertaking, to be held on behalf of the unions, in the 
following terms :— 

To His Majesty’s Government, — 

We hereby undertake that any departure during the 
war from the practice ruling in our workshops and shi 
yards prior to the war shall only be for the period of the 
war. 

change in practice made during the war shall be 


No 
allowed to prejudice the position of the workpeople in our | T 


employment or of their trade unions in regard to the 
resumption and maintenance after the war of any rules or 
customs existing prior to the war. 

In any readjustment of staff which may have to be 
effected after the war, priority of employment will be 
given to workmen in our employment at the beginning 
of the war who are serving with the colours or who are 
now in our employment. 

I AE i isiciinisnsccsessisonnnnn 


Any difference which may arise under this head which 
cannot be settled by the + directly concerned or 
their representatives should be referred as suggested in 
our recommendation ‘‘ Avoidance of Stoppage of Work.” 

The report is signed by Sir G. R. Askwith, Sir Francis 
J. 8. Hopwood, and Sir George 8S. Gibb. 





**GARDNER’S INTEGRATING 
RECORDING METER.” 
To tHe Eprror or ENGINEERING. 
Sir,—With reference to the article on the ‘‘Gardner 
Integrating and Recording Weir-Meter,” in your issue of 
ENGINEERING, February 19, 229-232, we are very 
much interested in the description of this recorder, but 
a out that an error seems to have crept into 
Mr. ner’s calculation, in his assumption that a 
V-notch of 45 deg. is only capable of discharging one- 
fourth of the capacity of that obtained by a 90-deg. 
V-notch working under similar conditions. 
We presume that Mr. Gardner has intended this to be 
a V-notch of approximately 28 deg. 


Yours truly, 
Kilmarnock, March 1. *“* Vee anp Norton.” 


AND 





Roap CONVENTION AND EXHIBITION IN CANADA.— 
According to the the Board of Trade Journal, the Imperial 
Trade Correspondent at Toronto reports that a Good 
Roads Convention and Exhibition is to be held in that city 
from March 22 to 26, when papers and addresses will be 
read on the subject of good roads and allied topics, and 
exhibits of machinery, plant, material, &c., in road- 
en be shown. The secretary of the Conven- 
tion is Mr. G. A. McNamee, 901, New Birk. Building, 
Montreal, to whom British firms desiring information 
should apply. 





Prrsonat.—The Dussek Bitumen Company have 
removed from Canal Bank, Deptford, to Empress Wharf, 
Sherman-street, Bromley-by-Bow, E.—Mr. M. M. Waller, 
Assistant Director of Stores to the Admiralty, has been 
appointed Director of Stores in the vacancy caused by 
the death of Sir John Forsey, Kt.C.V.O.—The firm of 
Messrs. Max. R. Lawrence and Co., of 33, Blackfriars- 
street, Manchester, is being dissolved. Messrs. J. Blake 
and Co., of Liverpool, are taking over the show-rooms 
and repair works, ther with all the staff. Mr. 
Lawrence is going back to the Wolseley Company, and 
= | one, holds a captain’s commission in 

e Army. 





INCORPORATED MountcrpAL ELE&cTRICAL ASSOCIATION. 
—The Council have decided that instead of the 
Convention in 1915, in Dundee, business meetings shall 
be held in London for the transaction of routine business 
necessitated by the Articles of Association and for the 
discussion of matters of general interest to the members. 
A meeting will be held at the Institution of Electrical 


Engineers, Victoria Em ent, W.C., on June 17, to 
receive and discuss a report prepared by Mr. A. 8. 
Blackman, chief electrical ineer, Sunder! and Mr. 


T. Roles, chief electrical engineer, Bradford, on behalf of 
the “‘ Point Five” Association, on ‘‘ The Practical Result 
of the Point Five Tariff;” and to receive and discuss a 
report ” Mr. Frank rey chief eee 
engineer, Ipswich, hon. secretary e Electric Vehicle 
Committee of the In Munici Electri 
Association, on ‘‘The Use of Electric Vehicles in Muni- 
cipal Service.” On June 18 there will be held the annual 
general meeting. 


Tue Execrricat Inpustry in Russia.—At a meeti 
held at the Electro-Technical Institute, in ta 4 
in Mer oy Professor V. V. eye gave some in- 
teresting information as regards the respective positions 
of the home and foreign manufacture of electro-technical 
articles and plant, the relative positions of Russian 
and foreign capital within this field. The production of 
the home ind 
at a value of 31,000,000 roubles annually, whilst the 
imports amounted in value to about 20,000,000 roubles per 
annum. The share of the Russian industry ot the total 
looks very satisfactory on paper; but, as a matter of fact, 

e home industry is almost entirely founded 
and worked by foreign capital, which, again, means 





rough 

It will be seen from this that Russia 

ys not only some 20,000,000 roubles annually to 

he for imported electrical articles, but also the 

30,000,000 roubles disbursed to the home industry as 
worked by the so-called Russian companies. 


in the electrical branch was estimated | Board 


THE BRITISH CORPORATION FOR THE 
REGISTRY OF SHIPPING. 


Tue British Corporation for the Registry of Shippin 
held their twenty-fifth annual meeting at Glasgow a 


the 24th ult., but owing to the war no significance 
was attached to the semi-jubilee. The report of the 
Technical Committee, by Mr. F. J. § , Stated that 
the opinion of the Committee was invited by the Board of 
rade on a proposed new rule for 
ery = of engines. Upon examination it was found 
that although the rule was subject to the limitation that 
the size of the engine which was now rated at 100 nominal 


horse-power would still be rated at the same re 
under the new formula, the proposal now gave a rate of 
increase in nomi power which was proportional to 
that of theactual power. The Commi’ 
no exception to a suggestion which was an improvement 
on the present rule. The Sub-Committee on Internal. 
Combustion Engines had again revised iy Fg — 
rules for this class of machinery. They brought 
them up to date in the light of their own experience, 
and of the large body of expert advice and criticism 
which had been generously given to them by makers. 
While the revision had been thorough, it was still 
felt that there was an element of uncertainty which 
— it inadvisable to adopt the rules as definite, 
book of provisional 
Probably the d 
struction had been expressed in | 
Aztec, the Breifond, and the Ricardo A. Mestres, 
which had been built for the carriage of oil in bulk. 
Instead of ordinary com ts, the oil was carried in 
large steel cylinders, having diameters from 4 ft. to 5 ft. 
less than the breadth of the ship. The arrangements of 
the structure were such that 4° ships cog be aa 
into 7 steamers sim: removing 
cylinder wal! “These vessels had so far Seon an unquali- 
fied success. The largest ship with which the society had 
been associated during the year was the Tuscania, built 
for the Anchor Line service. She was a ship of 14,348 
tons, fitted with turbines, while two 23-knot 
ny en vessels, the Princess t and the 
rincees Irene, had been built for the Canadian Pacific 
Railway Company’s Vancouver trade. 

The chairman of the Corporation (Mr. Robert Clark), 
referring to Government investigations, such as those of 
the Bulkheads Committee and the Freeboard Committee, 
urged that shipowners should have an opportunity of 
considering the report of the former before legislation 
waa enforced, and, as regards freeboards, he h the 
Committee’s report, when issued, would be calculated to 
make such ts immediately effective as made for 
efficiency and safety at sea. It would be a pity to wait 
for an international erence before enforcing satis- 
factory regulations in connection with the protection of 
openings in weather-decks. The Committee had felt the 
need for action in connection with these matters, and had 
had rules in force for some time which embodied im- 
provements in the protection of weather-deck openings, 
and which provided for their annual inspection. It was 
also desirable that immediate effect should be given to 
any conciusions at which the Committee might arrive as 
to provisions which would secure uniformity in practice 
in dealing with shelter-deck vessels. fferences of 
practice had arisen in assigning freeboard to vessels of 
this class, where the so-called tonnage openings had been 
converted into ordinary hatchways. 
sented by assignments to similar vessels of freeboards 
where the difference was feet, not merely inches. It was 
difficult to understand how the same structure could be 
equally efficient with 1500 to 2000 tons more cargo on 
board than that for which it was originally —_ 
The hull must surely have been too strong for the large 
freeboard if it was not too weak for the small one. 





Welcuts AND Measures “ Computor.”—A set of 
tables of foreign equivalents of British weights and mea- 
sures has been compiled by Mr. F. Seaton Snowden, of 
22, Henrietta-street, W.C., and arranged in a form very 
convenient for office use. The tables are printed on a long 
band, equivalents being immediately under each other. 
This is mounted on ers in the same fashion as 
is adopted in certain forms of tual calendar, and by 
windirg up one or other of the two rollers any one of 
the quantities on the roll can be brought opposite an open- 


cal | ing in the casing. All the figures that appear at this 


opening simultaneously are equivalent to each other. 
hus, if the top line visible gives pence per yard, below it 
will be found the equivalent in, say, per metre, as 
also the equivalent in American or Japanese units. 





COMPETITION WITH GERMANY AND AusTRIA-HunGaRY. 
—In connection with the a undertaken by the 
Board of Trade, on the advice of their Advi - 
mittee on mercial Intelligence, to assist British 
manufacturers and merchants to secure trade formerly in 
the hands of German or Austro-Hu ian firms, the 

continues to receive a yd number of 
inquiries for the names of sellers or buyers of articles of 
which the sources of supply or markets have been 
interfered with by the war. ial arra ts have 
been made in the Commercial =; ranch of the 
Board cf Trade for dealing with inquiries, and 
icles which inquirers desire to purchase is 

now ready and may be obtained by Uni Kingdom 
manufacturers and traders. British firms interested, as 
suppliers, in any of the goods mentioned should com- 
municate with 
gence Branch 





street, London, H.O. 
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MINE-VENTILATING FAN. 


BY THE JAMES KEITH AND BLACKMAN COMPANY, LIMITED, ENGINEERS, LONDON. 


Fig. 2. 
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WE illustrate on the present and ne pages & 
very large fan recently constructed the James 
Keith and Blackman Company, Limited, of 27, Far- 
-ringdon-avenue, London, E.C., and supplied by them 
for ventilating a colliery in South Wales. This fan is 
designed to exhaust 400,000 cub. ft. of air per minute 
from the pit against a static resistance of 6-in. water- 
gauge in the inlet drifts, and, when working under 
these conditions, it will be run at a speed of 214 
revolutions per minute, and will require about 500 
horse-power for driving. 

Figs. 1 and 2 show the general arrangement of the 
fan and air ducts, and from these it will be seen 
that the fan is of the double-inlet type, which is the 
usual form for all except the smallest sizes. It is 
customary in this country to construct a of the 

ing volute of steel plates in order to facilitate the 
uction and removal of the runner, the remainder 


int 
of the casing, &c., being practically an extension of 


the brickwork of thedrifts, This form of construction 
has been followed in the fan we are describing, though, 
if desired, the housings and discharge chimneys of 
these large fans can be constructed entirely of plates. 
The Coal Mines Act (1911) requires that ‘‘ in every 
mine in which a mechanical contrivance for ventila- 
tion is used there shall be provided and maintained 
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adequate means for reversing the air current,” and 
Figs. 1 and 2 illustrate a simple system of dampers, 
whereby, at a moment’s notice, the fan can be con- 
verted into a blowing-in fan, in order to comply with 
rs ign Band doo tapend led drawings éf 

n Fi 4 we uce detai ings © 
the mm my which is also shown in the half-tone 
engraving, Fig. 5, on the opposite page. The drawings 
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show that the over-all diameter of the runner is'11 ft., 
and that the diameter of each of the inlet eyes is 10 ft. 
There are 50 blades on each side, and each blade is 
riveted by a long flange to a heavy steel centre plate, 
while the inlet ends are riveted toa narrow shroud- 
ring 8 by an angle-iron spigot. The blades 


are curved, a8 shown’in Fig. 4, both the inner and 
outer edges pointing in the directi ion of rotation, and 
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the inner edge being arranged so that the air enters 
it with the minimum shock. The centre, by which 
the runner is secured to the shaft, comprises two 
P conical iron castings, which are introduced from either 
side, and are accurately centred in the fan by means 
of turned svigots. Two rows of bolts, a number of 
which are fitted in reamed holes, hold the two cast- 
ings together, and also secure the centre plate. 
It will be noticed from Fig. 3 that the external 
diameter of the runner over the blade-tips diminishes 
from the inlets to the centre, and we should explain 








that this construction has been adopted in order to| 
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compensate for the tendency of the air entering the mechanical standpoint. The nearly triangular shape 
eyes in an axial direction to bank up towards the of the blades gives them great strength to resist centri- 
centre plate while it is being deflected radially out- |fugal stresses, while the curvature provides ample 
wards, The increased diameter at the inlet ends of | laters stiffness ; so that, even when running at the 
the blades creates a correspondingly increased induc- | speeds required to overcome the highest resistances, it 
tive effect at this part, and thus ensures a compara-|is never found necessary to employ supplementary 
tively uniform delivery of air over the whole periphery | internal stays in runners of this type. 

of the runner. Apart from its efficiency as an air-| Referring again to Fig. 2, it will be seen that the 
mover, the design of the runner js of interest from 4 ' fan we are describing has been specially arranged for 
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driving from either end of the shaft through rope- 
pulleys. The shaft is composed of a middle section 
coupled to two end sections, the latter being 8 in. in 
diameter for the greater part of their length, but 
swelled to 104 in. in diameter at the on which the 

-pulleys are mounted. The middle section of the 
shaft, which carries the runner, is 16 in. in diameter, 
but is reduced to 8 in. in diameter at the journals. 
The half-tone engraving, Fig. 5, shows the middle 
section and one end section of the shaft, and also 
includes a belt-pulley. The latter, it should be 
explained, will be used temporarily for driving the 
fan under a light load of about 150 horse-power, until 
the underground workings are developed sufficiently 
to require the full output. 

The accurate alignment of this a gp shaft, 
which runs in six bearings, is obviously of vital 
importance, and consequently special attention has 
been given to this point. For this reason the couplin 
have all been forged solid on the shaft, and the middle 
section has been so arranged that the runner can be 
dismantled for transit purposes, and re-erected on the 
site, without refitting the couplings. Furthermore, 
the bearings are all provided with double-adjust- 
ment sole-plates, as shown in Fig. 5; drawings of 
the bearings and sole - plates are reproduced in 
Figs. 11 a 12, page 270. Transverse alignment is 
obtained by means of the screwed stops at the side 
of the pedestal, and vertical adjustment is made by 
means of a wedge-piece operated by the two lower 
screws in the end brackets of the sole-plate; the 
upper pair of screws at the end, and best seen in 
Fig. 11, are stops to prevent the bearing from moving 
in a transverse direction while vertical adjustment is 
being made. The sole-plates of the four outer bearings 
are bolted directly on to the concrete or brickwork 
foundations, as will be gathered from Fig. 2; but the 
two inner bearings, nearest to the runner, are each 
carried on a pair of rolled-steel joists, the ends of 
which are built into the brickwork of the drifts. 
The joists are supported at their centres by cast-iron 
columns, utienel so as to offer the minimum resist- 
ance to the air entering the runner. The bearings 
themselves, details of which are shown in Figs. 6 to 10, 
are of the ring-oiling type, and the length of the 
working surface, which is lined with white-metal, is 
three times the diameter of the shaft. As shown, 
they are provided with large oil-reservoirs, from which 
the lubricant is supplied to the working surfaces by 
double rings. Special dust-washers, shown in Fig. 6, 
are fitted on each end of the bearings to prevent the 
ingress of dust. The pressures on the bearings are 
kept much lower than is usual with other classes of 
machinery, owing to the fact that the fan must run 
continuously, night and day, year in and year out, 
with no more attention than the periodical filling of 
the oil-wells. 

In an installation of this kind, reliability is, of 
course, of foremost importance, as hundreds of human 
lives may depend upon its working. At the same 
time very careful consideration must be given to the 
questions of efficiency and durability in order to keep 
the initial expenditure and running costs within 
reasonable limits. All these points have been kept 
in mind in designing the 
ing, as a careful study of the drawings reproduced 
will clearly show. 





CONVERTIBLE INTERNAL - COMBUSTION 
ENGINES. 


In connection with the paper by Mr. A. E. L. 
Chorlton entitled ‘‘ Convertible Combustion-Engines,” 
and read before the Institution of Mechanical Engi- 
neers in London, Birmingham and Manchester, we 
gave last week on page 256 illustrations of a small 
engine of this class for working with oil and 
gas fuels. In the Manchester discussion the question 
was raised as to the size of engines so far constructed, 
and Mr. Chorlton, in reply, stated that at present 
the limit was about 150 < peeel in one cylinder, 
above which resort had to be to multiple cylinders. 
The illustrations on page 274 of this issue of Enar- 
NEERING should prove interesting in this connection. 
Of these, ~ & shows an 80-90-horse-power engine of 
the convertible type, and Fig. 2 a 150-horse-power 
engine, both constructed by Messrs. Ruston, Proctor 
and Co., Limited, of Lincoln. 

The engine shown in Fig. 1 has been made in large 
— especially for Russia. It is one of an 
older pattern, and was practically, we believe, the 
originator in this country of the Ib. compression 
engine, now being taken up by numerous firms. Fig. 6 
of Mr. Chorlton’s paper, as reproduced on page 258 
of our last issue, gives a ae this engine, the 

ent for oil fuel being shown in Fig. 7, and 
for gas in Fig. 8. In our illustration this week the 
engine is shown arranged for working on oil. 
he 150-horse-power engine in Fig. 2, 274, is 
also shown arranged for oil, but is convertible into a 
gas-engine. A typical consumption-ourve showing the 
excellent results seoured with this class <a is 
given in Fig. 9 of Mr, Choriton’s paper (page 258 ante). 


lant we have been describ- | fj 





The size of the cylinder of this engine is 20 in., and 
the stroke 30 in. The engine runs at 175 revolutions 
per minute. An interesting feature of the engine is 
the eccentric and roller-lever gear for operating the 
valves, giving very smooth running, and the vertical 
completely-enclosed fuel-pump. Further, the cylinder 
ends are designed to allow of free expansion, the 
side-shaft bracket, frequently fixed to the cylinder 
end in other designs, being in this instance bolted 
direct to the bed. The governor is separately driven 
from a counter-shaft, thus getting over the trouble of 
the torsional vibration of the side-shaft. The pistons 
are not water-cooled, this not having been found 
necessary in engines of this.size. The design has been 

‘ot out on strong and simple lines, and the engine is 
fight on all fuels. 

In the multi-cylinder engines of four cylinders 
depicted in Fig. 13 of Mr. Chorlton’s paper a similar 
valve-gear is adopted, but two eccentrics are required 
to drive both the air and exhaust-valves. In the case 
of the two-cylinder engine only one eccentric is 
required, this arrangement reducing the number of 
parts toa minimum. With the multi-cylinder engines 
the bed is arranged in one unit, the floor space being 
thus reduced to a minimum, at the same time the con- 
struction being substantial and the engine easily aligned. 





Rounninc Costs or Moron Venicies.—In a paper 
entitled ‘‘ Running Costs of Motor Vehicles,” read before 
the Society of Engineers, the author, Lieutenant Robert 
W. A. Brewer, A.M. Inst. 0.E., said that ordinary 
pleasure-cars give very similar fuel-consumption results, 
though they may differ widely in general form and 
weight. Economy could be obtained by using weak 
mixtures at high compression rather than by using a 
greater mixture strength at low compression, as was 
generally the case. He said that in still air the wind 
resistance of & motor car body, at speeds up to 20 miles 
per hour, was negligible. The total resistance was 
represented by rolling resistance, which, on good roads, 
was of the order of 70 lb. per ton. Suitable curvature of 
the body lines reduced the total wind resistance by 50 per 
cent., as compared with normal surface resistance. At 
speeds of 30 miles per hour, a car of average form ex- 
perien @ wind resistance practically equal to the 
rolling resistance. At higher speeds the wind resistance 
preponderated appreciably. 





Tue Norru-East Coast INstITuTION OF ENGINEERS 
AND SHIPBUILDERS.—On February 26 a paper was read 
before the North-East Coast Institution of Engineers and 
Shipbuilders by Mr. E. W. Fraser Smith. secretary, on 
‘The Future of British Engineering and Shipbuilding.” 
The paper was of rather a discursive character, touching 
as it did on the dye and glass industries, the electrical 
industry, coke-oven operation, iron and steel industries, 
and ep The gist of the paper, however, lay in 
the author’s argument that without a better appreciation 
of the scientific side of engineering Great Britain could 
not expect to retain after the war any unusually large 
share of the world’s work which present circumstances 
may enable her to secure. The need of progressing in 
scientific methods and education concurrently with busi- 
ness expansion should, or course, be kept constantly in 
view. Tosecure any permanent adVantage as a result of 
present conditions, we must compete with Germany in the 
matter of industrial science and research. ough some 

rms are alive to the value of work of this kind, the 
author drew attention to the fact that investigations 
already made were often repeated in ignorance. The 
technical institutions might assist in obviating waste of 
that kind by co-ordinating information on the subjects 
they were primarily interested in. 

Procress OF REFORM IN THE ENGINEERING BRANCH OF 
THE Navy.—This was the —— of a paper read on the 
26th ulbt., at a meeting of the North-East Coast Engineers 
and Shipbuilders, by Mr. D. B. Morison, Vice-President. 
He gave a comprehensive historical review of the ste 
which have happily culminated in the decision of the 
Admiralty that all engineer officersin His Majesty’s Navy 
are to be classed as part of the military or executive 
branch, and are to wear, with the addition of a distinctive 
purple band, a uniform exactly similar to that of corre- 
sponding ranks of the — military or executive 
branch. To this decision of the Admiralty we referred at 
the time it was announced (see 21 ante), and we 
heartily agree with the chorus of congratulation which 
finds its finale in Mr. Morison’s paper, and in the m 
received at the meeting from o institutions. He him- 
self has done much to bring this highly desirable reform 
into effect, and be is entitled to share in the credit for this 
reform in view of the papers which he read at the North- 
Fast Institution, and in letters which he contri- 
buted to Enoingrrine. Now that success has been 
achieved, we are not disposed to refer to the difficulties 
and opposition which rendered necessary so much omer 
and convincing argument. But it is well that the whole 
oe should be embodied in such a paper as Mr. Morison 

€ ms should a on the records of the — 
tion. Lord er was very y responsible for 
this as for other naval reforms is well known, and thus 
it was no mere coincidence that the reform should have 
been brought into effect soon after his return to the 
Admiralty. The Institution of Civil Engineers, the 
North-East Coast Institution of Engineers and Ship- 
builders, and the Institution of Engineers and Ship- 
——2 in Scotland pave come. eae well to recognise 
Lord Fisher’s sym wi cntinesting pectessice 
by making him an member of their tutions, 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
market was fairly firm in tone, and 4000 tons of Cleve. 
land warrants were put through at 57s. 3d. and 57s. 14d. 
cash, and from 57s. 6d. to 57s. 7d. to 57s. 6d. one month. 
Closing sellers quoted 57s. 2d. cash, 57s. 6d. one month, 
and 58s. 1d. three months. The afternoon session was the 
turn firmer, but the dealings were limited to 1500 tons of 
Cleveland warrants at 57s. 6d. and 57s.7d. one month, 
and sellers’ closing prices were 57s. 34d. cash, 57s. 74d. 
one month, and 58s. 3d. three months. The tone was 
easier on Friday morning, when 2500 tons of Cleveland 
warrants changed hands at 57s. 2d. cash, 57s. 3d. four and 


five days, and 58s. 3d. and 58s. 24d. three months. At 
the close the quotations were called 57s. 14d. cash, 
57s. 54d. one month, and 58s. 2d. three months sellers. 


In the afternoon Cleveland warrants were nominally 
unchanged, and the business consisted of 2000 tons 
at 57s. 1d. six days, 57s. 14d. seven days, and 
57s. . one month, with closing sellers at 57s. 14d. 
cash, 57s. 54d. one month, and 58s. 24d. three months. 

Monday morning the market got weaker, and 
2000 tons of Cleveland warrants were done at 56s. 11d. 
cash and 57s. 3d. one month, with buyers over at 
these figures, and sellers at 57s. cash, 57s. 4d. one month, 
and 58s. three months. The afternoon session was dull 
and quiet, and only two lots of Cleveland warrants were 
dealt in at 57s. 24d. twenty-five days, and 583. May 26. 
The closing prices were 56s. 114d. cash, 57s. 34d. one 
month, and 583. three months sellers. On Tuesday 
morning there was little doing, and prices eased slightly. 
The turnover amounted to 1000 tons of Cleveland war- 
rants at 563. 104d. three days and 57s. 11d. three months, 
and at the close sellers quoted 56s. 104d. cash, 57s. 24d. 
one month, and 57s. 114d. three months. In the after- 
noon Cleveland warrants fell away 3d. to 4d. per ton, and 
a small business of 1500 tons was put through at 57s. one 
month and April 12. There were sellers over at 56s. 74d. 
cash, 57s. one month, and 57s. 74d. three months. When 
the market opened to-day (Wednesday) the tone was 
easier, and 1000 tons of Cleveland warrants changed 
hands at 56s. 10d. one month. Closing sellers named 
56s. 7d. cash, 56s. 11d. one month, and 57s. 74d. three 
months. The afternoon session was dul], but nominally 
steady, and the turnover was 1000 tons of Cleveland war- 
rants at 56s. 64d. nine days. At the close sellers’ quota- 
tions were 56s. 64d. cash, 56s. 104d. one month, and 
57s. 74d. three months. 


Sulphate of Ammonia.—The sulphate of ammonia 
market has not been quite so active, but a good amount 
of business is still going through. The price is holding 
fairly steady, and is from 137. 18s. 9d. to 141. to 141. 23. 6d. 
per ton for prompt delivery, Glasgow or Leith. 


Scotch Steel Trade.—The state of the Scotch steel trade 
has varied very little during the past week, and Govern- 
ment requirements continue on a large scale. The un- 
fortunate trouble with a section of the workers (the 
engineers), and which is now about over, as they will all 
be back at work before this is printed, has hindered out- 
puts of war material, but has given steel-makers a chance 
of overtaking a little of the very pressing demand for 
some classes of stuff. On general home account there 
has been almost no increase in business, although ship- 
plates are moving fairly freely, and boiler-plates and 
structural sections are alike meeting with good sup- 
port. @ various establishments are running full, or 
at least as full as can managed with the present 
reduced staffs. For black sheets there is still a steady 
demand, but in all departments the cost of production 
is daily becoming so high that prices are rising steadily. 
Fuel has . advanced, pig-iron has done the same, 
and with hematite iron now in the neighbourhood of 
100s. per ton, the lot of the user of steel material is rather 
serious. The “9 trade keeps quiet, but the high 
price of steel and the heavy freights demanded prevent 
rather than tend to encourage any expansion in overseas 
business. The following are the official prices quoted 
for home business, but they are not binding on makers, 
who are, in some instances, asking about 10s. per ton 
more :—Ship-plates, 9/. per ton ; boiler-plates, 9/. 10s. 
per ton; and angles, 8/. 10s. to 8/. 15s. per ton—all less 
the usual 5 per cent. for Clyde or equal delivery. Sheets 
are called from 102. to 107. 2s. 6d. per ton, less 5 per cent. 


Malleable-Iron Trade.—In the malleable-iron trade 
there is little to report, as conditions show almost no 
ge, and much of the present activity is due to 
Government business. Prices are based on 8/. 2s. 6d. per 
ton for ‘‘crown” bars, but the actual buying figure is 
nearer &/. 7s. 6d. per ton for prompt business. There is 
a good demand for steel bars. 


Scotch Pig-Iron Trade.—Scotch pig-iron makers are 
now faced with a serious problem, owing to further 
advances in the price of coal, and there is a feeling to 
damping down some of the furnaces. Business has been 
fairly . but not very remunerative, and consumers 
are only buying for actual requirements in a hand-to- 
mouth way. Prices have advanced half-a-crown a ton, 
but even that does not cover the ever-increasing costs, 
and has really put a stop on dealing to any extent. 

business, already quiet, has received a furtber 
check. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde, 78s.; Calder, Gartsherrie, 
sb Chleagow) Higlinton, Tas 6d. and’ Glengarasek, 795 6. 
at ww) ; inton, .,and Glengarnoc . 
(both at Ardrossan) ; Shotts, 78s. 6d., and Carron, 80s. 
(both at Leith). 

Scotch Shi iny.—Work in the shipbuilding yards 
goes on apace, but the difficulties of labour and the inability 
to seoure a sufficient supply of material when wanted are 
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tending to retard progress. All the same, a good output | free of tax, leaving 25,758/. to be carried forward. Deben- | During the month of Fe stocks were increased by 
is being secured. For the month of February the figures | tures now outstanding amount to 45,5007. Business has | 7294 tons, making a total addition for the first two months 


were :-— 





Vessels. Tons. 

The Clyde .. . = 42,307 
The Forth .. 1 200 
The Tay 1 2,000 
The Dee 7 900 
Total .. 19 45,407 

Add January, total 9 23,235 
Two months’ output 28 68,642 


The above figures are he d satisfactory, and demon- 
strate the fact that the shipbuilding industry is in quite 
a healthy position. The Clyde total for the year to 
date is now 17 vessels, of 63,602 tons gross, which is a 
very fair average, and one not to be ashamed of, more 
especially at such a time as the present. New contracts 
are somewhat scarce, but the high cost of material and 
the impending labour troubles are causing uneasiness. 
With the intervention of the Government it is hoped 
that the differences will be overcome, and that a satis- 
factory agreement will be arrived at. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The reduction in output 
has made itself seriously felt in the hard-steam section 
during the past week. The inability of collieries to 
meet their contract engagements has increased the atten- 
tion paid to the open market, and prices have risen to a 
level not equalled for a long time past. Best Yorkshire 
hards are 1s. 9d. to 2s. dearer on the week, and Derby- 
shire hards 2s. 3d. to 2s. 6d. Any kimd of manufac- 
turing fuel finds a ready market, and Derbyshire 
producers are in some. cases able to secure the top 
prices quoted for South Yorkshire qualities. The ship- 

ing section is only moderately active. 
is being dealt with for despatch to the Mersey, but busi- 
ness via the Humber ports is on the quiet side. Owing 
to the continuance of wintry conditions the household 
demand is maintained at a maximum level. London is 
still securing special treatment by offering higher rates 
than are obtainable locally, but deliveries in the district 
appear to be of a more regular character and complaints 
from merchants are fewer. Realisation of the fact that 
the wagon famine is not likely to be remedied or even 
modified while {military needs are so pressing has pro- 
duced # more settled feeling amongst consumers generally. 
The market for slacks is, if anything, a shade stronger 
than a week ago. More is going to the cotton-mills than 
at any period since August last, and altogether the 
demand is of a robust description. Recent advances are 
easily maintained. There is a steady demand for coke 
at previous rates. Quotations :— Best branch hand-picked, 
21s.; Barnsley best Silkstone, 17s. to 18s.; Derbyshire 
best brights, 16s. 6d. to 18s. ; Derbyshire house, 16s. to 
17s. ; best large nuts, 15s. to 16s.; small nuts, 13s. 6d. 
to 14s. 6d.; Yorkshire hards, 17s. 6d. to 20s.; a. 
shire hards, 17s. 6d. to 20s. ; best slacks, 9s. to 10s. 6d. ; 
seconds, 8s. to 9s. ; smalls, 5s. 6d. to 6s. 6d. 


Iron and Steel.—The deflating process in hematite 
values continues, East Coast mixed numbers having 
dropped to about 90s. Makers appear to be receiving 
bigger supplies of ore, and ingly are willing to 
accept lower rates for prompt delivery. The forward 
market is dull owing to the uncertainty of future condi- 
tions. West Coast makers are sending big ton of 
special brands into Sheffield for exclusive use of the 
big armament-making firms. In contrast with hematite, 
common pig-iron is showing a stronger tendency. Derby- 
shire masters are quoting 62s. for foundry and 60s. for 
forge, and Lincolnshire masters to 70s. for foundry 
and 67s. for forge. The South Yorkshire Bar-Iron 
Association met this week, and decided to increase the 

rice of crown bars 10s. per ton to 9/. 5s. per ton delivered, 
ess 24 per cent. The association’s pre-war quotation was 
7l. 5s. The increase of 2/. per ton is attributed to the 
dearness of raw materials, and especially coal, for accom- 
modation lots of which makers state that they have had 
to pay 70 to 90 End cent. above the contract prices of 
November and December last. Undiminished activity 
prevails at the heavy engi ing works, despite numerous 
drawbacks of a really serious character in the way of labour 
scarcity, the excessive cost of raw materials of all descrip- 
tions, and delays in transit. The demand for machine- 
tools is still well in excess of the local supply, and United 
States products of this description find a ready market. 
The weekly consumption of iron and steel is also mate- 
rially increased by the heavy call for new machinery 
for turning, planing, drilling, and milling work. Great 
Interest is maintained in the high-class steel trade 
respecting the P of the movement made by a com- 
bination of the soling engineering concerns in Sheffield, 
in conjunction with Messrs. Armstrong, Whitworth and 
Co., to supply the trade with tungsten powder and thus 
supplant a line of indus’ viously monopolised by 
Germany. Rapid headway is being made with the erection 
of works, and in six or seven the company hope to 
be able to place # regular and adequate supply on the 
market. The lighter branches are all beste sagnged. 
Steel billets are scarce and dear. Siemensacid is offered 
at 10/., Bessemer acid at 9/. 10s., basic hard at 71. 5s. to 
iJ. 10s., and basic soft at 7/.—The 39th annual report of 
the directors of Messrs. William J essop and Sons, Limited, 
shows a net profit of 60,353/., as com: with 87,3430. for 
1915. Including the balance brought forward from 1913, the 


total at credit of profit and loss account, after allowing for 
depreciation, is 79,5987. The directors recommend « final 


dividend of : 
ont 6s. per share on the ordinary 


making 


A fair tonnage | basis 


suffered somewhat severely on account of the depression 
in trade with the United States and Canada.—The 
directors of Messrs. Brown Bayley’s Steel Works, 
Limited (Sheffield), are unable to recommend the pay- 
ment of a final dividend. The chairman will give an 
—— at the annual meeting of shareholders. The 


as to the credit of the revenue account, 
after providing for the interim dividend paid in August 
last, is 61414. The year’s distibution therefore be 


represented by the 5 per cent. actually paid on both 
classes of shares in July, compared with a total of 10 per 
cent. for 1913. 





NOTES FROM THE SOUTH-WEST. 
Cardi ff.—The steam-coal trade has shown little change. 
Tt has— evident, however, that there has been no 
relaxation of the pressure for supplies of large and small 
coal of all descriptions. Colliery owners state that they 
are fully booked until the middle of this month at least, 
and that they are not disposed, —e to reduce 
the raves which have been recently quoted. In many 
cases even higher figures have been named for small lots. 
A rise = > ae ton has taken place in house coal. 
best Admi e has made 24s. 6d. to 25s.; best 
secondary 3 ities have brought 24s. to 24s. 6d.; other 
secondary descriptions have realised 23s. 6d. to 24s. ; best 
bunker smalls, 18s. to 18s. 6d.; and smalls, 16s. to 
to 16s. 6d. per ton. The best household coal has been 
making 24s. to 25s. ; good households have been quoted 
at 22s. to 23s. 6d. ; No. 2 Rhondda largeat 20s. to 20s. 6d. ; 
and No. 2 smalls at 16s. to 17s. per ton. The current 
a for —- fuel is 22s. to 24s. per ton. Special 
oundry coke has made 33s. to 36s.; good foundry coke 
has been quoted at 28s. to 32s. ; and furnace coke at 22s. 
to 25s. per ton. As regards iron ore, the latest price 
current for Rubie has been 26s. to 27s. per ton, upon a 
is of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Port Talbot.—The chairman of the Port Talbot Railway 
and Docks Company, in addressing the proprietors at the 
annual meeting, said capital to the amount of 110,343/. 
had been expended ene past year, princi y upon 
dock works. These works had already proved of great 
benefit to the undertaking. One coal belt-conveyor had 
been brought into operation, and was doing excellent 
work ; two more conveyors were almost completed, and 
would be ready for work in a few weeks. One of these 
conveyors was so constructed that two belts would be 
brought to load a vessel at the same time. This meant 
that the management would be able to load more quickly 
than at any other port in the British Channel. 


Welsh Steel Rails.—A Belgian State order for about 
5000 tons of heavy steel rails wep sees with 
Messrs. Guest, Keen and Nebttlefolds, Limited, and 
further business is expected to be obtained from the same 
quarter. No further important orders have been booked 
with American mills, which are, however, taking fair lots 
regularly. 

Shipping at Cardiff.—Cardiff now ranks as the largest 

rt in the Uni Kingdom for vessels leaving with 
oreign cargoes. In 1913, these clearances amounted at 
Cardiff to 9,649,537 tons. Liverpool ranked second with 
9,548,235 tons, London third, with 8,291,125 tons, and 
Tyne ports fourth, with 6,819,854 tons. These totals 
te only to tonnage bound foreign. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MipDLesBroucH, Wednesday. 
The Cleveland Iron Trade.—Business in pig-iron is on 
a very limited scale. Both buyers and sellers hesitate to 
commit themselves to any extent, and the business that 
is ing is thus confined to transactions in small lote, 
an ey oe —_ delivery. Customers are taki 
large supplies by rail against contracts, and they woul 
take even more but for inadequate supply of trucks. 
Local consumption of pig-iron is v heavy, abnormal 
—- being taken up by northern s works. 
ere is a possibility of more furnaces being put out of 
operation in the near future, owing to sh of Cleve- 
land ironstone and imported ironore. Up tothe present, 
however, the number of blast-furneces in operation in the 
North of England stands at 70. Of these, 36 are manu- 
facturing Cleveland pig, 23 are producing hematite, 
and 11 are turning out ic, oplegel, and other special 
irons. Values of pig are easy. No. 3 g.m.b. Oleveland 
is on sale at 56s. 9d.; No. 1 is 59s.; No. 4 foundry, 
56s. 3d.; No. 4 forge, 55s. 9d.; and mottled and white 
iron, each 55s. 3d.—all for earl delivery, rather higher 
rates being named on fecuael account. East st 
hematite pig is dull, consumers having a: tly satis- 
fied their needs for the time being. ers as a rule 
ask 90s. for Nos. 1, 2, and 3, but would probably acce: 
rather mt — wg FE =~ hands are stated to 
red to sell at 87s. 6d. oreign ore is very strong. 
This. week Rubio of 50 per cent. quality has sold at 
28s. 6d. ex-ship Tees, and market rates for other imported 
ores are nominally based on that figure, but there are 





cent. for the year, and » bonus of 4s, per share, | the 


of this year of 15,430 tons. There are warrants in cir- 
culation for 118,200 tons of No. 3 Cleveland pig-iron. 


ye ts of pig-iron from the Tees dur- 
ing the month of Sdhouan tase on a very small scale, 


averaging only 703 tons per working day, the total 
despatches a returned at 16,888 tons, all of which 
went from Middlesbrough. For the previous month the 
loadings amounted to 19,110 tons, or a daily average of 
735 tons, and for the corresponding month of February a 
year ago, the ces reached 96,202 tons, or an average 
of 4008 tons per working day. There were no "ae 
shipments from Skinni ve during February. the 
pig-iron loaded at Middlesbrough, 12,368 tons went 
abroad and 4520 tons coastwise. Ja was the 
largest buyer with 4855 tons, whilst the received 
2400 tons ; Italy, 2200 tons; Denmark, 1629 tons ; Norway, 
1254 tons; and Holland, 1110 tons. Tees loadings of 
msnufactured iron during Fe amounted to 14,109 
tons, 9003 tons of which went abroad and 5106 tons coast- 
wise, and those of steel reached 18,234 tons, of which 
15,919 tons went foreign and 2315 tons coastwise. India 
was the largest buyer of both manufactured iron and 


The steel, taking 4384 tons of the former and 9394 tons of the 


latter. The Argentine received 4093 tons of manu- 
factured iron. 


Manufactured Iron and Steel.—Producers of all de- 
scriptions of manufactured iron and steel are kept at full 
pressure, and this promises to be the case for some time 
tocome. Prices round are fully maintained. Prin- 
cipal market quotations :—Common iron bars, 
81. 10s.; best bars, 8. 17s. 6d.; best best bars, 9/. 5a. ; 
packing-iron, 7/.; iron ship-plates, 8. 10s.; iron ship- 
angles, 8/. 10s.; iron ship-rivets, 10/. 5s.; iron girder- 

ic), 82. ; steel bars (Siemens), 


lates, 8/.; steel bars 

Br; steel shi plates, 8/. 10s.; steel ship-angles, 8/. 5s.; 
steel boiler-plates, 91. 10s. ; steel joists, 8J. 7s. 6d.; steel 
hoops, 8/. 5s.; steel strip, 7/. 10s.—all less the customary 
24 per cent. discount ; cast-iron columns, 7/. 7s. 6d. ; cast- 
iron railway chairs, 4l. 7s. 6d. to 41. 10s. ; ae ae, 
sive seapess Gh--all orbit patontend contorted 

ilway sleepers, net f.o.b.; ised corruga: 

sheets, 24 gauge, in bundles, 11/. 10s. to 122. f.o.b.—less 
4 per cent. 

Cleveland Blastfurnacemen.—The Cleveland and Dur- 
ham Biastfurnacemen’s and Cokemen’s Association have 
applied to the iron-masters on Tees-side for an increase 
1a of 20 per cent., on the ground of the increase in 
the cost of living. 





Girt To THE Royat InstrTUTION.—At a general m 
ing of the members of the Royal Institution held 
Monday, Sir James Orichton Browne, 
Vice-President, in the chair, the following letter addressed 
by the Hon. Sir Charles A. Parsons, K.O.B., F.R.S., 
to Sir James Crichton Browne, Treasurer of the Royal 


Institution, was 
February 14, 1915. 
Drar Sir James,—It gives me much pleasure to enclose cheque, 
60002., in favour of the Royal Institution, which may be of some 
help at the present time. 
Yours very sincerely, 
Onaries A. Parsons. 
The following resolution passed by the managers was 
aperoved by the members :—Resolved, that the 
of the Royal Institution desire to express to the Hon. 
Sir Charles A. Parsons, K.C.B., F.R.S., who has uncon- 


ditionally placed at their di for the purposes of 
the Tastttction, the sum of B00.” their most grateful 
appreciation of his munificence discernment. They 
accept the gift as a timely and noble recognition of the 

public work the Institution has done in the past, 
and is still doing, in the acquisition and diffusion of 
scientific baseline, and as an incitement to maintain 
and extend its usefulness in the _— position which 
it has for more than a century occupied. 


eet- 
last 
Treasurer and 





Rossia’s Foreign Traps in 1914. — Russia’s foreign 
trade during last amounted in the te to a 
sum of 1,777,130,000 roubles, against 2,641,420,000 roubles 
for the year 1913, the decrease for 1914 amounting to 
864,290,000 roubles, or 32.72 per cent. The imports and 
exports were :— 

1914. 

Roubles. Roubles. 

Imports 920,780,000 1,220,470,000 
Exports 856,350,000 1,420,950,000 

The imports, consequently, show a decrease of 299,690,000 

roubles, or 24.55 per cent., whilst the corresponding 

figures under the exports are reduced as much as 

4,600,000 poy hy 39.73 per cent. In 1913 Russia 
had « surplus on ex side of 200,480,000 roubles, 
as » a deficit of 64,430,000 roubles for 1914 ; in other 
w the commercial of the country for last 
year has deteriorated by 264,910,000 roubles, as compared 
with the ing year. figures for the months 
after the declaration of war do not appear to have been 
made available yet. are not only responsible for 
the unsatisfactory but have also neutralised the 
increase as compared with 1913, which the first six 
months of 1914 manifested. The figures for the first six 
months of 1914 and 1913 were :— 


1913. 





sellers who will not now entertain business on such terms. ot R.. 
Ore-boats are scarce. The latest fixture Bilbao-Middles- Imports 670 $70,000 5es.000,000 
tre reported is ee, Coke is in good ~ for Exports cowie 676,800,000 564,000,000 
ocal consumption, and v: ues tend upward. upply 1s : 
reported to none too plentiful. Durham bee-hive = consequently an inemase helf 0 et penal anor 
blast-furnace coke of average quality is 18s., delivered at cont. on pa yh 1 with the co fing 
Tees-side works. oa figures for the previous year. The normal value of the 
Stocks of Pig Iron.—Stocks of Cleveland -iron in| rouble is 2s. 1jd., but its actual value varies with the 
public warrant stores now stand at tons. | rate of 
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CONVERTIBLE INTERNAL-COMBUSTION ENGINES. 


CONSTRUCTED BY MESSRS. RUSTON, PROCTOR AND CO., LIMITED, ENGINEERS, LINCOLN. 
(For Description, see Page 272.) 














Fic. 1. 80 To 90-Horse-Power Enaine, 














Fic. 2. 150-Horse-Power Enoine wits Eccentric anp Rouiine-Lever Vatve-Gear. 








Marcu 5, 1915.] 


ENGINEERING. 





275 








AGENTS FOR ‘“ ENGINEERING.” 


Avsraatia: Gordon and Gotch, Limited, Melbourne; 
enderson, 


Perth. Turnerand H 
Co. 


» Tewnsville, North w. c. Rigby. 
South Australia. Melville and Mullen, Melbourne, Victoria. 


Burerum: E. F. Satchell. 45, Avenue de 


NSW. T. Ww 


and 
Adelaice, 


Terneuzen, Brussels. 
Camapa, Torento, Ont.: Wm. Dawson and Sons, Manning Chambers. 
Montreal Limited, 302 Shaugnessy Building, McGill-street. 
Hamover-street. 


on’ : Sells, 
Epmvsurnexu : John Menzies and Co., 12, 
France, Paris: 


ve. 
Thacker, Spink and Co. 


eau and Chevillet, 22, Ruede la Banque. For Subscriptions 
and Advertisements, Librairie B. Tignol, Grands- 
Paris. Also for Advertisements, Agence Havas, 8, Place 


S¥bis, Quai des 


Bowbay: Thacker and Co., Ltd. 
ce. 





Norway, Christiania: Camme er’s Boghandel 


: H. A. Kramer and Son. 
ourm Arzica: Central News Agency, 


and Pretoria, Cape Town, Port Elizabeth, 
and their various branches and 


Also 
Tasmaria : Gordon and 
Usrrep States, New York: W. H. W! 
Chicago 





Carl Johans Gade, 4] and 43. 


Limited, Head Office—Johannesburg ; 
Bloemfontein, Durban, 


. iley, 
: H. V. Holmes, 957-958, Monadnock Blosk. 





ADVERTISEMENT RATES. 





The charge for advertisements is three shillings 
for each additional —_ 
mt must accompany 

yme' pan orders 


lines or under, and eigh 
ave seven words, 
for advertisemen 
teed. Terms for 
inside ma: 


and on the i no pages 
are 12 in. deep 9 in. 


for the first four 
The line 


insertion cannot be 


ed advertisements on the wrapper 
be obtained on application. The 

divisible into four columns of Bin. 

in width. Serial advertisements will be inserted with 


all practicable 


regularity, but absolute regularity cannot be guaranteed. 
Advertisements intended for insertion in the cur- 

rent week's issue must be delivered not later than 

5 p.m. on Thursday. In consequence of the necessity 


week. 








SUBSCRIPTIONS, HOME AND FOREIGN. 





“ENGINEERING” can be su 
post free, for twelve months, 
advance :— 


For the United Kingdom ..... 


For Canada— 
Thin paper copies 
Thick 

For all other places abroad— 


Thin paper copies 
Thick % 


ied direct from the Publisher 
the following rates, payable in 


cocceee BA 9 8 
ecccece £1 1 $ gare) 
easenee £1 16 0 ($8.75 
coccccccee #1 16 @ 
cooceee £2 @ 6 


When —- subscriptions are sent by Post-Office Orders, 
sent to te Publisher. 


advice should 
and 


Offices 
35 and 36, Bedford-street, 


street, Strand, W.O. 
for Publication and Advertisements, 


Strand, London, W.C. 





We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing some- 


what similar titles. 





Tepennea ©} “* ENGINEERING,” WESTRAND, LONDON. 


Ravine - Cases. — 


TRLEPHONE NumBsrs—3663 and 8598 GERRARD. 
Reading-cases which will hold twenty-six 


numbers of “ Enemvggrine” may be had of the Publisher or of 


any newsagent. Price 66. 





PAGE | 

The Institution of Mechani- } 
x... Engineers } 
New Swing-Bri Whitby 
(Illustrated) ——- 
% Ls Mr. Charles Martin 


How a Top Stands Up 
(JUustrated) ...... doce 
Notes from the United 
SURG ind. ciuwcsioe-sbes 
The Physical Semety of 
(OO, as scctackhnuveds 
The Expediting of Work oa 
ona —<~— peldécncnes 
“ Gardner’s Integrating and 
Recording Meter” nt ces 
The British Corporation for 
the Registry of Shi 269 


BSeRR eS 


Mine-Ventila' Fan (il- 
canis... ee eee a 
Convertible Internal-Com- 


bustion Engines (Jilus.) 272) 
Notes from the North...... 
Notes from South York- 

pen ee 
Notes from Cleveland and | 

_the Northern Counties .. 273 | 
Notes from the South- | 

ct a Rae 273 
Government and Labour .. 275! 


273 || The German 


CONTENTS. 


r Production 
i Mhneoneenen den 
Atoms and Ions .......... 
The Balance-Sheet of British 
Germany’s Electro-Techni- 
cal Industry and the War 280 
The Working of the Boiler 
Explosions Acts 
Industrial Notes .......... 
Diesel Engine Users’ Asso- 
GENE * avicicwersceneses 
Diagrams of Three Months’ 
Fluctuations in the Prices 


281 


the | 90d Mr. B. P. Dudding, A.R.C.Sc. 


e73| their services to the nation. 
279| merited in all cases. Indeed, in some instances 


NOTICES OF MEETINGS. 
Association oF ENGmvEERs - In - Onanor.—Saturday, 


.| THe 
i | March 6, at 7.30 p.m., at St. Bride’s Institute, Bride-lane. Fleet- 


street, E.C. Discussion evening. Subject: “How to Pay for 
the War,” a practical scheme for improving our foreign trade, 
as by the British Engineers’ Association. e chair 
will be taken by the President, Mr. Frank Bailey, M. Inst. O.E. 
Wednesday, March 10, at 8 p.m. prompt, at St. Bride’s Institute, 
& paper will be read by Mr. B. P. Flockton, M.I. Mech. E., on 
“Modern Steam-Laundry Machinery, more Particularly as 
Applied to Institution Work.” Illustrated by lantern-slides. 
Mr. OC. F. Townsend, F.O.8., in the chair. 

Tae Brirish FounDRYMEN’s ASSOCIATION : LANCASHIRE BRANCH. 
—Saturday, March 6, at 4 p m., in the Municipal School of Tech- 
nology, Manchester, when a paper entitled “The Properties of 
Copper-Aluminium Alloys” will be given by Professor ©. A. 

wards, of Manchester University. 

THe OLRVELAND INsTITUTION oF ENGINEERS.—Mondav, March 8, 


; | in the hall of the Cleveland Literary and Philosophical Society, 


Corporation-road, Middlesbrough, at 7.30 p.m. following 
paper will be read and discussed :—‘‘ Notes on Modern Cleveland 
Blastfurnace Practice,” by Mr. Richard Sharp, Redcar. 

Tus Surveyors’ InstrruTion.—Monday, March 8, at 8 p.m. The 
adjourned discussion on the papers delivered by Mr. Isaac Dixon 
(Fellow), and Mr. E. H. N. Ryde (Professional A jiate), on 
“The Report of the Land Inquiry Committee on Rating,” will 
be reopened by Mr. W. P. Ryan (Fellow). 
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** Patent Law Reform and the War,” by Mr. John William Gordon, 
K.C. Mr. Dugald Olerk, D Sc., F.R.S., will preside. Thursday, 
March 11, at 4.30 p.m. Aldred Lecture. ‘‘ L’Evolution de |I’Ecole 
Belge de Peinture (1830 to 1900),” bv M. Paul Lambotte, Directeur 
des Beaux-Arts an Ministére des Sciences et des Arts de Belgique. 
Lord Sanderson, G.C.B., K.O.M.G., will preside. 

Tue InstirvTion oF AUTOMOBILE ENGINSERS. — Wednesday, 
March 10, at 8 p.m., at the Institution of Mechanical Engi- 
neers, Storey’s Gate, St. James’s Park, London, S8.W., Mr. F. W. 
Lanchester, M. Irat. O.E., will read a paper entitled ‘‘The 
Flying-Machine: The Aerofoil in the Light of Theory and 
Experiment.” 

Tae Opticat Sociery.—Thursday, March 11, at 8 p.m., at the 
Rooms of the Chemical Society, Burlington House, Piccadilly, 
when the following paper will be read and discussed :—“ Instru- 
ments in General Use for the Measurement of Solar Radiation,” by 
Robert 8. Whipple, M.I E.E., Member. of Cambridge. 
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THE GOVERNMENT AND LABOUR. 


A memBER of the Board of Admiralty visited, 
in December, all industrial centres where war 
munitions were being manufactured, and, address- 
ing the men, spoke honeyed words of praise for 
They were not 


what was required was firm remonstrance against 
bad time-keeping and the raising of unreasonable 


280] objections to proposals for acceleration of work. 


Such a vigorous speech as that delivered on 
Sunday last by Mr. Lloyd George would have 
been of great use then, and might have obviated 


2s2| much loss of time in nearly every factory during 


the past two or three months. The men believed 


1 .. wenn what they were told in December, that they were 
Co-Operation between the doing well. They became suspicious of praise, 
Physicist and the Engi- in the end diffi- 
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culties and delays were increased. It is now six 


285| weeks since we first urged the need of Govern- 


ment action, as much in the interests of the 
trade unions as of the national needs. But it is 
only now, when the situation has become grave, 


2s7|and when the men have taken steps from which 


it is difficult for them to withdraw, that the 
Government haye moyed in the matter. The 





trouble will only be overcome by the exercise of 
= great a degree of firmness as of justice to all 
aides, 

The refusal, first, of the engineers to work over- 
time, and, next, the going on strike of about 
10,000 men of the Glasgow district, brought matters 
to acrisis.. We do not pro to discuss here 
whether the employers should have acceded to the 
demand by. the engineers for an increase of 2d. per 
hour (equal to 9s. per week) or whether the men 
should have accepted the compromise offered by 
the employers of ?d. per hour. The question is 
more far-reaching, even from the point of view 
of the relationship between employers and em- 
ployed, and particularly as it affects the interna- 
tional crisis, because of the extreme urgency of 
much of the work upon which the engineers are 
engaged. The ment between the Employers’ 
Federation and the trade unions required that in 
all cases of dispute there shall be no stoppage of 
work ; the men on this occasion ceased work not 
only in violation of their treaty, but against the 
advice of’their executive. The-excuse given by 
the men is said to be that there’ was delay in the 
negotiations in connection with’ the rate of wage. 
As Mr. Lloyd George so accurately put it, in 
settling disputes the thing most needed is patience : 
‘*If I were to give a motto’ to the man who was 
going to a conference between employers and 
workmen, I would say, ‘Take your time; don’t 
hurry.’” Apart altogether from this, there is the 
question of the amount of time which can be given 
by the managers of our industrial establishments to 
the settlement of — On an average some of 
these engineering and shipyard managers have been 
for some months devoting nearly two days per 
week to the discussion of trade disputes. Their 
efficiency at the factory suffers, and, at the present 
moment, the seriousness of any decline in their 
energy need not be emphasised. One more remark 
may be made regarding the question of the rate 
of wage demanded. A e .proportion of the 
engineers are engaged on er than Government 
work, and in most instances the. contracts bein 
worked on were booked during the threaten 
slump in trade in the summer and at the beginning 
of the war, so that an increase of 9s. per week in 
the wage to be paid under such circumstances 
would involve a most serious loss to the employers, 
But, as we have said, we are content to leave the 
settlement of the wage question to arbitration 
before the Committee appointed by the Govern- 
ment on ‘ Production in ae and Ship- 
aw, Establishments engaged on Government 

ork.” 

The first step of the Committee was to order the 
men to return to their work last Monday morning ; 
but this order, like that of the executive officers of 
the engineers’ union, was disobeyed. The issue is 
much more deeply rooted than appears on the surface 
and its growth hasextended over a longer period than 
is generally understood. In the ranks of the union 
there has Cove extending a desire, especially on the 

of some of the younger members, for more 
militant methods of enforcing the demands of the 
union, and many of the men are for the present 
following the leading of an unauthorised committee 
or council; who are putting their militant methods 
into force. : One element in the situation which 
gives rise to hope is that the impetuosity of those 
self-elected leaders will defeat the end they 
have in view. The great majority of engineers 
are shrewd and are capable thinkers, and while 
loud-sounding phrases and seductive promises may 
for the moment, disturb their natural common-sense 
attitude, there is already a return to sanity and 
to a fuller recognition of the vital necessity of 
the work they are doing for the accomplishment 
of victory in the field. e return of the men to 
work affords further grounds for hope that there will 
ultimately be a settlement as to wage rates until 
the war is ended. The threat that if the full 
advance in wages demanded is not conceded almost 
at once the men will only do the minimum of 
work, and no overtime, in itself will further bring 
the more level-headed engineers to a sense of the 
unpatriotic attitude which they have, owing to the 
acceptance of unwise counsels, been for some time 

inclined to adopt. Industrial disputes are 
inevitable ; but stoppage of work is unjustifiable 
under any circumstance, and at the present time it 
involves great peril to the nation, because, as we 
have in previous articles pointed out, success 
cannot be achieved by our trooys in the field 





without the continuous and whole-hearted co- 
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operation of the men who are supplying the muni- 
tions of war. 

Supplies for the men in the trenches are required, 
not only in great volume, but at the earliest pos- 
sible moment. Not only is the war costing the 
British nation between 14 and 2 millions sterling 
per day, but its prolongation means additional loss 
of life and continued danger to many men. It will 
augment the distress following the war, which will 
be most serious for the working classes. The 
workman, on a little reflection, will realise that he 
should not only put in full time and as much over- 
time as is possible, but that he should exercise the 

eatest physical effort to accelerate the work. 

nstead of this, unreasonable objections are raised 
to proposals made for such acceleration. The 
Government Committee, in a report which we 
publish in full on another page, to referred to 
some of these objections, and particularly to the 
hesitancy of men to work as hard as they can 
because they fear the cutting later of piece- 
rates. The Committee therefore suggest that the 
employers should give a guarantee that there 
should be no such rate-cutting, unless war- 
ranted by a change in the method of manufacture 
—by the introduction of a new type of machine. 
This guarantee will, no doubt, be readily given, 
and we can only hope that each man will accept it, 
and ‘will increase his production to the fullest 
possible extent, irrespective of his former limits 
of earnings or of shop customs.” The Com- 
mittee also recommend that in shell manufacture 
there should be an extension of the practice 
of employing female labour under suitable and 

roper conditions. There are other directions 
in which similar modification might be made during 
the progress of the war in trade-union rules, so that 
automatic machines might be operated by unskilled 
labour, if fully skilled men were not forthcoming. 
We understand that in some cases concessions are 
being made in such directions, and we hope that the 
effect of the Government Committee’s work will be 
to ensure a further relinquishment of the restric- 
tions in trade-union rules. As Mr. Lloyd George 
pointed out : ‘‘ The workmen had to fight for such 
restrictions for their own protection, but in a period 
of war there is a suspension of ordinary law ; 
output is everything. The Government ought to 
have power to settle all these differences, and the 
work should go on.” 

Better time-keeping cannot easily be enforced. 
On this question the Committee have made a 
separate report. As was pointed out in our pre- 
vious articles, the worst offenders in this respect 
are the iron shipyard workers, and particularly the 
riveters. It is admitted that the degree of bad 
time-keeping is intensified because the riveters 
work in squads, so that when one member of the 
squad is idle three other workers are perforce un- 
able to carry on. Inan interim report the Govern- 
ment Committee have urged the importance of 
further efforts towards the making up of squads 
temporarily out of the available men at any time, 
so that one absentee would not necessarily in- 
volve three others. Reports are to be called for 
as to how far this is succeeding, and what are 
the difficulties op to it. But the question 
still remains why there should be even one absentee 
in a riveter’s squad. An officially-issued com- 
munication from a British officer who has been 
studying the opinion of the French nation om war 
subjects says that the French have an unbounded 
belief in the manufacturing power of Great Britain, 
and naturally ask the question : If one million men 
are ready to give their lives, cannot the remaining 
millions give their labour, even for a pittance if 
need be, in order to ensure victory? ‘‘ Labour 
troubles in a Franch factory are as unlikely as 
mutiny in a French or British regiment, and the 
degree of possibility of their occurring in England 
is the measure of our failure to realise our respon- 
sibility at a time when every man’s energies are 
needed every day. The question is, not how long 
we can go on with the fight, but how soon can we 
get done with it.” 

The Government Committee are not invested 
with great powers ; force is always undesirable, but, 
as Mr. Lloyd George pointed out, the Government 
are armed with full powers under the Defence of 
the Realms Act. Theseare applicable against what 
he termed ‘‘ the lure of the drink.” They further 
enable the Admiralty and the War Council to take 
possession of any factory producing war munitions, 
and to ensure obedience from under pain of 
penalties under the Act, 








COPPER PRODUCTION IN CANADA. 


A sHoRT time back we gave some account of 
the nickel indus of Canada, derived from the 
data supplied by the Department of Mines. The 
same Government authority has now published a 
Report of the Copper-Smelting Industries, drawn 
up by Dr. Alfred: W. G. Wilson, ably and gene- 
rously assisted by the management and principal 
technical officers in charge of the various operating 
— described. In the case of nickel production 

anada has no rival ; she is the largest contributor 
to the world’s supply, and the method followed in 
the treatment of the ore and the general conduct of 
the industry necessarily command attention. In 
the matter of copper she follows, and does not lead ; 
particularly is she overshadowed by her great 
neighbour and rival, the United States ; but, com- 
pared with European States, her output is respect- 
able. Taking the latest available statistics, the 
total annual supply of copper is about 880,000 
metric tons, of which the United States smelt 

ractically half-a-million, and Canada a modest 
5,000, tons. In the last ten years Canada’s con- 
tribution has increased some 50 per cent., the 
increase in the United States being at about the 
same rate. This contrasts very favourably with the 
output from the United Kingdom, which in the same 
riod has remained practically stationary at the 
inconsiderable fi of 500 tons. If we compare 
the yield of 1850 with that of 1909, the fi are 
still more remarkable. Great Britain in the earlier 
year smelted nearly 30 million pounds, or more than 
one quarter of the world’s supply; in the latter year, 
only a little more than a million pounds. Canada, 
who was not a producer at the earlier date, by 1912, 
contributed to the common stock nearly 80 million 
we or about 3 per cent. of the total. These 
gures show how important the industry has 
become to Canada—an analysis shows that it is 
more particularly in British Columbia that the 
growth has attained such satisfactory proportions— 
and make an inquiry into the present condition and 
possible future development both interesting and 
necessary. 
At the same time, though local conditions, such 
as the presence of impurities in the ore, the 
economic use of water-power, or the demands of 
district markets, may necessitate deviations from 
ordinary practice, yet these are well known to 
those who are interested in metallurgical processes. 
There are few trade secrets among smelters, and any 
technical improvement is quickly circulated through 
mining districts. The day has long ed when 
the efficiency of any copper-smelting plant, and its 
superiority over others, depended upon the careful 
guarding of its methods of operation. Dr. Wilson 
can have little that is new to report, for he admits 
that it is probable that more than 95 per cent. of 
the metallurgical methods, appliances and machi- 
nery employed at any one plant were evolved from 
the ideas of many investigators working at many 
different places. But such reports as this have a 
definite use. They provide a record of the status 
of the industry at a certain date, they tell the world 
of the enterprise that is permeating and changing a 
new country, they disseminate through foreign 
countries a knowledge of the industrial progress 
that is being made, increasing the prestige of the 
country to which they relate, for few are aware of 
the magnitude, extent and distribution of the 
operations involved, and, finally, they place a 
variety of authentic information in the hands of 
those who may be contemplating development in 
other sections of the colony. 

The method followed in drawing up the report 
is to devote a chapter to the description of each of 
the various centres in actual operation at the close 
of 1912. These were all personally visited on at 
least two occasions, and considerable care has been 
taken to make the survey accurate and exhaustive. 
Notes are given on the history of the growth and 
development in particular districts, the character 
of the equipment employed, with critical remarks 
= eF- arrangement of a site ee - 

© facilities for handling the ore an Soares 


‘waste. The scheme of the sample mill and labora- 


tory is usually set out, and remarks on metallur- 
gical and smelting practice accompany the general 
description, with icular reference to adapta- 
tions peculiar to the station. The — and 
practice of copper-smelting and refining do not 
come within the scope of the report, and we under- 
stand that a companion volume is being compiled 
wv will furnish full descriptions of the copper 





mines, and mining methods, including descriptions 
of the electric installations that supply power to 
mines and smelters. 

In Canada, copper ore is mined both near the 
Atlantic and the Pacific coasts, the provinces of 
Manitoba, Saskatchewan, and Alberta being un- 
a but with the great copper-producing 

tate of Montana, to the immediate south of these 
districts, it will be strange if ore is not worked to 
the north of the boun line. In the Maritime 
Provinces the industry been spasmodic, the 
cupriferous ores having often proved unattractive 
to investors. In Quebec the industry has also 
languished, though in the early days of enterprise 
at Capelton furnaces were erected capable of 
treating 2000 tons of ore per month. Here, too, 
was built the first large rectangular copper-smelting 
furnace on the American continent. The copper 
content of the ores, however, gradually dwindled, 
and a market having developed for the sulphur 
associated with the ore, smelting operations were 
discontinued. In Ontario, where copper-smelting 
operations were first conducted in Canada, the 
industry has fluctuated very considerably, the 
destruction of the plant by fire frequently explain- 
ing the abandonment of the enterprise. But in 
the Sudbury region, considerable activity prevails. 
The copper-nickel deposits have long been worked, 
the ores proving very valuable, if somewhat re- 
fractory in treatment. The Canadian Copper Com- 
pany, who now manage the mines, have exerted 
themselves to the utmost to improve their plant, 
and they assert that the equipment is now the 
most complete and up to date in the world. It 
includes six water-jacketed blast-furnaces, of about 
400 tons capacity each ; two coal-dust McDougall 
reverberatories, each with a hearth area of 19 ft. by 
112 ft.; and four Wedge roasting-furnaces, each 
with seven hearths, 22 ft. 6 in. in diameter. The 
converter plant consists of five stands and five 
shells, Bessemer basic converters. These are 
each 37 ft. 2 in. long and 10 ft. in diameter ; the 
shells are operated by hydraulic machinery, oil 
being used in place of water, presumably on 
account of the severity of the winter. 

A pronounced feature in modern copper-smelt- 
ing is the rapid development of the basic-lined 
copper converter, which has now completely 
superseded the acid converter in nearly all the 
important copper-producing plants in America. It 
is asserted that 80 per cent. of the copper now 
produced is being converted on the basic standard 
type, or on basic lining, under license, in the old 
acid shells. The Canadian Copper ws Pd supply 
some figures which prove the efficiency of these basic 
converters for the service required. A converter 
installed in 1911 operated from May 1 to Sept- 
ember 17 without re-lining. During this period of 
2618 hours the blast was on for 1428 hours, and in 
that time the converter made 3802 tons of Bessemer 
matte, and 11.642 tons of slag. With the acid 
converters, a large amount of scrap is thrown out 
around the stack, which has to be cleaned up and 
returned to the converter. The basic converters 
make little scrap. The contrast between the two 
types can be shown in a tabular form :— 


Converter Type. Acid, Basic. 
Tons flux per ton of iron 
remov a on 1.31 0.91 


— — cent. Cu cent. Cu 


Tons Cu Nicharged per 
ton of Bessemer matte 


uced __... = 
Lee ot Oa Ni by 
and slop per ton o' 
Bessemer matte... 0.48 0.13 
The Mond Nickel Company also operates in the 
Sudbury district of Ontario, and are the owners of 
valuable metalliferous areas. The ores mined are 
deposits of nickelliferous pyrrhotites, containing 
some chalcopyrite, and occurring in norite. They 
contain 2 to 3 per cent. of nickel and 1.75 per cent. 
of copper, with small amounts of gold, silver, plati- 
num, and palladium. The economic development 
of this property has necessitated considerable 
alterations from time to time, some of the older 
workings having been relinquished, while the 
company has erected a modern and fully-equipped 
lant at Coniston, which has been brought into 
full operation since the publication of the report. 
Moreover, extensive diamond-drill work, based on 
the result of magnetic surveys, has proved the 
existence of a large body of ore, demanding the 
erection of machinery on a large ecale, The total 


Tons furnace matte 
4.66, 27.38 per 4.13, 22.58 per 
\ ¥ x 


1.28 0.93 
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output of copper from these two firms amounted in 
1912 to 22,250,600 Ib. 

It is, however, in British Columbia that the 
greatest smelting activity is displayed. In 1912 
the production exceeded 50 million pounds ; but 
accurate statistics covering a limited space of time 
are difficult to compile. e mining and smelting 
operations are mainly in the hands of four com- 
panies :—{1) The Consolidated Company of Canada, 
with works at Triull, and drawing supplies from 
the Kootenay district. In addition to copper- 
smelting, this company controls a lead-smelting 
department and a lead-refinery. The scale on 
which the copper operations are prosecuted is shown 
by the fact that the company’s blast-furnaces are 
capable of dealing with 3000 tons of ore daily. 
(2) The Granby Consolidated Company, at Grand 
Forks, but who possess extensive mining pro- 
perties in various directions. Originally the equip- 
ment could deal with only 200 tons daily, but 
expansion has been continuous, and the furnaces 
have now a capacity of 4000 to 5000 tons of ore 
per day. The ores are of very uniform composi- 
tion, carrying from 1.2 to 1.6 per cent. of copper. 
The statistical tables, hewever, show a 
decline from about 27 lb. per ton in 1902 to 18 lb. 
in 1912. The converter capacity is arranged to 
handle 100,000 lb. of copper day. At Amyox, 
100 miles north of Prince Rupert, a subsidiary 
smelting plant is in course of erection, with a 
sufficient equipment to cope with a daily supply of 
2000 tons of ore. (3) The British Columbia Smelt- 
ing Company, working the Motherlode mine, near 
Greenwood, provide an ore with a copper con- 
tent of 1.2 per cent. The plant has a capacity 
of 2200 tons per day. The works are laid out 
in terraced plan, which facilitates the hand- 
ling of the ores. The smeltery is fully equipped 
with ore-storage bins, sample mill, blast-fur- 
nace plant, converter man briquetting plant 
for flue dust, machine-shops, power-house, and 
an efficient water supply for all purposes. (4) 
The Tyee Copper Company, who own extensive 
property on Vancouver Island. The Tyee Mine, 
properly so-called, has, however, been shut down 
since 1907. The principal property is at Lady- 
smith, where the F neo has been operated as a 
custom smelter. e activity has languished since 
1911, but it is understood that arrangements have 
been made to prosecute the works with more 
energy by treating ores from the Ptarmigan mines. 

To sum up, Canada possesses specimens of the 
finest and most complete smelting plants in the 
world; some of these are in course of being doubled, 
and new works are in course of construction. Her 
engineers have shown both ingenuity and energy. 
Her water supplies are ample for power and all 
purposes, and her ore reserves are so enormous 
that the industry is likely long to survive, for with 
the increase of traffic facilities ores that are of too 
low a grade to be now worked profitably will prove 
a source of revenue in the future. 





ATOMS AND IONS. 

At the Royal Institution, on Saturday afternoon 
last, Sir J. J. Thomson, O.M., F.R.S., delivered 
the second lecture of his course on the above 
subject. 

In opening his discourse he said that, on the 
previous occasion, he had shown that if a dis- 
charge-tube were fitted with a fluorite window, 
the light which traversed this window was capable 
of endowing air with conductivity. He had also 
shown that on placing a thin plate of quartz before 
this window the conductivity of the adjacent air 
vanished ; and, further, that if the air taken for 
investigation were drawn, not from the immediate 
surface of the fluorite, as in the original experi- 
ment, but from a region a few millimetres away, 
no conductivity was apparent. This showed that 
the ionising rays were wholly absorbed within 
a depth of 2 mm. or 3 mm. of air at normal pres- 
sure. The rays in question belonged, he said, to 
what was known as the Schumann region of the 
spectrum. 

He had himself, Sir Joseph Thomson continued, 
been working on the radiation produced by Rént- 
gen rays, in which the cathode rays originati 
them were much slower than usual. fie had 
started with rays of which the energy (measured in 
& certain way, to be defined later) was represented 
bya few volts, and had gone up to energies corre- 
sponding to 3000 volts. He had investigated the 
nature of the Réntgen radiation given out when 








the type of cathode ray was varied through the 
range stated. The observations made confirmed in 
a very remarkable way a view he had put forward 
three years as to the origin of the characteristic 
radiation. He had then suggested that the emission 
of characteristic radiation marked the return of a 
negative particle to an atom which had been pre- 
viously ionised by being deprived of negative electri- 
city. Every ionised atom, when it re-acquired a 
negative charge, gave out a characteristic radiation, 
and the energy of this radiation measured the 
number of atoms ionised by the cathode rays. An 
atom could be ionised in divers ways by taking a 
negative particle from different parts of its struc- 
ture. If the particle were taken from the surface 
of the atom, not much work would be required 
to ionise the atom, and when it re-acquired the 
charge it would correspondingly give out charac- 
teristic radiation of a very soft type. If, how- 
ever, the ionisation were affected by removing 
the negative particle from a point nearer the 
centre of the atom, more work would be required, 
and when the charge was regained, the charac- 
teristic radiation would be of a*‘ hard” type. He 


ual| had found it possible to get in this way a great 


number of different ‘‘ characteristic radiations,” by 
gradually increasing the energy of the cathode rays 
used 


The ultra-violet light which passed through 
quartz was able, the speaker continued, to make 
some gases conductive, but not others. Thus 
Steubing had found that mercury vapour exposed 
to ‘* quartz” light ed some small amount 
of conductivity. This was a very interesting fact, 
and the question arose as to what were the 
properties of a gas which determined whether it 
did or did not become a conductor when exposed 
to light of a particular wave-length. In the 
subjoined table, the results recorded in the second 
line were observed in experiments made by Frank 
and Hertz to determine the amount of work re- 
quired to ionise the molecules of different gases ; 
that was to say, the energy needed to separate a 
corpuscle from an atom. The ionising energy given 
in the second line of the table was expressed as a 
certain number of volts, this number being the 
voltage through which a unit charge would have to 
fall to acquire the energy necessary to ionise the 
atom :— 


Element i Ff. a Gs Ga fa 
Ionising energy 

(volts) 4.9 7.5 9 ll 12 16 20.5 
a ee oe 600 1838 1090 1000 750 600 


From the table it appeared that, for ionisation, 
mercury required an amount of energy represented 
by 4.9 volts, nitrogen 7.5 volts, and oxyger 9 volts 
The inert gases argon, neon, and helium, in con- 
tradiction to what might have been anticipated 
from the brilliancy of the discharge through them, 
were more difficult to ionise. Mercury vapour was 
evidently by far the easiest to ionise of the 
elements tabulated, but were the table extended 
to include such electro-positive bodies as sodium and 
potassium, mercury would be shifted from its posi- 
tion of priority. Underneath the ionising energy 
will be mane values of y, where y denotes that 
wave-length of that light, which was connected 
with the ionising energy immediately above oe 
the ‘‘ quantum law.” Light, the lecturer proceeded, 
behaved in many respects as if it were made up of 
discrete bundles, each endowed with a definite 
amount of energy. This amount depended upon 
the wave-length of the light, the smaller the wave- 
length the greater being the energy in each bundle. 
The en in each bundle was, in fact, propor- 
tionate to the number of vibrations made per second 
by that ry wre kind of light. The numerical 
relationship between the ionising energy (expressed 
in volts, as already explained) and the wave-length 
was given by the relation 

t Te 12.2 x1, 

where A was expressed in Angstrom units, and it 
was from this expression that the vege ae 
in the last line of the table had been calculated. In 
order, therefore, that light should render a 
conductive, the energy in each ‘parcel of light” 
must be equal to the energy required to ionise a 
icle of gas. Hence light with a wave-length of 
Angstrom units should ionise mercury, and 
light of this wave-length would pass through quartz. 
On the other hand, to ionise nitrogen the wave- 
1 must not exceed 1600, and to light as ultra- 
violet as this, quartz was opaque, a wave-length 





of 1800 being about as short a wave-length as 


quartz would pass. Fluorite, on the other hand, 
was t to light of as short a wave-length 
as 1200 Angstrom units, and hence it was to be 
expected that oxygen and nitrogen might be ionised 
by light able to traverse fluorite. This light would 
not, however, ionise hydrogen, which required the 
wave-length to be less than 1090, to which fluorite 
was opaque. It would be seen that these con- 
clusions corresponded very well with the results of 
experiment, air being ionised by “‘ fluorite ultra- 
violet,” and mercury by “‘ quartz ultra-violet,” whilst 
the others were immune to both. 

There was, however, more in it than this, for 
in the mercury spectrum the wave-length 2536 
corresponded to one of the most brilliant and 
impo t lines, and, as stated, 2536 was the 
wave-length corresponding to the ionising potential. 
In some recent experiments by Frank, in which 
mercury was fentans ter cathode rays sent through 
different definite falls of potential, he found that 
the spectrum of the mercury showed no trace of 
the line at 2536 wave-length so long as the fall of 
potential was 4.9 volts or under; but that when 
this fall was increased to 5 volts or a little more, 
the line began to make its appearance, and increased 
in intensity as the voltage fall was still further 
augmented. The appearance of this line in the 
mercury 8' m coincided, in short, with the use 
of cathode rays having the critical amount of 
energy. Ionisation was therefore closely connected 
with radiation, and by measurement of the energy 
required for ionisation it was possible to deduce 
the position of conspicuous lines in spectra. 

Perhaps the most famous case of ionisation pro- 

duced by light capable of passing through quartz 
was that discovered by Stark, who found that anthra- 
cene vapour became conductive when exposed to 
** quartz ultra-violet” light. The effect could be 
clearly shown by submitting anthracene vapour, en- 
pee | in a quartz vessel, to the light of a mercury 
lamp having a quartz bulb. In that case, an 
electroscope coupled up to one of two electrodes 
(the other being earthed) immersed in the vapour 
gave evidence of a distinct leak. This experiment, 
however, gave rise to certain difficulties of a 
theoretical character. It was believed that con- 
ductivity was an atomic phenomenon, and did not 
depend in any way on what companions were 
associated with a icular atom, the ionising 
— being quite independent of these. The 
ight which passed through quartz had a wave- 
length of, say, 2000 Angstrom units, and, so far 
as is at present known, the only gas which could 
be andl by light of this wave-length was mercury 
vapour. It was true that no figures existed for 
carbon, but no other hydrocarbon than anthracene 
was ionised by ‘‘ quartz light,” and it was thus 
difficult to understand why anthracene should be. 

For his own he was not convinced that the 
ionisation found in the case of anthracene did not 
arise from quite a different cause than from the direct 
action of the light as exemplified in the ionisation of 
air by the “fluorite” rays. In the last lecture he 
had shown that when ‘‘ quartz light” fell on metals, 
the latter gave out negative electricity. It seemed 
possible that when exposed to ultra-violet light 
anthracene might polymerise, fine dust being pro- 
duced as one result of the change, and that this 
dust, when exposed to the action of ultra-violet 
light, might give out negative electricity, just as 
small particles of metal would do in the same 
circumstances. If this were so, the apparent con- 
ductivity of anthracene va would be due to 
the photo-electric effect of light on solid particles. 
The accuracy of this hypothesis might, perhaps, 
be tested by measuring the ae of the particle 
in an electric field; since, when a dust particle 
acted as an ion, ite speed was only ;qy5 that of 


the positive icles produced in genuine ionisa- 
tion. yo 1 i had shown that by the 
action of light on certain vapours, clouds of small 


particles were produced, and if anything analogous 
to this took place with anthracene, we should 
have an explanation of its conductivity which 
would not conflict with views held to be well 


gas | founded from other considerations. 


Sir J. J. Thomson next considered quite a dif- 
ferent method of making a gas conductive, the ionisa- 
tion being produced by splashing or bubbling. The 
ete a experiments in this line had been made by 

araday, who had carried out a very remarkable 

on the electricity produced when steam 
was forced through narrow passages, as in Lord 
s hydro-electric machine. Next after 





Faraday came ard, who was led to the subject 
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by the attempt to find some explanation of a long- 
known fact—viz., that the air at the foot of a 
waterfall was in a somewhat anomalous condition, 
many observations having shown such air to be 
very peculiar. Lenard found that a considerable 
amount of ionisation arose whenever water fell and 
struck a solid obstacle. The ions thus produced 
were of a type rare in ‘* ionic 1 = gy soggy where, 
in general, there was no middle class. Big ions 
were found in plenty moving with a velocity corre- 
sponding to a fall of 1 volt per cm., and also many 
small ions moving at a speed 1000 times us great. 
There was, however, a great lack of ions to fill up 
the intermediate gap, but: the ions observed near 
the foot of a waterfall had this intermediate 
character. 

Their production was peeve | susceptible 
to slight impurities in the water. ith ordi 
tap-water no ionisation was produced by splashing, 
and till the importance of using extremely pure 
water was realised, Lenard found himself unable 
to repeat in Bonn observations made at Heidel- 
berg, where the water supply was purer. The 
speaker had himself found it possible to detect by 

eir effect on the ionisation produced by splash- 
ing, the presence in water of traces of rosaniline, 
which could not be detected by the coloration 
produced. Further, if sulphuric acid were added 
to the water in small quantities, no ionisation was 
produced by splashing ; whilst if more acid were 
added, so as to get a stronger solution, ionisation 
was again observed, but its sign was reversed from 
negative to positive. An addition of 1 part of acid 
to 2000 of water was sufficient to effect this change 
of sign. 

8 Reching was, he continued, very analogous to 
ifilien, Lord Kelvin was the first to observe the 
negative electrification produced when air was 
bubbled through water. The phenomenon was, how- 
ever, to be observed only with certain liquids, 
petrol, for example, giving no ionisation. In fact, 
liquids were divisible into two sharply separated 
classes, according as they did, or did not, show 
electrification by splashing or bubbling. The divi- 
sion was one which ran through a considerable 
number of properties. Some, such as water, the 
alcohols, and phenols, had a large surface tension, 
and an abnormal specific inductive capacity, this 
being much larger than calculated from Maxwell’s 
law, according to which the specific inductive capa- 
city should be equal to the square of the refractive 
index. This property these abnormal bodies re- 
tained even in the gaseous state, the specific induc- 
tive capacity of water and alcohol being enormous 
in comparison with the squares of their refractive 
indices. 5 

He had himself suggested that the two classes 
of compounds differed, in that with those having an 
abnormal specific conductive capacity, the atoms of 
the molecule were oppositely charged with electri- 
city, whilst in normal bodies the atoms of the 
molecule were individually neutral. It was only 
with the abnormal liquids that ionisation occurred 
on splashing, none being found with the normal 
class. 

The ionisation produced by bubbling had an 
important bearing on another thorny question— 
viz., that of ionisation by chemical action. When 
hydrogen was produced by the action of dilute acid 
on zinc, the reaction was necessarily accompanied 
by the bubbling of the gas through the liquid re- 
agente. Many chemical actions were, in fact, accom- 
panied by large amounts of electrification, and it 
was a question whether this was genuine ionisa- 
tion by the chemical action or merely another 
aspect of ionisation by bubbling. A e effect 
due to the latter cause was to be expected, as the 
bubbles were very small. It could not, indeed, be 
doubted that in a large number of cases it was this 
bubbling that was accountable for the whole of the 
electrification observed. 

There were, however, other cases to which this 
explanation would not apply. One of these (still 
without any very thorough explanation) was the 
ionisation —— when air was drawn over phos- 
phorus. If a little phosphorus were placed in a 
tube through which air was sucked, then, if a col- 
lector in the tube were connected up to an electro- 
scope. the latter indicated that the air which had 
passed. over the phospliorus had become conduc- 
tive. This might seem as simple a case of chemical 
action as we could have, but Block had shown 
that the matter was really rather complicated. 
The passage of the air over the phosphorus was 
accompanied by a faint |yminosity, and by increas- 





ing the s of the air current this luminous 
cloud could be drawn clear of the phosphorus, 
leaving a dark space between. Block found that 
if his collecting wire were placed in this dark 
8 there were no si of conductivity ; whilst 
if placed in the luminous cloud, there was conduc- 
tivity. This m phosphorescent cloud was 
attributed to the further oxidation of a highly 
unstable oxide (P,0O,) first formed. 

This appeared to be a comparatively simple case 
of chemical action accompanied by conductivity, but 
there was, nevertheless, something exceptional 
about it, since similar chemical and light effects were 
to be observed with sulphur and arsenic, a similar 
luminosity and similar unstable oxide being formed, 
but without any trace of conductivity. There were, 
in fact, corresponding chemical and optical effects, 
but no ionisation. This instance well illustrated 
the difficulties met with in connection with the 

uestion of ionisation by chemical action. He had 
shown in the last lecture that hot solids gave out 
electricity. Many chemical reactions were accom- 
panied by the formation of solids, which, if hot, 
would give out negative charges; but the ionisation 
thus produced was not that of theoretical import- 
ance, and it was very difficult in the case of chemical 
reactions to separate these spurious types from the 
true. As matters stood, it would be premature to 
say whether or no ionisation was ever directly pro- 
duced by chemical action. 





THE BALANCE-SHEET OF BRITISH 
SHIPPING. 

Tue recently-issued statistics of vessels added 
to and removed from Lloyd’s Register during 1914 
have a special interest this year, as they show that, 
in spite of the depredations of German warships, 
the British merchant fleet has increased by 119 
vessels, making 404,630 tons in the aggregate, 
during the year. This is a very satisfactory figure, 
and, if we except the year 1913, the tonnage added 
is greater than in any other year since 1907. On the 
credit side of the sheet we have the addition of 830 
steamships, totalling 1,542,353 tons, and 150 sail- 
ing-ships, making another 16,919 tons, - whilst 
against this must be placed 578 steamships, of 
1,080,246 tons in the aggregate, and 283 sailing 
vessels, totalling 74,396 tons, which have been 
removed from the Register during the year. 
Of the steamers added, 668 vessels, making 
1,317,454 tons, are new ships built in this country, 
while another 14 ships, making 9135 tons, 
have been built abroad. The remaining steam 
tonnage added is made up of 106,960 tons (42 
vessels) bought from foreign countries, 104,516 
tons (27 vessels) transferred from British Colonies, 
1565 tons (37 vessels) converted from sail to steam 
propulsion, 1357 tons (2 vessels) recovered from 
wrecks, and 1366 tons (40 vessels) acquired in 
other ways. With regard to sailing-ships, 70 new 
vessels, making 6815 tons, have been built in this 
country, and 6 vessels, of 1434 tons in the aggre- 
gate, have been built abroad. The other additions 
include 13 ships, of 4713 tons, purchased from 
foreign owners; 4 vessels, of 930 tons, converted 
from steamers to sailing-ships; and 57, making 
3027 tons, acquired by other means. It should be 
noted that, of the total ——_ added, over 85 per 
cent. consists of new vessels, practically all of 
which were built in the United Kingdom. Another 
important item among the additions is, however, 
the 216,189 tons purchased from abroad, which is 
much greater than in any previous year ; the corre- 
sponding figure for 1913 was only 88,779 tons. 

Coming now to the debit side of the balance- 
sheet, we find that 217 steamers, totalling 359,748 
tons, were wrecked or broken up during the year, 
while 279 steamers, making 569,532 tons. were sold 
to foreign countries ; 40 steamers, of 67,987 tons, 
were transferred to British Colonies, and the other 
deductions from the steam tonnage amount to 42 
vessels, making 82,979 tons between them. Of 
sailing vessels, 174, totalling 23,016 tons, have been 
wrecked or broken up, while 49, of 47,293 tons in 
the aggregate, have been sold abroad, and 3, making 
278 tons, have been transferred to British Colonies. 
The other deductions from the sailing tonnage 
include 36 ships which have been converted into 
steamers, and this accounts for another 1546 tons, 
while 21 ships, of 2263 tons in the te, have 
been removed for reasons not stated. The total 
deduction from the steam and sailing tonnage thus 
amounts to 1,154,642 tons. This figure is especially 
interesting, as it includes exactly 100 ships, with 





an aggregate tonnage of 218,595, which were 
sunk or captured as a result of the war during 
the first five months of hostilities. This trifling 
amount is rather less than 1.1 per cent. of the 
total tonnage on the Register of the United King- 
dom on December 31 last, and is considerably less 
than any authority would have prophesied before 
the war; itis one of the most striking reminders 
of the efficiency of the British Navy. The figure 
includes 92 steamers, of 197,883 tons, and 4 
sailing-ships, of 165 tons, sunk by German war- 
_ or mines, and 3 steamers, of 20,371 tons, 
and 1 sailing-ship, of 176 tons, captured by the 
enemy. 

Of the total tonnage (616,825 tons) sold to 
foreign owners during the year, including some 
vessels sold to be broken up, the greatest quantity 
has been acquired by the United States, which has 
purchased 176,258 tons. Next in order of magni- 
tude come Greece, Russia, Italy, Norway. and 
Holland, their purchases being 82,507 tons, 58,572 
tons, 42,806 tons, 37,015 tons, and 31,715 tons 
respectively. About 5.8 per cent. of the total 
tonnage transferred to foreign owners was built 
before 1885, and of the remainder 12.6 per cent. 
was built before 1890, 28 per cent. before 1895, 45 
= cent. before 1900, and over 56.8 per cent. 

fore 1905. 

During the year 612 steamers, totalling 1,731,154 
tons, and 55 sailing-ships, making 5577 tons 
between them, have been classed by Lloyd’s 
Register. The total of 1,736,731 tons shows a 
decrease of 155,002 tons on that for 1913, corre- 
sponding with the general movement of the 
shipbuilding industry for the year. All the vessels 
classed were constructed of steel, with the exception 
of 32 small ships built of wood, which made only 
693 tons in the aggregate. The percentage of sailing 
tonnage classed continues to decrease, and is now 
only 0.32 per cent. of the total, as compared 
with 0.87 per cent. for 1913, and with 0.84 per 
cent., which is the average figure for the five 
previous years. The number of large steamers 
continues to increase, 52 vessels of over 7000 tons 
each having been classed during 1914 ; for the five 
previous years the numbers were 45 in 1913, 25 in 
1912, 26 in 1911, 28 in 1910, and 17 in 1909. Of 
the steamers classed in 1914, 18 were over 10,000 
tons each, the largest being the Aquitania, of 
45,647 tons. The average size of all steamers 
classed during 1914 was 2829 tons, but if we exclude 
small coasting vessels, fishing-boats, yachts, &c., 
of less than 500 tons each, the average size for the 
year becomes 4551 tons. This figure has steadily 
increased for several years t, the average size 
for 1913 being 4309 tons, and for the four previous 
years 3718 tons, 3723 tons, 3341 tons, and 3007 
tons respectively. A large number of vessels of 
special design were classed during the year. These 
include 47 vessels, with a total tonnage of 308,532, 
built on the longitudinal system of construction, 
and forty-five steamers, with an aggregate tonnage 
of 280,923, for conveying petroleum in bulk ; most 
of the latter, it should be mentioned, were con- 
structed on the longitudinal system, and are there- 
fore included in the preceding figures. Other 
special ships classed include three steamers fitted 
with geared turbines, two steamers propelled by 
combined reciprocating engines and turbines, and 
twelve large vessels using oot Be for propul- 
sion. Of the tonnage classed during the year, 
1,372,542 tons (about 79 per cent ) was built in the 
United Kingdom. Foreign countries have con- 
tributed the following amounts :—United States, 
95,810 tons; Germany, 84,956 tons; Holland, 
53,216 tons; Japan, 30,686 tons; Denmark, 
27,271 tons; and other countries, 72,250 tons 
between them. The figures for Germany and for 
Austria-Hungary, the latter being included under 
the heading ‘‘ Other Countries,” are, of course, for 
the first seven months of the year only. In con- 
clusion, we may state that, of the vessels classed, 
439, making 1,080,067 tons, were built for British 
owners, while those built for foreign countries 
number 228, and make another 656,664 tons. Of 
the latter amount, 125,673 tons was for Holland, 
95,559 tons for the United States, 79,911 tons for 
Germany, 48,654 tons for Denmark, 46,433 tons 
for Sweden, 44,716 tons for Japan, and 42,484 
tons for Norway. The only other countries regis- 
tering more than 20,000 tons are the British 
Colonies, Austria-Hungary, Greece, and Spain, the 
figures for these countries being 26,995 tons, 
25,905 tons, 24,405 tons, and 23,552 tons respec- 
tively. 
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NOTES. 


TITANIUM AND STEEL. 


Wuitst titanium steel, in the proper sense of the 
word, is hardly a commercial product yet, tita- 
nium is utilised as a deoxidising agent. The metal 
itself would be too expensive for this purpose ; 
but the titanium carbide or the ferro-titanium car- 
bide answers. ‘Titanium has some peculiar pro- 
perties. Heated in air, it forms an oxide ; heated 
in nitrogen, it is converted into a nitride which, 
itself heated in air, passes into the oxide ; the car- 
bide likewise burns to oxide. Thus the oxide is 
the most stable titanium compound, and as it is 
more stable than iron oxide, steel is treated with 
titanium in order to prevent tion. Accord- 
ing to George F. Comstock, of the Titanium Alloy 
Manufacturing Company, Niagara Falls, who 
writes in the February issue of the Journal of 
Industrial and Engineering Chemistry, about 13 lb. 
of ferro-carbon-titanium are added to 1 ton of 
steel, the addition being made in the ladle, 
in which the metal is kept for from 3 to 10 
minutes. The proportion of titanium added 
to the steel mah be about 0.1 per cent., and in 
no case has more than 0,025 per cent. of titanium 
afterwards been found in any titanium-treated 
steel. The alloy, which consists of microscopic 
particles of titanium carbide, held in a matrix 
resembling gray cast iron, dissolves quickly in the 
steel, and the resulting titanium oxide rises into 
the slag ; the steel is then teemed in the ordinary 
way. ‘This treatment is particularly recommended 
for ‘‘A” rails—i.e., rails rolled from the top portion 
of an ingot, next to the discarded part. Lxperi- 
ments have recently been made. on twenty-one 
pairs of rails from various mills, one of each 

ir being treated with titanium, the other not. 
These steels were analysed, samples being taken 
in each instance from the top of the head, the 
under of the head, the web and the flange, and 
the rails submitted to bending tests on a Land- 

f-Turner machine (stresses above the elastic 
imit), and to endurance tests on a White- 
Souther machine; the latter machine grips 
the test-bar in the middle, and the stresses 
applied are. below the elastic limit; most of 
the specimens stood more than the 30 or 40 millions 
of revolutions to which they were exposed. Brinell 
hardness and impact tests (Frémont machine) were 
also made. The tests are to prove that ‘‘ A” rails 
treated with titanium become as uniform and homo- 
geneous as. good rails, though not better than the 
rails of best untreated steel. ‘The results are not 
very striking ; but there was an improvement, and 
this conclusion was confirmed, by other tests and 
by practical running experience. On the Boston 
Elevated Railway titanium-treated rails were laid 
alternately with untreated rails of the same com- 
position. After 214 days’ service the former 
showed considerably smaller wear, a difference of 
41 per cent. being claimed. On Rock Island Railroad 
titanium-treated rails were abraded by 0.014 sq. in. 
in 17 months, whilst the abrasion of electric steel 
rails amounted to 0.058 sq. in., and of ordinary open- 
hearth steel rails to 0.075 sq. in. The cases may 
not be so directly comparable as they appear. But 
if a simple titanium treatment really makes poor- 
quality rails equal to good steel products, the pro- 
cess deserves attention. It is claimed that the good 
effects of titanium, which in the paper mentioned 
are illustrated by photo-micrographs, are due to the 
fact that the titanium oxide rises up in the molten 
steel, and is removed with the slag and by the 
rolling, whilst alumina, being insoluble, remains 
in the steel, and silicon is said to fail for the same 
reason. These statements are put forward by 
Professor Bradley Stoughton, to explain the action 
of titanium. 


Tue Tora Sotar Eciirse or August 2h, 1914. _ 


Several novel appliances of general physical 
interest were ut uring the total sales diliane 
of last summer on which the Rev. A. L. Cortie, 
8.J +» Of the Stonyhurst College Ubservatory, 
discoursed on Friday, February 26, at the Royal 
Institution. The party from Stonyhurst, consist- 
ing of Father Cortie, father O’Connor, Mr. G. J. 
Gibbs, and Mr. E. T. Whitelow, went to Herné- 
sand, in Sweden, on the Gulf of Bothnia, erecting 
there many instruments (most of which were lent 
by various British institutions) near the Technical 
School of Hernésand, whose staff and students 
must readily rendered every assistance. With the 
aid of a specially laid electric line, the instru- 





ments could be worked electrically, and a comparison 
iron-are spectrum was thrown, for the first time in 
eclipse work, on the slit of the special spectro- 
graph, designed by Professor Fowler and the 
ecturer, and constructed at South Kensington, 
this being the most powerful slit spectrograph 
ever used in such oak. The image of the arc 
was formed by a lens and a diagonal prism 
which could be adjusted in a slotted groove. A 
zinc shield with a horizontal slot 0.1 in. wide was 
employed to cover the slit-plate during the expo- 
sure of the corona, when the arc spectrum was 
to be exposed ; the slit was almost tangential 
to the sun’s limb on the east side, while the slot 
lay across the dark image of the moon. When the 
exposure on the spectrum of the corona had been 
in progress about 40 seconds, the slotted shield was 
— in position, the diagonal prism was pushed 
orward, and the are struck. After an exposure of 
4 seconds, the prism was pushed back again, and 
the shield removed, so that the exposure was con- 
tinted on the corona, none of the optical parts 
having been disturbed meanwhile. A somewhat 
similar arrangement, with a spark spectrum, was 
used by the observers from uonmatth, Messrs. 
Jones and Davidson, at Minsk. The corona, in 
general of the minimum sun-spot type, was very 
beautiful, but the green coronium line is only 
very’ faintly visible on the Herndsand plates, 
whilst some red lines are more distinct ; at Minsk, 
too, the green coronium ring, which the instru- 
ments should have shown there, was altogether 
absent, but the flash spectrum was followed 
ight into the ultra-violet. Father Cortie con- 
sidered that the spectrum he observed was not 
really that of the lower corona, nor that of 
the upper chromosphere, but that of the roots of 
the streamers on the east side of thesun. He was 

icularly interested in the various streamers, 

use he is inclined to connect. streamers with 
sun-spots. There was one big sun-spot on the 
eclipse day on the invisible side of the sun, about 
68 deg. from its western limb; and by applying 
Pascal’s theorem, Father Cortie found that the 
streamers might indeed have emanated from that 

t, though they would not appear to do so on the 
photographs on which they are seen in two dimen- 
sions, whilst they exist, of course, in space in three 
dimensions. Another clever piece of apparatus 
which did good service at Hernésand was the eclipse 
clock constructed by Mr. Gibbs. It was a large 
dial, 2 ft. in diameter, visible to all the workers ; 
the hand of the dial completed its revolution in 
129seconds (the computed duration of totality, which 
turned out to last 125 seconds only), and closed 
the circuit for six exposures, of the long focus lens 
(focal length of 20 ft.), for periods of 2, 4, 10, 
26, 7, and 3 seconds respectively. The Herné- 
sand station was situated 4 miles from the line of 
totality. The Herndésand party was singularly 
fortunate in the weather, the eclipse day being the 
only beautiful and clear day they there, whilst 
Professor Newall in the Crimea and Professor 
Campbell (from the Lick Observatory) near Kiev 
had very bad luck with cloudy skies, and Professor 
Fowler was stopped at Riga by the war transports. 


ScanpinaviaN WateR-Powgr EXpLoirartion. 


In Sweden, and still more in Norway, the plan- 
ning and building of large new hydro-electric 
power-stations goes on at a considerable 
although there are in many cases both legislative, 
and what may be called traditional, obstacles to 
contend inst. This, in some respects, has, in 
Sweden especially, had a retarding effect, and the 
Swedish Crown has in many cases put forward 
what the authorities consider claims based upon 
— or fundamental rights, without, however, 

ing able duly to support such claims at the 
respective courts of law. Thus the Swedish 
Crown not long ago lost its action against the 
Bullerfors Company in Dalecarlia, and was sentenced 
to pay costs amounting to 450). It has been laid 
at the door of the State authorities that they 
were too keen about protecting more or less 
imaginary rights, and that they at the same 
time over-estimated the practical value of the 
power in question. The position taken up by 
the Crown has caused loss to private initiative 
both of time and money ; at the same time it has 
caused much embarrassing uncertainty. This 
official policy has stood seriously in the way of a 
more rational and comprehensive exploitation of 
much unused water-power in Sweden at a time 





when conditions were otherwise favourable for such 


undertakings. The result of the Crown actions in 
this connection is anything but encouraging for the 
Crown itself, inasmuch as only one suit out of about 
a score has been won (that referring to the Betsele 
Fall in Lapland), amd one compromised (the one 
about the Untra Fall in Dalecarlia, now being ex- 
ag by the city of Stockholm). On the other 
d, the Crown has lost its actions, with costs, in 
the matter of the Tinn Fall, the Skirhills Fall, 
the Hissmo Fall, the ay Falls (all in the 
Indal River), the Klabbéle Fall (Ume River), the 
Heden Fall (Lule River), the Kamlunge Fall (Kalix 
River), &c. The Crown is also blamed for the nature 
of the measures passed for the regulation of condi- 
tions, under which private persons or concerns can 
be allowed to exploit Crown falls, for which 
the Orown has no use itself. Although these 
measures were some three or four years 
ago, they have so far not led to one single 
exploitation. In spite of this adverse circumstance 
there are now a good few new hydro-electric power- 
stations in course of construction, or about to be 
built, in Sweden. The various legal difficulties in 
the way of the large municipal Untra station have 
been removed, and the work can be completed. 
Several towns are building municipal hydro-electric 
stations, including the town of Bords, at Heby 
(5400 horse-power). A power-station of 6000 
horse-power is being built at the Agg Fall, on the 
Inda] River, and one of similar capacity has been 
rojected for the Avesta Iron Works on the Dala 
iver. The Surahammor Company is building a 
power-station of 1500 horse-power at Viisterkvarn ; 
the Arboga Engineering Company, one of similar 
dimensions on the Ar stream; the town 
of Lindesberg, one at Ringsby ; the Knutsbo 
Power Company, one of 1500 horse-power, at 
Svartan; the Guldsmede Company, one of 
2100 horse-power, at the Blanka Fall; the Box- 
holm Company, and the Nyhammar Company, 
are also having new power-stations built, as are 
several other concerns. Some important river regu- 
lations, with the view to further power-station con- 
struction, are also going on. The same action, on a 
very large scale, is taking place in Finland, where the 
Government is having the Vnoksen fully surveyed 
and examined, so as to prepare the way for its 
exploitation ; the power which will. be available 
from this source has been calculated at the 
aggregate of 600,000 horse-power. In Norway 
the Rauma Falls have just been sold to.a Nor- 
wegian concern fora sum of 460,000 kr. The 
deal vey me rights in the Rauma, the Nevanur, 
and the Vermaoen, in the Romsdale district, and 
the aggregate capacity is calculated at 70,000 horse- 
power. A somewhat extensive regulation will be 
necessary, but the cost per horse-power is not 
ex to exceed that ofother large power-stations 
which have been built under favourable conditions. 
Other large hydro-electric power-stations have 
already been taken in hand or are being proposed 
in other parts of the country. 





Coat in SourHern Germany.—A report from Mann- 
heim states that the industries continue to order fuel 
freely. The shortage of Saar coal is being covered by 
Rubr coal, which change in some cases causes difficulties. 
Fat Ruhr coal is scarce and eagerly bought up. The 
shortage of anthracite nuts continues. A ian substi- 
tute has been ght forward. Ss and 
prompt delivery of all kinds can be eff . Briquettes 
are in strong d, but the deliveries leave occasionally 
something to be desired in the matter of promptness. 


Timken Rouier-Bearinos.—We have received from 
the Electric and Ordnance Accessories Company, Limited, 





of Aston, Birmingham, a Copy of the latest edition of 
the ‘‘ Timken Primer.” This little book deals with the 
Timken roller- i which were illustrated and de- 


scribed in our issue of November 18, 1910, on page 693, 
but we may, perhaps, remind our readers that these 
bearings comprise a number of tapered rollers of hardened 
steel running between a pair of conical surfaces, also of 
hardened steel, and that their design enables them to 
resist axial thrust and also allows wear to be taken up, 
The first chapter of the booklet deals with the functions 
of bearings, especially in connection with motor-cars, for 
which Timken ngsare particularly well suited. The 
next chapter describes the principle of the bearings in 
simple language, while later chapters deal with the 
quality of materials used, the method of manufacture, 
and with the proper care of the bearings in ase. Under 
the latter ing it is mentioned that Timken bearinge, 
if properly mounted and cared for, can be depended on 
to outlast the car. The booklet also compares the pro- 
perties of ball-bearings and roller-bearings, and illustrates 
the application of Timken bearings to all the different 
parts of a motor-car. a the booklet is a very 
interesting and useful publication, which should be 
studied by all owners of motor-cars, 
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GERMANY’S ELECTRO-TECHNICAL 
INDUSTRY AND THE WAR. 


THERE is perhaps no branch of industry which 
Germany has pushed with more zeal and more pride 
than the electro-technical, and owing to its important 
share in Germany’s foreign trade, the effect of the 
war and the changes it is likely to work in this con- 
nection are being watched with close attention. In 
the year 1912, out of an te production within 
this field estimated at 1,200,000,000 marks, there were 
exported electrical goods to an amount of 272,000,000 
marks—that is, 224 per cent. of the total production. 
The following year the ageregate value of these ex- 
porte had risen to 330,000,000 marke. The export per- 
centage of the output of the larger firm nny still 
larger. The Germans, with natural satisfaction, point 
out that, thanks to the organisation of their export 
trade, medium-sized and small electrical undertakings 
also get their share of export, in which respect Ger- 
many, in & marked manner, differs from America. 
A material of the German electro-technical 
export, probably quite one-half, goes to countries over 
the sea, whilst 35 per cent. is a ‘bed by the Euro- 
pean countries with which Germany is now at war, 
and 7 per cent. goes to Austria-Hungary. 

The exports to the European countries in question 
for the year 1913 were :— 


Belgium 21,745,000 marks, or 6.58 per cent. 
rance ... 18,391,000 _,, 5.66 =, 
England 34,421,000, 10.41 ne 
Russia ... 89,601,000 ,, _* fae 
Servia... sina 292,000 me 0.09 is 


As in other fields, England hopes to obtain some 
measure of Germany’s position in the electro-tech- 
nical industry in the world’s market, a position 
which Germany claims she has attained through 
the superiority of her goods and her business 
methods. The export of man electro-technical 
articles to — has, of course, come to an end. 
England affords a comparatively small market for 
electric machinery, and the Germans reckon that the 
production of one of their large concerns—for instance, 
the Allgemeine Elektricitiits Gesellschaft—could cover 
England’s requirements in this direction. The con- 
sumption of electric articles in England for the year 
1912 only amounted to 6.15s. per inhabitant, against 
16s. per inhabitant in Germany. England imports 
one-fifth of her requirements under this head, and this 
fifth has on an increasing scale been supplied by 
Germany, her exports to England of these goods, as 
mentioned above, amounting to 34,400,000 marks for 
the year 1913. 

The opportunity now presents itself for British 
manufacturers to produce the goods formerly im- 
ported. They are, however, at the outset met 
with the difficulty that they have hitherto de- 
pended, in some departments, upon raw materials 
and half-finished 8, which, so far, have been 
exclusively drawn from Germany, Austria, Belgium, 
and Sweden. As examples, it may be mentioned that 
only a small minority of British factories make their 
own glass for incandescent lamps, all the others 
importing their requirements of this class from the 
Continent. There are only one or two lamp-carbon 
factories in Britain, so that almost all these electrodes 
must be imported. The same applies to certain 
qualities of iron and steel, of porcelain and glass 
parts, which, as a matter of fact, could be perfect! 
well manufactured within the country, but whic 
Britain also hitherto has imported from abroad. It 
is evident that auxiliary industries of this description 
cannot be called to life all at once, and much time will 
have to elapse before a change can be brought about 
in this connection. It is thought in Germany that, 
under these circumstances, apart from other conditions 

revailing on the world’s market, Britain will not 
Cove much chance of capturing the German electro- 
technical export trade, especially as far as oversea 
markets are concerned. 

In 1913 British exports of electrical machinery to 
South Africa amounted to rather more than 500, a 
whilst those of Germany and Austria amounted to 
425,000/. The principal exports from Germany con- 
sisted of electrical machines, of which Germany sup- 
plied twice as many as Britain. According to an 
official British report, the greater success of the 
foreigner, which means — the German mer- 
chants, is attributable to the large stocks they keep. 

As might be expected, the American electro-technical 
industry is peying special attention to the present 
state of affairs. America’s export in this branch is 
merry small and amounted in 1914 to about 
5,000,0002., in addition to which it seems to be 
on the decline. The Americans now hope to raise 
these figures during the war, but they do not ap 
to have any illusions as to how long they can keep 
what trade they — —_ Their greatest expec- 
tations refer to the te . and South ag te 

According to an official Japanese report, Japan im- 
ported in the year 1912 electro-technical articles of 
an aggregate value of 1,375,000/., but of this enly 





20 * cent. came from the United States, 30 per cent. 
fell to England’s share, and 50 per cent. to Germany. 

The United States have done somewhat better in 
Central and South America; for the financial year 
1912-13 the imports of electro-technical articles to 
the following countries were as under :— 





Sang. oe ae eae States. 
Mexico ... 100,000 10,500 420,000 
Argentina 812,500 600,000 225,000 
Brazil ... 350,000 262,500 628,000 
Chile 250,000 135,000 250,000 

1,512,500 1,108,000 1,423,000 


When America attempts to secure for herself the 
two to three millions sterling which have hitherto 
been England’s and Germany’s share, she will probably 
find that this is not practicable. In the first place, 
the buying capacity of the Central and South 
American countries is very small at present, as severe 
industrial and financial crises are at present troubling 
all South American countries and Mexico. Export to 
the latter country, as a matter of fact, is altogether 
out of the question at present. Then there are finan- 
cial and transport difficulties. The Argentine Am- 
bassador in Washi has himself drawn the 
attention of United States merchants to the fact that 
in the Argentine payment 90 to 120 days after delivery 
is looked upon as cash terms, whereas American manu- 
facturers certainly call this credit. Here the Germans 
claim, and no doubt with good cause, that it is not 
only the quality of their goods, but their business 
capacity, or, one might say, adaptability, which has 
stood them in good place. 

The Secretary of the Department of Cx ce of 
the United States, with a special view to the South 
American market, has emphasised that a scheme 
which is carried out on a German financial basis, and 
under the management of German engineers also, will 
be sure to entail the use of German materials. 
urges the business and financial world of the United 
States to enter upon investment of capital in the South 
American countries, which in this connection means 
new land to them, as they not only will receive 
interest for their money, but also bring about an 
increased sale of American goods. 

The Germans, however, question whether this appeal, 
under the present financial conditions in the Routh 
American republics, will be of much avail. The 
Germans hope, and think they have good reason for 
this hope, that their export to those countries which 
the war has not brought to a complete standstill will, 
after the war, not only attain to its former import- 
ance, but even witness a further increase. 








THE WORKING OF THE BOILER 
EXPLOSIONS ACTS. 

THE annual report for the year ended June 30, 
1914, on the working of the Boiler Explosions Acts, 
1882 and 1890, has just been issued by the Board of 
Trade. During the period named, preliminary 
inquiries and four formal investigations have been 
held under the provisions of the Acts. The 68 ex- 
plosions thus dealt with caused the death of 22 
persons and injuries to 74 others. The 22 deaths 
were caused by 11 explosions, of which eight occurred 
on land and three on ships. The number of persons 
killed is below the average (26.3) for the years 
since the Act came into force, but the number of 
injured is above the average. It is satisfactory, the 
report states, to be able to record a — the number 
of eo which occurred during the year, which 
is below the average (72.8). 

The report makes special reference to important 
recommendations made by the Commissioners in the 
case of one explosion, respecting which a formal 
investigation was held. They recommended that every 
boiler should be thoroughy examined periodically, 
and tested by water pressure by a competent person, 
and also suggested that makers of ploughing-engines 
should put a plate or mark on each engine showing 
the date of construction and the werking pressure for 
which the boiler was constructed. 

On analysis of Appendix A, which gives a summary 
of the explosions, it appears that 13 boilers, &c., were 
under boiler insurance companies, 9 were under 
marine insurance companies, 8 were under Lloyd’s 
Survey, 2 were under the British Corporation, 1 was 
under the Board of Trade, and 35 were not under any 
insurance gg or inspecting association. 

Appendix B describes the explosions as having 
arisen from the following types of boilers or vessels :— 

13 horizontal multitubular boilers. 

7 vertical boilers. 

3 Lancashire and other flue boilers. 

4 locomotive boilers. 

2 water-tube boilers. 

tubes in steam —_— 

11 steam-pi stop-valve chests, &c. 

3 hebahaten, De. 

3 calenders, drying-cylinders, &c. 


He|° 


steam-jacketed pans. 
rag-boulers, kiers, stills, &. 
miscellaneous. 
The causes of the 68 explosions were as follow :— 
20 deterioration or corr sion. 
19 defective design or undue working pressure. 
4 water- action. 
12 defective wor ip, material, or construction. 
9 ignorance or neglect of attendants. 
4 eincell 


www 


Appendix C states that the four explosions respect- 
ing which formal investigations were held during the 
year related to :— 

1 Cornish boiler. 

Beesley boiler. 
steam- 

1 losounstive. 


The explosions resulted in the death of 12 persons 
and injuries to 25 others. The causes of these explo- 
sions, the Report adds, have been clearly ascertained, 
and in no case has the explosion been attributed to 
accident. 

In one case the Commissioners found the owners 
and an insurance company responsible for the explo- 
sion. 

In another case an insurance company and an 
assistant engineer and an inspector in their employ 
were found responsible. 

In a third case the owners were held to blame. 

In the fourth case no one was found to blame. 

The Commissioners ordered that the following 
amounts should be paid to the Board of Trade towards 


the costs and expenses of the investigations :— 
In one case the owners were ordered to pay 30/. In 
one case the owners were ordered to pay In one 


case an assistant engineer in the employ of an insur- 
ance company was ordered to pay In one case an 
inspector in the employ of an insurance company was 
ered to pay 50/. In one case an insurance com- 
pany was ordered to pay 100/. Inone case an insur- 
ance company was ordered to pay 500/. Total, 780/. 
A ix D gives the total number of explosions 
dealt with since the passing of the Acts, the number 
of lives lost, and persons injured :— 











Number Personal Injuries. 
ot | —_—_—___—— 
Year. Explo- | y | Number of | 
Bi | Number of | "Persons | Total. 
Lives Lost. Inju 

1882-83 45 35 33 68 
1883-84 41 18 62 80 
1884-85 43 40 62 102 
1885-86 57 33 79 112 
1886-87 37 24 44 68 
1887-88 61 31 52 83 
1888-89 67 33 79 112 
1889-90 77 21 76 7 
1890-91 72 82 61 93 
1891-92 88 23 82 105 
1892-93 72 20 87 57 
1893-94 104 24 54 78 
1894-95 114 43 85 128 
1895-96 79 25 48 73 
1896-97 80 27 75 102 
1897-98 84 37 46 83 
1898-99 68 36 67 103 
1899-1900 59 24 65 89 
1900-1 72 33 60 93 
1901-2 68 30 55 85 
1902-3 69 22 67 89 
1903-4 60 19 45 64 
1904-5 57 14 40 54 
1905-6 54 25 21 46 
1906-7 77 28 | 65 93 
1907-8 73 23 | 50 73 
1908-9 93 12 53 65 
1909-10 103 14 62 76 
1910-11 100 13 61 74 
1911-12 106 30 75 105 
1912-13 80 31 42 73 
1913-14 at 68 22 74 96 
Totals. . 2328 | 842 1877 2719 
Average of 32 years 72.8 | 263 58.7 85.0 
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AmerRIcAN Forests.—The American Forest Service 
sold last year 1,500,000,000 ft. of timber, supervised the 
cutting of 4 number of different areas, controlled 
the grazing of 1,500,000 cattle and 7,500,000 sheep, and 
built more than 600 miles of road, 2000 miles’ of trail, 
3000 miles of telephones, and 700 miles of fire line. The 
Chief Forester considers that it is desirable to increase the 
cut of timbér from the national forests whenever a fair 

ice can be paid for the ‘‘stumpage,” because a great 
Real of it is mature, and ought to be taken out to make 
room for young growth. Unfavourable conditions in the 
lumber trade caused the sales of national forest timber 
to fall off to some extent during the past year, although 
the cut was rather larger. Desirable of national 
forest timber have been pressed upon the market, and it 
is expected that these will find purchasers when con- 
ditions in the lumber trade improve. The American 
Government received 1,304,053 dols. last year from its 
timber sales, and the receipts of the Forest Service from 
all sources were 2,437,710 dols. About 400,000 dols. was 

by the Forest Service in 1914 for t 





i vemen yd we ipal object being to make forests 
ae mete to oa ir protection from fire. 
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INDUSTRIAL NOTES. 


WE deal in a leading article, on page 275 of the 
present issue, with the unrest in the engineering 
establishments. 


At the Newcastle Shipyard Trades Conference, held 
on Tuesday last, it was announced that the men em- 
ployed on time rate are to receive an advance of 4s. 
per week, the men on piecework receiving an advance 
of 10 percent. The advance is to be considered as a 
war bonus. At the close of the conference the follow- 
ing telegram, signed by the representatives of the 
Boiler-Makers’, the Shipwrights’, and the Cabinet- 
Makers’ Societies, was sent to Sir George Askwith :— 

‘* At a conference of representatives of the joint 
shipbuilding trades and the Boiler-Makers’ and [ron 
ar Steel Ship-Builders’ Society, the report and 
award of the Committee on Production in none 
and Ship-Building Establishments was carefully con- 
sidered, and it was unanimously decided to accept the 
same on behalf of our members of the respective 
societies, and to urge our members to continue, and 
improve where possible, on the time-keeping and pro- 
duction of ships and munitions of war, and everything 
necessary to our national welfare in this grave 
national emergency.” 





According to the Birmingham Daily Post, the 
Shipbuilding and Engineering Federation (Humber 
District) have agreed to 3s. a week advance (war bonus). 
This concession affects all men e in the engi- 
neering trades as distinct from the shipwrights. Boiler- 
makers are included, and approximately 2000 men will 
receive the bonus. 

By a large majority a mass meeting of the members 
of the Amalgamated Society of Engineers, the Steam- 
Engine Makers’ Society, the United Kingdom Society 
of Smiths and Strikers, and the Electrical Trades’ 
Union, held at Middlesbrough, decided to accept the 
employers’ offer of an immediate advance of 4s. a week 
on time rates and 10 per cent. on piece rates, the men 
pledging themselves not to ‘‘down tools” in case of 
sectional disputes. 

Further, a Belfast message states that as a result 
of negotiations between the local boilermakers’ and 
engineers’ societies and the Belfast shi oe 
employers, the latter have, it is unders gran 
an increase of wages of 10 per cent. on piece rates 
and 3s. per week on time. A similar advance has 
also been granted to several thousand members of the 
local branch of the Amalgamated Union of Labour 
engaged at shipyards. 





Several meetings have been held recently in Sheffield 
to press for an advance in wages. Among other 
societies, the Gas-Workers and meral Labourers’ 
Union claimed from the Sheffield and District Engi- 
neering Trades Employers’ Association an all-round 
advance of 4s. per week for the men employed at day 
rates and an advance of 10 per cent. for those on piece- 
work, the advances to be granted during the war, to 
cover increased cost of living. The employers, whilst 
admitting that footstuffs had increased in price, re- 
marked that the prices of raw material had also 
largely increased. The points were discussed, and 
the employers finally agreed to grant an advance dur- 
ing the war of 2s. per week to both day men and men 
on piecework. At a subsequent interview, the em- 
ployers offered to delete the term ‘‘ war bonus ” and 
to grant a special increase of 2s. per week to men on 
day rates, overtime being paid on the extra rate ; they 
also offered to the men on piecework an increase of 
5 per cent. 

Mr. C. H. Blackburn, secretary of the union, urged 
the men to abide by the employers’ terms, adding the 
hope that there would be ‘“‘ no idiotic talk about going 
out on strike.” ‘* When,” he also stated, ‘‘ the door is 
left open by reasonable employers such as we have in 
Sheffield, there is always the opportunity of settling 
matters. While we have 20,000 men of the Societ 
fighting in the trenches, do not let us say ‘We wi 
stop sending you ammunition, and see you absolutely 
murdered,’ ” 

_ We are informed that at Sunday’s meeting a resolu- 
tion was carried by a large majority rejecting the 
offers made by the employers, and asking the men’s 
representatives to reopen negotiations upon the 
original programme. ' 





In former articles (see pages 225 and 251 ante) we 
dealt in detail with the war bonus for railway men. 
We are now informed that the Great Eastern, okie 
and North-Western, Great Western, Great Northern, 
London, Brighton, and South Coast, and railways of 
local interest, including, among others, the Maryport 
and Carlisle Railway, have extended the settlement to 
their shopmen. 





According to the Canadian Engineer, a new industry 
for Canada has arisen as out of the night. Orders for 
shrapnel shells have already amoun to millions of 
dollars and have solved the employment problem for 


thousands of men. Up to the present, these orders 
have been for shells for the British alone, but it is 
understood that orders are also being placed in Canada 
by the French and Russian Governments. The manu- 
facture is proving a boon to the metal and machine 
industries throughout the country, many of whi 
were otherwise sorely pressed for cnntthion to do. 
These orders are not in any known instance for the 
complete and finished shell, but are for shell parts. 





The Mersey Carters’ Union held a meeting at Liver- 
pool last Sunday, when the dispute referred to in 
our last issue (see page 254 ante) was settled. The 
men accepted the employers’ terms of increase, which 
are as follow :—To teamsmen, 4s. per week ; to one- 
horse men, 3s. per week ; to juniors, ls. or 2s., accord- 
ing to scale; to motormen, 3s. The rate of pay to 
casual men is 53. 8d. per day. 

A dispute in which the Liverpool coalheavers are 
involved remains unsettled at the time of going to 
ress. Hopes are, however, entertained that a satis- 
actory issue will soon be reached. In the meantime 
voluntary workers supplied by the Civic Service 
League are coaling in the more urgent cases. 





We read in the Iron Age that the Metropolitan 
Life Insurance Company reported in the first week of 
February the results of the canvass of its industrial 
policy-holders. This showed the Yr: of un- 
employment in New York City to be 17.7. The New 
York Mayor’s Committee, to whom the report was 
sent, has estimated the number who would be at work 
under normal conditions at 2,017,000, so that on the 
above proportion the number now out of work is about 
357,000. The Metropolitan Company has 1,500,000 
policy-holders in New York City, and it takes about 
@ month for its agents to make the complete rounds. 
Most of the premiums are paid weekly, but some are 
due at longer intervals. The plan of operation is for 
the company’s agents, when collecting premiums, to 
ask questions as to unemployment and to enter the 
answers. The estimate of 357,000, based on the com- 
pany’s report, is considerably higher than any fi 
that has official sanction. The Committee itself 
has estimated that the number out of work this winter 


mean a total of about 300,000. 





We understand that an ite has been made 
by the London Electrical Trades Union to the Eleo- 
trical Trades Employers’ Federation for an increase 
in wages of from 104d. to ls. per hour, and also for a 
reduction in the number of hours of from 53 to 48. 





Trade-union representatives from Middlesbrough, 
Stockton, Darlington, and the Hartlepools met to- 
gether at Middlesbrough on Saturday last, the 27th 
ult., with a view to consider the questions of food and 
fuel prices. Mr. A. J. Best, Chairman of the Dar- 
lington Trades Council, presided. The Conference 
unanimously adopted a resolution demanding Govern- 
ment intervention on the lines recommended by the 
Workers’ National Committee, to the effect that 
Government should at once take steps to obtain the 
control of more ships, and bring the wheat from 
Argentina and Canada at the bare cost of transport ; 
that maximum prices for coal should be fixed by 
Government ; that railway trucks, belonging both to 
the se te railway companies and to private traders, 
should be pooled and run to their fullest economic 
extent ; that in fixing shipping freights for vessels 
under their control Government should have regard to 
normal rates rather than to excessive rates of private 
shipowners ; that Government should commandeer coal 
supplies and distribute coal to household consumers 
through municipal or co-operative agencies. It was 
also decided to hold meetings simultaneously in the 
four centres referred to, with the object of approving 
the resolutions. 


A meeting convened by three trade unions was 
held in the Birmingham Town Hall on Sunday last, to 
demand a minimum wage of 30s. per week for al! male 
employees above the age of twenty-one in the service 
of the Birmingham Corporation. The chairman, Mr. 
F. Moreby, stated that food-stuffs were going up to 
such an extent that it was impossible for them at the 
present rate of wages to live in a decent and reason- 
able state. That being so, they were forced to insist 
upon concessions. The purchasing capacity of the 


could marvel that Birmingham workers now demanded 
a rise to make good this reduction. They were not 
prepared to accept anything less than a 303. minimum, 
and if the City Council desired to do justice to the 
workers, they would concede it. 

A resolution which was proposed to the above effect 
was carried unanimously. 





The surface men employed at the South Yorkshire 








Collieries are asking for an increase in their wages of 


cent. lai 
gure | case of the C igen ead Clnsten engines’ the 


is nearly 200,000 greater than last winter. This would | b 


sovereign had been reduced by 4s. or 5s., and no one | to 


3d. per day upon basis rates, and a proportionate 
increase upon the minimum scale for lads; 3d. per 
day upon firemen’s and chargemen’s minimum rates ; 
the fixing of a minimum rate for men en on 
patent coke-ovens and on slack-washers; and the 
extension of an eight hours’ day to all colliery engine- 
men. 

It has been that a conference repre- 
sentative of every section of surface men shall be held 
towards the middle of the present month, with a view 
to the discussion of the demand. 





DIESEL-ENGINE USERS’ ASSOCIATION. 


At the Fe meeting of this association, held at 
the Institution of Electrical Engineers, the President, 
Mr. J. E. Edgcome, announced that further particulars 
were being obtained in connection with the question of 


the use of Mexican fuel oil in Diesel engi 


u i 0 L nes, and in con- 
nection with specifications for fuel oil, and that both 
these subjects would be brought up for further dis- 
cussion at a subsequent meeting. e also announced 


that at the next meeting the general question of insurance 
of Diesel ] c own would be further 
discussed. — discussion on the breakdown of a Carels 
Diesel engine at Oxford, which had been ata 
previous meeting, was resumed. Mr, F. H. Francis 
exhibited a bolt- from the connecting-rod big end of 
his engine at Oxford, and explained that this bolt was 
one which had failed at a previous breakdown in May, 
and not at the breakdown now under discussion. e 
stated that both bolts were very similar, and that both 
were obtained from the Consolidated Diesel Engine 
Manufacturers, Limited. The second bolt which broke 
had been tested by the Sheffield Testing Works, Limited, 
and it was stated that it was made of good quality 
iron. Mr. Francis considered that steel would have been 
more suitable. He then produced a table of res which 
he had worked out from particulars — to him by 
various Diesel-engine users, and poi out that Mr. 
Philip Smith’s contention that the bolt was over-stressed 
in the case of the Oxford engine appeared to be correct. 
It was interesting to note that in the case of the Carels 
engines at Chelsea and Clacton, which are of the same 
size - the a engine at Letchworth, the Sesee —_ 
are 25 vo in area. pparently, in the 
2 makers had 
out the big ends, so as to take the largest 
bolt they could get in without altering the design of the 
ig end. Mr. Philip H. Smith, who had been invited to 
attend the meeting, gave data of relative stresses in big- 
end bolts in the case of engines of various makers. He con- 
tended that the bolts of the big end of the connecting-rod 
were of insufficient strength for their purpose, and that 
the absence of a proper radius under the head of the bolt 
was & weak ny in the design. In the course of the 
discussion which foliowed he expressed the view that 
—— —~ = 4 of the connecting-rod bolts was not to 
recommended, but he considered that such bolts 
should not be stressed above 30001b. per sq. in., and that 
they should be renewed every twelve months or so, or, 
say, after about 3000 hours’ run. He added that in men- 
tioning a definite period for the use of the connecting- 
rod bolts he was to a great extent guided by informa- 
tion given him by Diesel-engine users. Mr. Everitt 
gave some further Eee iculars wane, Me fracture 
of a gudgeon pin on his Oarels engine at ton-on-Sea, 
and Mr. Smith expressed his opinion that this might 
have been due to the strain caused by a pre-ignition, 
which was known to have occurred on the engine on one 
occasion when the fuel cam was not in order. Mr. H. 
L. Dixon, of Leatherhead, considered that without some 
further explanation it would not “p to be advisable 
that the bolts of the big end should be a tight fit, but 
that any shearing strain on the boltsshould be taken by 
a spigot, to which Mr. Smith replied that, in his opinion, 
a tight fit for the bolts was preferable, but that he con- 
sidered that a jaw-shaped connecting-rod was the best 
arrangement. i 
The next meeting is to be held on Wednesday, March 
17, at the Institution of Electrical Engineers. Informa- 
tion and ticulars concerning the association can be 
obtained from the acting Hon. Secretary, Mr. Percy 
Still, at 19, Cadogan Gardens, London, 8.W. 





Germany's CoMMERCIAL RELATIONS WITH JAPAN.— 
The military and commercial tactics of Germany during 
warfare seem to be somewhat at variance. ilst the 
former are directed towards the offensive, the latter in 
many cases ap) to be conceived with the view merely 
of occupying defensive lines. Oleariy defined action has 
been against England, der Hauptfeind, against 
France and Russia ; but as regards Japan, opinions are 
divided as to what steps Germany ought totake. The fact 


is that Ja not only has ined from any hostile 
com: ial action against Germany (and this is where 
England ), 


ay ors A has roused the wrath of the Germans 
but in the first instance she allowed all the favours granted 


to im from y in various treaties to be applied 


all goods shi from Germany before the beginning 
of the war, ter, this decision has been extended to 
all German is arriving in Japan before March 31. 


No German ness or und in Japan has been 
interfered with, German subjects could leave or enter the 
country at will. Whilst the Munich-Gladbach Chamber 
urged that steps should be taken particularly directed 
against Japan, the Hamburg Chamber of Commerce 
recomm that no such po jy be adopted, so 
as not to present and future German interests 





in Japan, the more so as Germany’s credits in Japan are 
likely to exceed those of Japan in Germany. 
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THE CHETWYND ELECTRICAL STEEL PURIFICATION PROCESS. 
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WE illustrate in the view, Fig. 1, and in detail in 
Figs. 2 to 7, apparatus used in Lord Chetwynd’s 
electrical steel-purification procees, which has been in 
use for the past eighteen months at the Grimesthorpe 
Works, Sheffield, belonging to Messrs. Cammell Laird 
and Co., Limited. The steel is manufactured in the 
ordinary way in the Siemens-Martin furnace, and is 
then teemed into a ladle of the type shown. Fig. 8 is 
a section through a purified steel ingot. 

Before entering into the details of the purification 
process in question, we ma remind our readers that 
in a recent discussion before the Iron and Steel 
Institute, Dr. Stead remarked that steel in the course 
of its treatment in the open-hearth furnace was sur- 
rounded with the utmost care, and was brought toa 
high degree of perfection. Unfortunately, he added, 
‘barbarous methods ” commenced to be resorted to 
immediately the furnace was tapped for Lege 
the steel ran down a long trough into the ladle, 
carrying with it a part of the oleg, and being exposed 
during teeming and casting to the action of the sur- 
rounding atmosphere. According to Dr. Stead, there- 
fere, could the methods he referred to be done away 
with, the steel ingot would gain immensely in purity 
and soundness. 

The process which Lord Chetwynd has a 
does not do away with the methods—followed in 








practically every steel works all over the world— 
which Dr. Stead deprecates in so forcible terms, and 
which he would so like to see dispensed with, but it 
acts as an efficient corrective. Lord Chetwynd, like 
Dr. Stead, finds that when teeming the steel into 
the ladle in the ordinary way a portion of the slag is 
drawn out with it and becomes so intermingled with 
the steel in the ladle that it has no time to separate 
completely and to rise to the surface before the pouring 
into the ingot moulds takes . His process is 
applied, therefore, to the steel in the ladle, and it 
deals successfully both with the slag and with the gas 
difficulties. 

The ladle, as will be seen from our illustrations, has 
a bracket on each side, and is provided with the neces- 
sary electrical connections. hen it has received the 
contents of the furnace, it is placed over a suitable 
pit, the two brackets resting on girder supporte, shown 
in Fig. 3. Two graphite e es, carried by a re- 
volving crane-shaped device, are then brought round, 
lowered, and made to rest in the layer of slag covering 
the molten steel in the ladle, the graphite electrodes 
being along the diameter, at right angles to the stopper- 
rods. Iron electrodes are fitted in the bottom of the 
ladle (see Figs. 2and 5). Assoon as the graphite eleo- 
trodes are lowered into the layer of slag an electric 
current is made to flow through the steel, the effect of 
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which is to raise the tem ture of the metal, causi 
a rotating action throughout the molten mass, wi 
the result that it is freed from the and slag 
rticles which it contained in teeming from the 
urnace. This electrical purification process lasts 
about 30 minutes ; the current expenditure is small, 
as shown further on. When the operation is com- 
pleted, as is evidenced by a great reduction in the 
gas burning on the surface, and by ite burning 
gently and not coming away under pressure, the steel 
is poured in the moulds in the — way, and 
yields ingots which are much more sound than thos 
obtained with the untreated steel. The process does 
not do away completely with se; tion, but it 
reduces its extent and the weight of the consequent 
discard ; it also causes the disappearance of the 
small cavities and slag enclosures which are found 
to ocour down the centre line of many ingots of un- 
treated steel. These latter, as is well known, are 
most treacherous defects, in that subsequent mechani- 
cal treatment may never reveal their existence; in 
nine cases out of every ten their presence has been 
ascertained only by failure after a very short period 
of service. e have seen the process in operation 
aud have inspected micro-sections, test specimens and 
test figures, which show that it has a marked refining 
action upon the metal in the ladle. 

The Chetwynd ladle is illustrated in detail in 
Figs. 2 to 6. The lining, nozzles, and double-stopper 
device do not differ from those of ordinary steel 
ladles. With a view to the electrical treatment of 
the steel, it is provided with the necessary connec- 
tions, shown in our illustrations. Iron electrodes run 
through the bottom of the ladle and the bottom lining, 
as shown at A; they are connected ther by hori- 
zontal conductors B, made of copper strips, these latter 
being, in their turn, connected to the strips marked C. 
which are bent round at D, forming contacts which 
bear upon the lead sheets E, which are laid on the 
two sides of the pit on the top flange of the girder- 
support above referred to. When the ladle is in place 
for carrying out the electrical purification process, the 
total weight of the ladle and its contents is carried 
by the two brackets. Copper strips marked F and G 
are fastened directly on the top flange of the girder on 
each side, and the lead sheets E are laid on them to 
help in obtaining a good electric connection with D. The 
weight of the full ladle comes into play to secure this 
condition. The location of the iron electrodes A and 
their connections are shown in Fig. 5. An electrode is 
illustrated in detail in Fig. 4, from which it will be 
seen to consist of an inner end, easily renewable, a, the 
diameter of which is about § io., having a lower por- 
tion b, which has_a larger diameter and is threaded 
for screwihg into the outer, supporting, part marked c. 
The lead sheets marked E are connected by the con- 
ductors F and G (see Figs. 5 and 7), each to one end 
of the secondary windings H and I of two separate 
single-phase transformers, of which K and L are the 
respective primary windings. The two graphite elec- 
trodes are marked M and N in Fig. 7 ; they are carried 
with the necessary provision for insulation in the re- 
volving crane-shaped device referred to in the fore- 

oing, and are connected by the flexible copper con- 
» sorte O and P to the opposite ends of the secondary 
windings H and I of the two transformers, to which 
the lower iron electrodes A are connected. The two 
ends of the primary winding K of one transformer are 
arranged to be respectively connected to one, R, of 
the outer conductors R and S, and to the inner con- 
ductor T of a two-phase, three-wire feeder by an oil- 
switch, a throw-over switch, and an isolating or main 
switch, through a meter. The two ends of the primary 
winding L of the other transformer are arranged to be 
similarly connected to the outer conductor 8 and the 
inner conductor T of the feeder by a switch, and the 
throw-over and isolating switches through a meter. 
Each primary winding K and L has a number of inter- 
mediate tap-points, br prov the — th of the 
primary windings, and consequently the voltage gene- 
rated in the corresponding secondary windings H and 
I, can be varied to suit the requirements. 

The regulation of the current is obtained by lowering 
or raising the graphite electrodes, thereby placing a 


thinner or a thicker layer of slag between them and | the 


the surface of the steel, the slag acting as the neces- 
sary resistance. A slight reducing action is carried 
out in the slag. The loess from the graphite eleo- 
trodes is only about 0.1 lb. per ton of steel treated. 
No recarburisation of the steel takes place. The 
current which has been found most suitable is two- 
phase, at a pressure of trom 50 to 100 volts. 

The electrical treatment by means of the process 

roduces a temperature increase in the steel, which, it 
is stated, in many cases represents several times the 
calorific value of the current consumed. Pyrometric 
readings illustrate this point, which is further con- 
firmed by the running speed of both purified and 
untuonted steel through nozzles of the same diameter, 
and with the same head of steel in the ladles experi- 
mented with. In this connection the record of two casts, 
similar in every respect, except that in one case the 
metal was electrically purified, will be found of interest, 





One of these, which we shall term ‘“‘ Cast A,” was 
run in the usual way with untreated steel. It gave as 
an average of several pyrometrical readi a tem- 

rature of 1587 deg. Cent. for the steel as it left the 
urnace. The time occupied in filling the ladle and 
opening the nozzle to run the steel into the mould was 
4 minutes 20 seconds. The average of a large number 
of pyrometrical readings showed the temperature of 
the steel running into the mould to be 1551 deg. Cent. 
The time occupied in running 21 tons of steel from the 
ladle was 13 minutes 10 seconds, and the loss of tem- 
ey from the furnace to the mould was, as will 

e seen, 36 deg. Cent. 

Another cast, termed ‘‘Cast B,” was submitted to 
electrical treatment by the Chetwynd process. The 
temperature of the steel as it left the furnace averaged 
1616 deg. Cent., whilst its temperature on leaving the 
nozzle averaged 1723 deg. Cent. The time taken 
from the opening of the furnace tap-hole to the open- 
ing of the nozzle was 51 minutes 8 seconds. The time 
occupied in running 2] tons of the electrically purified 
steel was 7 minutes 44 seconds, as against 13 minutes 
10 seconds in the case of the untreated steel. 

The increase in the temperature of the steel leaving 
the ladle practically one hour after opening the fur- 
nace tap-hole was 107 deg. Cent., as against a loss of 
36 deg. Cent. in a total time of 17 minutes 30 seconds 
in the untreated steel from the opening of the furnace 
tap-hole to the completion of the casting into the 
mould. 

The coneumption of current in the case of the 
electrically-purified cast B was 185 Board of Trade 
units, taken on the high-tension side, for 42 tons of 
steel treated—the contents of the ladle in the case of 
cast B. The times and temperature records were 
taken after the first 21 tons had been run from the 
ladle, when the head of steel was the same as in the 
case of the untreated cast A. 

It should be borne in mind that the loss of 36 deg. 
Cent. in the case of the untreated steel was no doubt 
due to the heat required to heat up the ladle, and to 
radiation losses during 17 minutes 30 seconds ; there 
must therefore be added to the temperature increase 
of the purified charge a considerable figure for radia- 
tion loss during the 59 minutes 15 seconds, or 1 hour 
in round figures, in the case of this charge, equal to 
treble the time in the case of the untreated charge. 

We give in Fig. 8 the reproduction of a remarkable 
photograph of a 12-ton octagonal ingot which was cut 
in two vertically on a line joining two opposite apices 
of the octagon, so as to give the actual centre of the 
ingot for examination. Before photographing the 
section this was carefully polished and etched. 

Considering the simplicity of the plant and of the 
methods followed, considering also the very small 
current consumption, averaging, as it does, only 
5 kw.-hours per ton of steel treated, it is obvious that 
the cost of treatment is quite low, probably not ex- 
ceeding 1s. per ton of steel, where large quantities are 
dealt with. The cost of a plant capable of treatin, 
1000 tons per 24 hours is from 2500/. to 3000/., whic 
covers the transformers, the necessary fittings to the 
ladles, and the electrical connections, which are all of 
the ordinary patterns. 

Amongst the mechanical difficulties anticipated in 
the commencement, the most important were obviously 
to be expected from the nozzle and stopper. These 
parts, in the outset, did, in fact, present obstruction 
to the successful carrying out of the process; the 
difficulties have all now nm completely overcome, 
and charge after charge is now successfully carried 
through. 





CO-OPERATION BETWEEN THE PHYSICIST 
AND THE ENGINEER.* 


By Cart Herine, Consulting Electrical Engineer, 
Philadelphia, Pa. 

Tue relationship between physics and engineering 
may be stated briefly as follows: The province of the 
physicist is to discover physical phenomena, to deter- 
mine what are known as — constants, and to find 
experimentally or analytically the correct quantitative 
laws of Nature governing such phenomena ; engineer 
m takes these data and endeavoars to y them to 
useful structures for the benefit of man. For instance, 
the — a the — F bent, those .— Ss 
pressure of gases, the changes of liquids to gases, ° 
the engineer then applied them in developing the steam- 
engine, which has contributed so vastly to the world’s 
development. The physicist studied the electrical phe- 
nomena and the laws governing them, and the engineer 
in turn applied these to the generation, transmission, 
application of electrical energy for light, heat, and power 
purp Engineering may therefore be properly called 
ap 


physics. 
wing to this close relationship between physics and 
engineering, & co-operation between them becomes 
mutually important. The physicist in his researches 
should keep in mind the possible useful applications of 
his results by the engineer ; and engineer should 

* Paper presented before Section D of the American 
Association for the Advancement of Science, at 
Philadelphia meeting, December 30 and 31, 1914. 
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to look to the physicist to determine for him the 
laws of nature qualitatively and quantitatively, and to 
state them correctly and reliably ; when the engineer 
cannot depend on the physicist to do this, he sometimes 
has to pce D yey d researches — - determine 
missing quantities or laws, a research whi is general] 

not as well fitted to undertake as the physicist, aed w i 
is really encroaching on the sphere of the physicist. 

For the benefit of both concerned, Cesetens, there 
should be a close co-operation between them, the physicist 
turning over to the engineer the results of his investiga- 
tions, with the hope that they may be in some way 
usefully applied by the latter, while the latter should feel 
that he could appeal to the physicist for the determina- 
tion of natural laws and the physical constants which 
may be necessary in the application of the laws of nature 
to the benefit of man. @ credit for the original dis- 
coveries of natural phenomena then properly goes to the 
physicist, and that for their successful application in the 
arts should go to the engineer; a good illustration of this is 
wireless telegraphy ; this would never have reached such 
a high standard of importance had it not been for this 
co-operative work between the physicist and the engineer. 

So important has this closer co-operation become that 
many large corporations have now established large and 
expensive research laboratories, which are in effect 
physical 7 = -— to determine physical data 
necessary for the work o eir engineers. ven the 
Government has now ised this by the establish- 
ment of the Bureau of Standards, where physicists of the 
ablest kind are determining physical data of great value 
for the benefit and use of the engineer and the manufac- 
turing industries. 

As the work of the physicist thus forms the very foun- 
dation of the structures of the engineer, it is very essen- 
tial that this foundation be as perfect, complete, and 
reliable as possible ; a structure on an imperfect founda- 
tion is insecure and unreliable. As an engineer, it may 
therefore not be improper for the writer to call attention 
I te some cases which he has encountered in practice, 
in which the work of the physicist was either incomplete, 
imperfect, misleading, even to the extent of leading to 

r results, or was subject to other criticisms or to 
friendly suggestions. 

For instance, most text-books on physics state that 
like currents of electricity attract, and unlike repel, 
each other. This statement sometimes leads to wrong 

jusions, and is therefore incorrect. The current in a 
large conductor may correctly be considered to consist of 

a large number of filamentary currents or streams of 
flow, all, of course, in the same direction. Hence, accord- 
ing to the above law, they should attract each other, the 
result being a higher current density in the centre, and 
consequently a failure of Ohm’s law in large conductors. 
But this is not the case ; hence the statement is wrong or 
faulty. The correct statement is that it is the material 
or mass of the conductors, and not the currents per se, 
which are attracted or repelled when such currents flow ; 
if, instead of being solid, the large conductor is composed 
of a bundle of very thin flexible parallel wires, separated 
a slight distance from each other, they will attract each 
other, thereby contracting the cross-section of the space 
originally occupied by them. 

Had this law been stated correctly in books, it would 
have saved the loss due to the failure of an expensive 
attempt made by the writer some years ago to operate a 
certain electric furnace, in which an open channel of 
liquid metal was to be heated by a current passing 
through it. If the filamentary currents attracted them- 
selves into the centre of such a conductor, as implied by 
this law, it would have done no harm, but the fact that 
it was the material of the conductor anti not the current 
which thus moved to the centre caused this liquid column 
to contract to the extend of completely rupturing the 
conductor, thus making it a physical im ibility to 
pass more than a limited current through such liquid 
conductors in open channels.* If this limiting current is 
too small to generate the necessary heat, the furnace is a 
failure. It turned out to be a serious limitation to the 
construction of certain types of electric furnaces. It is 
for this reason that such good conducting oe pers PH 

ss, aluminium, &c., cannot be successfully melted in 
an induction furnace. Owing to the fact that these con- 
eee are generally —_ + writer termed aenaatie 

** pi enomenon,” by which name it is now y 
known here and abroad. 

Another instance of the incomplete, inaccurate, or 
faulty statement of a physical law is the one concerning 
the induction of an electromotive force by m tic flux, 
often called Pag pei Ln of er , : this law, 
as usually stated, is applied to certain perfectly legitimate 
pees we the reste - the oe — of —_ 
actually takes o better proof cou require 
to show that the law has not been properly stated by the 
physicist, or that, as stated, it is not a universal law, 

requires that its limitations should accompany its 
“ — he writer lied this la it i 
an i , the writer appli is law as it is 
usually stated to a new design of an apparatus which 
would have had some remarkable properties if the law 
i experiment showed that 
the law was incorrectly stated, or, at least, not universal. 
The error was quite analogous to the one above described 
_— , that it is the material conductor itself, and not 
merely the circuit per se, which must be cut by, or must 
traverse across, the flux in order to get induction. It is 
* “A Practical Limitation of Resistance Furnaces : 
henomenon,” by Carl Hering. Trans- 
actions of the American Electrochemical Society, 
vol. xi., 1907, page 329. Also ‘“‘The Working Limit in 

Electrical Furnaces Due to the ‘Pinch’ Phenomenon,” 
sbid., vol. xv., 1909, page 255, 
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possible to link and unlink (either or both) a closed 
electric circuit with the circuit of a magnetic flux, with- 
out inducing any electromotive force at all. All that is 
necessary is that the material of the conductor does not 
itself move across the flux, the circuit itself, of course, 
does, in order to unlink and link it.* 

Faraday moved a copper strip between the poles of a 
magnet and between stationary contact brushes near the 
magnet and obtained an induced current from the brushes. 
If he had moved the magnet while the strip and brushes 
were stationary, he would also have obtained a current, 
and this is the case specifically referred to in the usual 
statement of Maxwell's law ; electric and the mag: 
netic circuits have then been linked or unlinked. If, 
however, he had moved the strip and i» together, 
the brushes remaining stationary, he would have obtained 
no current, even if the linkages and unlinkages had been 
accomplished quite as completely as in the previous case; 
the ay difference is that the material of the electric con- 
ductor had not itself traversed across the flux. Had 
Faraday made and reported this last-mentioned modifi- 
cation of his test, his A sarc Maxwell, would no doubt 
have stated his law differently, so as to make it 
universal. ; 

Much time and money spent by ‘ and 
numerous inventors, in the early days of this electrical 
era, could have been saved had the law of induction been 
more clearly and more universally stated by the physi- 
cist. What is probably the first formulation of a really 
universal law of induction is stated by Steinmetz in the 
discussion of the writer’s paper cited above. 

The next illustration shows that, although the books 
on physics gave us the laws of the forces between current- 
carrying conductors and between them and magnetic 
fields, they did not give us any information whatsoever 
about the forces produced on the conductor itself by 
the current flowing in it, the conductor being considered 
by itself alone and removed from all external influences. 
Neither Faraday nor Maxwell mentions or even suggests 
any such purely internal forces. The complete failure of 
a certain engineering structure showed the fact that such 
inte forces existed, and that they were so large that 
it was surprising that they were not already generally 
known. This structure would not have failed if these 
forces did not exist, and it would not have been attempted 
had they been described in the text-books, but the 
physicist had not described them. _ 

We now know that a current flowing through a con- 
ductor tends to crush it radially, as though squeezed by the 

rasp of a hand; the phenomenon is effective only in 
iquid conductors, and then only with relatively large 
currents, bub as the effect increases with the square of 
the current, it can become quite great. It may be assumed 
that it is caused by the contraction of the circular field of 
flux produced by the current itself. It is the same pheno- 
menon as already referred to above under the name of 
“pinch phenomenon,” in discussing another feature of 
it. The writer has since applied this force usefully to 
produce a very rapid circulation of molten metal in deep, 
slender holes in the bottom of an electric furnace and in 
communication with the bath ; the electric heat for the 
furnace is generated by the passage of a current through 
these columns of liquid metal, and this mode of circ 
tion conveys the heat to the bath mechanically in the 
form of heated metal, making a continuous generation of 
large amounts of heat possible in a small column of 
metal.+ It is this same force which causes the operation 
of the Caldwell and the Wenhelt interruptors, the speak- 


ing arc, &c. 

“rhe quantitative laws of this pinch phenomenon have 
since been determined,t and this internal force is now 
well known and generally accepted. The writer claims$ 
that there also exists another new and companion internal 
force perpendicular to it, which tends to lengthen or 
stretch a conductor carrying a current, also due to its 
own flax—that is, to the mutual repulsion (in the direc- 
tion of the axis of the conductor) of the lines of force 
encircling a conductor carrying a current. No claims 
denying its existence have been made, to the writer’s 
knowledge. The quantitative laws concerning it have 
not yet been determined conclusively. 

This stretching force is believed to be the first electro- 
magnetic force known which acts axially to the conductor, 
all the other forces descri in books being perpendicular 
to the conductor. With a certain disposition of neigh- 
bouring circuits of liquid conductors in an electric fur- 
nace, the writer has obtained another very positive and 
marked axial force which causes the conducting liquid to 
flow axially ; it is dependent upon the action of neigh- 
bouring parts of the same circuit, as distinguished from 
being produced wholly in the conductor itself. The 
quantitative laws of this peculiar and ene new 
phenomenon have not yet been determined. . 

Another instance in which the physicist can aid the 





* “« Imperfection in the Usual Statement of the Funda- 
mental Law of Electro-Magnetic Induction,” by Carl 
Hering. Transactions of the American Institute of Elec- 
trical Engineers, vol. xxvii., page 1341; also ‘“‘A New 
Factor in Induction: the ‘ Loop’ versus the ‘ Cutting 
Lines of Force’ Laws,” by Carl Hering, the Electrical 
World, March 14, 1908. } 

+ ‘A New Type of Electric Furnace,” by Carl Hering, 
Transactions o! i 
vol. xix., 1911, 


255. 
+ ‘‘Some Newly-Observed Manifestations of Forces in 


the Interior of an Electric Conductor,” by E. F. Northrup, | trical 


hysical Review, vol. xxiv., June, 1907. Also ‘* Formulas 
ir Pinel a, by Carl ——w Me m Y 
hemical Engineering, February, ; 
§ “‘ The Stretching of » Conductor by tts Current,” 
by Carl Hering; Journal of the Franklin Institute, 
January, 1911, page 73, 


the American Electrochemical Society, | 438. 





engineer is in the statement of ical constants. For 
thermo-chemi Lp 


instance, in many ical processes, like some of 
those carried on in furnaces, a part of the change is purely 
physical, like fusion or vaporisation, and a par? is purely 
chemical. Yet in the data given to the engineer by the 
physicist the total energy of the change is given as one 
aw. without distinction between the physical and 
the chemical parts. Here the physicist or chemist could 
in some cases greatly aid the engineer, who has to apply 
these data in practice by separating this one quantity, 
into its two natural constituents, for the reason that it may 
be possible in some cases to produce the purely physical 

of the reaction in a cheaper and simpler way than 

y means of heat alone.”* 

_ Concerning systems of units for expressing and measur- 
ing physical quantities, the icist is far ahead of the 


engineer. The physicist has his * absolute” system, in 
which there is but one unit for ary one specific physical 
caetlens tween 


aw. and in which most of the inter- 
ifferent quantities are unit relations ; hence there are 
no troublesome conversion factors; the unit quantities, ' 
moreover, are (with the one exception of the unit of 
time, the second) independent o i 
ph sical constants. The engineer would do well to 
ollow this example of the physicist, by adopting as his 
units decimal multiples of absolute units, as was 
done for him by the physicist in the establishment of 
the electrical units, much to the ineer’s gain; this 
would, in many cases, be a great saving in his calcula- 
tions. The writer has been urging this reform for many 
years, though with little success. The al ohm asa 
unit of thermal resistancet is a good illustration of this 
principle ; this new unit seems to have met with favour, 
and is coming into use. 

The engineer has, however, introduced one improve- 
ment in this otherwise excellent system of units—namely, 
in the successful elimination of the troublesome factors of 
m and 4 7 from at least a large number of his daily cal- 
culations—by adopting two units for each certain of 
physical quantities, and using that one of the two which 
eliminates 7 or 4 7 from the specific numerical calcula- 
tion. 

The best-known case is the use of the circular mil in 
place of the square mil for the cross-sections of circular 
wires, which then are equal merely to the squares of the 
diameters ; also in the ampere-turn and the gilbert, by 
means of which 4 7 is eliminated. The use of the lumen 
and the spherical candle as double units of light fluxt is 
another case, though, strange to say, little or no advan- 
tage is taken of this possibility to reduce many daily 
calculations. 

In originating new unite the physicist could greatly 
pa | the su uent use of them by the engineer if 
he will base them on the absolute system, as he did in 
the case of the electrical unite, and for which the elec- 
trical engineer should feel very grateful to the physicist. 
Among our other units, the terrestrial or gravitational 
were based on the attraction of the earth, the heat unite 
on the specific heat of water, and the light units on 
an absolutely incommensurate basis, the candle. This 
created the mixture of four different sets of units, which 
we now use, necessitating numerous conversion factors 
for reducing from one to another, and the determination 
of connecting links, like the mechanical equivalent of 
heat. Had they all been based on the absolute system at 
the start, these numerous calculations would have been 
saved to the engineer. Steinmetz has made a very 
creditable attempt§ to bring the light unite into the family 
of absolute unites. 

Though having this excellent and simple system of units, 
the physicist has given to the engineer an entirely un- 
necessarily complicated system of units of light. en 
all the usual physical quantities concerning light can be 
expressed and measured in terms of a few units, why 
introduce complications by having more. Ib is a case in 
which the physicist, for his own convenience in making 
his analytical investigations, adapts numerous units when 
a few would suffice in practice. © original metric 
= oa the —s 5 = the ——. ae of 
which, bei u uplication, have almost dis- 
appeared, being coplennd by the cubic and the square 
metre ; the litre is another qanecsunte Sopteaten, and 
by the chemists at least it is already being replaced b 

e cubic decimeter or by 1000 cub. cm. Similar simplifi- 
cations would be very desirable in the photometric units. 
Whether light comes from an original source like a hot 
surface, or from a white surface by reflection, or from a 
ground-glass surface by transmission, ought surely not to 
compel the illuminating engineer to measure the flux 
emanating from itin different kinds of units ; in all three 
cases it is physically the same thing—namely, radiant 
light, and ought therefore to be measured in the same 
units. || 

One of the physicist’s light units is, in the opinion of 


* “ Physical versus Chemical Actions in Furnaces,” by 
Carl Hering. Metallurgical and Chemical Engineering, 
vol. xii., No. 7. page 439. 

+ “Thermal Resistance and Conductance: The Thermal 
Obm and Thermal Mho.” By Carl Hering. Metallur- 
gical and Chemical Engineering, ge > 1911, page 13. 

t ‘* The Spherical Candle versus Lumen,” by Carl 
Hering. Illwminating Engineering, October, 1908, page 


“Primary Standard of Light,” by Chas. P. Stein- 
mh Transactions of the American Institute of Eleo- 
i ineers, vol. xxvii., 1908, page 1319. , 
| lating and Compsring Lights from Various 
Sources,” by Carl Hering ; Transactions of the Illumi- 
ineering Society, vol. iii., December, 1908, 
b on “ The Relations of the 

t and Power,” by Carl Hering, Electrical World, 
vol. lii., 1908, page 621, 








the writer, a physical inconsistency—namely, the unit of 
brightness. his is candle-power divided by a surface. 
But candle-power is a point unit; it is a flux density 
ex in terms of solid angles ; hence physically this 
unit of brightness is, in effect, giving dimensions to a 
point, being equivalent to stating the number of points 
im &@ square centimetre, which is a physical absurdity. 
An analysis of the physical dimensions of this unit bears 
this out, its formula being foreign to and incommensurate 
with all the others. 

Tt can be shown that this “ brightness,” as a physical 
quantity, is identical with the quantity known as illumi- 
nation—that is, flux, divided by surface. All quantities 
expressing brightness can be reduced to the same units 
as are used to measure illumination by the mere: multi- 
plication by a numerical constant, which shows that they 
are physically the same quantity.* 

It is hoped by the writer that the above illustrations 
will show that there exist good reasons for a closer co- 
operation between — and engineers and for a 
better distribution of their field of work, and that this 
would no doubt tend to bring about better results, 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

, We give below a = data x. several F ayy and 

ore i projects, en from Board of 

Svelb Sento Further information on these jects 

ean be obtained trous the Commercial Intelligence Branch, 

Board of Trade, 73, Basinghall-street, London, E.C. 

Australia : The Agent-General in London for South 
Australia notifies that tenders will be received at the 
office of the South Australian Harbours Board, Adelaide, 
up to 2 p.m. on June 8, for the supply and delivery of a 
steel twin-screw self-disc ing suction: ho} dredger, 
with a length of 214 ft., ded breadth ot 38 ft., depth 
of 17 ft. 8 in., and ho capacity of 27,000 cub. ft. 
Tenderers must foi their own designs and specifica- 
tions, which, however, must be in conformity with the 
outline specification to be obtained by intending tenderers 
from the office of the Agent-General for South Australia, 
85, Gracechurch-street, London, E.C., at a cost of 5s. per 
copy. 

Spain: The Gaceta de Madrid publishes a Royal Decree 
authorising the Ministerio de Fomento to present to the 
Cortes a Bill empowering the Ministry to invite public 
tenders for a concession for the construction and working 
of the Granada to Motril aud the Orgiva to Tabernas 
sections of the strategic railway from Torre del Mar to 
Zurgena. The estimated cost of construction of the two 
sections is 30,164,944 pesetas (about 1,206,600/.) and 
57,741,358 pesetas (about 2. 309,654/.) respec ‘ively, and the 
State will guarantee a maximum interest of 5 per cent. 
annually on those amounts, The Gaceta also notifies that 
the Municipality of Avilés is about to raise a loan of 
550,000 pesetas (about 22,0007.) for the execution of water 
supply and sewage works, paving works, the erection of 
national schools, and the building of a fish market in that 
town. The Gaceta further contains » Royal Decree 
authorising the Ministerio de la Go jén. to invite 

blic tenders for the construction of a telephone line 

tween ona and La Junquera, also of 
another line from Barcelona to Valencia. It, finally, 
publishes a Royal Decree ———s the Ministerio 
de Fomento to make arrangements for the construc- 
tion of the Lodosa Canal, which will be used for the 
irrigation of the provinces of Navarra, fio, and 
Work is to be commenced immediately ; the 

total cost of the undertaking AP ag at 11,656,391 pesetas 


(about 466,250/.). ‘Tenders wi invited for the supply 
of necessary materials, such as cement, hydraulic ios, 
metal work, &c. 

Bulgaria: The B ian official gazette, Drzhaven 
Viestnik, Sofia, publishes Ukase No. 95, issued by the 


Ministry of Finance, embodying a law for the provision 


of a it amounting to 15,000,000 lei (about 600,000/.), 
which it is proposed to utilise for the carrying out of a 
comprehensive scheme of road-making and o' under- 


takings th hout ——. The work will comprise 
ound paving, ‘eaten bel ding, the laying of drains, and 
kindred works of public interest. 





Tue Suippine, ENGINEERING AND Macuinery Exuist- 
TION.—An exhibition under the above title was to have 
been held at Olympia in September and October of last 
year. Owing to war it was postponed, and a new 
date, between July 13 and A 0 14 of this year, was 
named. It is clear, in view of the present condition of 
affairs, that such a date would not be favourable for the 
exhibition, particularly as the large space taken b 
German and Austrian exhibitors would not he filled. 
meeting of exhibitors was ‘ore held on February 11, 
when a fresh scheme was laid before them, and agreed to. 
This provided for the exbibitors paying up the value of 


the space they had contracted for, the money to be placed 
in the hands of trustees, and to be employed, first, in 
i ing such debts, contracts, and obligations as the 


are obli to meet, and, secondly, in 
ing for the wiltiticn, which is now to be held in 
and r, 1917, unless it should prove 
desirable to hold it in 1916. The exhibitors will not be 
called upon to pay further for space in thé exhibition 
when it is held ; and if it should not be held, the remain- 
ing sum in the hands of the trustees will be distributed 
among them pro rata. 


ene Sim ifying Same of the Calculations of Light,” 
oe ering, Electrical World, vol. lii., 1908, page 
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THE GERMAN IRON INDUSTRY AND 
THE WAR. 


AccorDING to a report from the Sn 
district, the iron and steel industry towards end 
of the year attained an average of 60 per cent. of the 
senunal qeabection, in some places perhaps only 50 
per cent., whilst in others the figure rose to 70 per 
cent. The scarcity of certain iron goods during the 
first months of the war, more probably from the con- 
gestion of the railways than from any direct shortage 
of raw material, disappeared gradually with increased 
production and improved railway service, with the 
result that most finished goods, which had shown o 
tendency to advance in price, again receded at the end 
ofthe year. Another reason for the market developing 
in this direction lay in the fact that the Rhenish- 
Westphalian works, though perhaps somewhat reluc- 
tantly, generally completed their contracts entered 
upon, at very low prices, before the war broke out. 

ereby a quantity of cheap goods continued to 
come upon the market and kept down prices. At 
the beginning of the new year, when all the old 
contracts hed boa completely disposed of, prices some- 
what improved, and bar iron was sold about the middle 
of January at a figure averaging 110 marks -¥ ton. 

Then began the fresh union negotiations. It remains 
to be seen whether the hopes of forming a “‘ rough- 
steel” union, pending the formation of a finished- 
goods union, towards which effurts have been made in 
vain for several years, will be realised. As matters 
stand at present, manufacturers are a long way 
from the completion of the desired union, and it 
would be a mistake to conclude from the price arrange- 
ments arrived at between the works that the renewed 
efforts of forming fresh ‘‘B” goods unions has more 

rospect of success than has been the case before. 

he interests of the different works, and groups of 
works, are as diverse within the iron and steel indus- 
try as is, for instance, the case with the undertakings 
in the Ruhr coal-mining industry, and for this reasun 
the opinion prevails in different quarters that it, 
perhaps, would be advantageous to face the changes 
the war may work in the conditions both for sale and 
production without any syndicate ties and restraints. 

Other occurrences may be said to = as little hope 
of improved trade conditions as do the union negotia- 
tions themselves. There certainly was what may be 
called a theoretical inclination towards agreement, 
but the only tangible effect was the fixed prices for 
‘*B” products, upon which the works agreed. As a 
result of this agreement, the price for bar iron should 
not be below 1124 marks per ton, and not below 115 
marks per ton for the second half-year, net at Ober- 
hausen. The price for ordinary heavy plates in the 
meantime is not below 120 marks per ton, construction 
plates not below 1224 marks per ton, and boiler-plates 
not below 130 marks per ton, with 1} per cent. dis- 
count at Essen. As regards heavy plates, the works 
have agreed to let the export be done through the 
shipbuilding steel bureau, an arrangement which is 
not looked = as having any special industrial 
importance, but is meant more to prevent any 
German heavy plates finding their way to hostile 
countries through neutral channels. It should, how- 
ever, be borne in mind that the price arrangements 
for bar iron and heavy plates are by no means of a 
binding nature ; they can be guaranteed by nothing 
else except the actual position of the market. Should 
the demand remain so active that the works, as at 
present, within the scope of their present capacity, 
are fully ocoupied, then the new prices, which for bar 
iron mean a rise of 5 to 74 marks, and for heavy plates 
10 marks on the ave , are likely to be maintained. 

In the meantime buyers are somewhat slow in 
psying the raised prices, and makers, who natu- 
rally also want higher prices, cannot obtain more 
than 110 marke per ton for bar iron. The works 
manufacturing heavy plates will probably have the 
greatest difficulty in keeping up the higher prices for 
any length of time, as, epart from ships’ plates, the 
business in heavy plates remains quiet, having suffered 
more from the war than the bar-iron and thinner-plate 
branches, being, more than these, dependent upon 
export. Contrary to what is the case with heavy plates, 
thinner plates have for some time shown a material im- 
provement. Business, especially in high quality plates, 
which are particularly wanted for military purposes, 
is so animated that the prices for thin plates, without 
any ment am t the works, have risen 5 
to 10 marks per ton. inery thin plates are no 
longer sold at less than 130 to 135 marks per 
ton, and for better brands 140 to 145 marks or 
more. Within the tube industry, the works con- 
cerned under the lead of the Mannesmann group have 
again raised the prices, which were already raised from 
their previous unremunerative level shortly after the 
beginning of the war. Business in tubes, however, 
shows no activity, and is mostly confined to speci 
lines. As wire, the unsatisfactory state of 
the market shows no sign of improvement in the 
new year, but has rather grown worse, which will 
appear from the fact that the price for rolled wire, 
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Fie. 1. Receiver. 


which the Rolled-Wire Union (dissolved at the end of 
October) last held at 1274 marks per ton, now has 
receded to about 100 marks per ton. This low price 
for rolled wire, however, brings the cost of raw mate- 
rial to the wire-drawing works into better peupee. 
tion to the prices for drawn wire and nails, which 
fetch from 120 to 130 marks per ton. In the mean- 
time, the business in wire products, which to a at 
extent is based upon export, is very quiet, and the 
higher cost of manufacture, from reduced output and 
higher prices for some materials, counterbalances to a 
great extent the lower prices of the rolled wire. During 
the first few months after the commencement of the 
war there was a strong demand for some specialities, 
especially barbed wire, but that has subsided, the 
requirements evidently being filled. 

‘aking it all round, the iron and steel works, within 
their reduced capacity, may be said to be fairly 
employed ; of finished goods, the demand is best for 
bar iron, thin plates, and some steel castings, fairly 
satisfactory for railway material for the permanent 
road, less so for tubes and heavy plates, and poorest 
for wire and shape iron, for which latter a rise in price 
is also understood to be under contemplation. Owing 
to the relatively satisfactory degree of employment, 
referred to, of the iron and steel works, and to the 
higher price already maintained for some leading lines 
and contemplated for others, the German iron industry 
is re ed as ina en ee satisfactory state. To 
speak of a good state of the ae te would, however, be 
exaggeration, for it must be remembered that the 
higher prices for the different goods do not by any 
means signify a direct additional profit for the works, 
but only serve to establish a better proportion between 
cost of production and selling price, and the former 
has in many cases risen far more than the latter. A 
condition of full employment at good prices only 
er at those works which in times of peace 

evoted themselves to the manufacture of direct 
military requirements ; most other worke are content 
if they, during the war, in addition to costs and 
writings off, can earn a modest surplus. 

As regards the market for raw materials, the coal 
market is busiest ; the production of coal at the coal- 
mines of the Ruhr district rose during the past 
month, as compared with the previous month. There 
is no reason to expect that the Coal Syndicate will be 
better able to satisfy the requirements of their cus- 
tomers than before, on account of the increasing calls 
to the front, which more and more reduce the available 
quantity of skilled labour. The opposite is more likely 
to happen, and more especially the Upper Rhine dis- 
trict is likely to experience an increased difficulty 
in obtaining Ruhr coal. 





MARINE-ENGINE REVOLUTION 
TELL-TALE. 

THE apparatus illustrated above is intended to form 
an extra link between the engine-room and bridge of a 
ship, over and above such interconnection as it is usual 
toemploy. Its purpose is to give a visible indication 
on the bridge A every revolution of the engines in 
either direction. The idea of the apparatus is that 
when a ship is being navigated in a narrow channel or 


. 


ial red ne ied to 4 | object, or is being docked, such an 
indi 


cation on the bridge is likely to reduce the possi- 


bility of accident. It advises the navigating officer at 
all times of the speed and direction of rotation of the 
engines, and indicates if his telegraphed instructions 











Fie. 2. TRANSMITTER. 


have been correctly acted on. The ‘a2 
apparatus is quite independent from es, 
} 

= 

= 





apy action on the part of the engine- 
room staff, and operates purely in 
terms of the actual movements of 
the engines. Other types of appa- 
ratus performing the same duties as 
this have been developed, but the 
device we are dealing with has the 
merit of simplicity and a minimum 
of mechanical parts. It may fairly 
be said that there is practically 
nothing in it likely to wear out. -o 

The apparatus, which is manufac- 
tured by Messrs. Siemens Brothers 
and Co., Limited, of Woolwich, is 
an electrical one. It consists of a 
tell-tale, or receiver, fixed on the 
bridge, which is —— P 
Fig. 1; transmitter, fixed in the 
engine-room, illustrated in ~~ 2; LWW 
and a change-over switch, also fixed pws 
in the engine-roomw. The change-over 
switch is not illustrated separately, 
but is indicated in the diagram Of gy, "Gr"Sar 
connections given in Fig. 3. An 
essential and patented feature of the apparatus 
is that there sre no brushes or rubbing contacts 
of any kind. The transmitter consists of an elec- 
tro-magnet, with gelmery and secondary windings. 
The magnet is enclosed in a water-tight gun-metal 
case, and has its two poles protruding, as shown 
in Fig. 2. It is fixed — close to the 

ller-shaft, in such a position that a projecting 
oe: armature, mounted on the shaft, 8 close 
over the poles at each revolution of the engines. 
The primary winding of the magnet is permanently 
connected to the lighting mains of the ship ; the 
secondary is connected to the tell-tale through 
the change-over switch, as shown in Fig. 3. Each 
time the iron armature passes over the magnet poles a 
momentary current is induced iu the secondary wind- 
ing owing tothe sudden increase in the magnetic flux. 
The series of momentary currents actuates the tell- 
tale. 

The receiver, or tell tale, consists of a gun-metal 
case containing two solenoids. Each of these has 4 
plunger attached to a small indicator working behind 
& window. As the various current impulses pass 
through the solenoids the plungers rise and fall, so 
that the indicators move across the windows, making 
one stroke for every revolution of the engines. The 
two indicators do not work together, one operating 
only when the engines are running ad, and the 
other when they are reversed. By this means the 
tell-tale indicates direction of running as well as 

d. The operation of one or other indicator is 
termined by the change-over switch, which, 4s 
will be seen from Fig. 3, connects either one or 
other solenoid to the transmitter. The switch 
is mechanically connected up to the engine-revers- 
ing gear, so that when the gear is thrown over 
the switch changes over, and connects in the corre- 
sponding solenoid. The switch, like the rest of the 
apparatus, is mounted in a water-tight n-metal case. 

e tell-tale is fitted with an internal lamp, to render 
it easily read at night, and has also a switch by which 
it may be cut out of circuit when not required. If 
desired, a counter may be fitted to give an indication 
of the total revolutions. 
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), whereas the course taken by sparking is indicated | tai 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
CATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 
ine case ; none is mentioned the Specification is not 
illustrated. 
Wh cre inventions are communicated from abroad, the Names, éc., 
of the SSpectpeations are given in 1. yl o Opies 
es 0, Specifications may obtat a ‘atent , Sales 
= th, 25, a Buildings, Chancery-lane, W.C., at 
the W 


price of 

The date of the adverti: t of the t of a Complete 
Specification is, in each case, given abstract, unless the 
Patent has been sealed, : shen the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent O; of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 





ELECTRICAL APPARATUS. 


27,480/13. Marconi’s Wireless Seiserege Com- 
gesy. ted, and H. J. Round, London. ireless 
elegraphy. (3 Figs.) November 28, 1913.—This invention 


relates to improvements in receivers for wireless telegraphy, and 
has for its object the elimination of atmospherics. According to 
the present invention, the natural frequency of the receiving aerial 
is different from that of the received waves, so that both the 
forced and the free oscillations occur, producing the well-known 
phenomenon of beats, and the resultant current is rectified and 
carried to a circuit tuned to the beat frequency. A is the aerial 
slightly out of tune with the incoming signal waves. B is a cir- 
cuit which is coupled to the ae and which is preferably 
aperiodic. D is a circuit connected to the circuit B through a 


Fig.1. 


ht, 


be? =. 
; 
(27480) 
rectifying crystal © and tuned to the frequency of the beats due 
to the forced and free oscillations, and T isa telephone induc- 
tively coupled to the circuit D. With such a simple arrangement, 
however, it may be difficult to get the beat freq y ffect 
by atmospherics and yet low enough to be within the limite of 
audibility, and to obviate this difficulty the arrangement illus- 
trated in Fig. 2 is employed. A, B, O, D are the same as before, 
but D is now coupled through an intermediate circuit E to a cir- 
cuit B! in which oscillations can be induced by means of a local 





oscillation circuit F! of such a frequency as to interfere with the | and 


oscillations in D in producing beats of a aw within the 
limits of audibility. The circuit B! is connec through a second 
rectifier Cl to a circuit D1 ted to a teleph (Accepted 
December 2, 1914). 


27,734/138. Aktiengeselischift Brown, Boveri et 
Cie., Baden,Switzerland. High-Tension Insulators. 
{t Fig.] December 9, 1912.—This invention relates to insulators 
in the form of sleeves suitable for use on high-tension circuits. 
In sleeve insulators the glow phenomena which favour the occur- 
rence of sparking-over follow substantially the same direction as 
that of the lines of force, and if this direction coincides with the 
surface of the sleeve insulator, then the glow disc’ spread 
along the insulator surface. In the usual forms of insulators, 
the socket forms the starting point of the mp discharge as the 
voltage drop is greatest at this place, and the existence of a glow 
discharge at the surface renders the same electrically conductive 
by the ionisation of the neighbouring air. The effective value of 

e insulation is thus reduced, with the result that finally 
sparking-over occurs. In order, therefore, to make the resistance 
to sparking-over as high as possible for a certain height of insu- 
lator, or in order to allow the height of the insulator to be as 
smal! as possible for a given sparking-over voltage, it is in the 





P 






| 






dda 








+ 


poo 








first place necessary as far as possible to prevent the occurrence 
of the glow discharge. This object is attained, according to the 
present invention, by 80 constructing the insulator in the vicinity 
of the socket that on occurrence of excess vol » king-over 
takes place direct through air at an appreciable distance from 
the surface of the insulator. 1 denotes the high-tension con- 
ductor ; 2, the socket of the insulator ; 3, the cap of the insu- 
lator ; 4, the body of the insulator. A is the distance between 
the cap and socket ; 0, the diameter at the socket-hole ; and d, 
the diameter at a place slightly above the socket. The insulator 
thus comprises a sleeve formed as & body of revolution with a 
concave outer surface for the greater part of its length, the 
maxinum diameter being at a position slightly displaced from 
the socket. Experiments have shown that with an insulator of 

is kind having a diameter at d which is great in com 
With o, the occurrence of glow d along the surface is 
mere’y avoided, and sparking takes only at sufficiently 


to insulator 

by a chain line. The formation of the insulator near the cap is 
not of great importance, as only a comparatively weak field 
is present at this point. (Accepted December 9, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


Marconi’s Wireless Telegra: Com- 
Bany, teenteed. and C. P. Ryan, London. ting 
alves from a Distance. (2 igs.) October 15, 191 
—The invention relates to gas-valves of the type in which a valve is 
opened by an electro-magnet, is retained by a stop or catch in the 
open tion and is tlosed by gravity when the stop or catch is 
removed by means of a second electro-magnet. According to 
this A ay. . Se Uns teak stem and the two armatures are all 
con' in a gas t ng into which the e- of the 
two magnets project, so that the windings of Lo — te are 
protected from the g*s. a isa gas-tight chamber having inlet 
and outlet pipes a}, a2, the latter controlled by a needle-valve b 
free to slide on an axial pin b!. Through the wallsof the chamber 
project the pole-pieees of two electro- ets c, d, the first of 
which hasa pivoted armature c! and g an arm c%, adapted, 
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acquired sufficient momentum, to come against a shoulder U2 on 
the stem of the valve and lift the latter off its seat so as to allow 
to ae eny | ee Acatch d2 carried by the arma- 
ure d! of the magnet d is th pon forced by aspring d® beneath 
a shoulder }5 on the valve stem, so that, even though the magnet 
¢ is de-energised and its armature returned to the position shown 
in the drawing, the valve is held open until the magnet d is ener- 
oo and withdraws the catch from engagement with the shoulder 
3, upon which the valve will fall and stop the flow of gas. The 
magnets and chamber are enclosed in a water-tight casing ¢ 
through which the leads are b ht to the ts. This 
arrangement is especially applicable for actuating by means of 
wireless telegraphy the valves which control the supply of 
for instance, to acetylene lights. The magnets ma And | 
by any convenient means, for instance, by relays in which pen- 
dulums or balance-wheels are actuated by a series of impulses at 
intervals equal to their periods of oscillation, (Accepted December 





9, 1914.) 
1737/14. James Milne and Son, Limited, T. Fox 
and F. BR. Oliver, Edinburgh. Gas-Meters. (2 Figs.) 


January 22, 1914.—This invention relates to improvements in 
a of the kind wherein diaphragms or bellows made of 
leather or like material are employed, and it has for ite primary 
object to facilitate the removal of such diaphragms or beliows, 

to dispense with the necessity for ye | operations in the 
vicinity of the edge of such diaphragms or bellows subsequent to 
the latter having been placed in position, in order to prevent 
injury of the said diaphragms or bellows by the heat incidental 
to soldering operations. According to this invention, the dia- 
phragms or each diaphragm is ati ed to a flange of a removable 
dish-like member by means of a c ng-frame engaging the 
diaphragm adjacent to its edge and detachably secured to the 
flange by means of clips embracing the said flange, the edge 
of the diaphragm and the clamping-frame. 1 denotes the dia- 
phragm, each of which is attached to a flange 2 of a removable 
dish-like member 3 of the meter by means of a clamping-frame 









































4 eogaging the diaphragm adjacent to ite edge and detachably 
secu to the said flange 2 by means “f clips 5. The flange 2 
; 
Teas 
é 
4 
q 7 
! 5 J. 





serving for the attachment of the edge of the diaphragm 1 is of 
ae croes-section, forming a rebate within which are accommo- 
dated the edge of the diaphragm and the clamping-frame 4, while 
the clips5 are formed as channels adapted to embrace the said 
flange and clamping-frame. The outline of each of said dish-like 
members 3 conforms approximately to the outline of the dia- 
Y chamber of the —— of the meter, the dish-like member 
being provided at one side with a communication pipe 6 
ete hip a end, adapted, on the placing of the member 8 
into the casing, to enter a conical orifice 7 communicating with 
the distribution of the controlling-valve mechanism of the 
meter. The dish-like member 3, after being subjected to a 
lateral pressure to force the conical end of the communication 
pipe 6 into e t with said conical orifice 7, is secured 
n position within the casing by means of a (J-shaped ae 


clip 8 placed over the flange of the member 3 


when the armature owing to the attraction of the magnet has 5 


; PSone the aa < = a in 
conjunct provision clam -frame 4 clips 
5, only a very chamunny between the tank of the 


casing 
given meter capacity, while the diaphragm a. be fixed in 
position with the greatest facility wi t involving the neces- 
sity for solder ng operations, save for the application and removal 
of the tacks of solder, which latter operations necessitate 
merely momentary applications of heat, having no detrimental 
effect upon the diaphragm. (Accepted December 2, 1914 ) 


LIFTING AND HAULING APPLIANCES. 
12,650,14. A. W. Penrose and Co., 
M. Eiectri 


5 cal 
1914.—This invention relates to im 


however, a both the 
swi the brake-gear. The invention in the 
use in combination with one, or of two, rotary solenoids for 
con| of the switch- starting-, and the 
brake- 


, the 

isms of an electrical lift, or the like, of a r of 
pivoted igvese having working Gases alapted to cncperale with 
a crank: common to both 


of them, such that movement of the 

















ng 
659) 
Fig. 2. In Fig. 1, the crank-pin d is shown depressing a lever } 
about a fulcrum m; an extension | of the lever } carries 
contact-pointe 1, 2, 3, which, coseedingy short-circuit resist- 
ance terminals 5, 6, 7 as the extension | is raised ; this raising of 
the extension / is caused by the pin d depressing a ridge g on the 
lever b. In order that operation of the lever b, { shall be regular 
and without vibration, a dashpot o is provided, acting in : 
tion to a weight w, the combined action of these two forces 
causing the contact-points to be » except when brought 
together by the action of the pin d on the ridge g. At the same 
time that partial rotation of the pin d causes ion of the 
lever b, it also causes throwing of a lever a over to the right- 
hand position shown in Fig. 1 ; thus, by means of brake-levers 
e and p, and connectirg-link /, brake-levers A, h are sepa 
rated by the action of a rod i working against the tension- 
of a epring f in the position of the lever a shown in Fig. 2 the 
spring { consequently have caused the ling together of 
e-levers h, and the pulling over of the lever a to follow 
the travel of the pin d. It will not matter, however, if the lever a 


(u, 


does not follow all the travel of the pin d after the brake is on. 
The levers retain the running position shown in . 1 until the 
current is cut from the turning the spindle k, when 


U causes 
Fig. 2. 


February 4, 1915.) 
MACHINE AND OTHER TOOLS, SHAFTING, &c. 


7 4. C. G. Eden and Hans Renold, Limited, 
le -Chains. [5 figs.) March 23, 1914. 

—This invention relates to driving-chains of the type usually 
called “silent chains.” A ding to the p t invention, a 
multiple-strand silent-type chain is built up of elements all 











ie at which the communication pipe 6 is provided. The fasten- 
ing clip 8 abuts against the casing of the meter, and is secured 
5 by means of tacks of solder applied at preferably 
ip 8, in lieu of being 


to the clip 
two points of the clip 8. The 





voltages without glow or like direct through air. 


re 
U-shaped, may have the form of a p attached at ite 


upper 


pg Awe threaded to the required number to make a chain 


n area of rtace and gearing face, on 
etude whieh are ices to ture ta t bushes of the elttneuth and 
provided at their ends wi chai 


| are washers to hold the n together, 
and to je the same laterally on the chain-wheels, if required. 


guid 
| Each element consists of a pair of half-I links a, a. These links 
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[Marcu.5, 1915. 








are held together by two bushes }, b, forced into holes punched 
in the links, there being one bush at each end of the element, 
while the end-projections p, p of the links may either _— 
towards one another to form a “ rectangular’ e as 

in Fig. 1, or away from one another to form an “I shaped” 
element, as shown in Fig. 2. The studs » pass through the 
bushes 6, and hold the chain together by means of hers w 


thickness ; lugs 14, 15 of the reduced thickness to engage in the 
ve grooves, being added to the lugs 9. 11 vely. The 
advantage of this alternative construction is that it endows the 
new aligning lugs 9, 10 and the ng lugs with the maximum 
— strength. The means for aligning the composed characters 

and 4 through the respective aligning lugs 10 and 9 by direct 

tact: with the latter, consists of a plate 16 located under the 





riveted in the usaal way. These washers may be used also as 
lateral guides, if required. The end-projections La may stand 
clear of the b, b, as shown, or they may in contact 
with the bushes, or they may be bent at their ends, so that 
their edges are in contact with the bushes. The advantage 
of having the end-projections in contact with the bushes is that 
the stresses are thr » better distributed, and the chain is stiffer to 
resist lateral whippiug. (Accepted November 25, 1914.) 


PRINTING AND ALLIED MACHINERY. 


27,350/13. Linot aud Machinery, Limited, 
London (Mergenthaler Setz- aschinen-fabrik aft mit 
beachrankter Haftung, Berlin, Germany). Producing 
Machines. f* Figs.) November 27, 1918.—There are known 
at the present time matrix-composing and line-casting machines 
—viz., those sold under the trade mark “ Linotype,” in which the act 
of alignment, consisting in moving the ices independently of 
each other till all their characters ster with each other hori- 
zontally in the sense that the feet of all the letters ina printed line 
register with each other horizontally, is effected by making a 
shoulder on the mould in which the body of the desired line will 
be cast, overlie a lug project vee the then ite edge of 
each matrix, the dimensions of the lug, and the distance between 
it and the character, being common to all the matrices in the 
fount, and thereupon making the organ of the machine which 
carries and presents the matrices in the casting position, pull them 
all upwards by direct contact till all the lugs are in equally close 
contact with said shoulder, and maintain that t pal until the 
said matrices are clam by other means. presenting 
motion just referred to is adropping one down toa stationary abut- 
ment, the length of it being regulated by a set-screw adjustable 
in the presenting organ in the direction of its motion, the nose 
of the screw being part of the organ that actually bears upon 
the abutment. This screw has to be adjusted so that the com- 

line of characters is presented at a level jus: below the 

true casting position, to allow of the upward motion thereinto 

caused by the described pull on the mat: When the matrices 

have two characters one above the other in the same edge, the 

mould having two shoulders likewise one above the other, the 

bottom shoulder overlies the uee of the matrices whose top 
ti 


lies the lugs of the matrices whose 
casting position. Either both these shoulders are in 

with a mould-block detachable from a mould-carrier, or so-called 
mould-wheel, and having the mould proper in it, or the 
shoulder is constituted by the top face of a groove in a detach- 
able plate fixed to the front face of the mould-block. But the 


pulling action of the presenting organ is not affected by the 
gt. 








7 


number of characters in each matrix. If the matrices and casting 
apparatus of the machine just referred to, are replaced, respec- 
tively, by type-dies and a device for supplying a stereotyper’s 
flong. the type-dies being made to indent the latter, the machine 
woud be one making stereotype matrices. At the same time, it, 
together with the one above mentioned, would he a line-producing 
machine. The — invention is applicable to any such line- 
producing machine equipped with pieces having one or a plurality 
of characters. It consists in each character-intaglio or cameo, as 
the case may be—having an al gning lug limited to itself and 
projecting from that e of the piece which carries the said 
character, means in part inco’ te with and in part connected 
with the mould-block for aligning the composed characters 





shoulder 8 and connected to the mould-block 6 80 as to slide 
thereon towards or from that shoulder, by any suitable device, 
such as slots 17 andscrews 18. It has an aliguing edge 19 parallel 
with the shoulder 8, and projecting towards the composed line ; 
and may have asecond and similar ledge 20 to = the lower 
matrices by their lugs 9 or 9, 14. The reason why the plate 16 
slides to and from the shoulder 8 is to provide for the motion 
necessary to effect alignment. Whilst the mould proper 7 is 
being moved into casting position, the plate 16 is held away from 
the shoulder 8 by a spring device 21 lient between the mould- 
block 6 and the plate, -far enough for the ledges 19 and 20 to clear 
the bottom faces of the respective lugs 9 and 10, the shoulder 8 
olearing their respective tops b ‘they are presented in a 
slightly lower plane. This device 21 must be automatic and 
constantly es the plate 16 and its ledges away from the 
shoulder 8. automatic means for actuating the plate 16 must 
be able to push it towards the shoulder 8 far enough to effect 
alignment. They may of arms (not shown) depending 
from the elevator 1, and ted to engage with the plate 16, say 
with its bottom edge, during the time that the elevator 1 is rising 
toeffect alignment. A better means—better because it actuates 
the plate independently of the elevator 1—is shown in Fig. 1. It 
consists of acam 22-fast on a shaft 23 mounted to turn within 
the stud 24 on which the wheel 5 is mounted, and a prolongation 
25 of the plate 16, in constant contact with the said cam and 
guided by a slot 26 and screw 27 device. (Accepted December 2, 


1914.) 
RAILWAYS AND TRAMWAYS. 


28,169/13. G. D. Peters and Co., Ltd., and L. J. Le 

lair, eating way (5 Figs.) 
December 6, 1913. —This invention relates to regulating cocks or 
valves of the kind used in connection with the radiators of steam- 
heating a) tus for railway carriages, for enabling passengers 
to control the heat, and to that type of such valve wherein pro- 
vision is made for permitting the escape of water of condensation 
and steam from the radiators when the valve is closed for the 
purpose of preventing the admission of steam into such radiators. 
According to the present invention, the construction described in 
Specification, No. 3862, of 1912, is modified to render it suitable 
for use as a regulating-valve, by arranging the steam-inlet in such 





. | relation to the valve proper that any water of condensation which 


forms can directly j@into the drain-pipe, and by arranging 
the port in the plug and the connected passages in such position 
that any water of condensation which my | form on the outlet or 
radiator side of the said cock can escape through the port in the 
plug. @ indicates the casing of the valve, one side of which is a 

etachable cover b for aff: ing access to the interior, c a nozzle, 
to which the steam-supply-pipe d is connected, ¢ a nozzle to 
which the pipe / for conveying steam to the heater or radiator is 
con’ , and ha nozzle at a lower level than the nozzle ¢ (see 
Fig. 1), to which the drain-pipe i for the escape of water and 
steam is connected. & is the valve proper, which, as shown, con- 






ZA 





SOOCEL A 





sists of two discs carried on the lever J, and having a ogring m 
arranged between them in a well-known manner, one of the discs 
being arranged to cover the outlet of the valve, whilst the other 
slides against a surface provided on the inside of the cover b. n is 
the = of the valve upon which the lever / is mounted, and 
o is the taper-plug formed upon the spindle and fitting into a cor- 
responding seat in the casing a, a spring p being arranged between 
the cap > of the casing and the adjacent end of the spindle for 
holding the taper-plug 0 st its seat. ¢ isthe port or passage 
fo in the plug, and position of which is such that when 
the valve proper closes the outlet ¢ of the valve, the will be 
in ament with the _— or r which establishes commu- 
nication between the outlet side of the valve and the drain-pipe i 
connected to the nozzle h. It will be noticed by reference to 
Fig. 2 that this passage r opens intvu the outlet ¢ close to the 
bottom of the latter, in order to vent the accumulation of 
water in the said outlet. #8 is the lever for operating the valve, 
the lever being attached to a rod or other suitable connection, 





through the respective aligning lugs by direct contact with the 
latter, and au’ ic means whi “7 be independent of the pre- 
senting organ, for fs meg | the aligning means. is the 
first elevator presenting the top characters 2 of some of the 
matrices 3and the bottom characters 4 of the others, in the casting 
position. 5 is the mould-wheel or carrier having the mould-block 6 
with the mould proper 7 in it, fast unereto, and by reason of its being 
likewise in the castin; tion, baving a shoulder 8 inco 
with the block 6, overlying the lugs 9 for aligning the characters 4 
and also the lugs 10 for aligning the characters 2, the overlaid 
lugs 9. reg ing horizontally with the overlaid lugs 10, and 
thereffre not appearing in Fig. 1. The distance between the 
chaneyere 2 and 4, centre to centre, and that between the opera- 
tive—Viz., the top—face of ar aligning lug 9 or 10 and the respec- 
tive character which it aligns, are arran; in the well-known 
way. A new lug 9 is apparensly the well-known bottom = on 
the character-face of a matrix, but its function is limited to align- 
ing the bottom character 4, and therefore differs from that of the 
well-known bottom lug, which serves as the aligning lug for any 
of the characters on the same matrix. The new aligning lugs 9 
and 10 (together with the known lug 11) be projections in- 
with, but outside, the normal width of the body portion 
of the matrix, as shown in Fig. 2, and may also, er with 
the lugs 12, 13 on the opposite edge, be of a thickness common to 
all the matrices in a fount, such known reduction them 
to with Se: aa plates of the 
matrix-m ne in which they engage, such grooves having a 
common width and being equidistant. The alternative construc- 
tion, shown in . 8, consists in the body of the matrix bei 
narrowed in order that the lugs 9, 10, and 11 may be incorpora 
with it, be within the normal width of it, and have the same 


the | valve, the latter is 


through the medium of which the motion of the n 
| handle in the is transmitted to the lever. In fixing the 
so that the steam-inlet c is at the under- 
| side of the casing a, whereby any water of condensation which 
| forms in the casing will flow back into the steam-pipe, whether 
| the valve & is open orclosed ; when the valve is moved so that the 
outlet ¢ is uncovered, the steam will flow through the outlet into 
the heater in a well-known manner, the movement of the plage 
serving to close the port 4 so that no steam can eecape to the 
drain-pipe i. When, however, the valve kis again operated to 
close the outlet e, the port ¢ is placed in alignment with the drain- 
paesage r so{bet any steam which remains in the heater, or any 
water = poy a wey — will be ae flow 
from the outlet side of the valve through the r port q 
to the drain-pipe i. (Accepted December 9, 1914.) 


SHIPS AND NAUTICAL APPLIANCES. 
2509/14. Summ, Bente and 
Limi and L. -on-Tyne. 
Submarines. [5 Figs.) January 30, 1914.—This invention 
relates toa submarine or submersible-boat me pe nee 
ers 
shafts cow nye ae A this ~~ on, the : — 
shaft bearings are to or ers, 
the propalicr-chaft, supports axe wool far cuppetting the hori- 
| zontal or diving-rudders. The bearing part a of the propelier- 





| shaft b carryin er ¢ is in the strut-boss d fitted 
| with a bearing. In the pee 
forms the outer bearing of di 


wing of Sean rudder g. Both 


th its | such 


together, preferably secured to a connecting member A which 
has its bearing in the skeg j; for dismounting the diving or 
horizontal rudder the wings must be disconnected and removed 
out from journal f. The propeller-strut bearing-boss d is sup- 
ported by the horizontal strut &. which is su from skeg j, 
and also by an additional strut or struts p. e skeg j supports 
also the vertical rudder m. For the purpose of dismounting the 

lier-shaft and the propeller the coupling will be discon- 
n , and the hor’zontal rudder will be inclined as much as is 
necessary for the removal aft of the bearing from the strut-boss 














d when the part a of the ae nye ee op has space enough in the 
strut-boss d, so that the propeller-shaft may be sufficiently inclined 
at its coupling with the propeller so that the shaft and propeller 
may be removed forwards. The horizontal rudder may also be 
faeereee by bearing f from the strut-boss d either above or 
below the centre line of the shaft, so that the bearing can be 
removed aft from strut-boss d without inclining the horizontal 
rudder or rudders g; in either case the norizontal strut k would 
be located in line with the horizontal rudder. (Accepted De- 


cember 2, 1914.) 
MISCELLANEOUS. 


27,315/13. E.T. Willows, and the Willows Aircraft 
Company, Limited, Cardiff. Airships. (3 Figs.) 
November, 27, 1913.—This invention relates to improved means 
for driving aeronautical propellers, and is particularly suitable for 
driving liers on airships, the object of the invention being to 
enable the axes of a pair of propellers to be angularly adjusted 
while in motion and being driven, in order to impart a lifting or 
depressing effect in addition to the propulsive effect at present 
usual in such machines. This combined effect has already been 
attained by the use of bevel ng, and the ee of the present 
invention is to obtain similar results, but without the noise and 
vibration inseparable from the use of toothed wheels. According 
to the present invention, the ae are driven by means of a 
flexible endless driving connection passing over pulleys to the 
axes of which the propellers are fixed, pulleys being su 
ported in bearings on the opposite ends of a crosshead angularly 
adjustable in bearings in the framework of the machine, said con- 
nection also passing round a pulley mounted on a motor-driven 
shaft, and a jockey pulley between each propeller pulley and the 
motor-driven pulley with which the exterior of the driving con- 
nection contacts. The propellers 1, 2 are respectively fixed on 
the shafts of pulleys 3, 4, carried on a horizontal crosshead 5. 
The crosshead 5 is carried in suitably-arranged bearings, such as 
6, on the framework of a machine, and is so mounted as to be 
capable of angular adjustment about its axis; obviously, the 
turning of the crosshead 5 about its axis will adjust the axes of 
the propellers 1, 2 in either an upward or a d d direction. 
The main driving-shaft 7, which may be carried in the car of the 
aircraft, is fitted with a pulley 8, while also carried by the frame- 

















work of the car are two jockey pulleys 9, 10, and an endless belt 
ll a over the pulleys 3, 4 of the 5, over the jockey 
pulleys 9, 10, beneath and around the motor-driven pulley 8, the 


& | said endless belt being then somewhat in the form of a T, the 


jockey pulleys contacting with the exterior surface of the belt, 
and thus, when the motor-shaft 7 is driven, the propellers will be 
driven in the same direction. With such a construction, any 
suitable and convenient means should be provided by which the 
crosshead 5 can be adjusted angularly about ite axis. ay, 
the angular adjustment of the crosshead 5 about its axis would 
Oe a corresponding twist of the belt 11, and therefore at 
east one of the jockey pulleys 9, 10 should be made adjustable by 
mounting its bearings in a guide, and providing means whereby 
the said bearings of the jockey pulley could be adjusted and 
retained in proper position in the guide. A convenient arrange- 
ment, however, as referring to the adjustment of the belt, is to 
mount both jockey pulleys 9, 10 on a horizontal transverse guide, 
and to provide means such as a screw adjustment for the pulley 9 
to be moved towards or away from the pulley 10, whereby the 
belt 11 can be adjusted to the requisite tension during the time 
the propellers are in the position shown in the drawing. The 
pulley 10 in such case may then have the position of its bearings 
controlled by any convenient gearing, so that the said bearings 
can be slidden on the guide from the car of the machine ; with 
an arrangement, when the crosshead 5 is angularly rocked, 
causing a twist of the belt, and thereby increasing its tension to 
an unn or undesirable degree, the pulley 10 can be ad- 
tion from the car of the machine to suit the twist of 

angular adjustment it is possible to 

ve to the crosshead 5 is governed largely by the character of the 
lt, rope, or other flexible driving connection employed for 
tranemitting = from the motor to the propellers. (Accepted 
ber 2, 1914.) 





igidly but removably c t 


wings of the diving-rudder are 
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THE BECK SEARCHLIGHT. 


Tue efficiency of a ae depends essenti- 
ally on the dimensions of the source of light. 
Theoretically this should be a point, and the fact 
that the electric arc is the smallest practicable 
source of light available for large powers is 
sufficient, apart from any other advantages, to 
explain its almost universal adoption for search- 
light work, except in special cases. Speaking of 
the efficiency of a searchlight from this point of 
view, we are, of course, assuming that the para- 
bolic mirror and subsidiary mechanism are properly 
designed and as accurate as modern optical and 
mechanical skill can make them. For a good many 
years now, improvements in searchlights have been 
due purely to improved workmanship, and it has 
not been possible, at any e, greatly to increase 
the power without greatly increasing the dimen- 
sions. This is beeAuse of the condition stated in 
our opening sentence. 


Fig.1. 








Foot Candles. 





Mr. C. 8. McDowell. Before quoting the tests we 
may describe the lamp. A brief account of its | 
main features has already appeared in our columns 
in connection with our report of the discussion on 
‘* Searchlights,” held by the Illuminating Engineer- 
ing Society on January 19 last.* The matter may 
well be enlarged on, however. The Beck search- 
light, which is a German invention, depends for its 
= efficiency wholly on improvements which have 
m made in connection with the arc. 

matter of the mirror and other features the lamp 
follows standard practice. What has been achieved | 
is the production of a smaller, brighter, and | 
apparently steadier source of light than has been 
available before. 

The limitation in an ordinary arc is caused by 
the fact that although carbon boils at about 4000 | 
deg. Cent., it begins to evaporate at about 1800 | 
deg. Cent. An arc consequently consists of a small | 
area at the melting temperature surrounded by a | 
much larger area at a lower temperature and giving | 
off less intense light. Increasing the current density | 
results in increasing this outer area. In the Beck 
lamp this disability has been got over by surround- 
ing the arc with an atmosphere of burning alcohol. 
This appears to prevent the consumption of the 
carbons at a lower temperature by keeping the 





tion is small. 
| he effective in showing up the blue-grey of a warship. 
In the | The ag 
|the Beck 

























McDowell points out that as at low intensities 
the maximum sensation to the eye for the same 
strengths of illumination shifts towards the blue 
end of the spectrum, in accordance with the well- 
known Purkinje effect, the bluish colour of the 


Beck arc should make it icularl 
picking out distant objects on which 


for 
e illumina- 
At the same time the colour should 


te quantity of blue and violet rays in 
m is about 23 per cent. There is 
robably something in these ideas in spite of the 
act that blue rays are usually considered to have 
poor penetrating power. The great intensity of 
illumination in the Beck arc probably outweighs 
this consideration. 

The positive carbon of the Beck lamp, as we have 
said, has an area of 201sq.mm. It is thus 16 mm. 
in diameter. The negative carbon is even smaller, 
as it is 11 mm. in diameter. These sizes are used 
with a 150-ampere are. The itive is fixed 
horizontally, and the negative slightly inclined and 
helow the positive. The arc is maintained about 
% in. long. The alcohol vapour is fed to the are 
through a nozzle fixed below it. The nozzle con- 
nects to a vaporiser fitted with an electric heater. 
Both the carbons of the lamp are rotated by a 
small motor, during burning, to keep the surfaces 
continually bathed by the alcohol vapour and to 
maintain the arc central. The positive holder is 
fixed, and the carbon is fed through it at such a 
rate as to keep the arc at the focus of the mirror. 
This is done automatically. A small mirror con- 
nected with the carbon feed reflects a beam on to a 
thermo-couple and actuates a relay circuit. When 
the arc is in the correct position the beam is off the 
thermo-couple, and the feed slows down. The 
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Given the electric arc and a desire to construct 
a searchlight of. greater power than previously 
existing, the natural thing to do is to attempt to 
attain a hotter arc by increasing the current 
density. Beyond a limit long since reached, how- 
ever, this procedure is not successful. Increasing 
the current, instead of increasing the brightness of 
the arc, increases its dimensions, which is exactly 
what is not wanted. A larger arc—a larger source 
of light—in a searchlight increases the dispersion, 
and the limit is soon reached at which increasing 
the current is of no advantage. If the arc is placed 
farther away from the mirror, and a larger mirror 
is used, the disadvantage of the increased size of 
arc is partially compensated for ; but for reasons of 
over-all dimensions a limit is soon reached to this 
way of tackling the matter. A further difficulty 
which has been met in attempts to increase the 
power «f searchlights by increasing the current 
density is that with high densities the rate of 
consumption of the carbons becomes very rapid, so 
that irregular burning results, and it is difficult to 
keep the arc-crater at the focus of the mirror. 

ese various conditions have resulted in the fact 
that until quite recently there has been no radical 
improvement in searchlights since the glass para- 
bolic mirror was introduced. 

What is in every sense a radical advance, how- 
ever, has been made by the intioduction of the 
Beck searchlight, which has recently been tested 
by the United States Navy. Some recdrd of the 
testa, which gave very remarkable results, were 
given in a paper read before the American Insti- 
bate of Electrical Engineers, on February 18, by 


> 


mn 
~ -Ef fective Zone 


oxygen from them, and at the same time cooling 
the outer parts of the carbons. This cooling is 
possible, since, although the burning alcohol has a 
temperature of about 1000 deg. Cent., thia is below 
the natural temperature of the outer part of the 
arc. The positive carbon is cored with a rare earth 
having a melting-point of 3500 deg. Cent. Mr. 
McDowell states that the positive carbon develops 
a crater about 12 mm. deep, which is filled with 
incandescent gas. The sides of the crater reflect the 
light radiation to the focus of the crater, and in 
addition the light from the negative is reflected, so 
that it is believed nearly true black-body radiation 
is obtained. 

The area of the Beck positive carbon is 201 
sq. mm., while the area of the positive carbon of a 
standard United States Navy 36-in. searchlight is 
805sq.mm. Quoting Mr. McDowell’s figures, the 
maximum intrinsic brilliancy of the Beck arc is 
greater than 438 candle-power per sq. mm., as 
compared with 120 to 160 candle-power for the 
ordinary carbon arc. The Beck lamp gives a 
bluish-white light, alongside which a standard 
searchlight beam looks yellow. It is not clear if 
this difference in colour is due purely to the higher 
temperature of the Beck arc, or if it is a selective 
effect due to the coring of the positive carbon. In 
view of ordinary arc-lamp practice, such coring or 
impregnation would appear an obvious way of 
attempting to increase the power of a searchlight, 
but we believe that attempts in this direction 





have failed owing to trouble with the fumes. Mr. 


* See ENGINEERING, page 110 ante, 





oe 


that during the tests the lamp operated very satis- 
factorily, and that the variation of the arc from 
the focus was not more than 1 mm., which was 
hardly noticeable. No difficulty was found in 
maintaining the arc at the correct length, and 
there was an absence of hissing or jumping. 

In the accompanying figures we re uce some 
of the test-curves from Mr. McDowell’s paper. 
Fig. 1 shows a foot-candle-power curve for a 44-in. 
Beck searchlight, taken at a distance of 2850 ft. 
from the lamp. Fig. 2 shows the same thing for a 
standard 60-in. United States Navy searchlight. 
In each case readings were taken across the beam 
at 24-ft. intervals. It will he seen that the maxi- 
mum illumination with the Beck light is 24 times 
that with the standard 60-in. instrument. The 
Beck beam has a very high illumination at the 
centre, which falls off rapidly towards the edges ; 
but within the limits of Fig. 1 it will be seen that 
the illumination at the edges is still higher than 
that in the corresponding parts of Fig. 2. These 
curves are, of course, comparative only, as the 
absolute values must depend on the state of the 
aeereee at the time the observations were 

8. 
Spherical candle-power curves of the Beck lamp 
and the lamp of a 36-in. United States standard 
searchlight lamp respectively are given in Figs. 3 
and 4, The maximum candle-power of the Beck 


lamp is 88,000, against 45,000 with the 36-in. 
standard. The greater central concentration with 
the Beck arc is well illustrated, leadi 


to the 





more concentrated light in the centre of 
as illustrated in Fig. 1, 


e beam, 
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FORMULA CONNECTING THE PRES- 
SURE AND TEMPERATURE OF 
SATURATED STEAM. 

By 8S. Gopseer. 


In Enortnegrine of August 30, 1912, a for- 
mula with six constants was given which closely 











For conversion purposes it may be noted that a 
pressure of 12,101 mm. of mercury is the same as 
one of 234 Ib. per in. 

In order that Table II. may be the more readily 
extended to higher temperatures when required, it 
will be useful to state that :— 











represented the results of the best observations | * a" = 0.03106880821 + wii at - wie sae 
Taste I. 
ate — | where 
‘ Log p (Actual). Log p (Calculated). | Difference. log A = 3.8037166866, log B = 6.5613394625. 
Z coorn : peed a If special accuracy is desired at the lower tempe- 
374 5.2173195 62164444 0.000875  Yratures, a formula given in the number of Enat- 
_ NEERING quoted above should be used down to 
TABLE II. 
3 | 4 4 | 
| mer | in fume) $e | ete | Se | mets | $e | ute | ae | 
ce ee eeeee —_ —_— — = 
20 | 1.2440839 17,64017 0.085755 1.08581 | 5.769658 | 0.058838 3.43070 | 0.0026959 5.99033 0.000978 | 20 
30 | 1.5028689,  81.83236 0.261584 1.82635/ 2.959581 | 0.001113 3.59002  0.0038021| 4.09253 | 0.0001237| 30 
40 | 1.743080 55.89888 | 0.460713 | 2.94026, 7.182782 | 0.186748 3.71839 | 0.0081688| 7.17520 | 0,0001497| 40 
50 | 1.9683529/ 92.54498 | 0.661982 | 4.50126 1.290867 0.195389 3.83244 0.0067989 4.24550 0.001760 | 50 
GO | 21744515 | 149.4847 | 0.830810 6.91529, 1.435490 0.272577 8.93870 0.0086836| + £30229 © 0,0002006, 60 
70 | 2.3687508 | 283.7493 | 1.004735 10.1006 1.567992 0.360821 2.08850 0.010802 4.34743 | 0,0002226| 70 
80 | 2.5605112 | 855.2313 | 1157985 14.8868 1.689565 0,480280 2.11708 = 0.018128 38207 | 0.002410! 80 
90 | 27208560 525.8429 1.300502 | 19.9757 | 1.801286 0,63¥828 2.19338 + 0.015609 4.40750 | 0,0002656 | 20 
100 | 28807851 759.9502 1.488410 | 27.1275 1.904115 0801800 2.26056 =| (0.018220 4.42476 | 0.0002659 | 100 
110 | 3.0811935 | 1074.468 1.557532 | 36.1021 1.996916 0.997507 2.32043 0.020013 | 4.43462 | 0.0002720| 110 
120 | 8.1728889 | 1488.963 | 1.673650 47.1683 0.036466 1.22080 2.37381 =| 0.023649 | 7.48845 | 0.0002744| 120 
130 | s.scesve7 2025.717 | 1.782469 | 60.5995 0 167468 + §=:1.47051 2.42148 ~—| 0.026392 4.43747 | 0.0002738| 130 
140 | 8.4329201 | 2709.749 | 1.884624 | 76,6607 | 0.242562 1.74808 2.46414 | 0.029117 4.43250 | 0,0002707| 140 
150 | $.5526242  3568.816 1.980001 95.6513 | 0.812828 2.05271 2.60244 0.081801 | 4.42484 | 0.002660 | 150 
160 | 3.6658975 | 4633.876 | 2.071192 | 117.813 0.877204 2.88398 | 253700 © 0.0se4s5 | La1622 | 00002607 | 160 
170 | 87735338 | 5986.515 | 2.156600 | 143.417 0.487046 2.74128 2.56840 0.087017 | 4.40800 | 0.0002659 | 170 
180 | $.8758742 | 7614.052 | 2.237849 | 172.723 0.494727 3.12412 2.69720 | 0.080555 | T4019 | 0,0002519 | 180 
190 | 4.9733209 9404.179 2.318882 | 205.988 0.548047 | 8.58222 2.62388 = 0.042081 | 4.39770 | 0.0002499 | 190 
200 | 4.066246  11647.74 2.386410 243.450 0.598278 3.96532 2.64896 0 044561 | 4.39906 | 0,0002606 | 200 
210 | 4.1549726 | 14288.04 2.455413 285.373 0.645768 4.42352 = -2.67287 0.017084 7.40548 | 0.000244 | 210 
220 17370.90 | 2.521145 332 005 0.690882 4.90718 | 269602 | 0.049661 7.41808 


4. 2398224 


yet made of the relation between the pressure and 
temperature of saturated steam. Below a modifi- 
cation of this formula is given which has only five 
constants, but at the same time is slightly more 
accurate for practical application, while its maxi- 
mum deviation from the experimental data, as 
shown in Table I., will be seen to be small enough 
to be neglected in all but very exceptional cases. 
Table II., where pressures are in millimetres of 
mercury, and temperatures are on the Centigrade 
scale, gives the necessary data calculated from the 


new formula to enable values of p and ae to be 


found for any temperature which would ordinarily 
need to be considered. The interpolation is 
effected by applying Taylor’s theorem as in the 
following examples :— f 

Required the pressure corresponding to 88 deg. 
Cent. As 88 = 90-2, 


Py, = 525.8429 — (2 x 19.9757) + (5 x 0.682828 ) 


Required the value of 
Cent. 


|; 0.0008556 )= 487.1365. 


dp 


dt 


13 


ae 0.015800 ) + ( 


, where ¢ = 123 deg. 


(32 )a = 47.1683 + (3 x 1.22080) 
“ x 0.028649) + ( 


+(5 


he + 0.000274 ) = 50.9369, 


' 


The new formula when » is in millimetres of 
mercury and ¢ in degrees Dentigrade is :— 


(43833 - 18 t) (73386 + 110 2)? 
$885969.0876 (9112 + 3 #) (273 + 2) 





log p = 25.08199923 — 


where 
log 3885969.0876 = 6.5894993415. 


When p is in pounds square inch, and ¢ in 
degrees Fahrenheit, the sale becomes’ :— 


log p=23.36839376 — (793154 — 130 t) (1285748 + 1100 ¢ 


839369322. 9216 (27176 +5 t) (2297 +5 2) 
where 


| 0.002618 | 220 
. _ 


7 deg. Cent., below which the experimental results 
are accurately given by :— 
log (p + 0.91216) = 0.7396675 + 0.0265617 ¢. 





NEW SWING-BRIDGE, WHITBY. 


By W. Noste Twetvetrees, M.I. Mech. E., 
M. Soc. Ing. Civ. 
(Concluded from page 267.) 

Mechanical Details.—Having already briefly de- 
scribed and illustrited the main structural features 
of the new bridge, attention will next be directed 
to details connected with the operation of the 
swing-spans, and including the necessary mechanical 
and electrical equipment. 

As previously mentioned, the mechanism is of 
novel character, and, although quite free from com- 
plexity, it includes various elements which must be 
descri in order that the reader may be able to 
form an accurate idea of the operations involved in 
the opening and closing of the swing-spans. 

The natural starting-point is the pivot or centre 
about which turns the entire span at each side of 
the bridge. 

Pivot.—Contrary to ordinary practice, the span 
does not bear directly upon the pivot, but its 
weight is first imposed upon a short transverse 
shaft termed the *‘ rocking-pin,” the bearings for 
which are carried by the head of the pivot. The 
object of the rocking-pin is to permit the span to 
be rocked longitudinally, so as to disen the 
girders from their end bearings before the bri e 
is opened, and to bring them upon their bearings 
again after the bridge has been closed. The 
mechanism provided for effecting the requisite 
rocking movement is described later. For the 
moment, we are concerned with the details of the 
rocking-pin and pivot, illustrated in Figs. 58 to 64, 
on Plate XXIII., published with the present issue. 
The pivot-bearing is carried by a conical steel cast- 
ing, the shell of which is 2 in. thick, and the base 
33 in. thick at the edge to 34 in. thick at the middle. 

he top is in the form of a separate cap, with a 
circular flange secured by six bolts to a correspond- 
ing flange on the body of the casting. The base is 





log 839369322.9216 = 8,9239530927. 


extended to provide a flange for eight holding-down 


bolts, and four lugs are cast upon the bottom flange 
for the attachment of distance-pieces between the 
pivot-base and the roller-path surrounding it. The 
casting is entirely closed, and one or two taps are 
fitted near the bottom for drawing off any oil that 
may drip from the bearing at the top. In the vertical 
section details are given of the casting, the pivot 
bearing, the pivot, and the pump toe the line A A 
being at right angles to the axis of the bridge. The 
elevation represents the side of the entire pivot ing 
arrangement, including the rocking-pin and the 
forged mild-steel strap passing over the pin and 
attached to it bya1}-in.set-screw, partof the diagonal 
girders B (see Fig. 36, on Plate XXII., published 
with our last issue) being also shown. he pivot 
and rocking-pin bearing consists of a steel casting 
carefully machined and provided with grooves for 
forced lubrication, oil being supplied by pum 
capable of working up to a pressure of 3000 lb. 
per sq. in., and of maintaining the pressure 
uniformly at 2000 lb. per sq. in. Notwithstanding 
the care taken in the fitting of the parts in the 
shops, it was found after the bridge-spans had 
been erected that the bearings were not capable 
of retaining the oil in a satisfactory manner. 
Consequently, to obviate the risk that the bear 
ings might seize, it became necessary to lift both 
spans, and to refit the bearings, after which no 
difficulty was experienced in retaining the oil 
pumped in at a pressure of nearly 1 ton per sq. in. 
As the pressure on the pivot-bearing is about 
1} tons per sq. in., the necessity for the most 
accurate work is sufficiently evident. 
Stools.—Details of the two auxiliary supporting 
stools, which, with the pivot, constitute the three 
fixed supports for each span when the bridge is 
closed, are given in Figs. 65 to 67. The stools proper 
consist of iron castings bolted down to the top of 
the pier between the inner and outer roller-tracks, 
the distance from the centre of the pivot to the 
centre of each stool being 4 ft. 8in. A casting of 
similar shape is bolted to the under side of the main 
girder, and provided at the bottom with a pair of 
steel wedges and a bearing-plate, the wedges being 
secured and adjusted by means of bolts passing 
through slotted holes. 
Roller-Paths and Rack.—Figs. 68 to 74 include 
a = plan of the pivot-support and of the two 
roller-paths and the rack for the turning-gear, also 
a half section and a part elevation giving details 
and showing the cast-iron panelled facia around the 
top of the masonry pier. Tn the plan may be seen 
the distance-pieces between the pivot-support and 
the inner roller-track, and similar distance-pieces 
between the inner and outer tracks. Before leaving 
these details attention should be drawn to the 
depression (a curved nick) at the point X (Fig. 69) 
on the upper face of the outer roller-track. The 
pu of this depression, which is further shown 
in Figs. 70 and 71, is explained below. : 
Rollers.—Figs. 75 to 77, Plate XXIII., contain 
a series of details of the two sets of rollers. The 
two rollers travelling on the outer track are 
attached to girders A and A! between the main 
girders (see Figs. 17, 32, and 33, on Plate miles 
published last week). When the bridge is closed 
and the tail end; are lifted to bear on the under- 
side of the anchorage girders, the right-hand roller 
drops into the curved de ion at X, Figs. 69, 70, 
and 71, and the left-hand roller rises } in. above the 
track, thus permitting the span to come down upon 
the supporting stools. Before opening the bridge, 
each span is ti by means of gearing, to be 
described later, and the left-hand roller comes 
down upon the track, the right-hand roller making 
contact with the track almost immediately after 
the operation of swinging the span has been started. 
The two rollers travelling on the inner track are 
attached to the under side of the main girders and 
are always in contact with the track, the line 
joining them being at right angles to the length 
of the bridge. The rollers are provided for balanc- 
ing the spans, and although necessarily taking 
part of the load, no allowance was made for this in 
the design of the pivot and its connections. 
Turning-Gear.—Figs. 78 to 86, Plate XXIII., 
give full details of the turning-gear for operating 
the swing-spans. Referring to the vertical section, 
the rack is always in mesh with the cast-stec! 
inion keyed to the main shaft running 10 
ings carried by a cast-steel bracket bolted 


to one side of girder (see Fig. 17 ante). Above 
the upper of these two is a bevel 
crown-wheel running loose on the and engag- 





ing with a cast-steel bevel-pinion keyed to a stec! 
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THE NEW SWING-BRIDGE AT WHITBY. 
MR. J. MITCHELL MONCRIEFF, M. INST. C.E., NEWCASTLE-UPON-TYNE, ENGINEER. 
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on the north side of the bridge, these boxes having 
hinged doors secured by locks to prevent access by 
unauthorised persons. The lamp bases on the 
south side of the bridge are of similar construction, 
and are used in connection with the electric light 
installation. The motor and electrical installations 
were carried out by Messrs. Ernest Scott and 
Mountain, Limited, of Gateshead. 
Lifting-Gear.—Figs. 87 to 92, page 291, contain 
details of the gear and screw-jacks by which the tail 
end of each span is lowered before the bridge can 
be opened, and lifted after it has been closed. The 
two jacks near the tail of each main girder rest on 
the cast-iron bearing-plate, previously described in 
connection with the abutments, the jacks being 
bolted to the under side of a special cross-girder 
between the main girders. Each screw is actuated 
by means of a vertical shaft driven by bevel-gearing 


from a cross-shaft at the top, the cross-shaft, in 
turn, being 
third shaft, 


driven by bevel-gearing operated by a 
which is, in turn, operated by bevel- 
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gearing by a fourth shaft (vertical) connected to 
the road-box, and worked from the roadway by a 
handle. 

In order to make sure that each jack takes an 
— share of the load, the cross-shaft at the top 
of the vertical screw-shaft is made in two pieces, 
upon each of which is keyed a forged-crank engaging 
with a compensating-rod or balancer, hinged to the 
boss of the bevelled spur-wheel, which runs free on 
the cross-shaft, but operates the same by means of 
the compensating-rod through the cranks. Thus, if 
one jack should take up its load first, and the coin- 
panion jack requires a little more time to make it 
come into action, the compensating-rod on the 
bevelled wheel will rotate on its pin and adjust 
itself to suit the unequal amount of twist required 
on the two portions of the cross-shaft. 

We come now’to the latches and bolts, by means 
of which the swing-spans are centred and secured 
in position after having been closed. 

Spring-Catch.—Figs. 93 to 106, page 291, show 








details of the semi-automatic spring-catch at the 
centre of the tail end of each span, the cast-iron 
Ee to which the socket is attached having 

m mentioned when the abutments were dealt 
with. The face of the socket is sha 
the catch will slide readily up the ineli 
and drop into the semi-circular recess, thereby 
securing the span in proper alignment. If the 
= overshoots the centre line, it is brought 

owly back again, in order to permit the spring- 
catch to secure it. Before commencing to open 
the bridge, the spring-catch is withdrawn by means 
of the gearing illustrated in Figs. 93 — | 94, as 
the shape of the recess in the socket would cause 
the catch to jam if it were not drawn back. 

Centre Latches.—Figs. 107 to 111, e 292, 
give details of the two latches at the middle 
of the navigation opening. These latches are 
on the west span, and the sockets are on the 
east span. The latches are operated by a le 
and a line of planished-steel shafting worked 
from the road-box in the west span. It will 
be noticed that a gap of 1$ in. is left between 
the ends of the main girders of the two spans. 
There are curbs at the end of each span, which 
sooo the actual clearance to } in. at roadway 
level. 

Locking-Bolts at Abutments,—Figs. 112 to 116, 
page 292, show details of the gates and locking- 

ite at the abutments. Fig. 113 is a half-plan 
showing the arrangement of the two bolts at 
each end of the bridge. These bolts are operated 
by the opening and closing of the gates, thus 
making it impossible for the bridge to be opened 
until the gates have been closed, and as a further 
precaution the gates are constructed so that the 
closing of either half-gate automatically closes the 
other half-gate. 

Road-Boxes.—Figs, 117 to 123, annexed, contain 
details of the road-box on the west span, that on 
the east span being similar, except that there is 
no mechanism for the centre latches, and that 
the position of the arrow for ‘‘open bridge” is 
reversed. The same figure includes details of the 
manhole for the water-tight motor-box in each span. 

Motor-Boxes.—The chambers or boxes containin 
the electric motors and limit-switches are situa 
between the main girders in the tail end of each 
span at about 17 ft. from the centre of the pivot. 

e webs of the main girders form the sides, the 
ends are made up by two cross diaphragms between 
the main girders, and the bottom is of steel plate, 
supported on I-beam and channel cross-beams, 


so that 


access being provided by means of the manholes 
shown in igs. 124 to 126, annexed, and the 
position of which is indicated in Fig. 5, page 265 
ante, 


Operation of Bridge.— Having described and 
illustrated all essential mechanism, we come next 
to the manner in which the a of opening 
and closing the bridge are performed, the following 


being a sum of the procedure :— 
To Open the Bridge :—1. Close gates, thus with- 
drawing end bolts. 


2, Withdraw spring-catch(worked from een 

3. Withdraw centre latches (worked from 
box). 

4. Lower shore end, thus lifting river end from 
stools (worked from road-box). 

5. Start turning-gear (worked either by motor 
controlled from lamp base, or by hand from road- 


box). 

Te Close the Bridge :—1. Release spring-catch 
(worked from road-box). 

2. Start turning-gear. 

3. Lift shore end, thus lowering river arm upon 
stools (worked from road-box). 

4. Shoot centre latches (worked from road-box). 

5. Open gates, thus shooting end bolts. 

Although the various items ap to be rather 
numerous, the time occupied in their ormance 
is really very short, as may be ju by the 
following records of tests conducted under the 
direction of Mr. Moncrieff. 


q Stars. Finish 
Opening : min. sec, min. sec. 
Crean opine, Gow ing catch and 
latches, liftingshoreend... 0 0 1 14 
Swinging westspan... .. 114 1 BW 
pe east span she i: ae aa 
Closing : 
Swinging east span ees 00 012 
9° west éde 1 10 1 580 
Opening gates, bo. ne 
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While opening and closing the bridge as above, 
the work of operating each span was carried out 
entirely by one man at each side. In closing the 
bridge, the precaution was taken to swing back the 
east span and secure it by the spring-catch before 
commencing to — the west span. This pre- 
caution eliminated all risk of the two spans fouling 
at the ends of the long arms, and accounts for the 
longer time occupied in closing the bridge than in 
opening it. As the total time occupied in both 
operations was only 5 minutes 4 seconds, the inter- 
ruption to traffic is of very short duration. 


Time Taken to Open and Close the Bridge (by Hand). 
(Four Men at the Capstan-Handles of each Span.) 


Time at Time at 


Start. Finish. 
Opening : min. sec. min. sec. 
Closing gates, drawing catch and 
latches, and liftingshoreend... 0 0 1 5 
Swinging west span — 22 OS 
é east span 1 55 5 30 
Closing : 
Swinging east 5 0 0 4 0 
™ west — 2 4 560 
Opening gates, &c. 4 50 5 50 


In this case, the total time occupied was 
11 minutes 20 seconds, as compared with 5 minutes 
4 seconds for electrical operation, but the test 
demonstrated the ease with which the bridge can 
be worked by hand-power if any emergency should 


ise. 

Another interesting experiment was made with 
the object of ascertaining the efficiency of three 
men at each capstan-handle instead of four men, 
the result showing that the time occupied in swing- 
ing the spans would take about 42 seconds longer 
with the reduced number of men. 

Load Tests.—The live load allowed for in the 
design of the main girders was a 15-ton steam- 
roller, close up to the curb of the a. 
together with a partial crowd load of 28 lb. per 
sq. ft. distributed over the bridge. This lcading 
develops greater stresses in the girders than a 
crowd load of 112 lb. per sq. ft. distributed over 
the bridge. The live load allowed for on the foot- 
paths was 140 lb. per sq. ft. 

The swinging weight of each span of the bridge 
is about 200 tons, and in view of the difficulties 
that had been encountered in the construction of 
the west pier, it was decided to test the stability 
of the structure by a superload of 405 tons, under 
which the settlement was only 4 in. 

The bridge itself was tested by first opening and 
then closing the spans with the electrical gearing, 
and when all the latches and bolts had been shot, 
and traffic across the bridge had been stopped, a 
steam-roller weighing 15 tons was driven across 
from west to east, travelling along the centre line 
of the roadway. When the roller reached the 
middle of the bridge the maximum deflection was 
} in., and when it reached the east end of the east 
span there was no apparent permanent set at the 
middle of the bridge. The roller was next run 
back to the middle of the bridge and brought to 
rest with all its rollers on the end of the long arm of 
the east span, the two side rollers being at the 
extremity of thespan. The deflection of the middle 
was } in. under this condition. The roller was 
then moved so that all the rollers were bearing on 
the west span, the front roller being at the extremity 
of thespan. The deflection at the middle was 3 in. 
under this condition. 

After the above-mentioned tests had been carried 
out the roller was removed, and the spans were 
again opened and closed electrically. It was found 
on the closing of the bridge that all the catches 
and latches worked with the same freedom as 
before the conduct of the tests—a fact clearly 
demonstrating the perfectly elastic nature of the 
deflection. 

In conclusion, it may be mentioned that since its 
completion the bridge has been in continuous 
use for four-and-a-half years, and has proved satis- 
factory in every respect. 





Coat in AustrRia.—The congestion from lack of rolling- 
stock in the Ostrau-Karwin district has been somewhat 
alleviated, and the mines have been better able to satisfy 
their customers. As the demand continues very active, 
and the Government require a considerable portion of the 
production, private customers still have to suffer. The 
construction of the second line on the Kaschan-Oderberg 
Railway makes considerable one in spite of the war, 
and the last portion of the Orlan-Oderberg section ie 


INDUSTRIAL NOTES. 

APPENDED is the text of the new Act amending the 
Defence of the Realm Act, and giving the Government 
power to take over all the factories which may be 
utilised for His Majesty’s naval and military services, 
to which we refer in our leading article :— 

Clause 1.—(1) Sub-Section (3) of Section 1 of the 
Defence of the Realm (Consolidation) Act, 1914 (which 
gives power to take jon and use for the pur- 
pose of His Majesty’s naval and military services 
certain factories or workshops or the plant thereof), 
shall apply to any factory or workshop of whatever 
sort, or the plant thereof, and that sub-section shall 
be read as if the following paragraphs were added 
after Paragraph (B). 

**(C) To require any work in any factory or work- 
shop to be done in accordance with the directions of 
the Admiralty or Army Council, given with the 
object of making the factory or workshop, or the 
plant or labour therein, as useful as possible for the 
production of war material ; and 

**(D) To regulate or restrict the carrying on of 
work in any factory or workshop, or remove the 
plant therefrom, with a view to increasing the pro- 
duction of war material in other factories or work- 
shops ; and 

‘*(E) To take possession of any unoccupied pre- 
mises for the purpose of housing workmen employed 
in the production, storage, or transport of war 
material.” 

2. It is hereby declared that where the fulfilment 

by any person of any contract is interfered with by 
the necessity of complying with any requirement, 
regulation, or restriction of the Admiralty or the 
Army Council under the Defence of the Realm (Con- 
solidation) Act, 1914, or this Act, or any regulations 
made thereunder, that necessity is a good defence to 
any action or proceedings taken against that person 
in respect of the non-fulfilment of the contract so far 
as it is due to that interference. ‘ 
3. In this section the expression ‘‘ war material ” 
includes arms, ammunition, warlike stores and equip- 
ment, and everything required for or in connection with 
the production thereof. . 

Clauee 2.—This Act may be cited as the Defence of 
the Realm (Amendment) No. 2 Act, 1915. 


The wages question of the Clyde engineers was con- 
sidered at the Engineering Central Conference which 
was held in Sheffield on eeosiay last, the 6th inst., 
when no decision was arrived at, according to the 
report issued at the close of the conference by Mr. 
Brownlie and Mr. Young, of the Amalgamated 
Society of Engineers. The report added that the 
matter would be referred to the Government. The 
employers were represented at the conference b 
members of the Conference Committee of the Engi- 
neering Employers’ Federation and of the North-West 
Engineering Bashoan’ Association. The trade 
unions were represented by the whole council of the 
Amalgamated Society of a and by the general 
secretaries of the Steam-Engine Makers’ Society, 
the United Machine - Workers’ Association, and 
the Amalgamated Tool-Makers’ Society. Clyde em- 
— attended for consultation, as also did the 
ttish delegate of the Amalgamated Society of 
Engineers and delegates sent by six of the Clyde dis- 
trict committees. The discussions which took place 
appear to have been barren in effect, and whilst no 
agreement was reached between the parties, there 
seems to have been, we are informed, no actual dis- 
agreement. It was decided, however, to refer the 
— to a court of inquiry under Sir George 
skwith at the head-quarters, Old Palace Yard, 
Westminster, of the Industrial Commission. 

The conference was therefore resumed on Monday 
last, at Westminster. It commenced at 2.30 p.m. and 
continued for six hours. Sir George Askwith and Sir 
George Gibb conducted the proceedings. At the close, 
the only official communication ene was issued by 
the representatives of the Amalgamated Society of 
Engineers. This was to the effect that a ballot of the 
Society’s members was to be taken for or against 
referring the question to arbitration. It has been 
stated that practically all the discussion which took 
place Anew 5 upon the point as to whether the deci- 
sion of the Arbitration rt should be subject to the 
on of the men or not. The point was raised b 

Amalgamated Society of Engineers, who said that, 
by reason of their rules, they could not decide upon it 
without taking the opinion of their members. The 


the conference showed that the Steam-Eugine Makers’ 
Society, the United Machine Workers’ Association, 
and the Amalgamated Society of Toolmakers also 
— that the arbitrators’ decision should be accepted 
as final. 

A ballot of the 
Amal 
the su 


whole of the members of the 
mated Society of Engineers is to be taken on 
ject. 








expected to be ready in the spring. 


Y | at once for the return of the men to civil 


employers agreed to abide by the Court’s decision ;| T 


Wages Board was held at Birmingham on Monday 
last, the 8th inst. The meeting was presided over 
by Mr. G. Macpherson, who, in the course of the 
proceedings, said it was his duty, and his pleasure, 
to refer to the circular issued by the ascutivs 
Council of Associated Iron and Steel Workers of 
Great Britain, and signed by Mr. James Cox, general 
secretary, urging upon iron and steel workers loyal and 
uninterrupted service in theiremployment. It was an 
inspiring document, he added, and such a one as might 
with great advantage be issued by other leaders to their 
men. It was a document which ought to be in the 
hands of every employer and worker in this country. 
Mr. Cox had stated that employers were throwing 
themselves into the t fight of capturing German 
trade, and without the efforts of the men their struggle 
would be useless. They had but a small percentage of 
ironworkers at that meeting, but they had works’ 
representatives and leading men, who were the officers 
of their forces, and could do much to arouse in their 
men a stronger sense of forbearance, pluck, sacrifice, 
and keenness ; he appealed to them to circulate 
and encourage in their works the spirit of Mr. Cox’s 
circular. It was the men of experience and thought 
who were the mainstay of the trade, and it was they 
who saw that avoidable abstention from work was 
deplorable when war demands were so urgent and 
insistent, to say nothing of losses inflicted on 
employers by reduced outputs, with consequently in- 
creased costs, emery J in these days of abnormally 
dear fuel. He hoped the iron-workers would seta good 
example to other trades, fulfil their obligations to 
the letter, and see that no time was lost in the mills 
and forges. On no account should they imperil the 
great reward that would assuredly come in good time. 
Mr. S. Harris, vice-chairman, seconded, and, speak- 
ing on behalf of the men, said he was pleased to tell 
the employers that the representatives of the men had 
pled themselves to use the influence they had 
among the workmen to the end that there should be 
no cessation of work, especially where contracts for 
the requirements of the armies of the Allies were con- 
cerned. In the present circumstances it was almost 
impossible to discriminate between what was required 
for military purposes and what was not. If the work 
was not directly for the purposes of the Government, 
it was indirectly to benefit them, and the representa- 
tives of the workmen were determined to assist pro- 
duction in every way they could. He reminded the 
» however, that matters requiring adjustment 
would arise from time.to time. One important subject 
was the increase in the cost of living, which to the 
working man was as much as 25 per cent. It was 
possible that in this connection a general application 
would be made through the Board on bebalf of the 
whole of the trade for the time the war lasted. 


Y| Whether it would meet with the approval of the 


Standing Committee and the employers generally he 
did not know ; but things could not go on as they were 
at present, and he hoped an application from the men 
would eventually receive sympathetic consideration. 

Mr. Ebenezer Parkes, M.P., supported, congratulat- 
ing the Board that during their thirty-nine years’ 
existence there had been no serious dislocation in the 
iron and steel trades. It came from having reasonable 
men on both sides, who were determined, if possible, 
to arrive at an amicable settlement. 





The Press Association, quoting Dutch journals, says 
that the general qomammeling e German 7th Army 
Corps, Baron von Geyl, has ordered that all workmen 
Ss in German factories working for the army 

the navy shall at once be taken into military 
service if they refuse to work or if they leave their 
firms in order to take up other employment. 





A meeting convened by tlie War Services Committee 
of the Royal Colonial Institute was held recently in 
the Institute’s premises, Northumberland-avenue, to 
discuss informally the question of ‘‘the employment 
after the war of ex-Service men on the land and other- 
wise, at home and overseas.” The chair was taken by 
the President, Earl Grey, who was supported by Sir 
Henry F. Wilson and many Fellows of the Institute. 
Representatives of the Oversea Dominions also assisted. 

Mr. E. T. Scammell introduced the discussion in 
an address in which he enforced the need of preparing 
ife if we 
would avoid the difficulties which arose at the end of 
the Boer War. He claimed that the question of their 
employment should be treated as an Empire matter. 
hey were united as an Empire in defence; they 
should be equally united in caring for the interests o! 
our defenders. 

The question was discussed in detail, and at the 
suggestion of the chairman, supported by Sir Harry 
Wilson, the following resolution was adopted :— 
‘* That it be a recommendation to the Council to give 
its earnest and immediate attention to the subject of 
the employment of ex-Service men, on the land an: 
otherwise, at home and overseas, after the war ; also 





The annual meeting of the Midiand Iron and Steel 


to appoint a committee for the purpose of taking the 
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necessary steps to approach the Home Government 
and the Governments of the Dominions thereon.” 





The men employed in various works at Scunthorpe, 
Lincolnshire, including those of the Frodingham Iron 
and Steel Works, the Redbourne Hill Iron and Coal 
Company, the Trent Iron Works, the North Lincoln- 
shire Iron Company, Lord St. Oswald’s Iron-Stone 
Mines, and Messrs. John Lysaght have asked for an 
increase in their rate of wages, to compensate for the 
increase in the cost of living. These men, like others 
throughout the country, are busily engaged on War 
Office and Admiralty contracts. ose employed in 
the manufacture of pig-iron demand au olvanes of 
20 per cent. all round; the smiths, pattern-makers, 
moulders, and engineers ask for an advance of 5s. per 
week. The matter is being considered in interviews 
between the employers and the men, and it is reported 
that the former will in all likelihood grant a portion 
of the increase demanded by the men. 


A meeting of the executive of the Yorkshire Miners’ 
Association was held at Barnsley on Monday last, 
when the question of a national demand for increased 
wages for pit-workers, owing to the advanced cost of 
living, was considered. A Conference of the Miners’ 
Federation of Great Britain is to take place in London 
on the 17th inst.; at Monday’s meeting it was decided 
to instruct the men’s representatives to attend the 
conference and to support the demand for the increase 
on behalf of all the underground and surface workers. 





The dispute in which the Liverpool coal-heavers 
were involved (see page 28] ante) has now been 


settled; the men returned to work last Friday under the. 


terms of the agreement drawn up by the Joint Board, 
which allows increased wages, but removes “subbing.” 
The men reserved to themselves the right to re-open 
the question of ‘‘ subbing” at a more opportune time. 
This question appears to have been at the root of the 
difficulty ; it means the payment in advance of a por- 
tion of a man’s weekly wage, a custom which the men 
cling to, against the advice and action of their own 
representatives. It involves a large amount of trouble 
and expense to the employers. 





We read in the Sheffield Daily Telegraph that the 
Sheffield and district moulders are to share in the 
advances of pay which are being given to workers on 
account of the increase in the price of domestic com- 
modities and the greater stress which bas been thrown 
upon thousands of men because of the urgent demands 
for war material. This result has been secured by 
negotiation and without the least disturbance of trade. 

Twice recently the representatives of the Sheffield 
district branches of the Friendly Society of Iron- 
founders have met in conference with the Federated 
Employers, and on Wednesday an agreement was 
arrived at under which an advance of 5s. per week on 
existing datal rates and 10 per cent. on piece prices is 
to be paid to the men. These advances are to obtain 


until the termination of the war, and they are to 3 


commence on the next full pay day. 

The conferences have been of the most amicable 
character, both sides realising the gravity of the 
situation and the necessity of arriving at a settlement 
by peaceful means. On the other hand, a demand 
emanating from the Sheffield Branch of the Iron, Steel, 
and Metal Dressers’ Trade Society—the members of 
which are usually known as ‘‘fettlers”—has been 
before the executive of the Sheffield Engineering 
Employers’ Association. The men asked for a 5s. per 
week advance on datal wages, and 10 per cent. on 
piece rates. The ——— have offered 3s. and 
10 per cent. respectively, these rates to be payable on 
acceptance and during the duration of the war. 

These increases do not meet with the men’s ap- 
proval. The offer of the masters is the same as that 
given to semi-skilled workers in Sheffield, but the 
tettlers claim that they come within the description 
of skilled workmen, and that they should at least be 
given 4s. and 10 per cent. advances. The question 
affects about 1000 men, of whom over 600 are members 
of the trade society. An effort is being made to 
arrange @ conference between the employers and 
representatives of the men with the object of arriving 
at an amicable agreement. 





The extent to which union labour will go in making 
demands is illustrated, says the Iron Trade Review, 
Cleveland, Ohio, by the request that the United 
tates shall pay the fines and costs assessed against 
the boycotting members of the hatters’ union in the 
Danbury case, recently decided by the Supreme Court. 
The servility to unions of some members of Con- 
gress is also illustrated by the willingness of at 
least four members of the Connecticut elegation to 
introduce a Bill providing for the payment out of 
the United States Treasury of 290,000 dols. which the 
Court has declared must be paid by the members 
of the union who carried on the boycott, in an 
attempt to ruin the owner’s business. It is diffi- 
cult, our contemporary adds, to treat this subject 


with patience. If members of the union are. likely 
to endure any hardship, it is because they did the 
business of the union. The Danbury case was fought 
to a finish in order to determine whether the men 
have a — to carry on a boycott. The entire 
American Federation of Labour, as well as other 
labour bodies, were interested in the result. If the 
Federation of Labour was willing to put up hundreds 
of thousands of dollars to defend the strikers of 
Indianapolis and Los Angeles, it ought to be willin 
to come to the rescue of the men who had carrie 
out the union beycott policy referred to. In fact, 
there is excellent authority for the belief that the 
union guaranteed the hatters that they would not 
suffer by reason of defending the suit, but, of course, 
the union will not go into its treasury if the Govern- 
ment can be persuaded to foot the bill. 





Tue Royat AGRIcutTukAL Society or ENGLAND.— 
Intending exhibitors in the implement department at the 
Society’s show to be held at Nottingham are reminded 
that the entries close on Saturday, March 20. The 
regulations and forms of application for space are now 
ready, and will be forwarded on application to Mr. 
on McRow, secretary, 16, Bedford-square, London, 





Tue vaTE Mr. Wititiam THackRAY.—We regret to 
have to announce the death, which occurred suddenly 
at his residence, Mowbray, Sunderland, of Mr. William 
Thackray, the managing director and principal share- 
holder of Messrs. Samuel Tyzack and Co., Limited, iron 
and steel manufacturers, Sunderland. Mr. Thackray held 
& prominent position among the iron-masters of the 
North-East district ; he was chairman of the North of 
England Iron and Steel Conciliation Board ; a member 
of the River Wear Commission; and a Justice of the 
Peace for the County of Durham. He was , since 
1885, a member of the Iron and Steel Institute. Mr. 
Thackray was in his seventy-first year. 





COMPETITION WITH GERMANY AND AUSTRIA-HUNGARY. 
—In connection with the campaign undertaken by the 
Board of Trade, on the advice of their Advisory Commit- 
tee on Commercial Intelligence, to assist British manufac- 
turers and merchants to secure trade formerly in the hands 
of German or Austro-Hungarian firms, the Board con- 
tinue to receive a very large number of inquiries cor the 
names of sellers or buyers of articles of which the sources 
of supply or markets have been interfered with by the 
war. Special arrangements have been made in the Com- 
mercial Intelligence Branch of the Board of Trade for 
dealing with these inquiries, and lists 10 and 11 of articles 
which inquirers desire to purchase are now ready, and 
may be obtained by United Kingdom manufacturers and 
traders. British firms interested, as suppliers, in any of 
the goods mentioned should communicate with the Direc- 
tor of the Commercial Intelligence Branch of the Board 
of Trade, 73, Basinghall-street, London, E.O. 





Tue Execrricaa Traps’ Directory AND HAanp- 
Book For 1915.—This directory, which now appears for 
the thirty-third time, is published by the Hectrician 
ga and Publishing Company, Limited, of 1, 2 and 

, Salisbury-court, Fleet-street, E.C., at the price of 15s. 
It isa book which we continually consult ourselves and 
find most useful. Very many others, undoubtedly, do 
the same, and the publication is, indeed, so well 
known that it is hardly necessary to recommend it to our 
readers. In addition to the directories of officials and 
firms, which deal with the Colonies, the Continent, and 
America, as well as the United ——— and which form 
the main feature of the work, is @ very large 
amount of information which fills over 600 pages. This 
covers technical tables ; a digest of laws relating to electric 
supply, traction, &c.; le decisions of 1914; tele- 
graph and telephone information and notes ; particulars 
of colleges and technical institutions, and much other 
matter. 





Tue German Macuine-Too. Inpustry.—The annual 
report of the union of German Machine-Tool Makers in 
Diisseldorf for last year states that the war has brought 
with it vast alterations for the machine-too. industry. The 
first half of 1914 passed off much as usual, so that the 
export for the first six months of last year amounted to 

39,000 tons, against 37,000 for the corresponding portion 
|of 1913. Nevertheless, during this first half of last 
| year a decreaze in orders had commenced to manifest 
itself. The war, naturally, caused a complete inter- 
ruption in the ordinary progress of business. Du 
the last months of the year there was a strong deman 
for lathes for military purposes, which still continues, 
and private orders also again began to come in, so that 
the machine-tool industry may be said to have been em- 
ployed up to its full capacity to the end of the year, and is 
still so occupied. As regards the future, fresh requirements 
for machine-tools are sure to manifest themselves, even if 
the war should last some considerable time. With re- 
ference to the —- of export after the war, no 
decided opinion could be expressed at present. The 
report also touches upon the limitations in the export of 
machine-tools which the war has brought about, and stress 
is laid upon the necessity of keeping up as much as pos- 
sible the export to friendly and neutral countries as far 


as the ial facilities granted permit. Mention is also 
made of the endeavours to increase the ex of machine- 
tools, to which endeavours the war bad puta s 


but in which the union has taken much interest. e 
war committee of the German industry had on several 
occasions rendered the union valuable aid, 





“HOW A TOP STANDS UP.” 
To Tue Eprror or ENGINEERING. 

Srr,—I hasten to assure Mr. Swinburne we are very 
— for his a mony —— tion, in popular 
of why a topcan keep upright against gravity pulling it 
down, giving us what Maxwell called ‘“‘the gentlemanly 
knowledge of the subject no gentleman should be with- 
out.” 

We admire the popular explanation in words as much 
as a piece of amateur handicraft, in preference to the 
machine-made ic article of commerce. 

Ah ! could all our hours be so charmingly devoted. 

Our gratitude takes the usual form of asking for more, 
so we should like a similar elegant discourse on 
motion of the moon’s Perigee, and why it is ao rapid— 
4 deg. in a lunation, 40 deg. in a year, a revolution in 
nine years. Newton could account for only half of this 
amount; and it is on record that Clairaut, a hundred 
years later, was on the point of abandoning the law of 
gravitation in consequence, when he found the explana- 
tion was under his nose all the time, as the term 
he was throwing away in his approximation was as large 
as the first term retained in Newton’s method. 

Newton reverses Mr. Swinburne’s method in dealing 
with the motion of the moon, and the Regression of the 
node of her orbit. He smashes and shatters the moon 
into splinters, in a procession of small satellites, poms 
as if joined up together into a rigid rivg; althoug 
stability requires the particles to be discrete, as is a rin 
of Saturn, otherwise the ring would fall into contact wi 
the central sphere. The disturbing effect of the sun he 
then assimilates to a hail of blows on these eatellites, 
beating them back into the ecliptic in turn. 

At first sight it would seem as if this treatment would 
end in hammering the moon’s orbit fiat into the ecliptic. 
But it does nothing of the kind, except to make the orbit 
flinch slightly and periodically in the variation of the in- 
clination. 

The chief permanent effect is to make the node regrede 
on the ecliptic, moving in a Regression, to meet the sun, 
like Precession. 

To imitate this and other top-like motion before a large 
audience, take an ordinary bicycle-wheel with ball-bear- 
ings, and an axle prolonged both ways into a stalk. 
Spin the wheel with one end of the stalk in a cup, by 
band, not with a string, and a top is realised on & Riss 
scale, visible at a distance. 

Next take a stick of wood and hammer the rim, harder 
and harder, tosee what happens. If the rim is hemmered 
as the sun hammers the moon, beating it down at the 
highest point, the precession or 8 is retarded, but 
the inclination of the axle is unaffected. é 

Try to beat the axle down by hammering it or the 
lowest a of the rim, and the on is increased. 

Similar action is carried out by the dynamical instinct 
of the bicyclist, only he must not stop on the road to 
think out the reason of every step. ‘ 

Newton applied the same method to Precession, but not 
with the same success. For one thing, the astronomers 
gave him the weight of the moon double what we are told 
to-day, so he had to fudge his figures to make them agree 
with the facts. 7 

Precessio Alquinoctiorum is the old Latin name in 
astronomy ; in Greek, perdarwois trav lonuepivay onuelwr, 
so they must not be c ; but the verb “ precess” is 
a modern Perry word. 

In the discussion on the motion of the moon’s Peri 
Newton used the anal of the plummet in conical 
motion on a plumb line ; but as he ignored the tial 
component of the sun’s disturbing force, he was only able 
to account for about half of the motion. But it turns 
out that the tial component is of equa importance 
with the radial disturbing force. There is a popular 
explanation in Herschel’s Astronomy, but it leaves us 
unconvinced, and here is where we ask Mr. Swinburne to 
come to our assistance in throwing this explanation into 
a better form, with the illustration of the conical pen- 
dulum at the same time. 

hen the mathematician murmurs a reference to 

Routh, he is sounding the questioner, to plumb the depth 

of his knowledge, so as to know where to begin the 

anation, what is the extent of previous know- 

ge he may assume; otherwise he will find he has 

ex ed much time and trouble only to be told— 
this is not the question. 

The question in mathematics is the How much, 
rather than the How or Why. | 
on at ty 7-7 

erry’s ‘‘Spinning-Tops” is ample in . 

But the mathematician feels that, as in skating over 
thin ice, never stopping to look down, the novice can 

ogress, whereas if he paused to consider the depth 

iow, he would break through and go down, so the 
analytical difficulties in the theory of the top would drown 
the erat if not kept out of ~~ as long as possible. 
ours 


Staple Inn, March 9, 1915. 


ex tion in 


G. GREENHILL. 





Baitisn Traps with Niceria.—Mr. CO. A. Birtwistle, 
commercial intelligence officer in Nigeria, the corre- 
spondent of the of Trade for that colony, who is 
now on a visit to England, will attend at the mer- 
cial Intelligence Branch of the Board of Trade, 73, 
Basinghall-street, London, E.C., on Wednesday, Thurs- 
day, and Friday, the 17th, 18th, and 19th inst., between 
the hours of 10a m. and 5 p.m., and will be pleased to 
see by appointment British manufacturers and traders 
who may desire to consult him regarding trade conditions 
and ings in Nigeria. Applications for appointments 


with Mr. Birtwistle shoul made prompély to the 
the Commercial Intelligence Branch, as 


Director of 





above. 
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TELPHER COAL AND ASH-HANDLING PLANT AT HACKNEY GENERATING-STATION. 
CONSTRUCTED BY MESSRS. W. J. JENKINS AND CO., LIMITED, ENGINEERS, RETFORD, NOTTS. 
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(Concluded from page 246.) 

Havine dealt with the main structural features of 
the plant, we may now pass to the telpher tracks. 
These, as previously explained, are carried the full 
length of the main girder and cantilever. Where they 
pass above the hoppers they are carried by curved 
stanchions, which are secured to the top of the hoppers 
on each side. Two of these are shown in Fig. 42, 
above. The inner curve of these stanchions is 
built up of two 4}4-in. by 3}4-in. by 8-in. angle-irons, 
and the outer of two 34-in. by 3-in. by §-in. angles. 
The horizontal bracing is formed from 3-in. by 4-in. 
flats, and the diagonal bracing from 2%-in. by §-in. 
flats. The stanchions carry double 15-in. by 4-in. 
channels across between them at the top, and from 
these channels double 8-in. by 34-in. channels are 
suspended by braced frames, as shown in Figs, 42 and 
43. These channels carry the 16-in. by 6-in. joists 
which form the stringers carrying the telpher rails, 
the arrangement being similar to that we have already 
described in connection with the main girder and 
cantilever. Plans of the upper and lower cross- 
channels are given in Figs. 44 and 45. In connection 
with the telpher tracks, we should say that provision 
has been made so that, if required, they may be carried 
right through the engine-room so as to serve an area 
of 3 acres of waste ground which lies behind the 
station building. If this arrangement were carried 
out, it would possible, by working the telphers 
right through, to store many thousands of tons of coal 
on the waste land. A small part of the engine-room 
roof can be seen behind the boiler-house in Fig. 52, on 
page 300, and it will be clear from the relative heights 
of the two buildings that this proposed arrangement 
would present no difficulty. An excellent general 
idea of the whole plant is given by Fig. 52, in con- 
junction with Fig. 53, on the same page. 

Below the coal-hoppers, as we have already said, there 
is a travelling chute, which can be moved along so as 
to be under the diso -valve of any hopper. When 
charged the chute may be moved into position to dis- 
charge into any of the stoker-bins of any boiler. The 
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whole arrangement is shown in Figs. 46 and 47, on 
page 296, and in Fig. 54, on page 300. It will be seen 
fo Fig. 46 that one travelling chute is shown in full 
lines, and another is merely indicated by broken lines. 
This second chute will ultimately serve the second 
row of boilers which is to be installed opposite the 
existing row. This chute has not at present been 
supplied, and forms the ar in which the 
coal-handling plant has not been so completed as to 
serve for the total planned capacity of the station. 
The arrangement shown in Figs. 46 and 47 will be 
readily ened, and requires little comment. As 
will be seen, the chute rails are carried by built-u 
brackets from the bottoms of the hoppers. Eac 
hopper has two chain-operated valves, one discharging 
to the present chute, and the other arranged to dis- 
charge to the second chute which is to be fitted in the 
future. The chute is traversed by a chain working 
on a chain-wheel on one of the axles. Roller bearings 
are fitted. At the top of the chute there is a weighing- 
machine of Messrs. W. and T. Avery’s make, which 
automatically records the weight of all coal passing. 
A hand-operated valve at the bottom of the chute 
retains the coal while the chute is being moved 
along from the hopper to the stoker-bin which is to 
be fed. 

The only remaining features of the gear are the two 


telphers, a general view of one of which is given | Teq 


in Fig. 48, on page 296. = 
in Figs. 49 to 51, on page 297. The main frame 
of each telpher is built up of channels, and is sus- 
pended from two 2-wheel trucks. Between these a 
piece of 2-in. tubing, with universal joints at each 
end, carries the trolley-arm —— current from 
the overhead conductor, which is supplied at 500 volts 


Detail drawings are 


from the station direct-current supply. One of the| 7, 


trucks is chain-driven from a 12-horse-power motor 
bolted on the main frame. The position of the motor 
in a vertical direction is adjustable to allow of regu- 
lation of the chain tension. The controlling gear is 
carried in a cab hung from the main frame as shown. 
The travelling-motor is started, stopped and regulated 
by a tramway-type controller situated in this cab. 
Additional control is provided by a brake on the 
motor-shaft, the arrangement of which will be clear 
from Fig. 50. The speed of travel is 450 ft. per 
minute. 

The grab is suspended by two parallel ropes to pre- 
vent twisting in the air, and the lifting-shaft accord- 
ingly carries two drums, as shown in Fig. 51. The 
shaft is driven from the motor through three reduc- 
tions. The motor is of 25 horse-power, and, as we have 
already said, the s of lift is 80 ft. per minute. An 
electric brake on the motor-shaft stops the motor, and 
holds the grab if current fails during lifting. The 
grab is lowered on the brake, the motor being thrown 
out of gear by releasing the helical spring-clutch on 
the secund-motion shaft, which can be seen in Fig. 51. 
The brake-drum is carried at the cabin end of the 
main shaft, and the brake is operated by the lever 

ear, which can be seen in the figures. The grab is of 

essrs. Priestman’s make. When lowered on to the 
coal or ashes, it is in the open position, and the act of 
lifting closes it on the material. It is discharged 
by means of a trip-gear, into which the two mushroom- 
—— sleeves, shown in Fig. 50, are drawn when the 
grab is raised. They are then held up by catches 
which come automatically into operation, and on 
the hoisting-ro being again payed out the grab 
opens and discharges its load. When loading coal 
to the hoppers, this trip-gear is kept in such a 
position that the grab can be raised to a position 
just below it during the traverse. When ashes 
have to be transfe from the ash-pit to the ash- 
hopper in the tower, and there is any wind, this 
arrangement is not convenient. It is clear that the 
grab must be lifted almost to the top of its travel to 
clear the lattice-work of the inner face of the tower, 
and if discharge took place at this height, much of 
the ash might blow away instead of falling into the 
hopper. To deal with this condition an arrangement 
is fitted for lowering the trip-gear to any level. The 
arrangement can be seen at the right-hand side of the 
cab in Fig. 50. The trip-gear rope is carried over a 
fixed pulley at the to of the cab, and round a movable 
one which is pivoted on a carriage. The end of the 
rope is then secured. When transferring coal this 
pulley carriage is held in position by a catch 
which engages with a vertical ratchet, and the 
pulley carriage does not move. For discharging 
ashes, however, the grab is lifted so that it 
engages with the trip. The catch is then freed, and 
as the hoisting-ropes are payed out the trip-gear goes 
down with the grab. When the proper height for 
discharging is reached, the catch is again engaged with 
the ratchet. This prevents the vy bo rope from 
paying out any further, and as the hoisting ropes are 
still lowered, the trip-gear actuates and the grab is 
discharged. The motors of the telpher gear are of 
British Thomson- Houston make. 

In concluding this description we should say that, 
in addition to being indebted to Messrs. W. J. 
Jenkins and Co. for drawings, photographs, and 





information relating to the plant, we have to thank 
Mr. L. L. Robinson, M. Inst. C.E., for information 
supplied to us in connection with the foundations, 
and for the information we have obtained from the 
description of the extension works, which he prepared 
for the formal opening in November last. 





British Coat Aproap.—The exports of coal, coke, and 

tent fuel from the United Kingdom in January and 

ebruary this year were 7,554,492 tons, as compared with 
12,063,579 tons in the first two months of 1914, and 
12,197,077 tons in the first two months of 1913. These 
totals were increased to 10,230,656 tons, 15,409,723 tons, 
and 15,494,166 tons, when account was taken of the 
coal, &c., shipped for the use of steamers engaged in 
foreign trade. 





*“War CONTRIBUTION” IN GERMAN MuntNG.—The 
Nether Rhenish Mining Company, at a meeting of its 
three concerns—the Ernst Moritz Arndt, the Grand Duke 
of Baden, and Siiddeutschland—has decided to call for a 
‘*war contribution” of 3,000,000 marks—1000 marks for 
each share or part. The first 600 marks have to be = 
by instalments up till August 1, no decision having been 
taken as yet about the balance. This move has become 
necessary through the impossibility of placing any shares 
or arranging a loan. The 3,000,000 marks will cover the 
uirements till April, next year. Two new shafts are 
being sunk ; one has reached a depth of 307 metres, and 
the first coal is about reached ; the other has been carried 
to a depth of 100 metres. 


Tue BritisH Eneine, Borer, AND ELECTRICAL INSUR- 
ancs Company, Limitep.—The annual meeting of this 
company was held at the new offices of the company, 24, 
Fennel-street, Manchester, on the 5th inst., Mr. R. C. 
ngridge, the chairman of the company, presiding. The 
chairman directed attention to the fact that the business 
was steadily expanding, the increase in revenue for the 
past year, as compared with 1913, being 6625/., equivalent 
to 6 per cent. It was pointed out that this expansion 
was accompanied by a corresponding increase in the 
balance of profits, notwithstanding that the company 
had to meet several heavy claims in respect of break- 
downs in the engine and electrical departments. Nearly 
28 per cent. of the eligible members of the office staff had 
joined H.M. Forces, the af taking its share of the 
patriotic burden by paying full salaries to the absent 
members and keeping open their places. In connection 
with the war it was also reported that the company had 
been entrusted with the work of inspecting certain kinds 
of war material ordered from contractors. 





Tue Late Mr. James DourrieLp.—We t to have 
to report the death, which occurred on Sunday last, the 
7th inst., of Mr. James Duffield, of Tallantire Hall, near 
Cockermouth, Cumberland. Mr. Duffield was in his 
eighty-second year. He was born at Tipton, South 
Staffordshire, in 1834, and started working at the age of 
seven at a wage of 3d. per day in a coal-pit, in which his 
father and several of his brothers were also employed. 
At the age of seventeen he found work as under-puddler 
at the Cresswell Iron Works, Factory Bridge, Stafford- 
shire. Having me proficient in the trade, he secured 
employment at several works of the district, ultimately 
entering those of Messrs. Cammell, where he puddled the 
iron for the first armour-plate made by them. When 
Messrs. Cammell started the Dronfield works, Mr. Duf- 
field was appointed their manager, a position which he 
held for eleven years. When the Dronfield works were 
transferred to ba mer ne he took ch of the transfer 
and managed the Workington works until his retirement, 
about thirteen years ago. Mr. Duffield was a self-taught 
man ; he commenced life penniless, and by dint of perse- 
verance he rose to a position of affluence. He took a 
leading part in the public life of Workington. He was 
elected mayor of the town in 1892. 





Tue InstiruTion oF Navat Arcuitgcts.—The pro- 
gramme has issued of the spring meeti to be 
held in the hall of the Royal Society of Arts, John-street, 
Adelphi, on Wednesday and Thursday, the 24th and 
25h inst., at 11 and 3 o'clock on both days. After routine 
business, and the presidential address, the following 
papers will be read and discussed. Wednesday morn- 
ing meeting at 11 o’clock:—‘‘ The bg > t Sub- 
division of Ships,” . Professor J. J. Welch, M.Sc., 
Member of Council ; ‘The Increase of Safety Afforded 
by a Water-Tight Deck,” by Mr. Kenneth Finlay, 
Associate-Member. Afternoon meeting at 3 o’clock :— 
‘The Influence of Discharging Appli on the Design 
of Ore-Carriers,” by Mr. John Reid, Member; 
“The tlings of Light Superstructures,” by Mr. J. 
Montgomerie, B.Sc., Member; ‘On the Strength and 
Spacing of Transverse Frames.” by Mr. C. Frodsham 

olt, B.Eng., Student. Thursday morning meeting at 
11 o’clock :—*‘ A Contribution to the evi 
sion and the Screw-Propeller,” by Mr. F. W. hester, 
Associate ; ‘‘ A Comparison between the Results of Pro- 
= Experiments in Air and Water,” by Mr. A. W. 

ohns, R.C.N.C., Member; ‘Further Model Experi 
ments on the Resistance of Mercantile Ship Forms: the 
Influence of Length and Prismatic OCoefhcients on the 
Resistance of Ships,” by Mr. J. L. Kent, Associate- 
Member. Afternoon meeting at 3 o’clock :—‘‘The Law 
of Fatigue Applied to Crank-Shaft Failures,” by Mr. 
Seecd of Molasses” te ic. Liston Mapes Bivens 
° ” by Mr. Linton Hope, Member ; 
‘“ Notes on the Cross Curves and GZ Curves of Stability,” 
by Mr. E. F. Spanner, R.C.N.C., Associate-Member. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pone market opened with a firm tone, but dealing was 
imited to 2000 tons of Cleveland warrants at 56s. 64d. 
cash, and 57s. 9d. three months. The close was firm, 
and sellers named 56s. 9d. cash, 57s. 14d. one month, and 
57s. 10d. three months. In the afternoon there was 
nothing doing, but Cleveland warrants kept steady. On 
ane morning the market was firm, but only one lot of 
Cleveland warrants changed hands at 56s. 10d. seven 
days. The prices at the close advanced to 57s. cash, 
57s. 4d. one month, and 58s. 14d. three months sellers. 
The upward move progressed in the afternoon, when the 
business amounted to 2500 tons of Cleveland warrants at 
57s. 3d. seven days, from 57s. 4d. to 57s. 7d. one 
month, and at 58s. 3d. three months. Closing sellers 
quoted 57s. 3d. cash, 57s. 7d. one month, and 88s. 34d. 
three months. On Monday morning a further strength- 
ening took place, and Cleveland warrants were done at 
7s. 6d. cash, 57s. 7d. eight days, and at 583. and 57s. 11d. 
one month. The turnover was 3500 tons, and closing 
sellers’ quotations were 57s. 7d. cash, 57s. 11d. one month, 
and 583. 7d. three months. The afternoon session was 
active and strong, and the business consisted of 6500 tons 
of Cleveland warrants at 57s. 64d. cash, and from 583. to 
58s. 2d. one month. At the close there were sellers at 
57s. 11d. cash, 58s. 3d. one month, and 583. 11d. three 
months. On Tuesday morning the tone was again firmer, 
and 3000 tons of Cleveland warrants were put through at 
58s. sixteen and three days, and at 59s. 3d. and 59s. 2d. 
three months. There were sellers over at 583. 1d. cash, 
58s. 5d. one month, and 59s. 3d. three months. In the 
afternoon prices eased off a little and a good business 
of 8000 tons of Cleveland warrants was put through at 
58s. 1d. cash, 58s. three days, 58s. 3d. twenty-eight days, 
58s. 4d. one month, and from 593. to 59s. 14d. three 
months. Sellers’ closing rates were 58s. cash, 58s. 4d. one 
month, and 59s. 14d. three months. When the market 
— to-day (Wednesday) a steady tone prevailed, and 
Cleveland warrants showed little change. The turnover 
amounted to 2000 tons at 583. eight days, 583. 3d. twenty- 
seven days, 583. 3d. one month, and 593. three months, 
and sellers’ closing prices were 583. cash, 583. 4d. one 
month, and 59s. 1d. three months. In the afternoon 
prices of Cleveland warrants moved upward, and 4000 
tons changed hands at from 57s. 11d. to 58s. 4d. nine 
days, from 58s. to 58s. 1d. twelve days, at 58s. 24d. one 
month, and from 59s. to 59s. 14d. three months. At the 
close sellers quoted 58s. 3d. cash, 583. 7d. one month, and 
59s. 2d. three months. 


Sulphate of Ammonia.—The sulphate of ammonia 
market has remained fairly steady during the past week, 
and quite a good amount of business has gone through. 
The price shows almost no change, and is round 14/. per 
ton for prompt delivery, Glasgow or Leith. Some deal- 
ing has taken place at 13/. 17s. 6d. per ton, but the trans- 
actions were only odd lots. 


Scotch Steel Trade.—Active conditions still rule in the 
Scotch steel trade, and never in the history of the 
industry have the local works had so much Government 
work to tackle. The kind of material now being turned 
out from ey | of the establishments is very varied, and 
in some cases little, if any, similar class of stuff has ever 
been included in the output of a number of the works in 
this district. Reference may not be made at present to 
the different munitions of war which are being manufac- 
tured to the order of the War Office and the Admiralty, 
but when the ensuing chapter of the Scotch steel trade 
is written it will make interesting reading. The require- 
ments have been heavy, and as each week brings forth 
fresh specifications employment on steadily, day and 
night. Messrs. David Colville and Sons, Limited, 
eee Sue aS six a lease _< —~ 
acid open- steel-melting t, cogging-mill, an 

ide-mill of the Glengarnock ton and Steel Company, 

imited, Glengarnock, in order to meet the increasing 
demands of the Government. New business on home 
account is quiet, although there is a fair amount passing, 
but the high prices are all against the placing of orders 
for anything beyond the most urgent requirements. The 
same thing applies to the export trade, which also suffers 
through the dear freights and the scarcity of tonnage. 
When prices and freights ease off a bit, and a number of 
the cargo-steamers get released from their present ro/e, 
there should be a considerable expansion in our overseas 
business. Quotations remain firm, and the followirg may 
be taken as those current :—Ship-plates, 9/. per ton ; 
boiler - plates, 9/. 103. per ton; angles, 8/. 15s. per 
ton—all less the usual 5 per cent. for Clyde or equal 
delivery. Steel sheets have been advanced, and are 
quoted at 10/. 10s. per ton, less 5 per cent., Glasgow. 


Mallcable-Iron Trade.—The state of affairs in the 
malleable-iron trade of the West of Scotland shows little 
change. Many urgent orders are on the books, and the 
depleted staffs are working hard to overtake arrears. 
Both iron and steel bars are in. greatdemand. Prices are 
firm, and although the official — for ‘‘ crown 
bars is called 8/. 2s. 6d. per ton, less 5 per cent., higher 

ices are easily secured for prompt lots, as the above 
| ee is not very remunerative at the present time. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade is 
still yng Bony « — are — — —_ Casinos 
owing to the high prices required. Unless fuel eases 0 
considerably the output will have to be curtailed. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 788. ; Calder, Gartsherrie, and Summerlee, 
78s. 6d.; and Langloan, 80s. (all ship at Glasgow) ; 
Eglinton, 72s. 6d., and Glengarnock, 79s. 6d. (both at 
aed Shotts, 78s. 6d., and Carron, 80s. (both at 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The position has under- 
gone very little change from a week except that there 
is @® greater scarcity of wagons, and production at the 
leading pits is being further hampered on that account. 
The household demand is fully maintained. Buyers in 
all parts are ordering as freely as at any iod during 
the winter, but supplies are very difficult to obtain, 
and local merchants ticularly have a stiff task to 
prevent execution of orders getting further into 
arrear. Gas companies are badly placed for supplies, 
owing to short deliveries on contract account, and 
are buying freely in the open market. Hard steams are 
still a strong and progressive market, all quotations 
being in favour of ers. For slacks the demand con- 
tinues to be well in excess of the supply. The increase in 
the requirements of Lancashire cotton-spinners is mate- 
rially affecting the position. Coke is a market, at 
slightly higher rates. Quotations :—Best branch hand- 
picked, 21s.; Barnsley best Silkstone, 17s. to 18s. ; Derby- 
shire best brights, 16s. 6d. to 18s.; Derbyshire house, 
16s. to 17s. ; > large nuts, 15s. to 16s.; small nuts, 
13s. 6d. to 14s. 6d.; Yorkshire hards, 17s. 6d. to 203.; 
Derbyshire hards, 17s. 6d. to 20s.; best slacks, 9s. to 
10s. 6d. ; seconds, 8s. to 9s. ; smalls, 5s. 6d. to 6s. 6d. 


Tron and Steel.—Hematite prices are gradually reach- 
‘ng @ more normal level under the influence of larger and 


more regular supplies of ore from the Continent; but | > 


though consumption in the South Yorkshire district is 
on a record level, the amount of business passing in the 
open market is not large, One reason is that steel- 
makers have big contracts running which should assist 
them to complete a large part of the orders in hand, and 
another reason is that the general impression among 
users is that prices will touch a lower level before reaction 
ceases. East Coast makers are asking 87s. 6d. to 90s. at 
the furnaces for mixed numbers, and West Coast hematite 
is offered round about 97s. 6d. to 100s. delivered. A 
fair amount of business has been done this week 
in common irons, though prices do not appear to be 
greatly influenced by the condition of the hematite 
trade. Derbyshire makers are quoting 60s. for ~— 
and 62s. for foundry iron, delivered. Stocks in the 
Lincolnshire district are low, and makers are asking high 
prices. Foundry and basic stand at 72s. 6d. and forge at 
72s. Special attention is being paid to output of basic, 
there being a very strong inquiry for this class of pro- 
duct for steel-making purposes. The engineering em- 
ployers have this week been in constant negotiation with 
trade-union representatives, and as a result higher scales 
of w have been sanctioned to meet the increased cost 
of living and as an incentive to press forward output. 
The suggestion of slackening in the big engineering con- 
cerns by men whose undivided services are urgently 
required to secure full production of war munitions, 
does not, in the opinion of responsible employers, 
apply to Sheffield in the same degree as to workers 
in some of the other big engineering centres. Abt 
the same time it is generally agreed there is room 
for improvement, and to secure that result a big 
effort, ked by the willing support of trade-union 
leaders, is to be made. Heavy machinery and machine- 
tools for works extensions are in strong demand, 
and high-speed-steel makers are benefiting accordingly. 
Tool steel shows an improvement, and the file trade is 
less patchy. Big orders are rted from Russia, France, 
and [ftaly, and many more orders have come to hand for 
shoes and dies, and other goods previously monopolised by 
Germany. Steel-billet makers cannot turn out material 
fast enough for requirements. 








Tue ‘Supping WorLp” YxaR-Boox.—There is no 
publication of greater service to those engaged in > 
ping than this year-book, which has an appropriate su 
title, ‘““A Desk Manual in Trade, Commerce, and 
Navigation.” The issue which we have just received is 
the twenty-ninth edition, and Colonel Evan Rowlands 
Jones, who has so long edited it, has gained experience of 
the extent of information to make the desk 
manual a thoroughly complete onle mecum. This year 
the chief alterations are due to the new tariff of the 
Republic of Colombia, to the legislation consequent on 
the International Convention on Safety of Life at Sea, 
and to the new Life-Saving Appliance Rules issued by 
the Board of Trade. But there are many other correc- 
tions and additions, notably in the port directory and in 
the tariffs of countries, which form extensive sections in 
the book. These have been corrected up to the hour of 
going to press, except in the case of Germany, Austria, 
and Turkey, but it would seem that for some time to come 
there will be little need for our shi and officers to 
have information in these cases. e digests of the 
Merchant Shipping Acts have been brought up to date. 
There is, in addition, a remarkable amount of information 
of a varied character, as well as ready-reckoning tables 
and tables of distances. We doubt if the index at the 
end of the book is sufficiently extensive to enable the 
material in the book to be ily discovered. The book 
itself has 2001 pages, including 340 pages of diverse facts, 
but the index occupies only three We notice, for 
Imstance, in the preface that amongst the new and 
revised matter is a complete list of the Post Office radio- 
telegraphic stations in the British Isles. The index did 
not — us to discover this list, and only after a long 
Search did we find it in the page relating to postal infor- 


_—, under ‘‘ Telegraph, Tel: ic, and Cable 
if the blished 


> The value of the book would be greatly en 
on index a to the —- It is = 

. net, at the Shipping offices, ngham 
House, Arundel-street, Strand, W.C. 





NOTES FROM CLEVELAND AND 1HE 
NORTHERN COUNTIES. 
MippLesBRoucH, Wednesday. 

The Cleveland Iron Trade.—The business passing is 
on only a limited scale, but a cheerful tone prevails, and 
traders speak very hopefully of the future. Values of 
pig are moving upward. Satisfactory reports from other 
iron-producing centres have assis to strengthen this 
market, and a speculative movement in warrants has to 
some extent been responsible for sending up prices of 
Cleveland kinds, but the improvement is chiefly due to 
the large genuine home demand for pig. No. 3 g.m.b. 
Cleveland pig is now 58s. 3d.—a higher price than has 
been realised for a very considerable time. Other quali- 
ties have moved up in proportion, and thus No. 1 now 
stands at 60s. 3d.; No. 4 foundry is 57s. 9d.; No. 4 
forge, 57s. 3d. ; and mottled and white iron, each 56s. 9d. 
yey accounts are given of the hematite branch 
of the staple industry. uirements are heavy, 
and Sheffield consumers have this week attended the 
Middlesbrough market. There are also renewed in- 
quiries on Italian account, but business with that country 
is still seriously hampered by high freights. Many sellers 
now quote 92s. 6d. for Nos. 1, 2, and 3 Kast Coast brands, 
but parcels are understood to be still obtainable from 
second hands at eighteen pence below that figure. There 
is not a great deal passing in foreign ore, bus values are 
very strong and promise to be still higher. Consumers 
r to be realising thie, for they buy upat once, atthe 
high current rates, any odd cargo that comes on the 
market. Good supplies are now coming to hand, the 
imports to date this month reaching 44,558 tons. Market 
rates are based on a minimum of 29s. 6d. ex-ship Tees for 
Rubio of 50 per cent. quality. Difficultv is still experi- 
enced in fixing ore-steamers. Freights keep high, round 
about 15s. 3d. being the figure Bilbao-Middlesbrough. 
Coke keeps steady and firm. There is none too much 
offering, some makers putting ovens out, as they find it 
more profitable to sell the coal than to convert it into 
coke. Local demand is rather heavy. Durham beehive 
blast-furnace coke of average quality is fully 18s. de- 
livered at Tees-side works. 


Stocks and Shipments.—Stocks of Carden sine in 

the public warrant stores now stand at 125,351 bons. 

Since the beginning of the month the stock has been in- 

creased by 1405 tons, making a total addition so far this 

year of 16,835 tons. Shipments of pig-iron from the Tees 
‘o 


are on — a very small scale. T 

average tons per working day, the total despatches 
being returned at 3630 tons, all of which have gone from 
Middlesbrough. To the same date last month the load- 
ings were given at 5545 tons, or a daily average of 616 tons, 
and for the ones part of March, a year the 
clearances reac’ 30,681 tons, or an average of tons 
per working day. 


Manufactured Iron and Steel. —In the finished-iron 
and steel industries manufacturers report that they 
are kept going at full pressure. They have excellent 
order-books, and substantial inquiries are in the market. 
Prices all round are son § firm, and advances have been 
made this week. Steel bars have gone u 
several descriptions of shipbuilding materi 
advanced 10s. Princi market quotations stand :— 
Common iron bars, 10s.; best bars, 8. 17s. 6d.; 
best best bars, 9/. 5s.; packing-iron, 7/.; iron ship- 

lates, 9/.; iron ship-angles, 8/. 10s.; iron ship-rivets, 
01. 5s.; iron girder- 91. ; steel bars (basic), 9/.; 
steel bars (Siemens), 9/. ; steel ship-plates, 9/.; steel ship- 
angles, 8/. 15s.; steel boiler-plates, 10/.; steel joists, 
8l. 7s. 6d. to 81. 10s.; steel hoops, 8. 5s.; steel stri 
71. 10s.—all less the customary 24 per cent. discount ; 
cast-iron columns, 7/. 7s. 6d.; cast-iron railway chairs, 
4l. 7s. 6d. to 4/. 10s. ; light iron rails, 7/. 15s.; heavy 
steel rails, 61. 7s. 6d. to 6/. 10s. ; steel railway sleepers, 
8/.—all net f.o.b.; galvanised corrugated sheets, 24 gauge, 
in bundles, 11/. 10s. to 12. f.o.b.—less 4 per cent. 


Cleveland Institution of Engineers.—Dr. J. E Stead, 
F.R.S., in the absence of the President, Sir Thomas 
Wrightson, Bart., through indisposition, occupied the 
chair at a meeting of the Cleveland Institution of 
Engineers held at Middlesbrough this week, when Mr. 
Richard Sharp, of Redcar, contributed a very able and 
interesting paper on ‘‘ Noteson Modern Cleveland Blast- 
furnace Practice.” The author attributed the dispro- 
portion between the theoretical and practical results 
—_- eye 4 — a to ee 
causes, the first, and by far the most important, i 
the too rapid driving of the Seinanne—Seemabey being 
deficient in capacity for the makes they were turning out, 
and to the use of coke which broke up with handling, 
with the result that a ion of the carbon c: was 
easily dissolved by . This action was obviously 
more marked on ler pieces, resulting in a deficiency 
of carbon to be burnt at the tuyeres. An interesting 
discussion followed. 


have been 





Tue Coat Propucrion or THE Dortuunn Distaicr. 


—The output of coal in the important Dortmund district | free. 


during the last three months of last year amounted to 
19,549,728 tons, — 967,015 tons for the corre- 
sponding period of 1913. e stocks of coal and coke, 
which at the inning of the last quarter of 1914 
amounted to 1,287,698 tons, inst 457,109 tons at 


agal 
the same time in 1913, had at the end of the year/| the 


been reduced to 676,835 tons, against 613,216 tons at 
the end of 1913. number of hands employed 
had fallen from 396,782 persons to at 


503 persons, 
161 concerns in operation, against 184 fee the preceding | name. 
year. 





te this month they | C, § 


20s., and tan 


NOTES FROM THE SOUTH-WEST. 


Cardif.—There has been no falling off in the re 
for supplies of any description of large or onal cana 
coal. Tonnage has continued to arrive freely, and there 
is every indication that scarcity will continue for some 
weeks, in view of the magnitude of current home and 
foreign requirements, while production has been falling 
off through scarcity of labour. The best Admiralty large 
steam-coal is now quoted around 30s. per ton; best 
secondary _—— have brought 29s. to 29s. 6d.; other 
secondary speeene, Sie. So Se § Sone Seabee Gane, 
20s. to 21s. ; and cargo s 18s. to 18s. 6d. per ton. 
The best household coal has quoted at 24s. to 25s. ; 

households have made 22s. to 23s. ; No. 2 Rhondda 

e has brought 24s. to 25s.; and No. 2 smalls have 

es Pe 4 = 6d. per “Gpeciel foe = = 

rom to per ton. ial foundry co 

has made 33s. to 36s. ; good foundry coke, 286. to 32s. ; 

25s. ton. As regards iron 

ranged from 26s. to 28s. per ton, upon a 

basis of 50 a, of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Welsh Colliery rise.—The directors of the United 
National Collieries, Limited, report that 1 coal washery 
at Risca has been completed, and is now working ; the 
completion of coking and by-product |p wy has been 
delayed in consequence of the inability of the contractors 
to obtain remaining machinery from Belgium. 
Arrangements are, however, now being made for the 
required machinery to be obtained in this country, and 
the entire plant will now be completed without much 
further delay. The directors have acquired the Standard 
Colliery, Ynyshir, Rhondda Valley, which produces 
Admiralty steam-coal of a high character. A pro 
a tion with Messrs. Burnyeat, Brown and Oo., 
Limited, has fallen through in consequence of certain 
conditions sought to be imposed by one of the mineral 
lessors of the company with which a fusion was proposed. 


Trade Expansion.—A sub-committee appointed to con- 
sider this question has recommended t a two days’ 
conference should be held at the Engineers’ Institute, 
Cardiff, April 20 and 21, and after a oa discussion of 
the question papers should be read by Mr. T. G. Watts 
on ‘* Coke-Oven By-Products ;’ by Mr. R. H. Greaves 
on ‘‘ Ammonia and its Compounds ;” by Mr. W. J. A. 
Butterfield, on ‘‘ By-Products of the Gas Industry ;” by 
Mr. Russell Taylor on ‘* Beet Industry ;” and z Jolonel 

. 8. Denniss on ‘ Cardiff as an Importing, Exporting, 
and Distributing Centre.” 

The Swansea Vi .—Trade in the Swansea Valley has 
shown steadiness. e collieries have been working 
fairly well, and the blast-furnace at Landore has had a 
4 4 output. Business has, however, remained inactive 
at the tin-plate works, although there has been something 
ofa firmer tendency. Severai mills have been idle at the 
Morriston Works. The spelter trade has shown more 
strength, and all the works have been in full operation. 


Welsh Coal for France.—There have been recent 
inquiries on behalf of the administration of French Stave 
ways for Monmouthshire and secondary descriptions 
coal, as well as for smalls and patent fuel ; and 
arrangements are stated to have been made for the 
delivery of smalls in lots of 5000 to 15,000 tons each. 
Deliveries are to be made from March to July at prices 
amounting to about 19s. to 20s. per ton for the best 
qualities. 





Export or Swepisu Iron Ore.— The shipment of 
iron ore by way of Orelésund during 1914 fell materially 


short of the correspond: iod for 1913. From Decem- 
ber 28, 1913, to January Mois (the reports are by the 
week), the shi te amounted to 693,163 tons, i 


against 
1,031,706 tons for 1913, a reduction as far as last year is 
concerned of 32.81 per cent. 





CanaDIAN Street Rars.—Exports of steel rails from 
Canada to the United States at prices below those current 
upon the American market promise to attain ae we 
portions. It was recently announced that ian 
mills had been booking orders for rails from United States 
railroads, and since then additional contracts have been 
secured. Thus far a Canadian rail-mill at the Sault has 
booked orders for 17,700 tons of steel rails for shipment to 
the United States. Of these orders, 8000 tond are for the 
Pere Marquette, 6000 tons via the Grand Trunk system 
for delivery in Michi 1700 tons for the Big Four, and 
2000 tons additional for the New York Central Railroad. 
All are open- rails, and they have been sold for 
the most part at 254 dols. per ton at the mills. 
tiations are pending for further deliveries, and a New 
= —_ company is stated to have closed a contract for 

X tons. 





Tue Universat Execrrican Direcrony.—We have 
received a copy of the thirty-fourth annual iesue of ‘‘ The 
Universal Electrical Direc ”(J. A. Berly’s), which is 
published by Messrs. H. Ala , Gatehouse and Co., 
4, Latte ill, E.C., at the price of one guinea, 

eC. contents are divided i: ‘o four sections: 
British, with 14,900 names; the Colonial and General 
with 7590; the Continental, with 7300; and the United 
States section, with 5600—equal to a total of over 35,000 
names. The information given in each instance includes 
tho divgetern he. Tos liuect cloctitey eo dertaiinen 

irectors, ts ty in 

the United Kingdom, British Colonies, and some other 
countries incl: the nature of the supply, system of dis- 
tribution. —Z of plant, voltage, and chief engineer's 
In case of alternating current, the phase and 





periodicity are included 
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TELPHER COAL AND ASH-HANDLING PLANT AT HACKNEY GENERATING-STATION. 


CONSTRUCTED BY MESSRS. W. J. JENKINS AND CO., LIMITED, ENGINEERS, RETFORD, NUuTTS. 
(For Description, see Page 296.) 
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THE GOVERNMENT AND MANUFAC. 
TURING RESOURCES. 

Ir is being more and more recognised that the 
only business of the nation at present is the 
achievement of a decisive victory for the Allies 
and the establishment of a lasting peace. All other 
considerations must be subservient to this aim ; 
all effort utilisable must be directed continuously 
and ungrudgingly to the attainment of this end. 
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be of far-reaching effect. It remains to be seen 
whether it will be necessary to carry out, according 
to the full letter of the law, the entire mobilisation 
of all industrial resources in order to secure adequate 
supplies for our fighting forces at the moment 
when they are required, as well as for the main- 


12| tenance of full reserves to meet all emergencies. 


But that the ruthless enforcement of the law would 
involve incalculable harn: to the industries of the 
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country cannot be gainsaid ; and thus, while admit- 
ting that some measure of Government control is 
justifiable, it is to be hoped that those responsible 
for the carrying out of the Government proposal 
will act with prudence, as well as with firmness, in 
order to ensure the end by means which will safe- 
guard the industrial fabric of the nation. 

The purpose of the Government would seem to 
be the co-ordination, under a central authority, of 
all factories which may be utilised to maintain war 
supplies, and Mr. Lloyd George stated that ‘‘the 
Government are on the look-out for a good, strong 
business man, with some push and go in him, who 
would be able to put the thing through.” We do 
not propose to enter upon a consideration of the 
qualities of such a paragon, with knowledge of the 
multifarious ramifications of engineering practice. 
Success depends upon his prudence in seeking the 
co-operation of men in possession of the factories, 
and of his acceptance of their views not only as 
to the limitations of the plant, but as to the 
idiosyncracies of the workers. The whole scheme 
seems to be a rectification of mistakes of the past 
seven months. The difficulties which have arisen in 
connection with the complete utilisation of the great 
manufacturing resources of the country are largely 
due to a failure, at the outset of the war, on the part 
of many, first, to appreciate that orders should 
have been placed for war material before private 
clients gave out contracts for merchant work ; and, 
second, to realise that the work in the factory was 
almost as important to the final success of the Allies 
as the fighting in the trenches. ‘The consequence 
was that builders of ships, &c., undertook obliga- 
tions to old clients, and, on the other hand, that 
experienced mechanics were permitted to join the 
colours, although their employers urged upon 
them the importance of their work in the factory. 
Karly in September we called attention to this 
latter serious procedure, and emphasised the neces- 
of men being able to display some insignia 
indicating that, while they had not enlisted, they 
were re their King and country, and were not 
open to obloquy because they had not enlisted. 
Action in this respect was long delayed, although 
the War Office issued notices to a few firms to 
posted in the works to show that the work done in 
the factory was of as great service to King and 
country as the fighting in the trenches. The flow 
of experienced mechanics continued from all works, 
but particularly from those not then engaged on 
war supplies. Ultimately it was brought home to 
employers should 

revent the acceptance of such men. Indeed, it 
me necessary later to bring back men, even 
from the front. This, however, could only be 
done on a very small scale. As a consequence the 
difficulty of meeting the urgent demands of the 
War Office and the Admiralty is largely due now 
to a deficiency not in the umber of factories avail- 
able, but in the number of workers utilisable, 
The patriotism of the men and their desire to join 
the Colours ought to have been restrained, since 
there were others equally suitable for the fighting 
and dispensable in the manufacturing organisation 
of the nation, who stood aloof. 

When the history of the past months of intense 
stress in manufacture of war munitions can be told 
with fulness, it will be recognised that the manu- 
facturers of the country have done magnificent 
service, with singleness of pur , in order to 
meet the excessive demands eupon them, It 
will be found that, without exception, they have 
willingly set aside orders from other clients in 
order to concentrate all available labour upon war 
work. Where the machine facilities and experi- 
ence in construction did not fully justify the taking 
of Government work, many employers have readily 
— their men on to war factories ; indeed, we 

now of cases where men refusing to be tranferred 
were disc ed, and told they could get employ- 
ment at war factories which were named to them. 
We have known cases also where delivery of the 
machine-tools ordered for non-war factories was 
relinquished to meet the instant requirements 
of other factories. Some of the firms, too, 
have shown great enterprise in the purchase of 
works which were suitable for fulfilling part 
of the war demands on the parent estab- 
lishment, but were without the experienced 
staff. Other firms have done useful ee in 
making inquiries regarding, and practi taki 
over, J sub-contractors, woe which woe room 
under experienced guidance, to the fuller realisa- 
tion of the Government needs. -And -in all-cases, 
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so far as financial terms were concerned, there 
will be found full justification for Mr. Bonar 
Law’s dictum : “If you simply deal with them as 
merchants, they will try to make what they con- 
sider a reasonable profit, but what other people 
might consider more than a reasonable profit. On 
the other hand, the one thing I am convinced of, 
from my whole experience during my life, is this, 
that if you trust people, in nine cases out of ten 
they will not betray you. In the same way, if you 
take into your confidence the men connected with 
the manufacturing industries of this country and 
tell them what you want, I believe you will get 
better results, and you will find you will get them 
for leas money.” It follows that the new proposal 
of the Government need not materially affect the 
management of any of the works. The aim seems 
to be, by consultation with the manufacturera, to 
widen the field of supply, and, where necessary, to 
give help to, rather than to enforce Government 
control upon, factories from which war munitions 
may now beordered. Thatis the situation from the 
point of view of the manufacturers. It may also 
strengthen them in the laying aside of private work, 
because Mr. Lloyd George, in his speech, promised 
that compensation would be paid where such was 
justifiable under the circumstances. He proposes 
to appoint a Commission to adjudicate on claims for 
such compensation. This applies to all procedure 
in connection with the war, including the taking 
possession of unoccupied premises for housing 
workmen employed in the production, storage, or 
transport of war material, and the use of, or 
damage to, land which has been requisitioned for 
war purposes. 

It may result that additional works will be 
utilised by the Government under their new scheme, 
and that consequently there will be acceleration 
and increase in the volume of the production of 
war munitions. But the real crux, as we have 
already said, is not the unreadiness of the employers 
to undertake war contracts in preference to exist- 
ing po contracts, but to get men to execute the 
work. There is, in the first place, a shortage of 
men, owing to the extent of the transfer from the 
ranks of the manufacturers of war material to 
those of the users of war material at the front. 
Had there originally been such co-ordination as 
is now proposed under Government supervision, 
these men would never have been allowed to enlist 
in the fighting army. Again, there is the difficulty 
of increasing the output of each worker. At the 
beginning of the war, it was only one or two classes 
of workers who were inclined to occasional idle 
days, but later there has been an increase in the 
number of men absenting themselves occasionally 
from work, and an increase in the extent of idle 
time. Perhaps this has resulted in some degree 
because increased pressure from the Government 
services involved a greater demand for overtime, 
and, consequently, the development of work-weari- 
ness in some instances, or, in other cases, because 
more money was available for enjoyment. It is 
now being realised that notwithstanding the pres- 
sure from the Government for deliveries, one day 
of rest per week is very desirable, especially in the 
interests of the staff and foremen, cher haneloaiol 
most nobly throughout these exacting times. There 
is no indication as to what procedure under the 
new Act the Government propose to take to remedy 
these difficulties. We have contended that an 
efticient-service medal should be granted to the 
workmen who do not lose time and who work to the 
fullest extent of their capacity. The realisation of 
this aim raises difficult questions in connection 
with trade-union practice, notably in regard to the 
restriction of output on premium-bonus and piece- 
work, in order to ensure the maintenance of the 
rate. Should the Government step in for the con- 
trol of works, it will be easier to give a guarantee 
that any extra effort made now, under war condi- 
tions, will not involve any change in the premium- 
bonus or piece rates. I[¢ ma further have the 
advantage that unskilled or partially skilled labour 
will be utilised to a greater extent in attendance 
on machine-tools under the surveillance and guid- 
ance of expert workers. 

The best reiults of the new sals of the 
Government can only be realised if three most 
important points are kept thoroughly in view. 
There can be no objection to co-ordination of our 
immense manufacturing resources, whether engi- 
neering, textile, boot-making, or any other mecha- 
nical work. But, in the first place, the exist- 
ing managers and staff must be utilised to the 








fullest extent, and the normal commercial organisa- 
tion must not be interfered with by inexperienced 
outsiders ; secondly, there must be a reasonable 
recompense, alike to capital and labour, for the 
greater effo:t made ; and thirdly, there must be 
wer to enforce on all concerned that the main 
usiness of the nation is the manufacture of 
materials to end the war, irrespective of fears that 
the abnormal conditions of the present will influence 
the procedure in normal times of the future. It 
oul seem as if in this latter respect there was a 
deficiency in the Act, but any contravention of the 
original Act, it should be remembered, is an 
offence at law, and therefore punishable. Govern- 
ment control of a factory aed therefore, with due 
firmness, obviate any possibility of a strike. Strikes 
are on no account justifiable, especially at the 
present time, since the machinery exists for settling 
all questions at issue between master and man. 
However protracted the negotiations, it is always 
feasible to make the decision retrospective. Delay 
in such matters is unavoidable. The Clyde 
engineers have charged the employers with delay 
without reason; but now that the matter has 
come before the Government Committee on Pro- 
duction in Engineering and Shipbuilding Estab- 
lishments Engaged on Government Work, a new 
delay is involved in order that a vote may be 
taken of the Amalgamated Society of Engineers as 
to whether or not the matter should be referred to 
arbitration. That such a vote should be necessary 
at this time shows that greater power is essential if 
we are to shorten the period during which friction 
exists in connection with such disputes, as well as 
to avoid strikes. If the new scheme is managed 
by business men on business lines, men provoking 
strikes should be punished. Compulsory arbitra- 
tion should be imperative, so that questions at 
issue should be promptly settled, and the loss of 
efficiency due to wrangling over such issues 
obviated. Unless there is power to effect these 
results, we fear that the new scheme will not 
achieve its desired efficiency. 





ELECTRIC SIGNALLING IN 
COLLIERIES. 

Tue cause of the Senghenydd Colliery disaster 
of October 14, 1913, by which 440 men lost their 
lives, was never determined, but an important 
weight of opinion inclined to the idea that it was 
due to sparking at electric-bell signalling-wires 
igniting pit-gas. In view of this, some experi- 
ments on the ignition of methane-air mixtures 
from bell-circuits were carried out by Dr. Wheeler, 
at the instigation of Sir Richard Redmayne, who 
was the Commissioner appointed to investigate 
the Senghenydd explosion. A statement of Dr. 
Wheeler’s results was — to the official 
report on the disaster. hen dealing with that 
report, we suggested that the account of Dr. 
Wheeler’s work was probably the most important 
part ef the whole publication,* and added that 
this question of the firing of pit-gas by bell-circuits 
required experimental investigation and examina- 
tion down to the last detail. 

Dr. Wheeler's work was a contribution to this 
matter, but it was far from furnishing the definite 
conclusions which are so desirable. Some further 
data bearing on the question were given in a 
valuable paper read by Mr. C. P. Sparks before 
the Institution of Electrical Engineers on Febru- 
ary 25. The paper dealt generally with electricity 
applied to mining, and the matter referring to 
signalling formed only a small part of it ; but, again, 
we are inclined to say that it was probably the 
most important part of the whole publication. 
Various other contributions have at times been 
made to the subject, as, for instance, by the work 
of Dr. Thornton, while a paper giving results of 
tests carried out in the laboratory of the Maritime 
Collieries of the Great Western Colliery Company 
was recently read by Mr. T. G. Watts before the 
South Wales Institute of Engineers. ll these 
various investigations are useful, and add to the 
available information on the subject, but do not 
seem to be quite what is required. The matter is 
of the first importance, and desultory and incom- 
plete investigations, no matter how ably carried 
out, cannot furnish the precise and complete in- 
formation which it is so desirable should become 
available. 

It is difficult to understand why this vital ques- 
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tion is allowed to remain in the state in which it 
is. It is suggested by very responsible people 
that the greatest colliery disaster in our history 
was caused by sparking at a bell-circuit. It is 
accepted by His Majesty’s Chief Ins r of 
Mines that an explosion on March 27, 1912, at 
the Bedwas Colliery, by which twelve men were 
injured, three of them so severely that they subse- 

uently died, ‘‘ was proved beyond reasonable 
doubt to have been caused by sparks from an 
electric bell.” These things being so, it would 
appear that the thing to dois to determine once 
and for all if electric signalling which involves open 
sparking is or is not dangerous in fiery mines. If 
it is, it must not be used. There is no need to do 
anything in a panic. But there is every reason 
for not allowing things to drift, or for examining 
into them in an incomplete way. Electric-bell 
signalling has been in use in collieries for about 
twenty-five years. It is very convenient, and, as 
Mr. Sparks says, ‘‘its reliability in signalling over 
comparatively long distances has led to a decrease 
in the number of accidents.”” None the less, if it 
can be proved to be a source of danger in itself, it 
must be superseded, or its manner of application 
must be so modified that the danger is eliminated. 
The first thing to do, however, is to find out if and 
when it really is dangerous. 

To investigate th:s matter properly means a 
~ deal of work, and it is perhape nobody’s 

usiness in particular to do it. Partial investiga- 
tion has already been carried far enough. The 
thing wants doing fully now, so that colliery 
managers and electrical manufacturers may know 
exactly the conditions of voltage, circuit resist- 
ance, bell resistance, battery resistance, bell in- 
ductance, &c., in which such signalling is safe— 
safe, that is, with a big factor on the right side. 
Such an investigation might show that signalling 
by short-circuiting the bell-wires with a knife or 
file in the ordinary way is never really safe. On 
the contrary, it might show the opposite. The 
investigation should cover the effect of the type of 
wire used. Mr. Sydney Evershed, speaking on 
Mr. Sparks’s paper, pointed out that zinc-covered 
iron wire, as ordinarily employed, was about the 
worst conceivable. He suggested that copper- 
coated steel might be tried. All these things want 
settling. The work would be laborious, but not 
difficult. 

The investigations which have been carried out 
up to the present have thrown a certain amount 
of suspicion on electric signalling, but they have 
not settled the matter. In some cases they were 
directed to a special purpose. Dr. Wheeler, for 
instance, was concerned with the possible cause of 
the Senghenydd explosion. He was not investi- 
gating the subject generally. Incidentally his 
work appears open to criticism in that he used a 
methane-air mixture. This should properly be 
done in a complete research, but it is evident that 
from the point of view of the Senghenydd explo- 
sion a methane-air mixture did not correctly repre- 
sent the conditions which may have led to the 
explosion. This was an important matter, since 
the desultory work so far done seems at least to 
have established that a methane-air mixture is 
more easily fired than a pit-gas mixture. Again, 
Dr. Wheeler did not use an actual bell from 
Senghenydd. He used two bells ‘‘of the pattern 

at Senghenydd.” Mr. Sparks, during the 
reading of his paper, ae to suggest that this 
meant the bells were bought in the same shop. 
Working with these important variations in the 
conditions, Dr. Wheeler neither proved nor dis- 
roved that the Senghenydd disaster might have 
m caused by bell-circuit sparking. hat he 
did was to confirm, what was before suspected, 
that the matter should be investigated, and that 
when the Home Office mining regulations were 
drawn up there was an insufficient appreciation of 
the importance of this matter on all sides. 

We need not quote the results of the valuable 
experiments dealt with by Mr. Sparks, since our 
pm object in this article is to insist that the 
subject should be investigated from the nning 
to the end. Mr. Sparks’s data and those of others 
will be of great assistance to the workers who are 

iven the task of dealing with the matter fully. 
Br. Wheeler, on the results of his experiments, 
stated : (1) That the ease of ignition of a mixture 
varied according to the percentage of methane 
resent, and that there were higher and lower 
fienite at which no ignition could be obtained ; (2) 
that the inductance of the circuit was of prime 
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importance in determining the igniting power of 
the spark; and (3) that the amperage of the 
current was of more importance than the voltage. 
We have quoted these conclusions before. They 
do not appear very esoteric, and we imagine most 
people will look on them as the starting-point of the 
matter rather than the end. They are qualitative 
statements. What is now necessary is that they 
should be made quantitative. There would be no 
difficulty in finding people qualified to do this in a 
satisfactory and final way if some responsible body 
would organise and finance the matter. We suggest 
that the activities of the Research Committee of 
the Institution of Electrical Engineers could not 
be better employed. 





PATENT LAW REFORM. 

THE question of patent law reform is in the air 
again, and Mr. J. W. Gordon, K.C., read a paper 
on the subject before the Royal Society of Arts 
on the 10th inst., advocating some measure of 
reform that is, in his opinion, desirable. Mr. 
Gordon is of opinion that a great deal of harm has 
been done by the practice, which prevails to-day, of 
granting as a matter of course a perpetual injunc- 
tion to protect a patentee who has successfully 
established his patent rights against an infringer. 
The grant of a patent inhibits and strictly com- 
mands ‘‘all our subjects whatsoever . . . that 
they do not at any time during the continuance 
of the term of fourteen years, either directly or in- 
directly, make useof, or put in practice, the saidinven- 
tion . . . without the consent, licence, or agreement 
of the said patentee.” This inhibition has, in recent 
years, become the whole substance of the grant, 
and two ways of giving effect to it are known to 
our law. One is the old Common Law remedy of 
damages obtainable by the patentee in an action 
against the infringer for an invasion of the char- 
tered monopoly. The other is the remedy of an 
injunction to restrain continuance of the infringe- 
ment. An injunction is based upon the rigid rule, 
fiat justitia, ruat celwm, and the Court interposes 
its authority between the litigants, ascertains what 
is the right thing to be done, and then requires the 
defeated litigant to do that thing, not as an act of 
duty, but as an act of obedience to the Court. 
Failure to obey constitutes a crime, and that crime 
is one of the most serious known to the law—viz., 
contempt of Court. The penalty is imprisonment 
at the discretion of the Judge. 

A student of English law might easily be misled 
as to the practice of granting injunctions in actions 
for infringement of patents. Dicta are to be found 
to the effect that an injunction is a remedy the 
use of which is in the discretion of the Court, and 
that when the Common Law remedy is sufficient the 
plaintiff should be left to that remedy, and no in- 
junction should be issued. Unfortunately, the 
sound principles of law do not apply in the ad- 
ministration of the Patent Law ; judges have for 
a long time ceased to exercise any personal discre- 
tion in the exercise of this jurisdiction in ordinary 
patent actions. Relief is asked for asa matter of 
form in the pleadings, and as a matter of course is 
added to the judgment, so that it has become 
regarded as the legal right of a successful patentee 
to obtain an injunction to restrain the further use 
of the patented invention in any form. 

Let us for a moment consider what the granting 
of an injunction on a patent means. A has made 
an invention and obtained the grant of a patent 
therefor. B has also made an invention, and has 
improved on the invention of A. A’s invention 
may be useful, but B’s improvement has made A’s 
invention a commercial proposition. What is the 
result ? B starts manufacturing, and is immediately 
attacked by A for infringement of his patent. A 
obtains an injunction against B, and B is debarred 
from working his improvement. A cannot work 
B's improvement, and therefore British manufacture 
is hampered. 

It may be said that our Patent Law provides a 
remedy; that it contains a clause commonly 
known as the ‘‘compulsory licence clause,” and 
that B can apply for a compulsory licence. This 
is certainly true, but Parliament in its wisdom 
has ordained that a person who desires a compul- 
sory licence shall go through a very tedious and 
costly procedure. Parliament does not allow a 
defendant to bring about the issue of a compulsory 
licence by way of counter-claim in an action for 
infringement, but compels him to institute pro- 
ceedings by way of petition to the Board of Trade. 





The proceedings in the action and in the petition 
go on simultaneously, but independently, and the 
defendant has the worry of two actiuns proceeding 
at once. 

Mr. Gordon suggests that the procedure which 
prevailed prior to the year 1852 should be revived, 
and the grant of injunctions be limited by certain 
well-defined rules, the base or principle of which 
may be stated as that recourse is to be had to an 
injunction only when no other effectual remedy is 
available to the plaintiff. We have already pointed 
out that a plaintiff has the remedy of damages, and 
it is suggested that it would be more satisfactory to 
the plaintiff, as well as to the defendant, if the 
plaintiff bad to be content with damages which, 
a they may be small, would amount to some- 
thing. 

Mr. Gordon suggests that an enactment should 
be put upon the Statute Book providing in effect :— 

1. That no perpetual injunction shall in any 
case be granted to restrain infringement of a patent 
right, but only an injunction to stand until a 
further order. 

2. That no injunction shall be granted to 
restrain infringement of a patent right unless 
it is proved to the satisfaction of the Court that 
the mischievous result to the patentee from the 
infringement proved is such that he cannot obtain 
adequate relief in respect thereof from the de- 
fendant charged with the infringement. 

What would be the result of such a modification 
of the existing practice of our Courts? (a) It would 
immediately stop the blackmailing type of patent 
action which in recent years has become rather 
notorious. In these actions the patentee does 
not attack a powerful firm, but goes rather for a 
poor man, who promptly throws up the sponge and 
enables the patentee to advertise that he has suc- 
cessfully maintained his patent rights and is resolved 
to do soagain. The patentee obtains an injunction, 
but if he could obtain only damages, he would find 
this type of action very unprofitable, as the 
damages he could recover would be trivial, and 
insufficient to cover his costs. (b) Again, in a 
case such as we have quoted, it would have 
been impossible for a patentee to have damaged 
British industry, and, in fact, it is probable 
that the result of such action would have been 
more satisfactory to A as well as to B than it 
would be now. If A could not have obtained an 
injunction, he would have had to be content with 
damages. He would have taken his share in B’s 
profits, probably something more than a fair share, 
and British manufacture would have been — 
by the work B was doing. As it is now, B is 
debarred from manufacturing, and A’s patent is 
for an article that is not a commercial proposition. 
Neither is obtaining any benefit, and the British 
public is being injured. 





ATOMS AND IONS. 

On Saturday afternoon last, Sir J. J. Thomson, 
O.M., F.R.S., delivered, at the Royal Institution, 
the third lecture of his course on ‘‘ Atoms and 
Ions.” In opening his discourse, the lecturer said 
that he proposed that afternoon to discuss the sub- 
ject of ionisation as a result of chemical reactions. 
Had he been lecturing on this topic ten years ago he 
could have spoken with much less uncertainty as to 
the reality of this phenomenon than it was possible 
to do to-day. For many years, indeed for most 
of the past century, physicists held, with the 
utmost confidence, the opinion that chemical action 
formed one of the most efficient ways of producing 
electrification. The methodical studies of recent 
years had, however, shown that the experiments 
relied on for proof of this proposition were really 
vitiated by spurious effects. Uncertainty, in fact, 
arose from two distinct causes. In the first place, 
electricity was produced when a gas bubbled 
through certain liquids, and this fact put out of 
court all the experiments in which gas was gene- 
rated as the result of a wet reaction. Another 
disturbing factor was that at high temperatures 
solid bodies gave out electricity. Many chemical 
actions were accompanied by « great rise of tem- 
perature. Hence, if solid particles were present as 
a result of the reaction, these would necessarily be 
at a very high temperature, and would give out the 
electricity which was formerly attributed to the 
chemical action. 

To illustrate the effect of the source of uncer- 
tainty first alluded to, Wir Joseph Thomson placed 





on the top plate of an electroscope a lead dish con- 
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taining zinc. On adding hydrochloric acid the 
electroscope was rapidly discharged, owing to the - 


electrification of the hydrogen generated. 

For a long time, Professor Thomson continued, 
it was not doubted that in this experiment the 
electrification was directly due to the liberation of 
the hydrogen from the acid by the zinc. If this were 
so, bowever, in whatever way the acid acted on the 
zinc, the hydrogen produced should be electrified. 
In some very beautiful experiments Bloch had, 
however, shown that when the reaction took place 
between gaseous hydrochloric acid and finely 
divided zinc, there was no electrification whatever. 
The reaction was the same as before, the only 
difference being that it was not accompanied | y 
the bubbling through liquid of the gas liberated. 
This experiment proved that former interpreta- 
tions of the original experiment had been 
erroneous. 

As matters stood there were undoubtedly many 
chemical reactions which were not accompanied by 
any perceptible electrification. A very interesting 
case was that of the combination under diffuse 
light of hydrogen with chlorine toform HCl. This 
reaction was one of the most vigorous known, and 
he had himself employed the most delicate means 
to detect whether any electricity was liberated by 
it, but the results were absolutely neutral, even 
when the rapidity of the reaction were pushed as 
far as was consistent with the safety of the 
apparatus. Another very vigorous reaction was, he 
continued, the oxidation of nitric oxide when 
allowed to escape into the air. 

By adding nitric acid to copper the lecturer 
liberated nitric oxide, which was passed through a 
filter of cotton-wool to take out any ions due to the 
bubbling of the gas through the liquid as it was 
generated. The gas thus cleaned was then directed 
on to the top plate of an electroscope, and the 
copious red fumes produced bore evidence to the 
vigour of the reaction in eae The electro- 
scope showed no signs of leakage, in spite of the 
“— amount of chemical action in progress. 

he cases so far treated were, Sir Joseph pro- 
ceeded, instances of chemical combination, but 
rocesses of dissociation were equally characterised 
“ an absence of electrification. One very interest- 
ing instance was the decomposition of nickel car- 
bouyl, which was effected by heat at a temperature 
below that of boiling water. The nickel was depo- 
sited as a bright mirror, and carbon monoxide 
liberated. This reaction, he said, had been very 
carefully investigated in the speaker’s laboratory 
by Professor Smith, but not the slightest sign of 
any accompanying electrification was to be detected. 
The dissociation of arseniuretted hydrogen, which 
also decomposed at a comparatively low tempera- 
ture, had m studied by Bloch with equally 
negative results. In fact, whilst it was easy to 
give instances of chemical reactions which showed 
no ionisation, he would be hard put to it to give a 
genuine case in which chemical action was accom- 
panied by ionisation. 

The matter might, moreover, be regarded from 
the view. point of the energy changes involved. In 
the last lecture he had given a list of the energies 

uired to ionise atoms of different elements ; 
that was to say, the amount of work necessary 
to detach a negative icle from one of these 
atoms, so as to leave it electrified. Of all those 
given in his list mercury was by far the casiest to 
ionise, requiring 4.9 volts, whilst oxygen required 
9 volts, and hy nm 11 volte. Hence, to electrify 
an atom of hydrogen or of oxygen would require 
an expenditure of work represented by at least 
9 volts. If this energy had to come from that 
liberated by chemical action, one would expect 
that the energy liberated on the combination of 
hydrogen and oxygen to form water should be 
greater than 9 volts. As a matter of fact, how- 
ever, it amounted to a little less than 2 volts. 
Hence it would appear a priori that there was not 
enough energy available from the chemical com- 
bination to effect electrification of either the oxygen 
or the hydrogen atom. Indeed, the smallest of 


the numbers given in his list of the previous week 
represented an energy ter than that developed 
in any known chemical reaction. Possibly, if the 


list were extended to include such electro-positive 
elements as sodium and potassium, this might no 
longer be true. 
evertheless the apparent insufliciency of the 
energy available did not entirely disp se of the 
uestion as to the ibility of ionisation by 
chemical action. This would be the case if it 
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were permissible to imagine that chemical action 
consisted in one molecule of a gas rushing past that 
of another and seizing on it; but, as a matter of 
fact, the marriage of the atoms did not take place 
in this haphazard way. It was not merely the 
result of chance collisions between particles rushing 
through space at velocities comparable with those 
of our largest projectiles. Such marriages always 
occurred in regions more densely populated than 
the average—viz., where the gas was condensed on 
the walls or on nuclei floating in the gas. This 
being so, it might quite conceivably take less energy 
to electrify the atom or molecule in a solid or 
liquid condition than in the gaseous state. 

In his first lecture he had shown, the lecturer 
said, that when ultra-violet light fell on a clean 
zinc plate, negative clectricity was liberated and 
escaped, leaving the zinc positively electrified. 
Now there was reason to believe that a definite 
amount of energy was associated with each kind 
of light, this amount being inversely proportional 
to the wave-length. Thus, in the case of the 
mercury line having a wave-length of 2536 
Angstrom units, the energy associated with this 
wave-length corresponded to 5 volts, which was 
that required to ionise the mercury atom, and 
light of this wave-length could accordingly ionise 
mercury vapour. This light lay in the ultra- 
violet, and in the visible spectrum, the wave- 
length being longer ; the associated energy was 
correspondingly less, and if one went up to the 
extreme limits of the red—viz., to wave-lengths of 
about 7000 to 7500 Angstrom units—the energy 
available for ionisation would be only about one- 
third of 5 volts, or, say, 1.6 volts, which was not 
greater than was liberated in certain chemical reac- 
tions. This red light, though of too long a wave- 
length to be visible, was, nevertheless, competent 
to cause a liberation of energy from certain kinds 
of solids. 

To show this, the lecturer employed a glass 
vessel coated inside with a very thin layer of 
rubidium. The interior of the vessel was con- 
nected by one electrode to an electroscope, and b 
the other toearth. The light which passed throug 
the ruby glass of a photographic lamp was allowed 
to act on this rubidium cell, all other light being 
excluded, and under these conditions the electro- 
scope showed a very rapid leakage of electricity. 
This occurred although the ppc on of the light 
reaching the rubidium was very long, and had 
associated with it a correspondingly small amount 
of ene These rubidium cells were, the lec- 
turer said, quite as sensitive to light as the eye ; 
in fact, some workers claimed them to be even more 
sensitive. The glowing carbon of an extinguished 
match would, he said, excite the cell so long as any 
visible redness remained. 

From this experiment it appeared that if we 
were dealing with solids, the energy available in 
chemical reactions might be sufficient to provide 
for that required in ionisation, and the rubidium 
cell was, in fact, relied on as a proof of their case 
by those who regarded as established the reality of 
ionisation by chemical means. A great number of 
experiments had, in fact, been made by Haber and 
Just with this cell, and also with another in which 
the rubidium was replaced by the curious — 
alloy formed by potassium and sodium. is 
alloy, the speaker continued, closely resembled 
mercury in appearance, and he recalled incidentally 
its use by an American inventor in an attempted 
fraud on Weetensee Rowland. The latter had been 
commissioned to investigate certain claims made by 
this inventor, and reported that if these were 
justified, it should be possible to make a barometer 
in which the mercury would stand far above the 
normal 30 in. The inventor accepted the chal- 
lenge, and brought forward one in which the 
liquid (to all appearance mercury) stood at a height 
of some yards. Investigation showed that the 
mercury had, in fact, been replaced by the sodium 
potassium mg 

This alloy, Professor Thomson continued, libe- 
rated electricity under the action of light just as 
rubidium did. Haber and Just used rubidium 
enclosed in a highly exhausted vessel which they 
kept in the dark, and into it they passed small 
amounts of bromine or of phosgene On the 
entrance of this gas electricity was liberated, and 
on determining in the usual way the nature of the 
carriers, these proved to be negative particles. 
The experiment was repeated several times, and in 
all cases it was found that the liberation of the 
electricity took place when one of the above-men- 





tioned gases was admitted. They attributed this 
ionisation to the chemical action. It was con- 
ceivable that they were correct, but many difficulties 
would have to be overcome to be sure of a clear- 
cut issue, even in what was apparently so very 
simple an experiment. 

e speaker had himself, in experiments made 
some years ago, used rubidium enclosed in a vessel 
exhausted to the highest de by means of char- 
coal and liquid air. Though the cell was kept in 
the dark, some electricity was always liberated, 
even under the very highest vacua, although 
neither bromine nor phosgene gas was present. 
The apparatus was kept in the dark, and in a 
specially darkened room, the efficiency of the pre- 
cautions taken being tested by exposing a very 
sensitive plate alongside the apparatus for four 
days. This plate, when developed, was quite clear 
from any signs of fog. Nevertheless, electricity 
was liberated, even at the highest vacua. He 
found, however, that its amount was very much 
increased by the admission of small quantities of 
hydrogen, which intensified the rate of leakage 
several fold. It was therefore not at all clear that 
in Haber and Just’s experiments the effect of the 
gas admitted was due to its chemical action on 
the rubidium. 

He would just allude to some results which 
showed the immense influence which might be 
exerted by films of gas formed on the surface of 
metals. A very conspicuous example was that of 
the emission of electricity from hot bodies. A 
platinum wire raised to a moderate red heat gave 
out a large amount of positive electricity. If the 
same wire were, however, cleaned with nitric acid 
and hydrogen eliminated with every possible precau- 
tion, the electricity liberated, at the same tempera- 
ture as before, fell to less than one-millionth of its 
former value. The presence of a film of hydrogen 
on the platinum had, therefore, an enormous effect. 
Another case was afforded by the action of light on 
rubidium itself, or rather on other metals which 
would not oxidise. The action of light on such 
metals was recognised as being very fickle, and this 
variability was due to layers of gas condensed on 
the surface of the had 4 If this layer were in- 

or removed, the effect was extraordinarily 


large. 

‘The action of such films might be explained by 
imagining that this gaseous layer was electrified. 
If the electrification were positive, it would help 
the light to pull out negative icles from the 
metal. The effect would therefore be due to some- 
thing which was not what was ordinarily implied 
by the term ‘‘ chemical action.” Hence it was 
not possible as yet to say whether photo-electric 
effects due to light of very long wave-length 
was not responsible for the results observed 
by Haber and Just. Light of this character was 
found even inside a closed box, and the electrical 
effects found might be due toa layer of gas con- 
densed on the surface of the metal. Certainly 
some experiments showed that no electrification 
was obtained if the layer of were removed. 
Many experiments, for example, had been made 
with potassium, with which similar results to those 
observed with rubidium were obtained. By redis- 
tilling the potassium half a dozen times from vessel 
to vessel, so as to free it from gas condensed on its 
surface, it was found that no photo-electric effect 
was to be observed, although ordinarily the metal 
responded readily even to feeble light of quite 
long wave-length. This was strong testimony to the 
great influence of surface layers, and made it all the 
more difficult to be sure that the effects observed 
by Haber and Just were not really attributable to 
a surface film and not to chemical action. 

Methods of measurement were now so perfect 
that almost infinitely small amounts of electrical 
dissociation of a gas could be detected. Thus in a 
gas strongly electrified by means of Réntgen rays, 
not. one mo in a million was electrified. The 
speaker had worked out from a formula of Boltz- 
mann the number of particles which would be 
electrified in a gas at different temperature in virtue 
of the molecular collisions. Denoting by N, the 
number of molecules not electrified, by N, those 


negatively elcctrified, and by N, those positively | regard 


electrified, the formula arrived at was :— 
w 
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where V denoted the specific volume of the gas, 


R@ the energy possessed by a molecule in virtue 
of its temperature (about .}; volt at 0 deg.), a the 
radius of the atom or molecule, and w the energy 
— to ionise a particle. 
is equation, he should add, represented an 
ideal to which the phenomena in question might 
attain, but which need not necessarily be rcached 
within a finite time. All such expressions were 
obtained by finding an arrangement which gave 
the minimum value of some function. Thus in the 
simple case of the equilibrium of bodies under 
gravity, the general theorem was that the state 
was most stable when the centre of gravity of the 
whole masses involved was at the lowest ible 
level. If this were accepted without qualification, 
we should expect to find the whole population of 
the globe concentrated in its nethermost pits. Such 
formulz, however, made no allowance for difficulties 
to be overcome in getting there. Water in a glass 
on the table was, from the view-point of the general 
theory, less stable than if spilt on the floor ; but 
before it could escape to the latter it would have 
to have work done on it to raise it above the edge 
of the glass. Again, calculations based on these 
very general principles led to the conclusion that 
if hydrogen and oxygen were mixed together at 
ordinary temperatures, a by no means insignificant 
—- of water would be formed. There was, 
owever, reason to believe that the two gases might 
be left together for centuries without sensible com- 
bination occurring. In fact, for the reaction to 
proceed, an uphill road had to be traced at the 
outset, and a catalytic agent was needed to sur- 
mount the rise. Such an agent acted as a siphon 
would in emptying a lake intothe sea. It absorbed 
no energy, but helped the system uphill. 

Premising this, the formula given showed that 
at 2000 deg. Cent. about one particle in 74,000 of a 
gas should be ionised. This was quite a large 
number as compared with the ionisation effected 
at ordinary temperatures by Rontgen rays. Hence 
electrification by high temperatures was quite 
within the bounds of possibility. On the other 
hand, at 0 deg. Cent. the formula gave the result 
that in 10” particles of the gas only one would be 
electrified. Since there were only 10! molecules 
in a cubic centimetre of gas at normal temperature 
and pressure, it would be necessary to take a litre 
of to include a single charged particle. 

The formula was therefore consistent with the 
known properties of gases at ordinary room tem- 
peratures and with the conductivity of flames. If 
to a flame, sodium was added, a metal which 
required less than the 10 volts or so needed to 
ionise oxygen or hydrogen, the number of elec- 
trified particles was very largely increased. 

The effect of heat on the liberation of electricity 
was of very great importance also in other respects. 
It might, for instance, alter the nature of the 
carriers of the electricity. These were generally 
molecular aggregates consisting of a few molecules 
each. In some chemical actions, however, large 
nuclei were produced, and to this nuclear dust 
the particles adhered, so that the light and easily 
movable carrier was replaced by a great, heavy one, 
hard to drag along. 








COLOUR PHOTOGRAPHY. 

WHILST progress is being made in the technique 
of the production of coloured photographs, the 
reproduction of Pe in natural colours, in 
the strict sense of the phrase, does not appear to 
advance. Yet the progress achieved in colour 
photography must not be under-rated. Discours- 
ing on ‘‘Colour Photography,” in two lectures 
delivered at the Royal Institution on the two last 
Tuesdays, Professor W. J. Pope, F.R.S., of Cam- 
bridge, was able to exhibit many beautiful speci- 
mens, and to point out that the art is rendering 
valuable assistance to science. Dr. Pope confined 


himself to the general features of the problems, 
without entering into the chemistry of the pro- 
cesses and the intricacies of the technique. The 


problem of photography in natural colours presents 
itself under two aspects, that of the artist in black 
and white, and that of the colour artist. With 
to the latter aspect, Professor Pope pointed 
out, the difficulty was that the colour appreciation 
of the eye differed from that of the photographic 

late. e sensitiveness curve of the eye had a 

igh k in the yellow, and did not extend beyond 
the violet ; the sensitiveness of the photographic 
plate was almost outside the range of the visual 





spectrum, and did not reach the yellow at all. 
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Thus on a black-and-white photograph of daffodils 
the deep orange-yellow of the heart of the flower 
came out almost black, whilst the Br yellow of 
the petals appeared nearly white. Forty years ago 
Vogel had shown how the addition of certain 
colouring matters (sensitisers) to the emulsion of 
silver salts would render the plate more ortho- 
chromatic, and Abney and others had carried these 
studies further—so far, indeed, probably, as we 
could goin this direction. The sensitiveness curve 
of the panchromatic photographic plate now nearly 
embraced that of the human eye, but the peaks of 
the curves did not coincide ; there was too much 
blue intensity in the photographic image. To 
correct this defect, Eder had inte a yellow 
screen in front of the lens, which stopped the blue 
rays, and, with the aid of panchromatic plates and 
of colour-filters, the effects of colours could now 
be reproduced in monochrome with fair fidelity. 

The foundation upon which the reproduction 
was based had been given by Clerk Maxwell in the 
Royal Institution in 1861, though Maxwell’s 
results, obtained so long before the days of ortho- 
chromatic plates, were poor. The principle was 
the three-colour theory of Young-Helmholtz. The 
light had to be split up into its parts; each 
part had to be photographed separately, through 
screens of blue-violet, green, and red, and the 
positives had to be superposed. When light was 
sent (in the demonstration) through screens of 
these colours, and three discs in these colours 
projected, the overlapping three colours gave 
white, whilst the overlapping red and green gave 
yellow, the blue-violet and red together gave pink, 
and the blue-violet and green gave a sky-blue ; 
these were additive colour effects. But when light 
was sent through discs of glass stained with these 
latter complementary colours, or when discs were 
painted in the complementary colours, so as partly 
to overlap again, the three colours together gave 
black, the sky-blue and yellow gave green, the 
pink and sky-blue gave blue-violet, and the yellow 
and pink gave red; those were ‘‘subtractive” 
effects. White light sent through transparent 
screens of the colours in the last instance would, 
of course, appear in the complementary colours, 
and the black spot would shut out all the light 
and would, therefore, appear white on the negative. 
To work on this principle complicated cameras 
provided with three lenses were not needed ; 
a plate was exposed behind each of the filters in a 
camera, as it would indeed be difficult to use 
one camera with three lenses, since the three 
negatives would not be taken from exactly the 
same spot, and would not quite coincide, there- 
fore. Transparencies from the three negatives were 
illuminated by their own colours (i.e., the photo- 
graph taken through a red screen was illuminated 
by the light through the same red screen) and 
superposed. But when prints made from these 
negatives were to be superposed they had first to 
be coloured in the complementary colours. 

The Du Hauron, Ives, Sanger-Shepherd, and 
other processes were based upon this principle ; 
they gave excellent results, but the superposition 
required very great care. Hence other processes 
had been tried. 

Nearly twenty years ago Professor = of 
Dublin, introduced a new method. He ruled a 
glass plate with a series of parallel lines, red, 
green, and blue, repeating the colours in the same 
sequence all over the plate or screen, which was 
then divided into fine stripes of colours. This screen 
was put in front of the plate when the photograph 
was taken, and when the contact transparency 
from the negative was examined through a screen 
in complementary colours, the colours came 
out very well, especially the whites; the greens 
were less satisfactory. On the original plates of 
Joly, exhibited by Dr. Pope, the greens were bad ; 
but with modern scregns, which were ruled in very 
fine lines and fitted with means for securing an 
excellent register, artistic. effects were realised. 
The horizontal or vertical stripes were faintly 
visible, however, in the magnified projected 
lantern images, unless the focussing was inten- 
tionally spoiled to a slight extent. The stripes 
could successfully be replaced by squares in the 
three colours; but the exact registering remained 
a difficulty. 

The autochrome process disposed of this diffi- 
culty. In these the screen was permanently 
attached to the photographic panchromatic film, 
and remained in contact with it all through the 


or regular geometrical patterns of the former pro- 
cesses, starch grains, dyed in the three colours, 
were substituted. The grains, dyed red, green, 
and blue-violet, and properly mixed, were uni- 
formly distributed over the glass plate, rolled into 
some adhesive substance, dried, and then coated 
with the photographic film. The plate consisted 
of very small patches of red, green, and blue. 
The plate itself looked whitish; the magnified 
projection showed the coloured patches in irregular 
arrangement. On exposure, light would pass 
through the glass front, through the starch grains on 
to the sensitised film. Only red light would pass 
through a red grain, the other light being stopped. 
Silver would therefore be deposited under the red 
patch, corresponding to a red spot in the object, 
and the spot would appear dark and opaque after 
development. When this negative was held up to 
the light, little colour would be visible, because the 
rays would now be stopped by the deposited silver; 
this silver had hence to be removed and reversal 
effected. The negative would then be exposed to 
light to produce a positive, which was again deve- 
loped, and the colour showed clearly after the 
second development. Each photograph gave only 
one print, however. Photographs of flowers, scenery, 
portraits in gay colours, reproductions of classical 
pictures, «c., were exhibited to show the beautiful 
effects realisable by this process. On the white parts 
of the images some coloured spots could generally be 
distinguished by close examination, even in the 
not-magnified mirror images of transparencies. On 
the other hand, the gloss of the hair and the 
iridescence of butterfly-wings were reproduced with 
remarkable fidelity, though the iridescence might 
not emanate from the same spot in the original 
(shown by the aid of an epidiascope) and the 
hotographs, since the angles of the incidence of 
ight were not the same. Professor Pope drew 
ayy uppee attention to his photographs, obtained 
y the various processes alluded to, of pathological 
objects and of microscopic sections of rocks and 
crystals, taken between nicol prisms in polarised 
light. That the colours of the stained pathological 
preparations were not always quite faithful did not 
matter so much, because the chief point was, of 
course, to bring out and to fix for future re-exami- 
nation all the details revealed by the microscope. 
The amazing complexity of rocks, like granite, 
dolerite, &c., was fully brought out by polarised 
light in all its brilliancy of colours. 

Leaving technical detail to some future occasion, 
Professor Pope mentioned in his conclusion the 
attempts made to do without coloured screens of 
any kind. Professor Wood had obtained some 
success with gratings. When the diffraction spec- 
trum of a grating was looked at in a particular 
direction, some particular colour was seen, which 
depended upon the incidence and on the fineness 
of the ruling. When three pictures were taken 
through gratings of three different degrees of 
fineness of ruling, coloured photographs could be 
obtained ; they were not suited for projection by 
the lantern, but only for individual examination. 
This method might be perfected. 

A further development in photographic colour 

rocesses was exhibited at the Royal Photographic 
Bociety on Tuesday last. It is known as the 
Kodachrome process, and consists in making two 
negatives of a subject through red and green light 
filters ; the plates, after development, are bleached 
and stained, the one with a red dye, and the other 
with a green colour. The plates thus obtained are 
clamped together and viewed as a transparency, 
very beautiful results in portraiture being obtained. 





NOTES. 
Exectric Supety mx SCANDINAVIA. 

Statistics from almost every large town testify to 
the continuous growth of the use of electricity, and 
most cities are constantly planning and carrying out 
large extensions. In addition to a large trans- 
former-station, in which the three transformers 
are of the La Cour Cascade type, the fourth being 
an older type, the Copenhagen Municipality has 
prepared plans for a new electric central station, 
calculated to cost some 650,0001. It will be located 
close to the Kallebod waterway, just outside the 
town. The first Copenhagen municipal electric 
station entailed an expenditure of 125,0001., and 
now the municipal electric stations represent, an 
aggregate outlay of some 1,280,0001., the capacity 
having, since the commencement, increased from 





photographic processes. For the strips or squares 





sions of the Stockholm municipal electric supply 
has been extensively dealt with in Encingerine, 
and the completion of the large Untra hydro-elec- 
tric station will give increased impetus to their 
growth. In the meantime the war has not effected a 
reduction in the consumption of electric energy 
in the Swedish capital, although the consumption 
for lighting somewhat receded in the first few months 
after the commencement of the war, the works 
themselves urging economy for fear lest the supply 
of coal might present some difficulties. The con- 
sumption of three-phase current for the |} 
industries even shows a very great increase. During 
the first seven months of 1914 the Stockholm muni- 
cipal electric central stations supplied 4,370,200 
units, against 1,375,720 units for the same 
iod of 1913; during the months August to 
ovember, 1914, the consumption was 2,913,500 
unite, against 2,173,800 units for the same period 
of the preceding year, an increase of, respec- 
tively, 218 and 34 per cent., or 105 per cent. 
on the first eleven months of last year. All over 
the country new hydro-electric power-stations are 
being constructed, and arrangements are in some 
cases made between large electric power-stations 
for the supply of energy, whereby the supply can 
be further ensured and consolidated. Thus the 
Gullopang-Munkfors Electric Power Company is 
arranging with the large State hydro-electric power- 
station at Trollhattan for the supply of - kw. 
for a series of years for the benefit of the town of 
Orebro. A high-voltage line from Trollhittan to a 
large transformer station at Lidképing, to be ready 
in the course of the ensuing summer, should enable 
electric stations to satisfy several industrial con- 
cerns in the neighbourhood, so that they need not 
themselves provide any reserve power for possible 
dearth of water. The Stockholm electri¢ station, 
which may lay claim to holding a leading posi- 
tion within this sphere, has also entertained the 
question of electric heating with interest, and 
appointed a couple of years a Commission to 
consider the possibilities of electric heating, more 
especially in connection with the new Stockholm 
Town Hall now in course of erection. The work 
of the Commission has not afforded much encour- 
agement for the advocates of electric heating, As 
far as, in the first instance, the Stockholm rown 
Hall is concerned, heating by means of electricity, 
even at a specially low tariff, would cost about 
34 times as much as heating by steam. In private 
houses the electric energy would have to be sup- 
plied at such low prices, in order to compete in 
price with coal or coke, that it in most cases will be 
out of the question to use electric heating, unless a 
large — of energy has to be used somehow, or 
the people in question are willing to pay a fairly 
handsome premium for the undoubted advantages 
attached to electric heating. 


ORGANISED ENGINEERING. 


The Government scheme, to which we refer 
elsewhere in this issue, places before us one type 
of organised engineering. Another has been before 
our minds for many months, the idea being stimu- 
lated, perhaps, by the spirited action with which 
the Board of Trade threw itself into the commercial 
oneer which has for its object the supply of 
products hitherto obtained from Germany and 
Austria-Hungary. While Germany and her Ally 
are cut off from many of the world’s markets, it is 
a comparatively easy matter for our traders, if they 
wish to do so, to profit by such trade as is going. 
The same will not necessarily be the case when 
peace is ultimately re-established. Then we shall 
be again confronted by the competition of the 
best-organised and, commercially, the most insistent 
country on the earth, and while there is oppor- 
tunity it behoves us to settle on plans which will 
be of service to us then. The best reply to organi- 
sation is organisation. The subject is one which 
has quite appropriately occupied the attention of 
the pores ub of Manchester. Organisation 
of this kind can scarcely be brought within the 
purview of the technical institutions. The club 
is the rendezvous of representatives of a large 
number of branches of the engineering industry, 
and it is possible that a movement started in such 
suitable surroundings may so flourish as to be felt 
at the far ends of the earth. Recently a sub- 
committee was appointed by the club to consider 
the feasibility of an organisation scheme, The 
report, just published, is rather ambitious in 
character ; yet what has been possible in the 
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manufacturers will work together. It has already 
been accomplished in a limited field. The report 
suggests the formation of an Association covering 
the engineering industries, with bureaux in the large 
towns at home and the important countries abroad. 
It is suggested that it should neither trade nor 
interfere with prices, but should have a legal 
status, and assist in securing business and further- 
ing the interests of the industries. The organisa- 
tion map out is elaborate, and if it could be 
brought into being would, no doubt, be effec- 
tive. The work, it is proposed, should come 
under various heads, among which are :—Parlia- 
mentary and General Purposes ; External (Sales) 
Organisation ; Internal (Producing) Organisation ; 
Patents and Inventions; Technical ucation ; 
Publicity ; Finance. The objects of the Parliamen- 
tary work would be to organise efforts to increase 
the official interest taken in commerce and improve 
the Board of Trade and the consular services. 
The sales branch would collect and render avail- 
able information with regard to sales, and the needs 
of various markets. The production branch would 
endeavour to control overlapping and to increase 
specialisation, encouraging also dealirgs between 
members of the Association. The technical educa- 
tion branch would endeavour to improve the train- 
ing conditions, both as regards commercial and 
techniesl knowledge, of the rising generation, so 
that an adequate supply of trained men might be 
assured. The publicity branch would be engaged 
in assisting the members to make known their 
= in foreign markets, while the finance 

ranch would make arrangements for backing 
manufacturers indirectly with financial assist- 
ance in certain cases. As we have already stated, 
the scheme is ambitious. The future will show 
if it is too ideal for the average British manufac- 
turer. Times with many may be good now, but 
there is the future to look to. If we can do any- 
thing to ensure a continuance of busy days after the 
war, it behoves us to take the necessary steps early, 
rather than let work slip through our hands for 
lack of preparation. Weshall want all we can get, 
to make up for present wastes. 


ELectRoLytic HyDROGEN AND OXYGEN. 


The Oecrlikon Company, which has made a 
speciality of apparatus for the electrolytic decom- 
ition of water, has put a now apparatus of the 
lter-press type on the market. One of these 
filter-presses, giving 700 cub. m. (24,700 cub. ft.) 
of hydrogen Waa 24 hours, has been supplied for 
the British War Office. The design is due to Dr. 
O. Schmidt, and the apparatus are made for 
electromotive forces of 65, 110, and 220 volts, and 


in each of these three styles for 25, 60, 105, and | mad 


175 amperes, the number of cells being 28, 48, 
and 96. Thus twelve sizes are manufactured, 
rising in length from 1.5 m. to 4.2 m. (about 5 ft. 
to 14 ft.), in width from 0.66 m. to 1.65 m. 
(2 ft. 2 in. to 5 ft. 5in.) and in liquid capacity from 
40 to 900 litres (9 to 198 gallons), the gas produc- 
tion per hour being 0.27 cub. m. (9.5 cub. ft.) of 
hydrogen = hour in the smallest type, and 6.4 
cub. m. (226 cub. ft.) in the largest type; the 
oxygen production is, of course, half as large. 
Particulars of the new apparatus were published in 
five consecutive numbers of the Schweizerische 
Electrotechnische Zeitschrift, appearing in Septem- 
ber and October last. Each coll ia made up of two 
iron plates, which are cast with a raised frame on 
either side, to hold the diaphragm partition which 
divides the inner space between two adjacent plates 
into an anode and a cathode compartment ; all the 
plates except the terminal plates thus serve as 
anode on the one side, and as cathode on the other, 
when the ordinary series connection is adopted. 
In another arrangement for working in parallel 
the current is led to the middle plate, and is taken 
off from both ends. Each plate-frame is provided 
with two holes in the upper corners for the 
circulation, and one hole Eilce. in the middle, = 
the circulation of the liquid ; oblique ports connect 
the compartments with the The iron is 
profitably coated with nickel inside, to obviate 
rusting and polarisation ; asa rule the cells need 
not be cleaned more than once every six or eight 
months. Each porous diaph consists of a 
thick sheet of asbestos, permeable to the liquid, 
but not to gases. These sheets are orated like 
the frames and insulated with rubber; as they 
remain saturated with liquid, they can resist some 
difference in pressure in the two compartments. 
The electrolyte is a 10 per cent. solution of 





potassium carbonate in distilled water; tap and 
rain- water would not do; even traces of chlo- 
rides would lead to a corrosion of the cells. 
The specific gravity of the electrolyte is 1.09, and 
distilled water must be added as soon as the gravity 
rises above 1.1, lest the alkali attack the cells. At 
20 deg. Cent. the pressure per cell is 2.7 volts ; 
when the current is on, the temperature and con- 
ductivity increase, and at 60 deg. Cent. only 2.3 
volts would be required ; 40 deg. is the tempera- 
ture preferred. The two gases are collected in re- 
— partly filled with the a in which 
a difference of level of 100 mm. may be tolerated. 
In cells of the ordinary construction the gases are 
under a pressure of a quarter atmosphere (3 Ib. or 
4 1b. per sq. in.); when gas is to be generated at 
two or three atmospheres, certain parts of the 
filter-press have to be strengthened ; for higher 
pressures compressors are combined with the 
apparatus. The gases are fairly pure ; the hydrogen 
is of 99 or 99.4 per cent., the oxygen, of 97 to 98.5 
per cent.; the impurities are due to contamination 
of the one gas with the other owing to leakage 
within the apparatus. The gas-pipes are made of 
iron or lead ; rubber must not be used as packing 
in the oxygen pipes. As the purity of the gas isa 
very important point for many applications, simple 
apparatus for performing an analysis are supplied 
with the filter-press ; the analysis determines the 
percentage of oxygen by its dnseation in ammo- 
niacal copper oxide. 





CHEAP AND RAPID GUN-MAKING. 
To tHe Eptror oF ENGINgERING. 

Sir,— Will you be kind enough to publish an 
account of a quick method of making guns of all 
sizes, particularly guns of very large size. The 
very best authorities on steel and guns have 
said that they thought it to be very good. A 
great gun, instead of taking a year to make, would 
take about a fortnight or less. I am here os 
only of that part of the gun which withstands 
bursting pressures ; the breech gear and mounting 
would, of course, take very much longer. A man 
whose name is better known than any other in 
this connection told me that he had himself 
thought of a quick way (not mine) of making large 
guns, but his fellow directors would not allow him 
to proceed with it; he said that no gun-making 
firm desired to make a cheap gun, however good it 
— be. This was before the war. Sir Andrew 
Noble was good enough to say that he would let 
my method be tried at Elswick, only that, as the 
method could be tested just as well upon a mere 
cylinder as on a gun, a cylinder should first be 
e. Of course, everybody knows how tedious 
an experiment must be when conducted in a gun 
factory ; indeed, such an experiment is so nearly 
impossible that, when I have been a manager 
of works, I have insisted on a complete separa- 
tion of experimental apparatus from the factory. 
But Sir Andrew Noble gave me every chance, 
and I have every reason to thank him for his belief 
in my views; and when, every now and then, 
nothing had been done for some months, a letter 
from him would set things going again. The steel 
was ordinary nickel steel, used for gun-making. 
After three years, in 1913, successive increasing 
charges were exploded in the cylinder, finally 
reaching the high figure of 52 tons per sq. in., 
without apparent damage to the cylinder. In fact, 
the cylinder could not be burst. After Sir Andrew 
Noble’s retirement the experiment was discontinued, 
and early in 1914 I asked the firm to be allowed to 
place the matter in other hands, and this permis- 
sion was granted. I was acting abroad as a member 
of a commission till July, and as I attended the 
British Association meeting, I did not return to 
— till the middle of October. I have done 
nothing in this matter since my return, because I 
considered that a time of war was not a time for 
such rs permen I write to you now because of 
repeated requests from friends, some of whom are 
doing important work for the Government. 

Ido not know if I ought to state my qualifica- 
tions for this kind of work. I am chairman of 
a British Association Committee on Stress in 
Engineering Materials. My book on ‘“ Applied 
Mechanics” (translated into French and German) 
contains not only the theory of construction of 
tube and wire guns, but a much more valuable 
thing—my internal-friction theory of stress, which 
is an altogether different thing from the very old 


French theory. I may say that my method of | 





gun-making is on the same lines as what I 
did when I was an apprentice, sixteen years old, 
and was entrusted with the job of making 100 
cast-iron beams pass a test. e test was this: 
each beam, supported at its ends, had to have a load 
of half a ton applied at the middle without taking 
a set. The two managers and the head draughts- 
man are all dead now, and there can be no harm 
in saying that they could give me no useful advice; 
any of the beams took a set even for a load of a 
hundredweight ; the problem seemed insoluble. 
My simple solution, altogether my own, was to 
load om beam with 1 ton and give it a good set, 
and afterwards it easily took a smaller load without 
any set. 

hen I tell how I would make great guns there 
is nobody who knows anything about the strength 
of materials who will not say that he has known all 
about it. Yes, but could he calculate the size of 
things? My method is founded on a mathematical 
theory. 

The usual methods are wrong in principle. The 
object is to give to the gun during its manufacture 
such internal stresses that when the stresses due 
to an explosion are added, the total stress every- 
where is just what the material of the gun can 
withstand without injury. All the calculations 
which have hitherto governed these methods of 
manufacture have been made on the assumption 
that it is the tensile-hoop stress which determines 
the failure of the material. It is thought that when 
the explosive pressure is acting, the hoop tensile 
stress ought to be the same everywhere. I, how- 
ever, have found that the radial compressive stress 
must also be considered, and also the stress in a 
direction parallel to the axis. 

When a material is carefully tested it is found 
that for the conditions under which the material is 
just short of failure there is a relation between the 
principal stresses which holds true for any point. 
‘Thus let p,, p,, and p, be the principal stresses at 
@ point, and consider them positive if compressive, 
and negative if tensile. Then if p, > p, > p, the 
condition of failure does not involve the inter- 
mediate stress p,, and the following rule holds 
true :— 

— Pp, t+ap, = b, 
where a and b are constants peculiar to the material 
under consideration. This was deduced from my 
internal-friction theory many years ago, and it 
agrees with all experimental results known to me. 
If we write f instead of —p,, and p instead of »:,, 
that is, if the material is subjected to a tensile 
stress f and a compressive stress p, the condition 
which determines the yielding of the material is :— 
ftrap=b. « @ 

So long as the third principal stress, if compres- 
sive, is less than p, and, if tensile, is less than /, 
we need not consider it. Suppose yielding occurs 
when the tensile stress acting alone is f, or when 
the compressive stress, acting alone, is f,, or when 
the shear stress is f, (these are usually called the 
tensile, compressive, and shear strengths of the 
material, and we use the same letters whether what 
we call strength is the proof strength or the yield 
(flow) strength or the actual breaking strength). 


Then b = f, and ant ; 
seldom measured with even approximate accuracy, 
we can use f, in calculating « as a=( ‘7 ) . For 


But, inasmuch as f, is 


the strength conditions in soft wrought iron or 
any other material which flows greatly before it 
fractures a = 1, as f, = f. = 2f, But even in 
such a yielding material as a certain nickel steel 
used in gun-tubes I have found a not to be 1, but 
rather like 0.75. The proof-strength of cast iron 
requires a to be from 0 4 to 0.5. In hard tool- 
steel a is often less than 0.4. 

In the following theory I shall assume that the 
condition (1) holds when yielding or flowing of the 
material is occurring. In making such tests | 
determine also the temperature which, when main- 
tained, will prevent the yielding material from 
hardening too much—that is, the temperature 
which will cause the material to go on yielding 
without much increase in f, or f. or f,, and it is at 
this temperature that I maintain the metal through- 
out the following method of manufacture. 

I cast the cylinder solid, or nearly solid, under pres- 
sure, turning it up and boring it out, not quite to the 
finished sizes. e ends are closed, and means are 
adopted for filling it with fluid under pressure. At 
the Tlswiek Works the long cylinder was 3 in. inside 
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and 10 in. outside diameter ; the temperature was 
maintained by rings of gas-jets outside [an inside 
coil of platinum wire, hea electrically, ought to 
be used], and the fluid was kerosine. The internal 

ure », was rapidly raised to 17 tons per sq. in.; 
after this, during many hours, the pressure was 
gradually increased to 40 tons. It had been my 
intention to increase the pressure until the out- 
side diameter became permanently (and not merely 
elastically) larger. In the following theory I shall 
assume that /, is increased until the metal through- 
out has permanently yielded, and evidence of this 
can only be given = considerable increase in the 
outer diameter. e inside pressure is now re- 
moved, whether slowly or quickly does not matter, 
as the metal is everywhere in the condition re- 
quired. 

Theory.—In the equation (1), f is the hoop 
tensile stress in tons per square inch, and p is the 
radial compressive stress at a point which is at the 
distance r inches from the axis. 

Now the fundamental relation of the stresses at 
any point in a cylindrical vessel is :— 
dp _ ‘ 
f+ptry=0 (2) 
It is to be noticed that the stresses in these equa- 
tions are not necessarily within the limits of elasti- 
city. Combining (1) and (2) we have :— 

b 
a-l 
where c is an arbitrary constant. 

[When a is 1, equation (3) becomes :— 

p=c — blog, r, 
log, r is, of course, 2.303 logy 7. ] 


Should subsequent experiments show that for 
some materials the relation between f and p, when 
the material yields, is more complex than (1), if it 
can be stated mathematically, it is easy to get the 
equation corresponding to (3); but I have great 
confidence in (3), as here given. 

If p, is the internal pressure which produces this 
complete yielding 


— ,ore =(p, + b lane 
a-l l-a 


Pi = er; 
where r, is the inside radius, so that (3) becomes 


p=(m+ 5° )( y* : (4) 


—u“ l-a 
[tt = 1, (4) becomes p = p,—b log. x 


If p is 0 where r = 1, the outside radius, we find 
1 


nm=n { Pt (1a) + i" 


p=crt-1+ 


(3) 


r) 
r 


(5) 


and if aisl,ry =" eu. 

That is, given r, and p, we can find +, or given 
r, and r, we can find p,. 

I shall afterwards consider p, to be the same for 
several cylinders of the same material ; in this case 
using 7, = 7, A, if t is the thickness 

t . 
* =A-l1 (6) 
that is, the ratio of thickness of metal to the inside 
size is constant. Also 
re-r? _ 
eon = Atl (7) 
that is, the weight of the cylinder is in a constant 
ratio to the volume of the bore. 

I will take an example to illustrate this. Our 
tests of the nickel steel used induced me to take 
a=}, b=380, so that (1) is f + ? p=30. 


(4) is p = (p, +120) (2 j- 120 


<a ce " 
(5)is = (Bo +1) 

¢ _({m i 
(is = = (+l) 1 


(7) is "© —"" = 


P\ 
rr; 2 


(a0 

Let us work out the case of a cylinder whose 
internal diameter is 10 in., or 7, = 5, and let the 
internal pressure to produce yielding be p, = 30 
tons per sq. in. 

Then (5) gives r,=5 (1.26)'=12.21 in., or the 
cylinder is 24.4 in. outside diameter. 

p= 150(2)*- 120, 


r 


8 
+ 1) -1 


I will calculate » and f for various values of r. 


These values are given in the following table. In 
this table p” and f” represent the amounts by 
which p and f respectively decrease when the in- 
ternal pressure in the cylinder is reduced from 


B 
30to 0. Of course, p”= A+ jf"=-A + 


where the values of A and B can be found by 
putting p” = 30 when r is 5,and p’ =0 when 
vy =1221. I therefore subtract p” from p and call 
the result p’ ; I subtract f” from f and call the 
result f’. Of course, the values of p’ and f’ are 
the stresses left in the material when the internal 
pressure has been removed. 





r p f p" 

5 30 7.5 30 42.09 0 ~ 84.59 
6 23.32 | 1251 18.99 31.08 4.33 - 18.57 
7 17.90 | 16.77 12.34 24.34 5.56 - 7.77 

8 13.87 | 19.97 8.08 20.12 5.34 - 0.15 

9 9.50 | 22.88 5.08 17.17 4.42 6.71 
lv 6.14 | 25.40 2.97 15.06 3.17 10.34 
11 3.17 | 27.62 1.40 13.49 1.77 14.18 
12.21 0 | 30 0 12.92 0 17.08 


It is instructive to examine the values of p’ and /’ 
as showing how different are the stresses that 
should, in my opinion, exist in a cylindrical vessel, 
such as the powder-chamber of a discharged gun, 
from the stresses actually existing in discharged 
guns made by existing methods. 

Gun-makers endeavour to have f constant when 
there is the greatest internal pressure. I, on the 
other hand, have proved, by considerations which 
are illustrated by the above table, that for an 
internal pressure of 30 tons per sq. in., upon the 
particular steel considered, the value of f should 
steadily increase from 7.5 tons per sq. in. in the 
inner portion of the cylinder to 30 tons in the outer 
portion. Also it will be seen that in the properly 
manufactured gun, the stresses when there is no 
internal pressure should bea negative tensile stress 
—that is, a compressive hoop stress of 34.59 tons 
per sq. in. in the inner portion, and a hoop tensile 
stress of 17.08 tons in the outer portion. 

It is now quite easy to find the stresses when 
the internal pressure is less than 30. Thus, for 
example, if p, = 20, p” and f” will be two-thirds 
of their tabulated values. Add them to p’ and /’, 
and we find p and f. 

When, instead of a mere cylinder, we consider a 
gun, curves like those published by Sir Andrew 
Noble give us the internal pressure at each place, 
and we calculate the thickness by the formula 
already given. The process is somewhat more 
elaborate in the case of a gun, but engineers will 
readily understand it. 
for space in which I might describe it in full. For 
the same reason I have left out descriptions of how 
I man to apply such great pressure, and how I 
closed the two ends of my cylinder, matters requiring 
much judgment ; many other things are also being 
left out. My packing was formed of thin sheet 
brass. In the inside of my cylinder I placed a 
very slack cylinder of steel to reduce the volume of 
oil, and diminish the amount of pumping. To 
show how the weight of a gun depends upon the 
character of the steel, I will take two cases : first, 
a yielding nickel steel, whose tensile strength is the 
same as its compressive strength, which yields when 
either stress is 25 tons per sq. in. or f + p = 25; 
second, a hard steel, which yields when its tensile 
strength is 70 tons, and whose compressive strength 
is 140 tons, or f + 4p = 70. In both cases I let 
the inside pressure v from 35 to 5 tons per 
sq. in. Length of cylinder and size of bore are the 
same in all cases. 

Volume of Steel Divided by Volume of Bore. 








Pi Mild Steel. Hard Steel 
36 13.68 1.448 
30 9.00 1.172 
25 5.812 0.932 
20 8.64 0.709 
15 2.61 0.508 
10 1.155 0.316 

5 0.469 0.153 


I may say that it is the tensile strength of the 
steel that is really important; to have a small— 
that is, to have the compressive strength great in 
comparison to the tensile—is not so very important. 
To illustrate this, I will take p, = 35, perhaps too 
excessive an internal pressure. 

It is important to remember that if the steel is 





and (1) gives us f when we know p. 


very hard, the increase of pressure ought to be 





I do not wish to ask you|| 


very slow. When a is 1, the following statement 
is strictly true ; when a is rather small, the state- 
ment is only approximately true :—Su a thick 
cylinder to be made by my process. f it is bored 
out and turned down either to the shape of a 


B | cylinder or to the varying thickness of a gun, it 


will be found that the material is everywhere still 
Weight of Cylinder for Various Values of a and b. 











a. | b = 26. b= 35. b= 45.) b= 655. b= 70. b= 100. 
1.0 = 17.08 6.389 8.739 2 672 1.718 1.014 
0.5 7.352 4.063 | 2.721 2.017 1.443 0.907 
0.3 6.041 3.552 | 2.457 1.869 1.356 0.876 


in the state in which we wish to have it. Given 
the greatest internal pressure at a place, we calcu- 
late the proper thickness there fe the formula 
already given. 
I think this to be a very important deduction 
from my theory. 
For the manufacture of long guns giving great 
muzzle velocity it would be rather wasteful of 
material to first make a thick cylinder and then 
turn it down, but it might possibly be the best 
way of making howitzers and mortars. 
In this letter [ have given enough for the reader 
to understand my method of working. But a little 
departure from the above arithmetic is necessary 
when the tensile stress parallel to the axis is 
greater than f in the table ; this stress is 16.5 tons 
per sq. in., so that in the very inner portions the 
calculation is not quite so simple as I have made it. 
But this is of little consequence ; the result is much 
as I have given it, except that I have not referred 
to the great axial yield which occurs in the very 
inner portions. 
Joun Perry. 
25, Stanley Crescent, W. 





RISING PRICES ON THE GERMAN IRON 
MARKET 


Ow1ne@ to the continued calls to the front the shortage 
of labour is making itself felt in Germany on an increasing 
scale, which circumstance, coupled with the difficulty in 
obtaining a sufficiency of certain raw materials, makes it 
impossible to increase the output of iron and steel works, 
however much such is needed. This is most strikingly 
illustrated on the bar-iron market, the prices having risen 
some 15 marks since the inning of the year—from 105 
to 117 and 120 marks ; whilst during the last months of 
the old year bar iron, at times, was sold at 100 marks 
ton, or even less. As the demand for bar iron is fairly 
active—as far as Siemens-Martin materials there is 
even a very decided scarcity—and the works, besides, 
within the scope of their present reduced capacity, are 
very fully employed, and, in consequence, insist upon 
terms for delivery of new orders, there can be no 
doubt that the increased prices will be maintained. is 
is further borne out by the fact that the trade, with a few 
exceptions, only holds very limited stocks of bar iron, 
and the old contracts at low prices have been completed 
long ago. Even if a few works still offer bar iron at a 
lower re than 117 to 120 marks, there is every likeli- 
hood of iron maintaining its upward tendency for the 
more immediate future, and it probably soon will 
beyond 120 marks per ton ; for the prices for raw material 
will in all likelihood rise further, the present month of 
March will, no doubt, witness a further rise in pig-iron 
and half-finished goods, which again means a further 
rise in thé manufacturing costs of the works. 

Similar conditions vail in the plate market as on 
that for bar iron. © price for thin plates, which are 
in very sirong demand, is —“ touching 140 marks per 
ton for ordinary commercial qualities, whilst the price 
within a few weeks was only 130 to 135 marks. Also the 
heavy-plate works are maintainirg their increased price, 
and a desthes rise will, no doubt, be the result, which prob- 
ably will mean 1274 marks for ordinary heavy plates and 
1374 marks for boiler-plates. _ : 

Also the market for wire is likely to witness a further 
rise in prices in the near future. The recently-fixed mini- 
mum prices of 130 marks for drawn wire, 140 marks for 
wire nails, and 165 marks for tinned wire per ton, are none 
too good for the works under the > circumstances. 
Tn new contracts prices have maintained every- 
where and many works hold back from closing for bigger 
contracts a of further rises in prices. 
the other » Many consumers have covered their 
requirements for the first half-year at the earlier lower 
prices. business in rough-rolled wire is at present 
almost at a standstill. The works hold out for a rolled- 
wire price of 115 marks per ton for new contracts, which, 
so far, does not prove obtainable, inasmuch as the market 
is wc.l provided with much cheaper offers ; in fact, rolled 
wire was sold at 100 marks and less not long ago. 

As regards tubes the higher prices, which the works 
recently agreed upon, have not | Fone of practical im- 
portance. Business in this branch is very quiet as far as 
new contracts go, and only in cases of urgency are small 

uantities sold by the works at the higher prices. Gener- 
ally ing, the business in tu been fully 
cov for some considerable time to come through large 





contracts at former lower prices. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 24. 

Tux ups and downs of the iron and steel industry 
are not explainable under any known rule of trade or 
business. Perhaps the vastness of the country and 
the diverse influences at work in various sections may 
explain them in some degree. Often well-founded expec- 
taticns fall to the ground. The impetus of two weeks 
ago has largely died out. At the same time there is 
a moderate expansion of demand. One encouraging 
feature is the maintenance of the export demand for 
machine-tools. It is understood negotiations are now 
pending for quite a large amount of business of this 
sort, though, ss usual, exact details are not to be had. 
There is a corresponding improvement in domestic 
machine-tool contracting. It would appear that there 
is a quite general enlargement of shop-manufacturing 
facilities, due to a wide range of recent influences. 
Another cause deserves special mention—viz., the 
appearance of many new undertakings made pos- 
aitie by easier financial conditions, more money, 
and greater confidence. But the railroads still 
continue to be very cautious buyers, although a few 
big orders for rails and shapes have been entered. 
The Steel Corporation is now up to 64 per cent. of 
capacity, against 60 per cent. only a week ago. This 
prolonged restraint on the part of the railroads is. re- 
sulting in the accumulation of a large volume of busi- 
ness that will have to be executed quickly some time or 
other. A great deal more business could and would be 
done in pig-iron were it not for almost prohibitive 
freight rates. An English buyer is trying to arrange 
for 5000 tons of pig, basic grade, and several lots of low 
phosphorus are wanted for export. The uncertaint 
of transoceanic deliveries is keeping back much busi- 
ness. There is marked activity in ordering material 
for agricultural implements. In fact, the largely in- 
creased agricultural area is and will be quite a factor 
in the merchant steel trade, and some supplemental 
ordera are now in sight. 





THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physic +l Society of London, held 
on the 26th ult., at the Imperial College of Science, Dr. 
A. Russell, M.A., vice-president; in the chair, a paper 
entitled ‘‘ Mugnetic ‘ Uharacter’ Figures, Antarctic and 
International,” was read by Dr. C. Chree. The paper 
makes use of magnetic “‘ character” figures: ‘‘0” (quiet 
day), ‘“‘I” (moderately-disturbed day), ‘*2” (highly- 
disturbed day) to investigate whether the incidence of 
disturbance at the base station of the Scott Antarctic 
Expedition, 1911-12, did or did not accord with the 
incidence of disturbance in temperate latitudes; also 
whether the ‘‘27-day period ” could be recognised in the 
Antarctic data. i d 

A very complete seb of magnetic curves was obtained 
by the physical observers of the Antarctic Expedition, 
Dr. G.C. rot and Mr. C. 8S. Wright, extending from 
February, 1911, to November, 1912. ‘* Character” 
figures were assigned to each day’s records by the author, 


and a comparison was made with the corresponding inter- 
national res published annually at De Bilt, Nevher- 
lands, 


The incidence of disturbance in the Antarctic was 
found to agree closely with that shown by the inter- 
national lists, in spite of the fact that the disturbances in 
the Antarctic were much r and more persistent than 
at any of the stations co-operating in the international 
scheme. The ‘‘ 27-day period ” was clearly visible in the 
Antarctic records, both in summer and winter, being as 
well developed there as elsewhere. : 

Mr. Duddell thought the paper very interesting. It 
was only by patient investigation of this kind that we 
should get any nearer a comprehensive theory of terres- 
trial magnetism. R J 

Mr. F. E. Smith thought that the slides exhibited by 
the author might profitably be included in the paper. 
It was described as “clearly visible” from Table II. 
that the disturbances were more pronounced in tem- 
perate latitudes during the equinoctial periods than in 
the intervening months. This was hardly obvious to the 
casual observer. 

Professor J. W. Nicholson said that Dr. Chree’s paper 
made the position of Birkeland’s theory more curious 
than ever. Leaving out of consideration, as indisputable, 
the mathematical difficulties of the theory which Dr. 
Ohree had referred to, he would like to indicate one 
point in which the theory had some support. If we were 
receiving particles from the sun, some might come from 
the corona, and might show themselves in the coronal 
spectrum, and, later, in that of the aurora. There was, 
in fact, a strong correspondence between these spectra in 
some important particulars, anc. it does seem probable 
that we receive such particles. It i+ possible that the 
corona actually consists of the particles which are being 
shot from the sun, and which we receive. But the spectra 
of sun-spots are not in accordance with the view that we 
receive an unusual number from the spots. 

Professor O. W. Richardson thought that in the case of 
particles streaming KS the corona the auroral spec- 
trum would be that of the atmosphere, and not that of 
the exciting particles. Only electrons should really be 
effective in reaching the enth under the proper conditions 
for the aurora. 

Professor Nicholson said that the correspondence in 
spectra would only be expected if the emitted particles 
were the corona itself, and not merely something pass- 








ing through it. We do seem, as far as the evidence is 
trustworthy—the auroral spectrum being somewhat un- 
reliable—to be receiving particles heavier than electrons, 
whether these are really res; ible for the aurora or not. 

Dr. A. Russell agreed that the slides shown by Dr. 
Chree should be added to the paper. He said that in the 
Antarctic the disturbances seemed less violent in winter 
than in summer, and it would be of interest to know if 
a similar relation held in the Arctic. 

Dr. C. Chree, in reply, said that it should be remem- 
bered that in the Antarctic the midsummer months were 
December, January,and February. The values for these 
months stand out more highly. Birkeland is not definite 
on the question as to whether sun-spots are the origin of 
the ions or not. One reason for associating them with 
sun-spots is that in —* minima the magnetic disturb- 
ances are not pronounced, but what one fails to find is an 
equivalent excess of disturbance during sun-spot maxima. 

A paper, entitled ‘‘ The Electrification of Surfaces as 
Affected by Heat,” was read by Dr. P. E. Shaw. The 
paper deals with the anomalous electrical bebaviour of 
various substances when subjected to heat. For example, 
a glass rod rubbed with silk is normally left positively 
electrified, but if the rod be passed through a Bunsen 
flame, or heated in an electric furnace, and then allowed 
to cool it will be found on again rubbing with the silk 
that the glass becomes negatively electrified. Similar 
results were obtained with a number of materials, and 
various experiments are described which aim at deter- 
mining the cause of the phenomenon. These seem to 
show that it is not due to the formation or removal of 
layers of any substance, solid or gaseous, but is probably 
due to surface strains in the material. 

Professor Richardson said he had thought the effect 
might have something to do with the emission of ions 
when the rod was heated, but the details did not fit in 
with this. It probably resulted from some mechanical 
or chemical change in the surface molecules. 

Mr. F. E. Smith eaid it was a familiar fact to teachers 
of physics that glass would sometimes behave in un- 
expected ways in frictional hy wpe eg Tt had always 
been his habit, before rubbing the glass, to pass it through 
a flame, but the glass was usually positive after rubbing 
with silk which had been treated with amalgam. Pos- 
sibly the amalgam was responsible for the absence of any 
abnormal effect. It seemed significant that the abnormal 
effect could be destroyed by passing through the hand. 
The moisture of the hand was alkaline, as was also the 
moisture usually found condensed on substances, and 
which the flame would naturally remove. He suggested 
pouring mercury through funnels of different materials 
as a means of exciting electrification. This would elimi- 
nate uncertain effects in one member of the pairs, and 
might simplify the investigations. 

r. C. Chree asked if the whole of the surface was 
found to be in one state either normal or abnormal at the 
same time. 

Professor Howe asked whether, if a flame were played 
against one side of a glass plate, the plate would act 
normally on one side and abnormally on the other. 

Professor S. W. J. Smith thought that devitrification 
of the 1 y= or silica on heating might have something to 
do with that phenomenon, though the effect of an action 
of this kind would not, of course, be destroyed by the 
simple expedients found to be effective by the author. 

r. G. L. Addenbroke mentioned some experiments of 
his in which the effect of moisture on leakage of con- 
densers had to be investigated. Usually the surface of 
glass was comparatively conducting, and was made much 
more so by warming to about 30 deg. Cent. If, however, 
it were dried by heating, then, so long as the glass was 
kept slightly warmer than the air—1 deg. Cent. was 
enough—condensation seemed to be arrested, and the 
glass remained dry. The glass should invariably be 
washed with distilled water, or the condition of itssurface 
was quite uncertain. 

The author, in reply, said he had. not found any dif- 
ferences in the condition of different parts of the rod. 
He had not considered the possible effects of devitrifica- 
tion, but thought the effects with metals could hardly be 
accounted for by this. He had not washed the glass or 
any of the other substances with distilled water, 
taken them just as they came to hand. He thought the 
experiments with mercury would be worth trying. 

A paper, entitled ‘‘ Zlectromagnetic Inertia and Atomic 
Weight,” was read by Professor J. W. Nicho! The 
a contains a mathematical deduction of a simple 

‘ormula for the combined mass of two electrical charges 
when in ae to each other. This mass is not the 
sum of their individual masses when far apart, if it be 
sup) that all mass of positive electricity, like that 
of electrons, is of electromagnetic origin. Applications 
are made of the formula to questions of atomic constitu- 
tion and of radioactivity. A discussion is given of the 
evidence leading to the conclusion that the nuclei or 
cores of positive electricity in atoms are complex struc- 
tures of electrons, and even smaller positive nuclei. On 
this basis, emission of an a particle by an atom does not 
decrease its atomic mass hy 4, a correction being neces- 
sary for the ‘‘ mutual mass” of the a particle and the rest 
of the core. Estimates of the magnitude of this cor- 
rection, in the case of radium and thorium passing into 
lead by the emission of particles, are given. From the 
value given by Soddy for the atomic weight of thorite 
lead, we can deduce the average distance apart of the 
components in a radium nucleus. It is of the same order 
as the radius of an electron. Suggestions of further in- 
teresting applications of the precise formula for mutual 
mass are also contained in the ee. 

Dr. H. G. Allan said that, in the model suggested by 
Sir E. Rutherford the atom consists of a concentrated 

itive charge of extremely minute size, surrounded 
y electrons revolving at different distances from the 
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nucleus. In earlier Pepere, Professor Nicholson had 
shown that this was mathematically impossible, and that 
all the external electrons must either form a single ring 
or rings in el planes. The Rutherford atom was 
then reduced to such extreme simplicity that it became 
incapable of explaining the complex facts of physics and 
chemistry. It cannot, for example, give an explanation 
of the complicated series of lines actually observed in the 
spectra of elements -other than hydrogen, or of the 
a of hydrogen itself. Again, such an 
atom should havea magnetic momentsimply proportional 
to the number of electrons in the ring, for the nucleus was 
too small to produce by rotation, or otherwise, any 
appreciable magnetic moment. The results of the present 
paper appeared to prove that the nucleus of an ordinary 
atom cannot have the small dimensions previously assigned 
to it. It seemed certain that the nucleus cannot be so 
minute if we assumed that there existed init a and § par- 
ticles as such. The only reason for assigning an extremely 
small diameter to the nucleus of a heavy atom was.to 
account for the wide-angle scattering of a particles, but 
in the discussion of this question no attention was paid 
to the possible action of magnetic forces on the moving 
particle. If these existed, the trajectories became compli- 
cated, but it was probable that the scattering could then be 
accounted for without necessitating such a near , na 
to the centre of the atom. We were thus led to the view 
that the central portion of the atom might contain a and 8 
ticles in orbital motion which would set up a magnetic 
eld, But as the velocities must presumably be less than 
that of light, the radius of such a magnetic core must 
be considerably greater than that of the simple nucleus of 
Rutherford. 





American Foreign Commerce.—A remarkable illus- 
tration. of the maritime supremacy of Great Britain is 
afforded by an analysis of the foreign commerce of the 
United States in the American fiscal year 1914. . Vessels 
flying the British flag carried 53.45 per cent. of the imports 
and exports of the United States during that period. The 
corresponding proportion carried by n shipping was 
13.79 per cent.; by American shipping, 9.26 per cent.; by 
French shipping, 4.64 per cent.; by Dutch shipping, 4.10 

r cent.; by Norwegian shipping, 3.49 per cent.; by 

apanese shipping, 2.14 per cent.; by Italian shipping, 
1.94 per cent.; by Austrian shipping, 1.57 per cent.; by 
Belgian shipping, 1.27 per cent.; and by all other ship- 
ping, 4.35 per cent. The analysis extending in the fiscal 
year 1914 to American imports and exports represented 
an aggregate value of 3,785,469,000 dols. 





GeareD - TurBInE New ZeataNnD Meat-Carrier.— 
There was launched from the Glen Shipyard, Port Glas- 
gow, on the 6th inst., the steel twin-screw geared-turbine 
steamer Cumberland, built for the Federal Steam Navi- 
gation Company, Limited, of London, for their New 
Zealand meat-carrying trade. The vessel is of the follow- 
ing dimensions :—Length, 496 ft.; breadth, 60 ft.; depth, 
39 ft. 6 in.; dead-weight carrying capacity, 10,400 tons. 
Commodious accommodation, including smoke-room, Xc., 


has been provided on the bridge-deck for mgers; the 
engineers also being accommodated on this deck, while 
the captain and officers are berthed in the | house on 


the promenade -deck ; the crew being berthed in the 
topgallant forecastle. Hospital accommodation, store- 
rooms, steward’s rooms, butcher's and baker’s shops, have 
been provided in the houses on the shelter-deck aft. The 
machinery, ‘which will be supplied by Messrs. David 
Rowan and Co., Glasgow, consists of twin-screw 
turbines capable of driving the vessel at a speed of 14 
knots on service, steam being supplied from five single- 
ended boilers fitted with Howden’s forced draught. 


Tue Late Mr. Henry Rors.—Wer + to announce 
the death of Mr. Henry Rofe, M. Inst. C.E., at 8, Powis- 
square, Bayswater, W., at the age of seventy-six, on the 
2nd inst. deceased was a son of the late Mr. Henry 
Rofe, engineer of Birmingham Water Works, and 
Professor of Engineering at Queen’s College, Birming- 
ham, and at the Government School of Mines. He held 
the position of sub-engineer and acting engineer to the 
irmingham Water Works, 1860-1866, and later was 
en in the construction and management of the 
Rochdale, Nottingham, and Southport Water Works 
until 1879. In 1885 he entered into partnership with 
Mr. Edward Filliter, and practised with him as.a con- 
sulting engineer, in Leeds and Westminster, until Mr. 
Filliter retired from the profession. In 1901 Mr. Rofe 
took his son, Mr. H. J. Rofe, into partnership with him. 
During his career the deceased constructed works for the 
water supply of Burnley, Wakefield, Oswestry, and 
Newark - on - Trent tion, for the Leeds and 
Liverpool Canal Company, the Southport, Birkdale, 
and West Lancashire Water Board, and the Holyhead 
and Newquay Water Works Companies, &. In 1905 he 
visited and reported upon the water supply of Cape 
Peninsula. The firm of i. Rofe and Son only completed 
last year the Buersill Service Reservoir for the Rochdale 

ration, and the Rushmere well and peas: 
station for the Felixstowe and Walton Water Works, 
which is nearing completion. It is now ommives on the 
scheme for the new water supply for the Llanelly Rural 
District Council from the headwaters of the River 
Saawdde, in mshire, and is artes the Shipton 
Moyne pumping-station for the West Gloucestershire 
Water Company. Both the late Mr. H. Rofe and his son 
have been engaged on Water Bills before Parliament, 
and in various arbitration cases. Mr. Rofe was for 
several years engineer to the Trent Navigation, and was 
a member of the Institution of Mechanical Engineers, 4 
member of the council of the Royal Sanitary Institute, 
= a member of the Geological and Meteorological 
ety. 
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TRANSFORMING PLANT AT KIRUNA, SWEDEN. 
CONSTRUCTED BY THE NYA FORENADA ELEKTRISKA AKTIEBOLAGET, LUDVIKA 





Fig. 2. 


Tur Luossavaara-KirunavaaraCompany has arranged volts, and arrangements are also made so that the plant 


with the Swedish State for the supply of about 8000 
horse-power of electric energy for use in the com- 
pany’s iron mines. The energy is supplied from the | 
State hydro-electric power plant at Porjus, par- | 
ticulars of which will aed in our issue of May 3, 
1912, on page 587. For this pu the firm has 
constructed a transformer sub-station at Kiruna, at 
which the power is received in the form of three-phase 
current at a frequency of 25 cycles, and at a line 
pressure of 72,000 volts. The transformers and other 
&pparatus at thesub-station are, however, all designed 
80 a8 to be suitable for a working pressure of 80,000 








Fig, 4. 


can be duplicated to enable twice the above-mentioned 
amount of power to be dealt with in the future, if it 
should be required. In its present state the sub- 
station is my ee with four single-phase trans- 
formers, three of which are always in use, while a 
fourth is kept in reserve. One of these transformers, 
which we shall describe later, is illustrated in Fig. 1. 
The plant is protected by electrolytic lightning- 
arresters, the connections to which are made outside 
the building. The apparatus is placed in an upper 
storey, in the floor of which are fixed porcelain tutes, 
through which the main lines pass into the trang- 


ee below. Isolating-switches, — with 
special operating gear, are p immediately inside 
us Seminal one being fitted on mn | phase, 

nd these switches enable the lines to be connected to 
the high-tension bus-bars. Electrically-operated oil- 
«witches, illustrated in Fig. 2, are connected in each 
line leading to the transformers, and the switch-gear 
is desi #o that in the event of a breakdown the 
switch of the defective transformer can be discon- 
nected, and that of the reserve transformer operated 
simultaneously with the others. Each switch is pro- 
vided with signalling arrangements to show its posi- 
tion, and current-transformers are placed in each line 
to operate the automatic cut-outs. Bes of the current- 
transformers is shown in Fig. 3. Between the oil- 
switches and the transformers an isolating-switch, 
choking-coil, reactance, and another isolating-switch 
are connected in series in each phase. The choking- 
coil is of the hour-glass type. and is placed in the seal, 
while the reactance is of the oil-immersed type, as 
shown in Fig. 4. 

One of the transformers is illustrated in Fig. 1. 
They are, as stated, of the single-phase type, and 
each is capable of dealing with a continuous load of 
2500 k.v.a. without excessive heating, though the 
nominal rating is only 2000 k.v.a. ey sre star- 
connected, so that the primary voltage is 41,600, and 
the ratio of transformation is such as to give & 
secondary voltage of 1270. The high-tension wind- 
ings were subjected to an insulation test of 150,000 
volts. The transformers are cooled by water, which 
is circulated through four groups of copper tubes in 
parallel. The oil-tank is constructed of iron plates, 
strengthened with iron joist-sections, as shown, to 
prevent the sides from bulging. Two large cocks and 
one small one are provided for drawing off the oil. As 
will be seen, the tank is mountéd on a cast-iron 
trolley having four wheels, to facilitate moving, and 
the trolley is connected to the tank-cover by four 
through-bolts fitted with eyes for a The cover 
is provided with openings for the high-tension and 
low-tension terminals, as well as for an expansion 
vessel and an explosion protector. The latter comprises 
@ tube in which is inserted a thin disc of zinc. If the 

ressure in the tank should rise abnormally, this disc 
is burst, and the oil flows through the tube, which is 
connected to a pipe system common to all the trans- 
formers. 

On the low-tension side of the transformer is placed 
an isolating switch and an automatic circuit-breaker 
with a capacity of 2000 amperes, and, after leaving 
this, the current passes through another isolati: 
switch to the low-tension bus-bars. The secondary 
the reserve ormer is, of course, similarly con- 
nected to the low-tension bus-bars. These bus-bars 
are connected to those in the company’s steam-driven 
power-station, whence the power is distributed, part 
of it being converted into continuous current. 

With the exception of the electrolytic lightning- 
arresters, which were made by the Westinghouse 
Company, the complete equipment of the sub-station 
was constructed by the Nya Firenada Elektriska 
Aktiebolaget, of Ludvika, Sweden. 








NOTES ON MODERN [RONFOUNDING. 

On Saturday, Feb 27, Mr. R. Onions read 
before the Manchester Association of Engineers a 
valuable and comprehensive Bo entitled ‘‘ Notes 
on Modern Ironfounding.” e have not the space to 
reprint the whole, but we give below one section, 
entitled ‘‘ Runner-Basins and Gates,” which contains 
much that will be of interest to our readers. 


RunvER-BaSINns AND GATES. 
Runner-basins and gates are the channels formed in 
the sand, and provide the wag 7 which the metal enters 
the mould from the ladle. ey also serve to feed the 





mould after the pouring by means of a rod worked up 
and down by hand, imparting a kind of impact to the 
metal itself, which fills up any thick portions which may 
have been drawn upon as the casting cools. 
| The cavity where the metal is first received from the 
ladle is ed the runner-basin. All vertical passages 
are known as down-gates, and the horizontal voy 
the in-gates or sprues. As we shall see directly, the dis- 
| position, shape, and area of theap gates and hasins are 
| im nt and interesting details. ey bring into play 
| principles such as are met with in hydraulics, as vorticen, 
| centrifugal force, velocity, and momentum, each of which 
| property may be eliminated or taken advantage of, as 
| may be considered desirable for any particular case. On 
| them depends the fate of the casting, and whilst, in 
some cases, a clean casting may be got at the expense of 
an enormous riser or header, it will be found, with a 
more suitable gate, a much smaller headsr, or indeed no 
riser at all, will be required. 

The moulder has to rely entirely upon his experience 
as to what combination of the principles involved will 
form the best runner for any icular case. Lopes 4 
the metal must enter the mould quietly and with as li 
velocity as possible. There are, however, cases where a 
fairly high velocity is a distinct advantage, as in the case 
of a ring or liner, as shown by Fig. 1, page 310. Then, a 








small in-gate is made ata tangent to the mould, and a 
large down-gate. We then have a swirling motion which 
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keeps the metal agitated, and so the dirt, being lighter 
and not allowed by the agitation to cli or 
mould, is carried to the top. This swirl, 
able conditions, will be maintained to a 

or 20 in. in a liner with a 15-in. core and 1}-in. 


As this principle cannot be taken advan of for liners 
which are over 20 in. long, other means have to be re- 
sorted tu, and other difficulties creep in for which pro- 
vision must be 


Fig. 2 shows an arrangement of runner- and sprues 
which have been found to do well on _—_s In this 
case we have to keep the metal “alive” or agitated as 
well as possible all the way up, whilst we have also to 
counteract the cooling influence of the core and mould 
because of the relatively large surfaces ex to 
metal. It will be noticed that the metal falls direct from 
the runner-basin into a knob, with which the in-gate is 
connected, and this 8 to an annulus around 
the core. From this annulus lead several small sprues, 
culty spaced all around. It will be seen that with a 
large down-gate which will exceed the combined area of 
the small channels, the metal will fill the knob, and also 
keep filled the annular space, and so make all the small 
sprues effective. 


the | necessary, this should be 


resolves itself into one of those cases where a cast-iron 
rule is the safest, and say all must be as shown by 


> 3and 4. 
ig. 7 shows the best form of gating for the great 
majority of castings. If we follow the course of the 
me —_ si my ane oe me of the 
passages nt is such as will give a quiet en 
of the metal to the mould, and without ae velocity, 
an entry at or near the bottom of the mould, and without 
- The in-gate should be placed at such a position 
the metal will have a continuous and definite flow 
from the moment it enters the mould, entering at or near 
the thinnest portion, so as to have hottest metal at 
the light section, and if a feeding-gate be considered 
eet over the heavy section. 
In order to get these conditions, the down-gate from the 
basin is distinctly smaller than the down-gate in the 
drag or the in-gate to the mould. The down-gate from 
the cope discharges into a knob as also the down-gate in 
the drag. 
These knobs serve much the same purpose as a dashpot 
to @ governor ; they control any sudden rush or irregu- 
larity, the object being to give a uniform and quiet flow. 





We then have a kind of shower-bath, which is falling 


Fi 





all the time on the surface of the metal, keeping it in 
agitation, breaking up the kish and oxide which forms 
into a mass as the metal is rising, this mass being easily 
caught by any depression or belt on the liner, and so 
carrying the dirt to the top. The in-gate in this case is 
made a little taper so as to increase the velocity of the 
metal and send it as quickly as possible around the core, 
and so by coming in close contact with the core and mould 
keeps the surfaces heated in front of the rising metal. 
Large liners may be cast in this way with a riser only a 
few inches long and no thicker than the casting itself. 

It may be well here to examine what features there are 
common to runner-basins and gates, which are found in 
practice to give good results, and the reason why. — 

Figs. 3 and 4 show an ideal form of runner-basin, and 
is common to all conditions. In this a knob is provided, 
into which the metal from the ladle is poured, and by 
this arrangement the metal is instantly quietened, and 
the velocity as it leaves the knob is so small that any dirt 
has time to float. It will also be noticed that the shape 
of the basin immediately over the down-gate is square, 
and it is most important that it should be so, because it 
goes to prevent a vortex, as it is well known that any 
swirl over the tends to bring down dirt which would 
otherwise remain in the head. With this form no vortex 
can be noticed until the metal gets about half-way down 
the ans this =,S detail the importance of which 
moulders generally do not appreciate. 

The flow of metal from the ladle to the runner-box is 
under observation, and the rate at which it is poured 
— | be regulated so that the header is always about full, 
and by ordinary care a constant supply can be main- 
tained, which towards a quiet entry, and minimises 
splash. Whilst this form of basin may take a few more 
minutes to make than other forms, it will be found to 
pay well to adopt, and where specially clean work is 
required, a plug should be used over the gate, to allow of 
the basin being filled. ¥ . 

Figs. 5 and 6 show a form of runner-basin which is 
much more simple and quicker to make. It is, however, 
unfortunately an exception to the general rule in foundry 
work that the simplest and least-complicated is the best ; 
this is a runner-basin of the worst kind, and, it will be 
seen, defeats all the points that that i 
and 4 aims to achieve. We have here a basin situated 
directly over the down-gate, which has the 
the metal is most likely to splash in the 
ticularly on the commencement of pouring, 
man handling the ladle often gets it into such 
that too much metal is leaving the spout, and 
suddenly checks to a too small amoun' 
pouring oscillates as it were fo a second 
settling down to a regular flow. 

It may easily be seen that in Figs. 3 and 4 any suca 
irregularity does not tell directly on the down-gate. 
Metal if allowed to rush into 3 mould causes by its 
momentum undue pressure, strains the tending 
to lift the top box, and is a common cause of run-outs. 
The funnel - also unem Se formation of a 
vortex, and if pouring be observed a swirl may be 
seen on the surface even when the basin is quite full. 
Whilst this form of runner-basin is freely in some 
foundries, it has little recommendation be: its 
ch and on investigation it will be respon- 
sible for a good many wasters. But whilst it may be 
good enough for some jobs, it would a for . 

to use. It 


two 
an. 


management to discriminate what head 





nen many onan ee ae pee ing shot 
ail over the mould, chilling in their flight with a coating 
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Fig.4. IDEAL RUNNER BASIN. _RUNNER BASIN. 














(49314) 





of oxide, from which state they do not gy Seam i 
but are found on the top of the casting. ts 
are ly considered to be due to phosphide eutectic. 
ere it may be well to relate an experience with several 
——— These Se 
y had to be scrapped, on inquiry it was found 
that the gate had been put on the casting, the moulder’s 
intention being to drop the metal between two cores; 
owing, however, to the gate not being straight, the metal 
had been playing against the corner of one of the cores, 
which shot the metal across the mould into pellets below 
a fi most of them being tra) there; buta great 
many of 


them came to the top of the casting, the iron 

used only showing on analysis 0.3 per cent. horus, 
and the pellets gave just the same percentage. 

Gates made in the way just described give good results 


in regular practice ; but they are in direct opposition to 
the contentions of many authors on foundry work, who, 
however, do not always state their reason. 


Fig. 8 shows the class of gate as used for moulds gene- 
rally, and when choosing this consideration must be 
iven to the depth of mould and of metal. If d 


of metal into mould, No. 7 


the knob, and the down- should form the controlling 
area for the reasons aaa iven. 
Fig. 9 shows in section ouifencer for internal-combustion 








anticipated — ‘ee ey. 
gate id be used. It is, however, desirable to retain | howe 


balance the cooling effect of the large the 
metal has to be cast as hot as possible. Ser 
Then again we may have a mould with a thin section 
of metal and containing several small cores, each i 
points of conuection which the and air 
escape. Here we have to provide for 
influence of the cores, and so the casting 
sharply with hot metal. A quick cast in such cases is 
permissible because of the facilities for venting, which 
allow the air to escape as it is chased in front of the 


metal. 
Balance weights and hammer-blocks should be cast 
with a large gate. If this class of work is not cast 
smartly, the top of the mould runs the risk of being 
drawn down, due to long exposure of heat while the 
mould is filling. 

Solid pieces are better cast with an in-gate three or 
four times the size necessary to fill the mould, and the 
rate of ted by a plug in the runner-box. 
This will be found to feed most castings without the use 
of a rod th © riser. 

No rule can, therefore, be laid down 
of gates ; this is a matter which must 
ence. moulders, after considering the design, 
weight, and area of a mould, will say that it should 


F 






Fig.7. IDEAL GATING. 


Fig.t0. HEADERS GIVING SAME 
PRESSURE OF METAL. 
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cast in, say, 40 seconds or 1 minute, and on this basis 
the area of gate may be arrived at eee. 

The whole surface of runner-gates and sprues should be 
carefully blackened. If in long down-gates the ordinary 
swab cannot be to the bottom, it must be fastened to 
arod. Should thi tion be not observed, the gates 
will be scabbed, pmo where patches of sand have 
been washed into the mould. The cause of many other- 
wise mysterious defects will be located by an examina- 
tion of the gate before it is broken off the casting. It is 
remarkable the number of experienced moulders who will 
neglect this most important detail by blacking the mouth 
of the gate only. 

As to risers and headers generally, it will be found 
that moulders incline to the belief that a comparativel 
big quantity of metal at the top is an advantage. If, 

ver, the runner-basin and gates are 
very little dirt will have to be accounted 
extra inches will be found 
only other ry ee pod tha 
construct the t 











will be obtained by an 





depth. Some foundrymen de not appear to 
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confidence in their hydrostatic knowledge to say that the 
pressure due to the head, asshown in Fig. 10, is the same 
as Fig. 11. In this latter case there is a considerable 
amount of metal in bulk, often amounting to one-half the 
weight of casting required. This large bulk of metal will 
remain fiuid long after the bottom portion has set, thus 

ving a real disadvantage, not i i cost, 
Pat by the slow rate of allowing the carbon to 


Sos 
separate out in large flakes, ng the top of the casting | th 


more open. 


WORKMEN’S COMPENSATION CASES. 
Delay in Making a Claim.—This case was the ap of 
a coal hewer from an award of the Judge of the tt 
County Court, sitting as arbitrator under the Act of 
1906, in favour of his employers, the South Moor Colliery 





Company. ' » 
On November 11, 1911, the man slipped while at work, 
and strained himself, so that a s a) in his 


P! 

groin. Although advised to go home, he finished the 
shift, and, as the swelling had subsided before he was due 
to start work again, he did so, and continued working as 
usual. The swelling reappeared four months later, and 
did so again after a further period of nine months. In 
both cases the trouble passed off without preventing the 
man from following his employment, but on Feb 
of last year the swelling returned, and remained, he 
had, for the first time, to see a doctor; he was incapaci- 
tated by hernia from the above-mentioned date to 
May 30, 1914. His claim for compensation, however, was 
not made until March 13, 1914, and the question arose as 
to whether the fact that the claim was not made within 
six months was a bar to the proceedings under Section 2, 
Sub-section 1, of the Act of 1906, or whether the failure 
to claim was due to mistake or other reasonable causes 
within crane ). 

The County Court Judge dismissed the application, 
holding that the delay in making the claim was not 
shown to have been occasioned by mistake or other 
reasonable cause. 

The workman’s appeal was heard before the Master of 
the R lls and Lords Justices Swinfen Eady and Philli- 
more. After hearing the arguments, Lord Justice 
Swinfen Eady delivered judgment, allowing the appeal. 
His Lordship said that the County Court Judge held, 
upon the facts, that the applicant’s failure to make a 
claim within six months from the occurrence of the acci- 
dent causing the injury was not shown to have been 
occasioned by any reasonable cause within the meaning 
of the Act. It was urged that the applicant could not 
have made a claim for compensation before he did, - 
although the accident happened in 1911, it was not unti 
1914 that he suffered any loss. Their Lordships were 
satisfied that, upon the facts of the present case, the 
applicant had shown reasonable cause for his failure to 
make a claim within the period specified by the Statute. 
He treated the accident from the first as a very slight one, 
and the doctor said it was a small hernia ; he thought 
he had completely recovered, and for over six months 
after the accident he never lost a single day’s work, and 
only experienced slight discomfort on one occasion for a 
“2 brief period. 

be circumstances were very special, and were not 
likely to afford a precedent for any other case, as the 
employers not only waived the question of notice, but 
did not dispute the genuineness of the claim, or call any 
evidence. Ordinarily a claim in respect of a hernia 
caused by an accident which occurred more than two 
years previously, and of which no notice had been 
given to an employer, would probably be viewed with 
grave suspicion ; but all the circumstances pointed to the 
bona fides of this claim, and in this connection they had 
noticed that the workman had conceded that the results 
of the injury were now entirely at an end, and that he 
did not ask for a suspensory award. 

As above stated, their Lordships therefore allowed the 
appeal, with costs. 

Another case, in which the point at issue was whether 
the employers were prejudi in their defence by the 


failure of the workman to give notice in writing of the 
accident at the earliest possible date, was recently heard 
in the House of Lords before Lord Loreburn, Lord Atkin- 


son, Lord Parker of Waddington, Lord Sumner, and 
rd Parmoor. 

The appellant was the widow of a man who, while 
working as a drawer in the mine of the respondents 
—the Westleigh Collier ome, Limited—struck his 
knee on a tub on April 1, 1913, and caused injuries which 
resulted in his death from septic penne on April 10. 
The employers disputed liability, firstly, on the grounds 
that the death was not the result of injury by accident 
arising out of and in the course of the employment; and 
secondly, that notice of the accident was not given as 
required by the Act. 

n the day of the accident two hope saw the man sit 
down and rub his knee and limp, and he complained that 
his knee was painful. On the next day, he stayed at 
bome ; but went to work as usual on the two following 
days. On Saturday, April 5, he called a doctor, and on 
Tuesday, April 8, his wife, the ap t, saw the re- 
spondent’s fireman, and informed him of the accident. 
On April 10 the man died of blood-poisoning, set up by 
the injury. Written notice of the accident was first 
given to the res ents on April 24. 

The County Judge of Leigh, Lancashire, found 
that death resulted from an accident arising out of and 
in the course of the man’s <a, and that the 
respondents had not been prejudiced in their defence by 
the delay in giving notice; he therefore awarded com- 
pensation to the appellant. The Court of Acues set 
aside the award on the ground that the a 6 not 
established that the respondents had not prejudiced 
by the delay in giving notice. 


97 | being no inherent oo the respondents were 
t 





against this decision in the House 
of Lords, and House allowed the appeal. In giving 
judgment Lord Loreburn said that there was evidence 
to support the finding of the arbitrator on the first point 
—that the death resulted from an accident arising out of 
and in the course of the man’s employment. With 
to the want of notice, admittedly notice was not given in 
the form required by the Act, but the Act said that 
is was not to be a bar to the maintenance of the 
proceedi me’ if it was found that the employer was not 
— in his defence by the want of such notice. 
e thought that the Statute really meant that, looking 
at all the facts, the arbitrator must find that the employer 
was not prejudiced. He did not think that there was a 
presumption one way or the The arbitrator, in 
this case, did find that the respondents were not preju- 
diced. What were the facts before him on that point? 
pad occurred on April 1, but it was slight. On 
April he fireman was told of iv, and on April 9 he 
made full inquiries. He did not suggest that he could 
have learned more if he had made inquiries earlier, and no 


The widow cope 


one that, if proper notice had been given, any 
further information could have been acquired by the re- 
spondents. No evidence was called to say + the 


respondents were prejudiced. It came to this, that there 


prejudiced, those who knew re- 
a or not gave no evidence on the point. The 
learned County Court Judge came to the conclusion that 
there had been no —— The case was near the line, 
but he thought that he was warranted in coming to the 
conclusion that the great probability was that there was 
no prejudice at all. In these circumstances he thought 
= theaward made by the learned arbitrator should be 
affirmed. 

The other noble and learned Lords concurred. 

Accident to a Diseased Workman.—This case, which was 
recently decided in the House of Lords, was onein which 
the widow of a coa'-heaver, aamed Woods, claimed com- 
pensation in respect of the death of her husband from his 
employers, Mesers. Thomas Wilson, Sons and Co., 
Limited, of Hull. On March 13, 1913, the man was 
employed on board a lighter in coaling a steamer in the 
Railway Dock, Hull, and while in filling a basket 
a sudden rush of coal either hit him on the stomach or 
knocked the basket against hie stomach. He sat down in 
= pain, and, being unable to continue his work, went 

me shortly afterwards. He remained at home under 
medica! treatment until March 16, when he was removed 
to the infirmary, where an operation was performed, 
which showed that he was suffering from appendicitis 
and perforation of the bowel. On March 19 he died, and 
a post mortem examination showed that death was due to 
peritonitis following a second perforation of the bowel. 

The general effect of the medical evidence at the arbi- 
tration was that, at the time of the accident, the man was 
suffering from a weakened and disordered bowel due to 
chronic appendicitis, and that in this condition the bowel 
would be more likely to be injured by a blow than if it 
were in a healthy state. The County Court Judge found 


whether they were 


that the accident caused acute injury to the weakened | of 


bowel, and that the injury gradually produced perfora- 
tion, and thus accelerated death. A medical assessor 
called in by the Judge concurred, and compensation was 
therefore awarded. 

The award was, however, set aside in the Court of 
Appeal, on the ground that there was no evidence to 
support the finding of the County Court Judge. The 
case was then brought before Lord Loreburn, Lord 
Atkinson, Lord Parker of Waddington, Lord Sumner, 
and Lord Parmoor in the House of Lords, and the 
House, by a majority, allowed the appeal. 

In giving judgment, Lord Loreburn, after reviewing 
the medical testimony, said that the blow was instantly 
followed by disablement and by pain in the region 
struck, and was followed almost immediately by vomit- 
ing. The pain and vomiting continued, and in a week 
the man died. If there were nothing else he would say 
that these facts were evidence of an injury by accident and 
a resulting death. It was conceivable that the beginning 
of the illness, though simultaneous with the blow, might 
have been due to appendicitis seizing the man at the 

ise moment of the accident ; t, however, would 
os curious coincidence, and it seemed infinitely more 
probable that the beginning of the illness was due to 
the blow. There was, however, something else, and that 
was the medical evidence of physical fact and of opinion. 
The doctors differed somewhat as to the inference they 
drew from the physical facts; but two of them thought 
that the condition which led to death might have been 
brought about by & blow. That, to some extent, con- 
firmed the conclusion which would be warranted from the 
account of what happened to the man, and how it affected 
him at the moment of the accident and soon afterwards. 
The learned County Court Judge thought so, and the 
medical assessor , for it was that the learned 
Judge took the opinion of the assessor on the medical effect 
of the evidence, and judged of the legal effect for himself. 
It was quite true that every case must be proved, and 
something more was needed than a state of facts which 
was consistent with one vicw or the other. That some- 
thing was supplied if there was a es pe Ag 
the other. No one could frame a form by which 
babilities could be measured, and their Lordships must 
judge in each case as they would in other affairs in life. 

Continui , his ip said that questions arising 
under the o wae ann Se Oe ee ee 
plexities of causation, which wished to avoid; but 
certain propositions were, i 
court ot laa had no jurisdiction to set aside an award on 
a finding of fact if there was any evidence to support 
the finding, however much the Court ~—— 


with it. If injury by accident accelerated d to 


regard | med 





any material cxtenh, thet was sufficient to bring the case 
within the Act. is, he thought, resulted from the 
Clover-Clayton case decided in the House. He also 
thought that an arbitrator under the Act was entitled to 
act upon the advice of his medical assessor on matters of 
ical opinion and medical inferences, but not, of 
cones, on events or actual facts. 
Atkinson gave jud t to the same effect, and 
iGaer of Wetdingiin hounten Siieed, ening thn 
arker idin wever, di saying that 
there was nothing in the medical evidence to show that 
the second perforation, and subsequent death, were in an 
way connected with what hap on March 12, and 
there was no evidence that the 


ow was of such a nature 
as to lead natural! 


to the series of events which ensued 
ose events were adequatel accounted 
Lord Sumner agreed with Lord Parker 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


: We give below a mo gt - wo4¥ry - and 
inee ects, taken from the Board 
Trade Journal. Further. informa ‘ 


ean be obtained from the Commercial Intelli 
Board of Trade, 73, Basinghall-street, on, E.C. 


Egypt: The Egyptian Journal Offciel notifies that 
tenders will be received by the Inspector-General of 
Prisons, Prisons De ment, Cairo, not later than noon 
on March 31, for the supply of (1) one sev of 5-in. dia- 
meter by 9-in. stroke strong triple-barrel lift and force- 
pump 3 (2) one vertical 5-in. diameter by 6-in. stroke 
double-barrel lift and force-pump; and (3) two vertical 
10-nominal-horse-power boilers with accessories. A pro- 
visional deposit equal to 2 per cent., or a bank guarantee 
of 10 per cent. of the value of the offer, must accompany 
each tender. The tenderer must be a person residing in 
Egypt, or must have a representative in that country, 
and must give in his offer an address in Egypt at which 
notices may be served upon him. 


Cuba: The Gaceta Oficial, Havana, announces that the 


emery | pe eee pew granted paruenen to instal 
1c-generating an bi :—Sefi 
Gabriel Maristany and“3. Flores, Est mpo 


r istany and J. Florez Estrada, ab Campo 
Florido, Province of Havana; Sefior Carlos Galvani, in 
the town of Antilla, Province of Oriente ; Sefiores Leo- 

Ido Pollo and CO. Herrera, at Coliseo, Province of 

tanzas; and Sefior Salvador Cuesta, in Arroyos de 
Mantua, Province of Pinar del Rio. In each case the 
concession will be rescinded if the plant is not in working 
order within a year from the date of the concession. 


Spain: The Gaceta de Madrid publish*s a notice to the 
effect that tenders will be received «. the Direccién 
General de Obras Piiblicas, Madrid, up to noon on April 19, 
for the construction and working, for a period of sixty 
years, of a tramway from town of Marmolejo to the 
neighbouring medicinal springs. The minimum number 
3 required for the tramway will be six. These 
coaches will be drawn by animal traction. Constructional 
work must be commenced within a period of four months 
from the date of the award of the concession, and must be 
completed within a further twelve months, An option 
on the concession is held by the Sociedad Aguas Minero- 
Medicinales de jo. Although the contract will 
probably be awarded to a Spanish firm, nevertheless the 
carrying out of the work may involve the purchase of 
power | outside Spain. With reference to projected 
construction of a railway from Madrid to the of 
Valencia, the Gaceta de Madrid publishes a Ro 
notifying that plans are invited for the construction of the 
line, and projects will be received by the Direccién General 
de Obras Publicas, Madrid, within a period of twelve 
months from the date of the Gaceta. The line will consist 
of a single track of the normal Spanish gauge of 1.67 m. 
(5 ft. 54 in.). The minimum weight per li metre of the 
rails to be used will be 40 kg., and their minimum 
12 metres. The express trains must have a speed of not 
less than 50 km. (about 31 miles) per hour. With 
reference to the Bill to authorise certain expenditure 
on new naval construction and port works in Spain, it 
appears from the Gaceta de Madrid that this measure 
has, with certain modifications, now become law. (1) The 
expenditure of 230,000,000 pesetas on the acquisition of 
new war- vessels, submarines, &c., is sancti as 
saely B om pe» the amount being distributed as 
follows :—Four cruisers, 60,000,000 pesetas ; six torpedo- 
boat destroyers, 30,000,000 pesetas; twenty-eight sub- 
marines, 110,000,000 pesetas ; three gun-boate, 9,000,000 
pesetas ; eighteen coast-patrol vessels, 6,000,000 pesetas ; 
contact mines and other submarine defences, 9,000,000 
pete: expenditure for unforeseen requirements, &c., 

000,000 pesetas. The Ministry of Marine is commis- 
sioned to take steps for the immediate setting up in 
Spain of the manufacture of the materials for con- 
struction of the vessels, with a view to nationalising as 
soon as possible the relative industries. (2) The ex- 
penditure on works at naval 


and the o—| of barges, 
the followi hoe the ipal i 
6 followin ncipal items 
Ferrol —h tated eupendiinns of 3,600, 
cluding dredging works, 800,000 pesetas ; 
1,000,000 ; petroleum dépdts, 500,000 pesetas ; 
pesetas. 


wharf equipment, &c., 750,000 Cadiz :—A total 
expenditure of 9,120,000 pesetas, including dredging, &c., 
works, 3,045,000 pesetas; wharf ae &c., 3,243,000 


boats, 500,000 ae floating 
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capacity of 4000 tons, 2,000,000 pesetas; petroleum 
dépota, 500,000 pesetas ; workshov, &c., improvements, 
1,150,000 pesetas. A sum of 3,800,000 _— is to be 
spent on the necessary improvements to be made at ports 
of refuge for torpedo-boats and submarines. Under the 
heading of ‘floating material,” 2,600,000 pasetas is set 
aside for the purchase of five tngs for salvage work, 
300 000 pesetas for six lighters, 1,575,000 pesetas for tank 
vessels and barges for coal, petroleum, munitions, &c., 
and 1,000,000 pesetas for two'floating eranee. A further 
rum of 7,000,000 pesetas is asgigned for the supply of 
drinking water to the naval bases. (25 pesetas = t 
1l. at the current rate of exchange.) 

Chile: The Diario Oficial, Santiago, notifies that 
tenders are invited by the Chilean State Railways 
Administration for the supply of eight first-class railway 
carriages, ten third-class carriages, five brake-vans, and 
104 gonds-wsgons, all of metre gauge, to be delivered at 
the port of Coquimbo ready forservice. Plans and speci- 
fications, &c.. may be obtained from the Derartmento de 
Materiales i Almacenes (Estacion Alameda), Ferrocarriles 
de] Estado, Santiago. at which address also tenders will 
be received up to 10 a.m. on March 20. It will be 
observed that the time for thé receipt of tenders is limited, 
and this intimation therefore will be of use only to 
— having agents in Chile who can be instructed by 
cable. 





THE TMPROVEMENT OF THE RIVER 
CLYDE AND HARBOUR OF GLASGOW, 
1873,1914.* 


By Sir THomas Mason, Assoc. Inst. C.E. 


Tue lest paper presented to the Institution dealing 
with the River Clyde was that read in Mav, 1873. by the late 
= J — Deas, bee engineer of oe ee a 
and the purpose of this paper is to sketc * progress 0 
the works from that date until now. Briefly, the state 
of matters in 1873 was that the river from Glasgow to the 
sea at Port Glasgow had an average depth of 15 ft. to 
18 ft below low water, and 25 ft. to 28 ft. at high water 
of ordinary spring tides. whilst the largest vessel navi- 
gating the river bad a draught of 22 ft. The total quay- 
age of the harbour was 6410 yards in length, and the 
water area was 76 acres. The volume of goods imported 
and exported amountad to 2,236,925 tons. The tonnage 
of vessels arriving and departing was 4,392,402 tons, and 
the revenue amounted to 182,906/. 

The principal works un“er constrnction in 1873 were 
No. 1 graving-dock ard Quneen’s Dock. The ving- 
dock was opened in 187%. Queen’s Dock (Act of 1870), 
involved a diversion of Pointhouse-road, about 1000 yards 
in length. The same Act authorised Stobcross and 
Plantation quays. By 1873 the firat portion of the latter 
quay had been completed, and hy 1874-5 the last portion 
was finished. In the first portion 12-ft. diameter brick 
cylinders were used for foundations. In the latter por- 
tion, trinle groups of concrete were adopted. 

Queen’s Dock has three basins, with a water area of 
839 acres and 3334 yards of quave. The depth below low 
water is 20 ft. The entrance, 100 ft. wide, is spanned by 
a swing-bridge. At this dock, a third type of triple 
concrete - cylinder foundations was used. Here, too, 
hydraulic power was introduced for the first time. The 
north and west quays are devoted to export of coals and 
import of minerals: the remaining quays are allocated 
to general trade. The dock was utilised in sections, the 
first portion in 1877, and the last about 1880. The total 
cost was 901.4622, 

In 1873, No. 2 graving-dock was authorised, also 
widening of the river at three . By 1883 the 
quayage had increased to 10,624 yards. Notwithetanding 
this, powers were secured to construct Prince’s Dock on 
the south side of the river, and to bring in a railway 
connection. In 1890 the form of the dock was altered, 
and the railway was arranged bo enter on low level. This 
work involved a diversion, ahout 1560 vards in length, of 
the main road between Glasgow and w, with 
tramways thereon, and was completed in 1892. The dock 
has four basins, with water area of 35 acres and 3737 
yards of quayege. The north basin hasa depth of 20 ft. ; 
the centre south hasins, 25 ft. ; and the outer basin 
varies from 20 ft. to 28 ft. below low water. The en- 
trance is bell-mouthed. with a minimum width of 156 ft. 
The wert quay is allocated to general trade, and to 
vessels fitting out, for waich latter vurpoze a 130-ton 
steam-crane was provided. The south quay is set apart 
for export of coal and import of ore. The remaining quays 
are weed for general trade, and are provided with sheds. 
chiefly two-storeyed. The crane equipment consists of 47 
cranes : 43 hydraulic, 3 steam, and 1 electric. On the south 
quay, for coal export, is one 25-ton steam-crane and 
a 20-ton hydraulic hoist. The dock bas railway connec- 
tion via the General Terminus Railway and by the 
Prince’s Dock Railway. The first portion of the dock 
was brought into use in 1892, and the last in 1897. The 
quays are fonnded on concrete vylinders, similar to those 
at Queen’s Donk. The cost of the dock and all equip- 
ment was 995,800/, 

No. 2 graving-dock was opened in 1886. The dimen- 
sions and cost of graving-docks Nos. 1, 2, and 3 are given 
in the table in the next co'umn. 

In 1884 a quarantine station and cattle dépdt, also 
timber yards at Shieldball, were authorised, and 380 
yas - a were a eae . 

v the Act mentioned, No. 3 graving 
i slonanliio the existing two docks. 
trustees, feeling the want of mineral-traffic berth- 
age, obtained powers in 1899 to construct Rothesay Dock 
read before the Institution of 


* Abstract of a 
on y, March 9. 
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in the Burgh of Clydebank, 6 miles below Glasgow. The 
dock has an outer inner basin, with a water area of 
about 20 acres, and abont 2045 yards of quayage. For 
export of coal there are four 32-ton hoiste and one 32-ton 
movable crane; for import of iron ore, &c., there are 
twenty-one cranes and two transporters. All equipment 
is operated by electric power. Here the founding of 
quay-walls on concrete monoliths was first introduced 
The North British and Caledonian Railway Companies 
each constructed h lines up to the dock grounds. 
The capital expenditure on this work has been about 
574, 9000. 
Graving-Docks on the Clyde, at Glasgow. 


No. 2, | 





| No.1, | No. 8, 
~~ 1875. 1886. | 1898 
| ft. in. ft. in. ft. in. 
Length of floor inside face of | 
caisson oe ee es --| 561 0 575 0 880 0 
Length of floor of outer division) _ 460 0 
Length of floor of inner division) — — 420 0 
Width of entrance at bottom .. 65 0 57 0 83 0 
Width of body of dock at floor. . 55 5 62 4 81 8 
Width of entranceattop ..| 72 0 | 67 0 | 83 0 
Width of body of dock at cope, 
level oa we ws “ 94 0 92 0 | 115 0 
of — on entrance sill 
at ave high water of | 
tides eye “ me epring 2210 | 2210 | 2% 6 
Cost, excluding land «-| 134,8671. 110,9892. | 240,8721. 


Traffic still growing rapidly, the trustees in 1904 got 
power to construct 525 yards of quay at Merklands, in 
the Burgh of Partick, to give 26 ft. and 38 ft. respec- 
tively, and 1137 yards at Yorkhi"l, togive 28 ft. and 40 ft. 
respectively. below low and high water. Behind Merk- 
lands Quay 7} acres of ground were leased to the Glasgow 
Corporation for new cattle-lairage. Merklands Quay and 
the relative works were completed in 1907 at cost of 
about 73 7002. At Yorkhill there was another diversion 
of Pointhouse-road. The quays were brought into use 
in 1910, and they have sdmirable railway connections, 
At both Merklands and Yorkhill the monolith system of 
foundation was largely used. The capital outlay at York- 
bill has been about 241,000/. Under the same Act of 
1904, 22 acres of land were thrown into waterway in 
widening the river. 

In 1905, the Clyde Trustees acquired from the Royal 
Burgh of Renfrew their rights to form a dock for the 
enlargement of their small harbour. At the same time they 
purchased 110 acres of ground east of Renfrew, and by 
an arrangement with the Corporation of G w to 
shift the site of their sewage works, the Trustees me 
owners of the river frontege from Shieldhall to Renfrew, 
a distance of more than 2 miles. With a further pur- 
chase southward of Renfrew-road, they now hold 400 acres 
of land. Under powers got in 1907, 538 yards of quayage 
were constructed at Meadowside, in the Burgh of Partick. 
The quay was completed in 1912, and gives a depth of 
28 ft. and 40 ft. respectively at low and high water. The 
works have cost about 129,400/. Behind the quay a 
granary, capable of storing 31,900 tons of grain, has been 
erected, at a cost of about 120,000/. The works have 
excellent railway connections. 

Besides the cylinder and monolith systems of founda- 
tion for anay-walls, some caisson foundations were put 
down in Glasgow Harbour about 1902, where the strata 
were of a treacherous character. These caissons were 
eight in number, each 80 ft. long by 18 ft. wide, the first, 
25 -% in height, being built of steel, and the rest of brick- 
wor 

To accommodate vessels of the extreme sizes now 
building, the Trustees got powers in 1911 to construct a 
graving-dock and two basins on a portion of the 110 acres 
east of Renfrew. The basins will provide 32 acres of 
water and 1650 yards of quays, the depths at low and 
high water being 30 ft. and 414 ft. respectively. The 
graving-dock is pronosed to have a length of 1020 ft., a 
depth on the sill of 36 ft , and ample width of entrance. 
For ee out the 400 acres of land, a scheme has been 
formulated consisting of four paralle! basins, entering off 
the river, with widths varying from 300 ft. to 400 ft., and 
400 ft. for width of piers. 

In 1914, power was obtained to divert the Renfrew- 
road and tramways thereon, 2770 yards in length, and to 
construct the two easternmost basins, giving 41 acres of 
water-space and 3345 yards of quays. When completed, 
the whole scheme of five basins will afford 29 acres of 
water-epace and 8200 yards of quays. The basins will 
ae specially favourable connection with the adjoining 
railways. 

The chief obstacles met with in deepening and widen- 
ing the river have heen hard boulder clay and rock at 
Elderslie, east of Renfrew. In 1873, only 8 ft. 
existed over one-half of the channel and 14 ft. over the 
other half. From 1880 to 1886 a depth of 20 ft. below low 
water was attained, and from 1903 to 1907 28 ft. was 
reached. The area of ground was nearly 54 acres, and 
from first to last the expenditure has been about 140,000/. 
The deepest draughted vessel navigating the river in 
1873 drew 22 ft.; in 1914 liners drawing 27 ft. to 29 ft. 
went to and from the harbour. In 1907, the Cunarder 
Lusitania, and in 1914, the Aquitania, passed safely to 
bea, — 294 ft. 
hepgio’ Canganet- Sub ho 400 sone capstan, etlae Gupestoed 

opper ° to tons capacity, which deposi 
their materials on Loch Long Now there are four 

werful modern dredgers and sixteen steam-hopper 
with carrying capacities of 1000 and 1200 ae 

which deposit at the mouth of the Firth. The origi 
on of the present plant was about 440,000/. Particulars 


of dredging t are given in an Appendix. Dredging, 
for new po) pene peed aster hy has cost 1,778,000. The 


site of workshops and slips at Dalmuir for repair of | scale 





dredging-plant being required by Messrs. Beardmore 
and Co., the Clyde Trustees constrncted new works at 
Renfrew in 1908 at a cost of about 122,000/. 

The improvements on the river have had the effect of 
reducing the time of flow hetween Greenock and Glasgow. 
Low water has fallen at Glasgow about 2 ft., and is now 
5 in. lower than at Greenock. In 1873 springs rose 
10 ft. 6 in.; now the rise is 12ft.2in. A longitudinal 
section of the river shows the progressive deepening 
between 1871 and 1914. In 1873 the river lights consisted 
of two lighthouses, one lightship, end three light-towers, 
all burning oil. -Now there are twenty-six lights, all 
burning Pintsch’s compressed gas. 

The Clyde Trustees provide cross-river communication 
by ferries. In 1873 1) were seven passenger ferries 
and one vehicular ferry. Now there are six for passengers 
and five for vebicles. Boats and constructional works 
have cost about 158,000/. 

During the last forty-one years the growth in the size of 
trading vessels on the Clyde has been very great, tonnage 
having increased by 325 per cent., length by 56 per cent., 
breadth by 69 per cent., and draught by 48 per cent. 
Quayage has imoreased 3 times; tonnage of gonds 
handled, 44 times; and revenue, nearly 34 times. The 
water area of harbour and docks, which in 1873 was 
76 acres, is now H35acres. The debt of the Trust has 
grown from 2,350,256/. to 7,196,575/.; the borrowing 
power from 3,700,009. to 9,700,000/. Over the iod 
under review the capital expenditure on new works and 
improvements has been 6,913,923/. 





CATALOGUES. 
Shaft-Couplings.—The British Thomson- Houston Com- 
panv, Limited, of Rugby, have issued a price-list of 
flexible-flanged couplings, solid-flanged couplings, and 
muff-couplings for shafts. 
Nautical Books, dc —Mies G. A. Pratt, of 21 and 22, 
Oxford-street, Southampton, has sent us a catalogue of 
ks on navigation, nautical astronomy, meteorology, 
surveying, signalling, naval architecture, seamanship. 
marine engineering, refrigeration, and other subjects of 
interest to mariners. 


Taps and Dies.—Messrs. Alfred Herbert, Limited, of 
Coventry, have sent ns an illustrated price-list of taps 
and dies manufactured by the J. M. Oarpenter Tap and 
Die Company, of Pawtucket, R.I., U.S.A. We under- 
= that Messrs. Herbert are the sole agents for these 
too! 


Road - Rollers. — Messrs. Marshall, Sons and Co., 
Limited, of Gainsborough, have issued a pamphlet 
containing several reproductions of photographs showing 
their mee lers at work, and also printing a number of 
testimonials from users. One of the latest designs of 
these machines was illustrated and described on page 131 
ante. 


Pumps and Air-Compressors.—The Gardner Governor 
Company, of Quincy, Illinois, U.S.A., have sent us a 
number of bulletins giving particulars of their producte. 
These include steam-driven and power-driven duplex 
pumps. a mud-pump for rotary drilling in oil-fields, 
and several different types of air-compressors. The 
bulletins give full particulars of these machines and also 
illustrate and describe their construction. 


Power - Hammers. — The Judson - Jackson Coney 
Limited, of 50, Marsham-street, Westminster, S.W., 
have sent us a copy of their catalogue of power-hammers. 
These hammers, which are of the spring type, are made 
in 60-Ib. and 160-Ib. sizes, known, respectively, as 
**Goliath” and ‘‘ Hercules” hammers. © former are 
capable of working iron up to 4 in in diameter. and the 
latter up to 5 in. in diameter, Their construction is 
illustrated and described in the catalogue, and full parti- 
culars. with prices, are given of each; a large number of 
testimonials from users are also printed. 


Switch —A small folder giving particulars of their 
late t design of ironclad switch has been issued by 
Messrs. J. H. Tuckerand Co., of King’s-road, Hay Mills, 
Birmingham. Among the novel features of this switch 
we may mention that it is fitted with a quick-make move- 
ment, as well as with the more common quick-break. 
The cases, which are all fitted with an earthing terminal, 
are coated internally with a special silicate enamel, and 
the exteriors are enamelled and stoved. Micanite is the 
only insulating material used in their construction, and 
pow § switch is subjected to a flash test at 2000 volts. 
They are, at present, only supplied in the 25-ampere size, 
but other sizes are in course of preparation. 

Boiler-Scaling Tools, d:c.—We have received from Mr. 
Frank Gilman, 62, Lightwoods-hill, Birmingbam, a useful 
catalogue of pneumatic tools for boiler-scaling. These 
tools, which are sold under the somewhat fantastic trade 
name of “‘ Skatoscalo.” are made in several different pat- 
terns for general scaling work on flat or curved surfaces, 
as well as for working inside tubes of boilers, econo- 
misers, evaporators, surface-condensere, &c. For cleaning 
condenser-tubes electric and pneumatic tools, employing 
& rotating cutter or anger, are listed, and a somewbat 
similar tool, operated by hand-power, is also described 
for cleaning economiser-tubes. Another useful and inte- 
resting tool dealt with in the catalogue is the “‘G. C.’ 
pneumatic ing, scraping, and polishing tool, speri- 
ally designed for removing paint and rust from iron work. 
cleaning ships’ bottoms. scraping and polishing stone 
work, brewery utensils, &c. Particulars are also given 
of the Wolf electro-pneumatic portable chipping and 
riveting hammer. for which Mr. Gilman is the agent; 
all the other appliances dealt with are manufactured by 
him. He also undertakes to send workmen anywhere (0 
boilers, condengers, &c, 
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SPRING PRESSURES ON CAMS. 


Everysopy knows that when a piece is worked 
by a cam a spring is necessary to maintain contact 
between the roller and the cam face. The ordinary 
method of finding the acceleration of the roller 
towards the centre of rotation is not very accurate, 
and involves considerable trouble. Reference is 
made, of course, to plotting a travel-time curve and 
graphically differentiating it twice over. So the 


strength of the spring is often left to the experience | 
’ of the designer. The following 


and *‘ gumption i 
investigation yields a simple method of findin 


directly the acceleration at any point in the travel | 


of the roller, and by determining the accelerations 
for three or four “‘ vital ” points a diagram can be 
constructed showing at once what spring pressure 
is necessary. 

In Fig. 1 a cam of any general shape is shown, 
and the dotted curve is the ‘‘ path ” of the centre 
of the roller. O is the centre of rotation of the 
cam, and for all ee of our inquiry we can 
consider that the roller is a point moving round 
this ** path” with a constant angular velocity about 


Fig.l. 






O (let it be n revolutions per minute), and that the 
velocities and accelerations of the roller in its 
travel are those of this point, resolved in the direc- 
tion of O. 

Let us consider the roller at A, and let A B be 
the normal to the path at A, and let O B be drawn 
perpendicular to AO. Let a be another position 
of the roller infinitely close. to A, and let O Z be 
marked off equal to O A. 

As the triangle Aza is infinitely small, it is 
similar to A O B, and also the velocity of A in the 
direction of O may be represented by Z a, if A z 
represents the velocity of A round about O,— 

i.¢., Velocity of A away from O _ a: _OB 
“* velocity of A round aboutO Az OA’ 
and as velocity of A about O 
AO 
Te 


we have velocity of roller away from O 


mA ft. per seconc, 


= 360 * 
AO and OB being measured in inches. 

In Fig. 2 the same symbols apply with the 
following additions : — Let M be the centre of 
curvature of the path at A. Join a M and draw 
‘)> perpendicular to Oa. Let the angle OAB 
be a, and the angle A Oa be d 6, both in radians; 
and let the infinitely small time taken in moving 
—- to a be dt seconds. 

Then 


O B ft. -secs., 


6 — © ge, 
24rx rn 


dt=d@x 


Now, 








Velocity of roller at A 36 " O B, 


Velocity of roller at S208: 
elocity of roller at a 0° 


and this change takes place in the infinitely 
small time d ¢t seconds. 
rn 
: 360 (O0b-OB) 
.*. Acceleration at A = - a 
‘ad a ( —- OB\, 
10,800\ ao ) 





Now, 


Ob= Oca x tnOaM (1) 


(2) 


and 
Oa=OA(1l+d0@ tana) . 


Angle OaM = a+d0 -— angle A Ma; 





Aa . Azseca 
but leAMa = rad a &fes 
mia ao ee 
— AOd#@ seca_ A Bas 
AM AM °- 
‘% Angle OaM=a+d0(1-A%)=a+de wa? 











and by calculus, 


a a MB 
tan Oa M = tana + seota (d 0 =) (3) 
Now, combining (1), (2), and (3), we have :— 
Ob=OA(1+d6 tana) 
(tan a + sect al a0 re ) 
=OAtana+OAdé 
( tan? a + seca we) 
+ (d@P OA tan a sec? a ue. 
The last term is negligible, being an infinitesimal 
of the second order, also O A tana = OB, and 


hence we have :— 
22-28 mma) 
dé MA} 

or acceleration of roller at A away from O 
n2 - MB 
iaag © A (tan’ « + seo? a 34 ): 

In this form the expression could be used to 
calculate the acceleration for any given case ; but 
after using it thus to examine some special cases, 
it will be reduced to a simple geometrical con- 
struction. 

In Fig. 3 a flat-sided cam with a single radius 
at the nose is shown, a very common type. 

When the roller is just starting down the flat 
the radius of curvature of the path is infinite ; 
hence pad = unity. Also angle a = 0. 

sec? a = unity and tan? a = 0. 


= OA (tan? a + sec? a 





Acceleration = — x OR, 





When the roller reaches the other end of the flat, 
B is still unity, but a has the value shown, and 


MA 
Acceleration =" OS (tan® a + sec? a). 

It is to be noticed that while the roller is on the 
flat, the point M lies on the same side of B as it 
does of A (S or R), and hence m. is positive. 

We will consider accelerations away from O as 
positive. 

As soon as the roller passes on to radius at its 
nose, M instantaneously takes up the position shown 
between Sand B. Therefore as is negative, 
“inside” B that 
is > tan’ a, and therefore the accele- 


and in 0 case is so far 
2 —— 
ate a 
ration is instantaneously changed from positive to 
negative at this point. 
en the roller is at T, a is again zero, and 


a MB fe 
Acceleration = i008 AO x WA (negative). 


/-Acceleration 








Fig. 4 shows the complete curves of acceleration 
and velocity for this cam. 

We will now pass on to the aforementioned geo- 
metrical construction, reference being had to Fig. 5, 
with the symbols as before, with additions as follow: 

Let B C be drawn perpendicular to A B, and C M 
joined. Let b M be marked off equal to B M on the 
opposite side of M, as shown, and b D be drawn 
parallel to C M. 

On examining this figure it will be found that 

OC=OA tan’a and 
AC =O Asec?a 


MB 
CD=OAsec*a x MA’ 


hence O D (measured in inches on full-sized dia- 
gram) - 
=(OA tanta + sect a Hf ). 


or acceleration at A 
rate n2 
— Oo D x 1095" 


If D falls on AO produced, as in Fig. 5, the 
acceleration is away from O; but if M is sufficiently 
inside B to make D fall on the opposite side of O, 
i.e., either between O and A, or in 0 A produced, 
the acceleration is towards O, and the spring is 
necessary to keep the roller on the face of the cam. 

If MC makes a very acute angle with A O, or if 
the point b is inaccessible, it is best to calculate the 
acceleration from 


is =: all MB 
Acceleration = age (00+ AO wa) 


remembering that Wa is negative if M lies between 
A - B. " an 
ig. 6 shows the work necessary completel 

to analyse the spring action of an ordinary a. " 

The construction is as before, and the shaded 
diagram is the result of plotting the accelerations 
found. The positive acceleration is shown down- 
wards at EQ and FL, while the negatives are 
plotted upwards at FN and GP. In estimating 
the resultant forces it is, of course, necessary to 
include, not merely the weight of the roller, but 
also the weight of all the parts that move with it. 
These forces are proportional to the ordinates of 
the acceleration diagram. H J is the line of spring 
ressure to the same scale as the acceleration 

i represents the accelerating forces. It is 
straight, of course, and must lie above E N P. 

To allow for overcoming friction on the return 





stroke, preventing chatter, &c., it is recommended 
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that # K = about 2N F, or JG = about 2PG.)one using a rotary work-table, the other a recipro-| by the Blanchard Machine Company, of Cam- 
Of course, if the piece driven is a valve, EH must cating one. The latter may have a rotary table| bridge, Mass., U.S.A. Its main dimensions are 
be large enough to seat it properly. fitted as an adjunct. Surface-grinders have been | as follow :—It covers a range of 30 in. diameter by 
In plotting the diagram it is best to multiply the 12 in. high ; its work-table is 26 in. in diameter ; 
lerati b hin Wt Lealent same its wheel is 16 in. in diameter by 5 in. deep ; its 
Se ae a (where W is the equivalen Springs SES rim is from 1 in. to 1}in. thick. The yong ag one 
weight at the roller of all parts moved by the same), \ —f-x—- |Speed of 1000 revolutions per minute, has down- 
anil tens get actual Suntan te compete wiih actual Pig.47. %® ; | feed by hand or by power, ranging from 0.0002 in. 
spring pressures. to 0.005 in. per revolution of table by a of 
In might be noted that PG is > NF on con- j [GS008in...ome & hes an autecstie step: Fzovi- 
dition that O M is equal to, or less than, A M. | |aion is made for raising and lowering the wheel- 
124. Dre * head rapidly by power, with safety-stops. The 
' work-table has eight geared speeds ranging from 
GRIN DING-MACHINES.— No. IV é > |5 to 44 revolutions per minute. The base casting 
- j * . 3 D> = | forms a tank of 64 gallons capacity, and a centri- 
By JoserH Horner. / saat ~ =| fugal pump with 8-in. fan discharges the contents 

A DEPARTMENT of grinding practice which has } ° through a 1}-in. pipe to a l-in. pipe at the wheel. 
grown to vast dimensions latterly, and which is Commencing the study of the details of this 
still extending, is that of face-grinding done on | $ machine with the wheel fittings, these are shown 
machines with vertical spindles. This is very B 3 in Fig. 47 in vertical section. They supply an 
commonly, though not invariably, combined with object-lesson in the amount of minute and careful 
the magnetic chuck for holding the articles which - ; , design which is necessary to secure efficiency in a 
are being ground. Some sections of this growth gi. high-class grinder of the present time. The wheel- 
have been fostered by the requirements of automo- ' head slides on the column, with square edges. Its 
bile work, but others relate to general engineering 2 | slides are 30 in. long, its guides are 36 in. long, 
practice. The articles that are best adapted for | = > \ and tapered gibs extending the whole length take 
surface-grinding are those which would in the older ~, ~S ul { up wear. The slide is protected from dirt and 
and ordinary practice go to the planer, shaper, | . + water by a continuous metal guard attached to the 
milling-machine, and lathe, such, for instance, as ' —*— |wheel-head. The wheel spindle, 3 in. in diameter, 
flanges, crank-case covers, various faces and flanges, | Avz: |! 2 ; is of 0.40 to 0.50 carbon steel, and is carried in 
thrust - washers, discs, valve - faces, the faces of | “aér| | oe % Wheel Ring bearings below and above. The lower one is solid 
piston-rings, and, indeed, any castings or forgings| i A Water t| Fe ement with the sliding-head, the upper one is bolted to a 
which have flat faces to be tooled. ! Pi FE igel Safety bored seating, forming a portion of a circle, in order 
The vertical-spindle machines, to which we have 5 via T ViirtGuard | Simplify alignment. The spindle carries the face- 
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Fies. 47 ro 52. Derarts or Vertical-SpinpLe SuRFACE-GRINDER ; THE BLancHaRD Macnuine Company, CamBripcz, Mass., U.S.A. 


referred, lend themselves to multiple production on | affected by developments of a similar kind to those | plate which reccives the grinding-wheel, and the 
a very e scale, and in this connection the mag-| which have influenced cylindrical grinders—that is, | drum for the driving-belt. The face-plate is keyed 
netic chuck offers important advantages. It dis-| in their increased weight and rigidity and driving | on a tapered end and secured with a nut. The drum 

nses with fastenings for each separate piece, while | power ; so that the term ‘‘ manafacturing grinder ” | is made a press fit and secured with a key in each 
it can be made of large dimensions to receive many | applies to many of the later machines, as it also|of its bosses to the spindle. The drum with its 
scores of similar articles. The machines with which designates many of the cylindrical machines. spindle is adjusted for running balance in a spindle- 
we are now dealing are constructed in two designs,| The illustrations annexed relate to the grinder , machine. 
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The bearings and the provision for lubrication 
are clearly shown in this figure. The spindle runs 
at the lower end in a solid tapered bushing of 
phosphor-bronze, having the large end upwards, so 
that any thrust of the wheel which may be caused 
by improper adjustment cannot be transferred to 
it. The bushing can be raised for its adjustment 
by means of the threaded ring seen above it. 

The weight of the revolving parts is carried by 
means of springs, seen at the top, the pressure of 
which gives an excess of several hundred pounds 
over the weight carried. Backlash is thus taken 
up, and any variations in length consequent on 
changes in temperature receive compensation ; more- 
over, the thrust-bearing at the lower end is also 
always maintained in close contact. The reaction 
of the springs pressing downwards is taken by the 
ball thrust-bearing in the upper box. A radial 
ball-bearing just above this takes the side pull of 
the belt. 

The lubrication of the main thrust-bearing—the 


bushings, Fig. 49, threaded into the column, pro- 





lower one—is effected by « compression grease-cup. 

















Fic. 56. 


The tapered bronze bearing is furnished with an 
oil-reservoir, having a cepacity of one quart. The 
lubricant is circulated round the spiral groove cut 
in the spindle. A gauge indicates the level of the 
oil. The water supply to the wheel, the entrance 
of which is seen at the left hand, encircles the 
reservoir and cools the oil. The upper ball- 
bearings run in an oil-bath, the height of which is 
also indicated by a gauge. All the bearings are so 
enclosed and protected that no water or foreign 
matter can gain access to them. 

The mounting of the wheel is done without 
clamping. A retaining-ring screwed to the face- 
plate encloses the wheel, which is set with Portland 
cement. It is protected by a steel safety-guard. 
The wheel is also banded with wire, in much the 
same way that banding-wires are put on armatures 
of electric motors. If any excessive stress causes the 
wheel to crack, the wires will retain the fragments. 
The water supply, coming in from above, passes 
through diagonal passages in the face-plate, being 
thus directed to the inside of the wheel, whence it 
runs out over the face by centrifugal force. Six 
wheels are supplied, each set in ite own ring, 
fastened to the face-plate with six screws. The 
wheels, 5 in. deep when new, can be used down 
until within rather over 1 in. deep. The driving- 
belt is a 5-in. one—double—which affords ample 





power for the heaviest grinding without appreciable 
slowing down of the wheel. It passes over two 
guide-pulleys, seen in Fig. 48. 

In order to retain the alignment of the spindle, 
which is necessary to maintain the face of the 
wheel llel with the table, the column on which 
the slide for the wheel-head is formed is bolted to 
the bed at eed Fig. 48. The column and 
bed are separa’ by a space of about ,; in., and 























Fic. 57. 


Fics. 53 to 58. Exampies or WorK GROUND ON THE BLANCHARD VERTICAL-SPINDLE GRINDER. 


vide for the slight vertical adjustments required at 
these three points. A hold-down bolt passes 
through the bushings and is tapped into the bed. 
The head of the bolt bears on a washer, which 
rests on the column-casting, but not on the bush- 
ing. The washer has a hexagonal head, and it is 
used to turn the bushing by means of projections 
which enter slots on the top of the latter. By 
raising or lowering these three points, the column 
is tipped and the spindle retained in alignment. 
When the central bolt is tightened, all backlash in 
the bushing threads or elsewhere is taken up, the 
bolt acting to tie ali the parts firmly together. 
Also by adjusting the rear supporting point alone, 
concave or convex work can be ground and dupli- 
cated, the washer being graduated. 

Hand and power ver'ical feeds are provided to 
the wheel by means of a protected screw, Figs. 47 
and 52, which runs in a phosphor-bronze nut 
secured in the head. Feed mechanism is driven 
from the table-motion, which is arranged to feed 
once at each revolution of the work. The table 
and its mechanism may be noticed first. 

The work-table, Fig. 50, rotates only; it does 
not reciprocate. Its table slides by hand, but 


that is only for the purpose of removing it clear of 
the wheel when setting or removing work (see 
Fig. 48). 


The table, being an integral part of the 


grinder, remains true, and does not reduce the 
vertical capacity of the machine as a coe 
table does. It combines magnetic holding wit 
rovision, by an annular T slot and sundry tapped 
oles, for mechanical grips. Either may be used 
alone or the two methods may be combined. The 
table is provided with circular steel poles with 
concentric grooves cut out of the solid, to hold the 
separating rings, which are of hard brass strip, 
driven in and expanded in place, forming a hard 
surface, impervious to emery, and water-proof. 
The various protective measures embodied in the 
table fittings are worth a study. The contact rings 
and brushes, which convey current, are located 
within the table carriage. Moisture is prevented 
from entering because the oil which lubricates the 
table forms a seal. Flexible steel-armoured cable 
connects to the terminal box at the rear of the 
machine. The ro table runs on an annular 
bearing on the carriage, with a central spindle. 
Eight oil-pockets are provided in the carriage bear- 














Fie. 58. 


ing, and the spindle has a spiral oil-groove. These 
parts run submerged in oil, the level of which is 
shown bya gauge. A guard-lip on the table cover- 
ing a grooved ring prevents access of water or grit 
to the bearing parts. The table is driven from a 
constant-speed pulley through a gear-box and 
splined shaft, Fig. 51, to the sliding carriage. 

hence bevel-gears drive to the spur-gear on the 
rotary table. ‘The ring-oiling to the splined shaft 
will noticed, the felt packing, and the tubular 
protection, which is telescopic. The eight speeds 
of revolution for the table are provided in a gear- 
box A, Fig. 52, put into operation with internal 
spring-, or dive-, ton, which are sprung up into the 
keyway of any wheel that is required to be put 
into operation for the time being. The speeds may 
be changed without stopping the table, and more 
than one speed cannot be engaged at the same time. 

The general scheme of the operation of the 
machine is shown by Fig. 52. It is better to begin 
with the table-feed, which is derived from the 
single pulley B, driving through the gear-box A 
just mentioned. The levers CO, D, at the left, control 
the speeds. The clutch-lever E above starts and 
stops the table. The down-feed of the wheel, 
effected through the screw and its nut, in Figs. 47 
and 52, is transmitted through bevel-gears from a 
vertical shaft F driven by the table speed-box, and 
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transmitted through a graduated ratchet-wheel, with 
its pawl and a hand-crank. The wheel responds toa 
movement of one tooth on the ratchet-wheel, which 
co nds with a feed of 0.0002 in. The gradua- 
tions on the wheel, which indicate thousandths of 
an inch, are 4 in. apart. The hand-crank serves 
for hand-feeds. 

To raise and lower the wheel-head rapidly by 
power, two clutch-pulleys G, G, Fig. 52, are 
provided on one side of the machine. These are 
driven by a belt coming from a small pulley behind 
the pump-pulley, which is driven direct from the 
countershaft. It is crossed, ing round the two 
pulleys G, G to the table feed-pulley B. The 
uw ol are put in and out of action by a lever H 
brought down in proximity to the ee 
control-levers outside the gear-box. The machine 
is built to be driven either by countershaft or by 
motor. The latter may be situated overhead or on 
the floor, or be mounted on one base alongside the 
machine. 

To facilitate the measurement of thicknesses as 
the grinding proceeds, a continuous reading caliper 
is attached, Fig. 53. It comprises a base and stem, 
around which an arm is swung, in which the caliper 
is clamped and set for height. A button at the 
lower end of a vertical stem rests on the surface 
being ground, and a dial gauge at the upper end 
has readings in thousandths of aninch. The button 
is first set on a sizing-block and then transferred to 
the work, and as the latter is reduced the attendant 
reads on a dial in thousandths how much it is over 
size. This saves the time otherwise wasted in 
tentative measurements, with stoppage of the work 
the while. In Fig. 53 six _ ing-rings of cast 
iron are shown being ground. They are 8 in. in 
diameter by } in. wide. Twenty-five per hour are 
ground on both sides. The amount of stock re- 
moved from each side is 0 012in., and the limits 
are 0.00025 in., + or —. 

A small selection of photographs, reproduced 
in Figs. 53 to 58, on page 315, illustrates the 
varied character of the grinding which is done in 
this machine. In Fig. 54 the sides of roller- 
bearing race-rings are being ground. Thirty-nine 
rings 3} in. in diameter are chucked at once. The 
output is 1500 per day, ground on both sides, 
removing 0.015 in. of stock. In another case, eight 
oil-engine piston-rings of cast iron are chucked 
magnetically. They are 6} in. in diameter and 
only , in. to fin. wide. Fifty per hour are 

round. The stock removed from each side is 

012 in., and the limits either way 0.00025 in. 
Fig. 55 illustrates the value of these machines when 
very flimsy articles have to be handled, articles 
which, if milled, would entail tedious fixing. They 
are forged-steel levers for repeating-rifles, measuring 
74 in. long, with a net area of 4.40 sq. in. The 
stock removed from each side is 0.025 in., the 
limits 0001in. The output is 200 per hour, 
finished from the rough in two operations. Fig.56 
shows the grinding of the ends of 104 
for Ford motora. They are ground on both ends 
in the fixture seen. Three fixtures are used, two 
being loaded by boys at the bench, while one is in 
the machine ; 720 rods are ground per hour on 
both ends. Fig. 57 illustrates the employment of 
an auxiliary face-plate. It receives magnetism 
from the standard table on which it is placed, and 
distributes it over the plate, which measures 36 in. 
in diameter. The castings seen are chilled-iron 
mill-plates held for grinding concave faces, the 
backs being flat. They are ground in sets of six. 
Six sets per hour are ground on the flat faces, and 
three sets on the concave faces. In Fig. 58 an 
iron flange casting, 15} in. in diameter, has a boss 
projecting to 1,5 in. from each side. This is 
centred by four steel blocks held magnetically. 
The boss touches the table, and the blocks only 
steady it laterally. No supports are required under 
the flange. Four surfaces are finished from the 
rough in 20 minutes, including handling. Various 
other work is done on the magnetic grinder, 
including transmission gear-l.oxes, various forgings, 
thrust-washers, cover-plates, rolls for roller-bear- 
ings, ball-bearing race-rings, piston-rods, slide- 
valves, circular saws, &c. 





‘Tus Cuetwynp Fviecrricat Sreet Porirication Pro- 
orss.—By a clerical error, the view, Fig. 8, on page 283 
ante, was stated to be that of a purified steel ingot; it 
reproduces an ingot of unpurified steel, showing line 
of maximum porosity, which occurs down the centre of 


untreated ingots. e faint horizontal line is the mark 


where the photograph was bent. 
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The Science of Works Management. By JouHN Barey. 
Londou : Scott, Greenwood and Son. [Price 4s. net. ] 
One has but to consider the introductory remarks 
of this most interesting little book to discover 
the essentially British ideas which the author, 
in the subsequent 200 pages, so consistently 
expounds. At such a critical time as the present, 
when an international calamity has dislocated the 
machinery of overseas commerce, seriously affect- 
ing the supply of many of the essential raw materials 
of the engineering manufacturing industry, denud- 
ing, moreover, in many instances, the personnel of 
the productive concerns of the country of a very 
considerable proportion of their most efficient and 
valuable men, the executive resources of managers 
are being tried to the utmost. Incidentally in 
these special circumstances such a treatise as this 
is more readily judged, and its true value proved 

or not recognised. 

Early in the introductory essays on the personal 
qualifications of the manager, and on works or- 
ganisation, a most worthy object is attained by the 
author. He succeeds in putting systems in their 
right place, in comparison with the systematic 
methods of nevertheless elastic routine founded 
upon true principles. This is a particularly valu- 
able achievement in view of the readiness of the 
younger enthusiasts on the ladder of ambition and 
progress to accept the false gospel that system 
alone will run a business, and that, as a conse- 
quence of it, unqualified success will be a scientific 
certainty. This result is anticipated irrespective 
of the personal qualities of the man at the head of 
affairs, provided only that this man knows his 
catechism of system and applies diligently its laws 
of cause and effect. The vastly different degrees 
of success attained by two equally keen and enthu- 
siastic leaders in any branch of industrial activity 
one cares to consider, will illustrate the human 
— of view which the prophets of system so 
requently ignore. It behoves one to give a just 
value to any attempt to extend the domain of 
applied scientific principle; but in engineering 
works organisation one soon discovers a gulf, upon 
one side of which are the manufacturing businesses 
whose productions, being solely specialities, are 
ideally adaptable to standardisation, and to some- 
thing approaching a perfect systematisation of the 
processes which represent the source of expendi- 
ture. In such concerns, system must logically take 
a prominent place in the works organisation, or 
interchangeability of component parts coupled with 
cheap production becomes an impossibility. On 
the other side of the gulf are the businesses which 
still claim the designation of ‘‘ general” engineering 
establishments, works quite up to date, perhaps, 
but equipped in the manner characteristic of the 
factories of a few decades age, whose owners or 
directors would be at a loss to forecast the exact 
nature of the orders which their books will contain 
twelve months hence. It is in such works as these 
where the warning against undue striving after ideal- 
isation by the executive may well be emphasised, 
and consequently such emphasis in the practical little 
guide-book before us is to be commended, for, like 
the great majority of books of similar scope and 
object, the general engineering establishment is 
the one to whose executive, acting and pro:pec- 
tive, the hand-book appeals. 

One cannot but remark upon the many original 
—e held by each of the series of authors by 
whom this subject has been taken in hand, and, toa 
SS who is also naturally a critic, the know- 

that the various writers may justly be deemed 
authorities, by virtue of their actual successful 
careers, merely adds to his difficulty in attempting 
to deduce a clearly-defined set of principles upon 
which he may base his operations, without fear 
that distressful contingencies may occur with no 
—— made to meet them. Allowing for the 
atitude which may be permitted to the writer of 
such a work, the genuine assistance which the volume 
under notice should render to the younger aspirants 
to engineering works management should make 
it a standard reference-book. It is full of evidence 
that the best managerial individuality is to be 
looked for, as a general rule, in men who have 
graduated from youth in the works, and whose 
academic attributes have been gained, under the 
direction of an intuitive spirit of wise ambition, 
from any of the numerous institutions which pro- 





vide engineering and commercial education of the 


The ye with a cumulative experience of 
works methods, will follow with zest the chapter 
dealing with organisation, for the reflection upon, 
and consideration of, practical conditions provide 
much that will interest by comparison with actual 
firet-hand knowledge of el conditions, The 
treatment of a most debatable subject, the organi- 
sation of the drawing-office, is somewhat novel. 
The author’s system, wherever it be applied lite- 
rally, should at least make glad the hearts of the 
estimating department. The objections to its 
adoption are the excessive amounts of the manager’s 
and foremen’s time which are apparently required 
in the drawing-office. Inter-departmental con- 
sultation is one of the chief factors tending to effect 
economy, but it is, however, seldom practicable to 
any degree commensurate with continual and efli- 
cient departmental supervision, and, in the ex- 
perience of most of us, the chief draughtsman 
alone holds the key to economy in design. 

Economy in production forms the theme of the 
main portion of | the book, and the ensuing chapters 
metaphorically take one through the entire works, 
giving an inspiration here or a restraining sug- 
gestion there which render the whole delightful 
reading. The practical discourse on brass and iron- 
moulding —— foundry equipment and manage- 
ment, would repay study by the most experienced 
professional engineer, also, one might venture to 
add, the most experienced foundry manager. 

In the consideration of the smithy and machine- 
shop the invaluable nature of the information re- 
corded is due, as in fact it is throughout the entire 
detailed treatment of the works, to the repetition 
in words of obvious truths which actual contact 
with the work of the particular department under 
consideration alone instils. The initiative born of 
a reasoning observation can be trusted to cope with 
the more or less routine work of these mechanically 
productive departments ; but the numerous con- 
tingent problems which occur at odd intervals are 
the obstacles in the path of successful management 
which test the really practical resources of the 
manager, and an adequate preparation for them 
very greatly simplifies the solution of the diffi- 
culties. It is in this preparation for contingencies 
that the author excels. e feel that the chapters 
dealing with the producing departments or shops 
are more than data for the guidance of the manager 
only ; they might well be translated and amplified 
as lectures to foremen of those departments. 

If the book has a fault, it lies, perhaps, in the 
somewhat disconnected nature of the innumerable 
ideas expounded, valuable though each exposition 
in itself may be. The governing principles of 
works management—the practitioner will agree that 
organisation is a simple task compared with marage- 
ment—are repeated in numerous guises throughout 
the book ; but the student will probably experience 
a difficulty in grasping a connected theory of 
executive practice, whereas to the manager who 
makes the hand-book a rade mecum it will be pos- 
sible to open it at almost any page to find some one 
vital difficulty dealt with, or some elusive truism 
effectively reiterated. Concentration of ideas is 
the keynote throughout, and the lack of continuity 
noticeable is the inevitable result of the concen- 
tration. 

At all times works management rivals in com- 
plexity of factors any problem, civil or military, 
which may be imagined. There is the inconstant 
human factor at every moment of every day to be 
remembered and allowed for, and in respect of this 
the author has spared no advice which experience 
has provided. Moreover, even more dangerous pit- 
falls exist in the region beyond individual control, 
and we commend the following quotation to the 
reader as being illustrative of the live wisdom in 
which the book abounds :—‘‘ The practical exponent 
does not deride the ideal conception, but .. . the 
writer is dealing with possible things, and... . 
asserts strongly that fostering ideal systems to deal 
with non-ideal realities is leading many foolish ones 
astray . . . to the peril of national well-being. 
Fluctuations of volume of trade, differences in the 
price of materials, alteration of bank-rates and bills 
of exchange, coupled with untold exigencies that 
occur day by day in a works producing articles 
from materials that may develop faults at any 
moment, are in no sense ideal conditions to be 
governed by an ideal system.” : 

There is an excellent treatment of stores organi- 





sation and procedure, but we cannot agree with 
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one part of the scheme, which imposes upon the 
manager what would be, in a works of any size and 
importance, an intolerable routine of clerical duty 
—the ordering of materials. The necessity for 
such a system would suggest the inadequacy of the 
information regarding current and py orders 
placed in the head storekeeper’s hands, a fault by 
no means uncommon, and due, usually, to the em- 
ployment, for the sake of supposed economy, of a 


non-technical clerical expert, where a practised | P 


engineer is really nece: . That the buying de- 
partment should be.in the charge of the works 
manager is indisputable, but the expediency of 
actual participation by the latter in the circulation of 
orders is very questionable. The subject is full of 
similar debatable points; the queries invoked by 
any author’s treatment of them, and the reader’s own 
conclusions, are the sources of the definite know- 
ledge which he may acquire by extensive study of 
such genuine contributions to the literature of the 
profession as the book before us. 

Much could be said of the comprehensive survey 
of the financial fabric of the manufacturing engi- 
neering establishment. Though purposely avoid- 
ing the purely commercial aspect, the information 
and assistance given are admirable. The method 
of allotting indirect charges proposed is decidedly 
simple, too simple to be invariably used in esti- 
mating for the widely varying classes of work which 
fall to the lot of a wholly general engineering firm. 
One is impressed more and more, with every new 
contribution to the endlessly debated topic of 
indirect costs allocation, by the need of a really 
scientific standard basis upon which a system may 
be constructed. As we are at present, in this era of 
universal competition, the possibility in the hands 
of the manager of adjusting selling prices lies very 
largely in the flexibility of this process of the dis- 
posal of establishment charges, and unfortunately 
the levelling of estimates caused by any one 
system responsible for very low quotations is not 
necessarily a benefit to the community. However, 
here again the experience of the author lends autho- 
rity to his teaching, and the student jicularly is 
enabled to assimilate a good generalisation of the 
principles of estimating. 

Even with this compendium of approved doctrine 
at his disposal, the embryo manager will experi- 
ence the force of the author’s insistence upon the 
vital importance of the essential human — 
which he should possess. Natural aptitude there 
must be; the necessary training will follow the 
sincere search for knowledge which such aptitude 
usually compels. Any young engineer will benefit 
permanently by assimilating the truly personal 
advice to be found everywhere in this hand-book. 
The appointment of managing engineers is not 
always made by selection from open candidature ; 
but the acquisition of an expert knowledge of 
guiding principles should engage the earnest atten- 
tion of aspirants to eminence as organising execu- 
tives, for whom one foresees a great demand in the 
inevitable activity of engineering production which 
will ensue with European peace. 

A final comment, one of unstinted praise, must 
be added: the hand-book before us is printed and 
produced with uncommon excellence. 





Ye Sundial Booke. By T. Gxorrrey W. HeEnsiow. 
London: H. Arnold. [Price 10s. 6d. net. ] 
Diats and dialling seem to a charm for 
many types of mind. The archzologist and the 
architect, the poet and the painter, are interested for 
different reasons in this ancient device for dividing 
the time; and others, having no technical skill, 
find in the study of dial mottoes a fascinating pur- 
suit. Such a quest among old monuments need 
not surprise us, fora motto selected with some care 
must reveal something of the character of him who 
composed it, or approved of a particular sentiment. 
The author apparently has been attracted by the 
literary and artistic side, and his book shows both 
diligence and taste. It consists mainly of full-page 
pictures of dials, to each of which is attached a 
rhyme, presumably of the author’s own composi- 
tion. This does not exhaust his treatuent of the 
single subject, and he thinks it necessary to offer 
some apology for the quantity of material that he 
has — To write six hundred verses, often 
under the most trying conditions, he tells us, is a 
very big effort ; but much more so when each verse 
is intended of itself to be a separate poem. We 
have no wish, nor would this be the place, to 
criticise this literary effort. We can only look at 
the scientific side ; and here, we think, the author 








and collector has been deficient. He might have 
availed himself of the opportunity to show how a 
dial is madeand graduated. The theory is exceed- 
ingly simple, and there are those who would care 
“To carve out dials quaintly, point by point.” 

It is true that a chapter is given on the setting of 
the eundial by Mr. F. Barker, of Clerkenwell, 
but to mount a purchased article is to miss the 
leasure that comes from creation. In this cha 

it is stated that ‘‘the sun is always due east at 
6 a.M., and due west at 6 pm.” We do not 
understand this statement; if it is meant to imply 
that the sun is always on the prime vertical at six 
hours from the meridian, it is clearly wrong, for 
the smallest acquaintence with spherical trigo- 
nometry shows that the heneendhe of the sun 
when in azimuth 90 deg. or 270 deg. is given by the 
expression, cos hour-angle = tan; declination 
x cotan latitude. Reference, too, might have 
been made to the improvements that have been 
introduced of late years for increasing the accuracy 
of reading the instrument. But the quaint illus- 
trations will probably prove to many an ample 
recompense for what we consider an omission. 
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InpIAN Rattway Workinc.—The ratio of workin 
expenses to traffic receipts on the railways of Briti 
India stood in 1912 at 48.92 cent. In consequence of 
the rise in wages in India the ratio has shown a certain 
tendency to increase of late years ; but in 1912 it experi- 
enced a considerable reduction, and approximated to the 
level at which it stood ten years previously. e course 
taken by the ratio during the decade ending with 1912 
inclusive was as annexed :— 


Year. Per Cent. Year. Per Cent, 
1908 47.62 1908 ° 60.% 
1904 47.36 1909 56.06 
1905 47.85 1910 63.10 
1906 49.89 1911 68.17 
1907 51.42 1912 48.92 


The ratio has fluctuated considerably upon the principal 
Indian lines, being affected by their extent, their situa- 
tion, and current local labour conditions. Upon the 
Bengal and North-Western (one of the most prosperous 
of the Indian systems) the ratio was 34.16 per cent. in 
1912; upon the operate LY 

and Nagpur, 45.74 per cent.; upon the mbey, 
Baroda avd Central India, OS cent. ; u 

b 


Burma, 59.47 per cent.; upon the Indian, 37.62 per 
cent. ; en Be 59.14 per cent.; the Great 
-| Indian Peninsula, 53.96 per cent. ; the Madras and 


Southern Mahratta, 54.53 per cent.; and the South 





Indian, 51.68 per cent. 


318 ENGINEERING. [Marcu 19, 1915. 





8-TON ELECTRIC WINDING-GEAR FOR THE EAST RAND. PROPRIETARY MINES. 


CONSTRUCTED BY MESSRS. FULLERTON, HODGART, AND BARCLAY, LIMITED, ENGINEERS, PAISLEY. 
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Fic. 3. Genrrit View or Gear Erected 1n Buitpers’ Works. 


AN interesting and very large electric] winding-gear 
is illustrated on Plate XXIV., and on the present and 
opposite pages. It has been supplied to the Kast Rand 
Proprietary Mines, Limited, of the Transvaal, for 
their Hercules shaft, and is, we understand, now 
completely erected on site, but has not yet been put 
to work. It was manufactured by Messrs. Fullerton, 
Hodgart and wag Limited, of the Vulean Foundry 
and edhonibe orks, Paisley, and the electrical 
parts were supplied by the British Westinghouse 
Electric and Taeuthgiasing Company, Limited, of 
Trafford Park, Manchester, The gear was constructed 
to the design and specification of Mr. J. W. Forster, 
chief mechanical engineer to the East Rand Proprie- 
tary Mines, Limited The length of wind is ft., 
the weight of the skip 8500 lb., and the weight of ore 
per lift 16,000 lb. the maximum total suspended 
load, including the rope, is 56,000 lb. The winding 
speed is 2200 ft. per minute. The gear is operated on 
the Ward-Leonard system. There are two main 
motors, each of 750 brake horse-power. These are 
supplied with direct current from a motor-generator 
set, consisting of two genera: ors and an exciter driven 
by a slip-ring induction motor rated at 1800 to 5000 
brake horse-power. The supply current which drives 
this motor is three-phase at 3000 volts and 25 periods. 
The whole of the control of the main motors is carried 
out by varying the excitation of the two generators. 

In describing the gear, we will, in the first in- a we +5 
stance, deal with its mechanical parts, leaving the = 
electrical features until the end, and we may begin by 
giving the following particulars :— 





Fic. 4. Drums ASSEMBLED. 


Diameter of drum ... _ . 12 ft. 2 in. to Winding speed ih ae ... 2200 ft. per min. Loading period © “s 
21 ft. 2 in. Acceleration period sei in 45.4 sec. Total time of = a ni 

Size of rope ... sin oe ..  2in, in dia. Fall-speed period ... oe ts Gan vo Capacity of winder per hour 

Weight of rope... ... —.,..-‘6. 33 Ib. per ft. Retardation period ... we om 20,0 ,, Shaft inspection speed... 
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Fic. 7. Cone Exp or Winptnc-Drum, 


In addition to dealing with the 


ified load of| The general lay-out of the winder is shown in Figs. 1 
16,000 lb. of ore, when running in 


2, on Plate XXIV., and in Fig. 3, on page 318. 
times given above, the gear is capable of raising the These figures illustrate the arrangement quite clearly, 
full load from the bottom of the shaft when out of|and it is unnecessary for us to comment on them. 
| We may at once proceed to deal with the details of 


lance, in the and 





construction. The two drums each have large and 
small parallel parts joined by a scroll. The large 
diameter is 21 ft. 2 rye the - wn 12ft. Zin. The 
large lel t is built up of cast-iron segments 
bolledlve anst-ten arms. The erase are in turn bolted 
to a cast-iron central boss. The arrangement is well 
shown in Fig. 6, annexed. It will be realised that 
the arms and other parts must be of heavy section to 
stand the shocks which may come on them in the 
event of the sudden application of the brakes when 
the drums are running at full speed. The face of the 
parallel segments is recessed to form a seating for the 
scroll segments, as shown in Fig. 6. The same 
ment is employed at the other end of the 
scroll (see Fig. 7), the smaller liel part being 
recessed in the same way as the league, the whole of 
the parts then being bolted ther. The rope-paths 
over the whole surface of the drum are machined. 
The drums run loose on the main shaft, and the 
bosses are fitted with bronze bushes, each made in 
three parts.. The bushes are held in position end- 
wise by cast-iron flanged sleeves made in aan 
and belted to the bosses. Besides securing the bushes, 
these sleeves act as distance-pieces. The drums each 
weigh about 80 tons. 

At the smaller end of each drum there is a cast- 
steel brake-drum, 15 ft. in diameter, and 1 ft. 2 in. 
wide. This is bolted to the drum-flange, which can 
be seen in Fig. 7. Inside this brake-drum there is a 
reel, which holds about 250 ft. of the main hoisting- 
rope. The reel is normally clamped to the main drum, 
but to allow of the length of the main rope being ad- 
justed, on account of stretching or for other reasons, 
the reel may be rotated relatively to the drum by 
means of a rack and pinion. To allow of this move- 
ment, the reel must disconnected from the drum, 
being afterwards re-clamped when the rope adjustment 
has been made. The lead through which the rope is 
led from the smaller diameter of the winding-drum to 
the reel can be seen in the front of the drum-flange in 
Fig. 7. The end of the winding-rope is led through 
the side of the reel and secured. 

Connection between the main drums and the shaft, 
for hoisting, is made by sliding-clutches, also situated 
inside the brake-drums. Each clutch consiste of a 
cast-steel disc 7 ft. 6 in. in diameter, with circumfer- 
ential teeth in the manner of a spur-wheel. One of 
these clutches can be clearly seen inside the brake- 
wheel in Fig. 1. The steel-toothed disc slides on a 
hexagonal part of the main shaft, and is moved to and 
fro by a forked lever engaging a strap which encircles 
the clutch. The hexagonal seatings for the clutches 
can be seen in the view of the main shaft given in 
Fig. 5, annexed. Inside the reel, to which we 
have already referred, there are four groups of teeth 
to correspond with those on theclutch. ‘The sliding 
of the clutch causes it to engage or free iteelf from 
these teeth, so that the drum may either be connected 
to the shaft for hoisting, or freed for running out. 
The clutches are moved by compressed-air engines 
working with a pressure of from 60 lb. to 80 lb. per 
sq. in. These engines can be seen in Figs. 1 to 3. 
They are operated by levers from the driver’s plat- 
form, and each engine has a cataract cylinder and an 
indicator fixed above it, showing when the clutch 
isin or out. The indicator is formed on an extension 
of the engine piston-rod, and can be best seen in 
Fig. 3. The shafts for working the main clutches are 
extended and connected up to two small clutches, so 
arranged that when the main clutches are out of gear 
the small ones are also out. This disconnects the 
automatic accelerating and retarding gear from the 
controlling gear, so that the driver may work one 
drum when ne . 

The arrangement of the post-brakes can be seen in 
Figs. 1 and 2. They are of the caliper type, hinged to 
& common casting at the bottom, and are operated by 
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means of patent Whitmoreair-brakeengines. The brakes 
are built up of mild-steel plates riveted to a curved 
steel channel, and are lined with willow-wood blocks 
faced with “Ferodo.” They are fitted with a Whitmore 
automatic take-up gear, to take up the wear on the 
blocks. This can be seen at the top of the front brake 
check in Fig. 1. The engines are controlled from the 
driver’s platform, and each gear interlocks with the 
corres ing clutch-operating gear, so that it is im- 

ible for the driver to take out a clutch without the 
engine consists of an air-cylinder, 
with an oil-cataract, connected nage & a@ dead- 
weight underneath through o spring hpot. The 
engine and dead-weight are in the line of the end of 
the brake fulcrum-lever. The brake is normally kept 
on by the weight, and when the driver wishes to take 
it off, he admite air to the cylinder and lifts the weight. 
The engines work with an air supply at from 60 lb. to 
80 Ib. per sq. in. They are so connected by means of 
levers and rods that in case of overwind, or failure of 
current or air-pressure, the brakes are automatically 
applied. 

he main drum-shaft is of Siemens-Martin steel 
machined all over and with a 5-in. central hole. The 
collars are forged solid, and the centre part is parallel, 
so that all the drum-bushes are of the same internal 
diameter. The shaft is 36ft. long and weighs 40} 
tons. The total length of the drum and two motor 
shafts, which are coupled together, is 58 ft. 6 in., and 
the total weight is 52 tons. The main journals are 
28 in. in diameter by 50 in. long. The ings consist 
of cast-steel boxes, in two parts, lined with anti- 
friction metal. They are formed with spherical seat- 
ings, so as to allow for any slight movement of the 
shaft. The bottom part of the bearing is removed by 
sliding it round the shaft after the weight has been 
taken off the journal. 

Lubrication is by rivug, assisted by a small force- 
pump delivering to the bottom bearing. The sole- 

lates under the pedestals have a seating on the 
oundation of 40 sq. ft., and are formed with lugs 
fitted with adjusting-screws and lock-nute to allow of 
close horizontal adjustment of the pedestals. This 
arrangement can be seen in Figs. 1 and 2. 

The gear is fitted with two depth-indicators of the 
dial type, as will be clear from Fig. 3. The dials 
are 8 ft. indiameter. The pointers are driven through 
bevel gearing and shafts from cast-steel spur-rings 
mounted on. the large ends of the drums. Between 
the two drums there is a space of 9 in. to allow of 
the connecting-shafte from these epur-rings being 
brought out. The arrangement will be clear from 
Fig. 2. Each dial has two pointers. One marks the 
position of the skip at all times, and the other comes 
inte operation 100 ft. from the end of the up trip, 
and makes a complete revolution during the 100 ft. of 
travel. A mechanically rung bell is a's> provided, 
and rings when the skip is ft. from the end of 
the up trip. Spring couplings are provided on the 
driving-shafts of the indicators, to allow of the ready 
adjustment of the pointers in reference to the position 
of the skips. 

The overwind geac and the retarding and accele- 
rating devices are operated from the indicator-shafts. 
The overwind gear consists of two discs, one for each 
drum, geared off the indicator-shafts, so that they 
revolve about 330 deg. during a wind. Each diso is 
fitted with an adjustable pin and roller, which, at the 
end of the wind, trips a weighted lever, which con- 
nects with the brake-engine gear and the limit-switch. 
The pin and roller may be set so that the brakes and 
limit - switch come into operation at the desired 
moment. 

The retarding and accelerating devices consist of 
two disc-cams. They make one revolution per wind. 
As they revolve, they come into contact with levers 
keyed on the same shaft as the controller-rod. If 
the small clutches, already referred to, are in gear, 
the cam, acting on these levers, forces the con- 
trolling-lever on the platform back almost to the 
mid-position, near the end of the wind, so that re- 
tardation is obtained. To accelerate, the driver 
pushes the ae - lever over as far as the 
cam will allow him ; this results in a certain current 
supply to the motor. As the cam revolves, ite 
contour allows the levers to move further over, 
so that the current supplied to the motor increases, 
and acceleration results. A solenoid safety device 
is fitted under the platform, so that in the event 
of failure of current, the brakes are applied by 
the solenoid core releasing a weighted lever con- 
nected to the brake-engine valves. A re-setting air- 
cylinder is fitted in front of the driver on the platform, 
so that in case of a trip-out he can re-set the whole of 
the without leaving the platform. The re-setting 
device lifts the weighted lever on the cylinder valve- 
spindle. The gear is normally supplied with com- 
pressed air from the general mine supply; but to 
provide for possible failure, an auxiliary air-compression 


lant has been fitted in connection with the winder. 
t is driven by an electric motor, and has a capacity 
of 100 oub. ft. per minute at 80 lb. pressure. 
(To be continued.) 


INDUSTRIAL NOTES. 


Tue Director of the Department of Labour Statistics, 
in his report on the labour market, states that employ- 
ment in ha weer ee rovement, _ 
in some industries a o , especially 
of skilled men, was again reported. 

Trades affected by war contracts, such as engineer- 
ing, wy ery - woollen, hosiery, boot, saddlery, and 
men’s clothing, continued very busy, with much over- 
time The cotton trade again improved, while the lace 
trade, though still bad, showed a noticeable recovery. 
There was also an upward movement in the iron and 
steel, building, furnishing and woodworking, printing, 
and pottery trades. The coal-mining, pig-iron, tin- 
plate, linen, jute, silk, and glass trades showed little 
change. The scarcity of agricultural labour is becoming 
increasingly felt. 

Compared with the good conditions of March, 1914, 
all trades engaged on Government work showed a 
noticeable improvement. There was, on the other 
hand, a marked decline in the tin-plate, cotton, linen, 
lace, pottery, and brick trades. 

The month of February was marked by a strong up- 
ward movement in wages, due mainly to the concession 
of war bonuses and similar increases. The net effect of 
all the changes was an increase of nearly 18,000/. per 
week in the wages of 154,000 workpeople, excluding 
increases to railway servants, Government employees, 
&c. The most important bodies of workpeople in- 
cluded in this total were 20,000 iron-workers in the 
Midlands, 12,350 blastfurnacemen and iron and steel 
workers in West Scotland, 35,000 linen and jute 
workers at Dundee, and 50,100 dock labourers at 
Hull, Liverpool, Bristol, G ww, and Leith. 

The number of em ge beginning in February was 
forty-seven, of which the most important was that 
involving nearly 8000 engineers in the Clyde district. 
The total number of workpeople involved in all dis- 
putes in p during the month was 31,060, as 
compared with 5889 in January, 1915, and 62,943 in 
February, 1914. The estimated number of working 
days lost by disputes —_., the month was 208,600, 
as compared with 55,900 in January, 1915, and 827,300 
in February, 1914. 

p oe with Be a the ae Act, 1896, 
uring February inclu the following :—Engineers, 
Cl dedistrict ; gas-producer men, ry steel works, 
est of Scotland; woollen weavers, Huddersfield 
district ; carters, Liverpool; plumbers, London ; 
sheet-metal workers, Bolton ; glassworkers, Tutbury, 
Burton-on-Trent ; and boot and shoe operatives at 
Rushden and Kettering. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the four weeks ended 
February 12, 1915, was 34,006, as com with 
30,589 in the previous five weeke, and with 23,874 in 
the four weeks ended February 13, 1914. The 
average weekly numbers of vacancies filled for the 
—_ periods were 24,966, 21,606, and 18,269 respec- 
tively. 





The report for March issued by the United Society 
of Boilermakers and Iron and Steel Shipbuilders con- 
tains the appended scheme, which has been accepted 
by the society’s representatives and shipbuilding em- 
ployers for making up broken riveting squads in the 
shipyards. It had hows computed that 25 per cent. of 
the working time was lost by reason of members of the 
squads staying away from work, thus throwing idle 
the remaining men forming the squads. 

1. That the —— agree that markets for the 
making up of broken squads are desirable, and are 
— to assist in ing them a success, and will 

prepared to take the assistance of the shop steward 
when required. 

If there is any obstruction to the satisfactory work- 
ing of the markets, the district delegates should im- 
mediately report same to firm. 

2. That with the object of securing continuous work- 
ing of riveting savadle, apprentices shall, where con- 
venient, be used temporarily to supply the place of 
absent riveters, holders-up, or heaters. 

3. That where holders-up cannot be got, then three 
riveters must work in a squad. Where a riveter works 
as a holder-up, the employers shall supplement his 
wages as follows :— 


North-Bast Coast Practice. Clyde Practice. 
9d. for one quarter-day. 9d. from start till breakfast-hour 
1s. 6d. for first half . 1s, 6d. from start till dinner-hour 
2a. for Pama ey ag day. 2s. from breakfast-hour till close 
2s. 6d. for day. of 


2s. 6d. for full day. 

4. That the making-up of broken squads be in the 
hands of the foremen. Members of the society must 
in all cases accept the mates or boys allocated to them. 

Definite rates shall be arranged by the workmen in 
their respective districts for men and boys employed 
in sq for odd days or part of a day ; ota odd 
—_— to be paid direct through the office, and 





educted from the ings of the squad. The supple- 
mentary payments under Clause 3 to be paid through 


5. When incomplete squads have any screwing up 
they can go on with, they shall do so, and not leave 
the yard. 

6. All men of broken squads must present them- 
selves at the market within the yard, and report 
themselves to the foremen. 

7. The Boilermakers’ Society undertake to deal with 
any cases of breach of these regulations when brought 
to their notice. 





The same report shows that the income of the Society 
for the quarter ending January 2 was 92,663/., leav- 
ing o balance over expenditure of 56,267/. The total 
membership of the Society is 68,300. 


The report for March issued by the Steam-Engine 
Makers’ Society gives the following figures :—Member- 
ship, 17,400 ; capital, 145,000/., equivalent to 8/. 5s. 
per member ; total sum expended in benefits, 840,000/ ; 
unemployed members 9, equal to 0.05 per cent. It 
also contains the following statement :— 

‘**By means of local conferences and interviews, good 
and sabstantial progress has been made during the past 
month, and advances have been obtained as follows :— 
Derby, 3s.; Hull, 3s.; St. Helens, 2s.; North-East 
Coast, 4s.; Beccles, 2s. war bonus ; Belfast, 3s.; Bristo! 
Channel ports, 3s. by the ship-repairing employers and 
declined ; Gloucester, 2:. on a three years’ agreement 
and rejected ; Wigan, 2s.; Messrs. Joseph Baker and 
Cv., Limited, Willesden, London, 5 per cent. volun- 
_ advance on wages as a war bonus, and this in 
addition to the eral advance of wages recentl 
ranted ; Messrs. Vickers, Limited, Barrow, 33.; Shef- 
eld, 33.; Basingstoke, 4s. 6d.; Yeovil, 2s. In addi- 
tion, negotiations are still pending at Manchester, 
Rochdale, Norwich, Bury, Bolton, Preston, Lowestoft, 
Thetford, and mavy other districts. The above record, 
we may safely say, is far and away a record of the 
work of trade-unionism, happily secured without fric- 
tion or loss to members, and, what is more satisfactory, 
a standing proof of the effectiveness of organisation 
and of the conference room, as against the strike and 
its thoughtless and reckless advocates. These latter 
paths are out for notoriety and advertisement at 
the expense of their more simple and deluded 
followers.” 





We give below an abstract of the statement made 
by the Steam-Engine Makers’ Society in their March 
report, referred to in the foregoing, upon the Clyde 
wages question :— 

“Following upon the failure to agree in local con- 
ference, a Central Conference was held at York on 
Feb 12, when, after a protracted discussion, the 
best and final offer obtainable was an advance of 3d. 
per hour, and more substantial advances in the Mid- 
Linark and Kilmarnock districts. ... The joint 
executives considered it their duty to sign the joint 
recommendation, so as to enable the members of the 
societies concerned to express their acceptance or 
refusal of the proposal. Not theslightest support was 
given to the respective executives by the loeal repre- 
sentatives present. In fact, it was more than apparent 
that they intended to do their bast to prevent any 
settlement. In addition, there appears to have been 
in existence an irresponsible body named ‘ The With- 
drawal of Labour Committee,’ who, without allowing 
any proper and constitutional means being resorted to, 
set to work to abuse their executive; they were, 
further, instrumental in bringing thousands of their 
fellows upon the streets in absolute defiance of all 
rules and of that spirit of self-discipline and order 
without which a trade union cannot with advantage 
to the common weal exist to serve any useful p Be. 
. . - On a resumption taking place after a fortnight’s 
stoppage upon work of a momentous character—the 
very lives py gallant defenders upon land and sea 
being dependent upon this work—a further confer- 
ence was hurriedly fixed to meet at Sheffield on 
Saturday, March 6. As, however, the various execu- 
tives were unable to tee in any way acceptance 
of any less offer than the original claim of 2d. per hour, 
or 93. per week advance, the conference proved abor- 
tive, and the matter now stands referred to Govern- 
ment arbitration under powers invested in the Com- 
mission presided over by Sir George Askwith, for the 
avoidance of stoppage of work on Government con- 
tracts and for settlement.” 


In to this same wages question, Lord 
Kitchener made a statement in the House of Lords 
on Monday last, in which he said that ‘‘ the supply 
of war material at the present moment, and for the 
next two or three months, is causing me very serious 
anxiety.” Since this statement was made the men 
appear to be putting more heart into their work. 
The ballot of the Amalgamated Society of Engineers, 
on the reference of the wage dispute to arbitration b; 
the Government Committee, resulted in a small vote ; 
but 5616 were for, and 1522 against, accepting 5 
final the arbitration award. e wi question 
should soon be settled. There is still the ballot on the 
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on or before April 6. The ballot paper is accom- 
panied by a letter from the Executive Council of the 
Amalgamated Society of Engineers, saying :— 
‘ me The Executive Council, the organising district 
e 
pr Sea am oon Federation in special conference 
at Sheffield, on March 5, 1915, to consider how far it 
was possible to meet the urgent needs of the nation in 
regard to the acceleration in the production of shells 
and fuses, 
“* The inadequate supply of skilled labour to meet 
the national requirements rendered it imperative that 
some relaxation of the present trade practiceshould take 
place, and thus increase the output of war munitions. 
** The question was very carefully considered, and 
due sane was given to our trade interests and the 
pressing needs of the Army and Navy, with the result 
that the following memorandum, for the period of the 
war only, was agreed to, and is thus recommended for 
approval. 
** On behalf of the Executive Council, 
** Jas. T. Brownie, Chairman. 
** Ropert Youna, General Secretary.” 


Then follows the memorandum of Special Confer- 
ence between the Engineering Employers’ Federation 
and the Amalgamated Society of Engineers (executive 
council and district delegates), Steam-Engine Makers’ 
Society, United Mackine- Workers’ Association, Amal- 

amated Society of Tool-Makers, &c., held within the 
al Victoria Station Hotel, Sheffield, on March 5 :— 
e Government having represented that there is a 
present and continuously increasing need for shells 
and fuses for use by both naval and mili services, 
and that it is necessary for the existing production to 
be increased rapidly in order to meet the demand, 
and that the numbers of men required for this p 
are not at present available, it is mutually ag to 
recommend that the following provisions shall have 
effect during the war :— 

1. Men et in the making of tools and gauges 
shall be skilled men. Men eng in setting up 
machines shall be fully qualified for the operations 
they undertake. 

2. Such men may be drawn from other branches of 
the engineering industry, provided they possess the 
n qualifications, and shall be paid at least the 
8 rate of the district for the operation on which 
they are for the time e 

3. Lists of men employed in terms of the fo 
provisions shall be furnished to the 
tives = ~ ee yee _ 

4. Such men shall first eC y any necessary 
discharges either during or after the period of the war. 

5. ere skilled men are at present employed they 
shall in no case be displaced . less-skilled labour, 
unless other skilled employment is found for them in 
the same department. 

6. Operations on which skilled men are at present 
employed, but which by reason of their character can 
be J og may by semi-skilled or female labour, may 
be done by such labour during the war period. Where 
semi-skilled or female labour is = in place of 
skilled labour, the rates paid shall the usual rates 
of the districts obtaining for the operations per- 
formed. 

7. The Federation undertakes that the fact of the 
restrictions being temporarily removed shall not be 
used to the ultimate prejudice of the workpeople or 
their trade unions. 

8. Any federated employer shall at the conclusion 
of the war, unless the Government notify that the 
emergency continues, reinstate the working condi- 
tions of his factory on the pre-war basis, and as far as 
possible afford re-employment to his men who are at 
present serving with His Majesty’s Forces. 

9. These proposals shall not warrant an 
making such arrangement in the shops as will effect a 
permanent restriction on employment of any trade in 
avour of semi-skilled men or female labour. 

10. The employers agree that they will not after 
the war take advantage of this agreement to decrease 
Wages, premium bonus, 

(unless warranted 


time or piecework prices 

by alteration in the means or 

method of manufacture), or break down established 

conditions, and will adopt such proposals only for the 

object of increasing output in the present extraordi- 
hary circumstances. 
‘1. The employers oe to take all possible ste 

to ensure distelbution of Government work thoongheut 

the kingdom. 


12. So far as consistent with the national require- 
ments regarding output, the employers undertake to 


regoing 
local representa- 


y employer 


recuce overtime wherever possible, and in any event to 
dis‘ribute it over as large a number of wor le as 
Practicable. 


1: In sa B secs of cunt eiioed or female labour 
"g employed as per the foregoing clauses, they shall 
first; be aff by any necomane discharges either 
before or after the war period. 
14. The liberty of any employer to take advan 
of these pro shall be subject to aequiescence in 


legates, and kindred organisations met the Engi- | 8°neral 


employment of women labour. They are employing 
semi-skilled labour whtre before the war the workmen 
would not have assented to it, and for the same reason 
as we are maki: 
France has met her responsibilities is one of the most 
astonishing chapters in the history of any country, and 
it is something of which democracy can be proud. The 
French Government has shown that democracy, when | ‘ 
put to the test, is quite equal to any strain placed upon 
it, and that is exactly what we have to prove in this 
country.” 


of Trade would make exactly the same appeal to the 
employers, to the effect that it was n 
to 
enable us, as @ nation, to march to a victory which 
was essential to human liberty. f 
A short discussion took place on these two questions, 

and the conference met again yesterday. 


London on Wednesda: 
advance of 20 per cent. on their present i 
the close of the meeting the following resolutions were 
unanimous! 


make a demand, as a national 


acquiescence to the local representatives of the unions 
through his local association. 

The monthly trade report for February, issued by 
the United Pattern-Makers’ Association, says that the 
condition of trade is as satisfactory as they 
could well wish it to be, and although there are a few 
more members signing the vacant-books at the end of 
February than appeared in the returns for the previous 
months, the sumer out of work is an almost negligible 
yep and there should be little difficulty in placing 

e mtg | idle members who appear in this month’s 
returns, if, indeed, they are not already in employ- 
ment. The only district where there seems es be a 
falling off is Barrow, due probably to so much of the 
work being repeat or stan 


Apart from this centre, trade is exceedingly 
at Sheffield, however, a s 


light falling off is notiseable 
due to the same cause. 


“The Association’s wages movements, actual and 
prospective, during the past month have been numerous 
and important enough to satisfy the most ardent seeker 
after better conditions of employment.” 





On Wednesday last the Chancellor of the a 
and the President of the Board of Trade confe at 
the T with representatives of twenty-four 
trade unions with a view to the organising of the 
resources of the country to meet the naval and mili- 
tary requirements. In the course of his address Mr. 
Lloyd George said :— 

‘* There are three suggestions which I put forward 
for the settlement of disputes. The first is that a 
single arbitrator, agreed upon by the parties or 
appointed by the Board of Trade, should adjudicate. 
e second one is the Committee on Production. I 
think that consists of Sir George Askwith, Sir Francis 
Hopwood, and Sir George Gibb. The third proposition 
is that a court of arbitration shall be set up upon 
which labour is represented equally with the em- 
ployers. Those are the three methods I put before 
you for your consideration. That is my first proposi- 
tion. I should like, on behalf of the Government, to 
establish an uaderstanding with labour that in works 
which are turning out munitions and equipment for 
the war, whee tens is @ ag ry occurring, there 
shall be no dropping of tools, but that some means 
shall be established by which the dispute shall be 
settled without any interruption of the work. 

‘The second point is a very difficult and a very 
delicate one to handle—the suspension, where neces- 
sary, during the war of restrictions of output. Here, 
again, I want to make it perfectly clear that I 
am only discussing this suspension during the war. 
The increase in output is so essential to us where 
we have to turn out munitions of war, not merely 
for ourselves, but to help our Allies, that I do —_ 
you will assist us for the moment by suspending the 
operation of any rules or regulations which tend to 
diminish the output. I know it is a very difficult 
question for you to decide upon, but it is very very 
important for the State at the present juncture. 
There is the question of the number of machines which 
one man is permitted to attend to. There is the 
question of the employment of semi-skilled labour, 
where er normal conditions you could not assent 
to it; and there is the question of the employment of 
female labour. In France there is a vast amount of 
work being done by women and by girls in the ammu- 
nition factories. In that country they have suspended 
all these rules and regulations for the time being, 
because they realise that the seourity of their country 
depends upon it. 

“*T have pointed out that in the factories where 
munitions of war are made there is a very considerable 


an appeal here. The way in which 


He also said that he and the President of the Board 


for us 
mobilise to the last the whole of our resources, to 





The Miners’ Federation of Great Britain met in 
y, to press for an ~ gy 
‘ t 


agreed to :— 
1. That the Miners’ Federation of Great Britain 
isation, for an 





all the provisions thereof, and to intimation of his 


advance in wages in consequence of the increased cost 


manufactures. | E 






















































of living which has taken place since the commence- 
ment of the war. 

2. That the demand be for an immediate increase 
in wages to the extent of 20 per cent. on the present 


earnings. 

3. That the general secretary be seoneseas to com- 
municate with the secretary of the ining Associa- 
tion oe eine Britain ery view to an immediate 
nati int meeting of the representatives of the 
mineowners of Great Britain and workmen being held 
to deal with the foregoing resolutions, in order that 
the advance in wages may come into force at the 
earliest possible date, and that the whole of the 
orm be left in the hands of the National 
ecutive. 





We are informed that a mass meeting of three 
labourers’ unions was held at Barrow, on the 14th 
inst., to consider Messrs. Vickers’ offer of 4s. a week 
advance for unskilled and semi-skilled labour and 
10 per cent. for piece-workers, the rate to remain in 
force for twelve months, and the offer of 4s. not to 
apply to infirm workmen, who may appeal through 

eir trade society. The offer was ted. The 
societies undertook to aesist the firm in the endeavour 
to remedy excessive time-losing by the men. 

The workshop men of the ys Bernd Railway Com- 
pany have been granted a war bonus of 3s. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 3. 

Tue past week has been quieter than usual in 
nearly all lines. The two exceptions are low-grade 
pig-iron for pipe foundries and steel plates for ship- 
work, in which a fairly large volume of business has 
been done. Among the pig transactions was one con- 
tract for 25,000 tons Southern aod another 5000 tons 
Northern at 9.25 dols. and 13.25 dols. res tively. 
There is a reported sale of 40,000 tons hentia basic 
for e t to England. Negotiations are pending for 
several other lote for export. In higher grades 
domestic demand has been light. Ferro-manganese 
shipments frou. England are still held up. For 80 per 
cent. the quotation is 68 dols. at seaboard. Railroad 
orders are still backward, the week’s business being 
only 20,000 tons. Inquiries are in hand for 2500 cars, a 
disappointing aggregate. There have been no loco- 
motive orders to speak of. Quite an impulse has been 
given to shipbuilding. During the past three months 
contracts were placed for eighteen ocean vessels 
besides Government work. Bids are now being taken 
on several vessels. 

Bids will soon be opened for 15,000 tons of plates and 
shapes for a Government vessel and on 18, tons of 
plates and shapes for private work. Tools continue 
in good demand, especially lathes, milling, and grind- 
ing-machines, the business coming largely from manu- 
facturers of war material. Some machine plants are 
running overtime. An advance in freight rates on 

lates, sha) and steel bars went into effect on 

onday, March 1, on which prices will be probably 
advanced soon from 1.20 dol. to 1.25 dols., Pittsburg. 
There is & good deal of work in sight for bridge con- 
struction and track elevation. Steel bars are being 
freely ordered on old contracts. The -looked-for 
improvement comes slowly; at times the industry takes 
hops, only to be disappointed as to volume. Galvanised 
iron has again advanced. Tin-plate plants are operat- 
ing to 75 to 100 per cent. capacity, and prices are firm. 
Exporte of spelter for the month amount to 5010 tons, 
mostly for England and France. The tone of the entire 
market is strong, even with one-third capacity idle. 





Canapian Trapze.—The following has been received 
at the Commercial >) OE Branch of the Board 
office of His Ma 


, 80 that when com- 


order to become firml, 

mercial activity generally assumes & more normal basis 
they will be strongly fortified, and well able to meet 
their competitors.” 
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THE MICRO-CHEMISTRY OF CORROSION.* 
Part IlI.—Tue a-8 Attors or Copper aNnpD ZINO. 
By Samvug. Wuyrs, B.Sc. 


In Part I.t of the above investigation, Dr. Desch and 
the present author described the behaviour of the 8 solid 
solutions of the copper-zinc series under an external 
a. — In Part IL} they ees yen 
a ys, and in present paper it is proposed to 
with the alloys of the Muntz-metal class, containing both 
the a and £ constituents. 

As before, an applied electromotive force was employed 
to hasten corrosion, and the results obtained, when com- 
pared with actual cases found in service, still further 
convince the author that the nature of corrosion in all 
cases is primarily dezincification. The subsequent 
chemical and mechanical processes at work have nob 
been a matter of investigation in this paper, although, as 
will be pointed out later, their influences on the final 
results are none the less important. 

The method of experiment was essentially the same as 
that described on 307 of the first paper, and 
page 236 of the paper, only the Classen stand was 
replaced by one as shown in Fig. 1. The base of the 
8 en, which was ground a: ximately parallel with 

e@ surface, rested on the tform A, which had a 
universal movement, and could be clamped in any posi- 
tion. The distance between the surface of the specimen 
and the platinum cathode was obtained accurately to 
within a hundredth part of a millimetre by means of a 
screw with a graduated head, into which the platinum 
wire of the cathode was fastened. The electromotive 
force was obtained from an accumulator, and was kept 
constant by means of a sliding resistance and voltmeter. 


Fig.1. CLASSEN STAND. 
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Two cubic centimetres of sodium chloride solution were 
used for each of the short-period tests, and 100 cub. cm. 
for each of the long-period tests. The analytical tests 
were the same as those previously described. 

Record of Experiments.—Seven alloys were used in 
these expsriments, five of which were of the a-8 type, 
and the remaining two of the a and 8 respectively. The 
latter were repeated as a means of comparison under the 
slightly altered conditions of experiment. One of the 
a-8 alloys was examined in the unannealed and annealed 
condition, alloy III. being unannealed, and IV. annealed 
at 575 deg. Cent. Alloy V. contains iron, VI. con- 
tains lead, and VII. contains tin. The analyses, along 
with the composition of the equivalent copper-zinc 
alloys, determined by Guillet’s method, are given in 
Table XVI. 

There were two series of experiments. In the firat the 
current was continued for five minutes, and the products 
separated, as before, into “precipitate” and ‘‘ adherent 
layer.” The “precipitate” appears in the electrolyte, 
and is of a flocculent nature. so that it is readily detached 
from the surface of the specimen. In the case of the 
B alloy, the ‘* ipitate ” was white in the short-period 
vests. With the a alloy the ‘ ipitate” was distinctly 
green, even in the pastel Seok, and the a-8 alloys 
were more or less similar to the a alloy in this respect. 
.. A “adherent layer” is meant the metallic deposit, 
which, in the case of the f alloy, was ically pure 
copper. With the a alloy, the coppery layer was mixed with 
zine oxychloride ; and with th» a-8 alloys III., IV., V., and 
VI. this was also the case. With alloy VII., the adherent 
layer of copper was mixed w:th a whiter and more com- 
pact deposit of basic salts, principally of tin. Unlike the 
easily detached coppery layer of the 8 alloy. that of the a 
rosy | and the a-§ alloys III., 1V., V., and VI. could not 
be Haked off. Alloy VII. was rather similar to the 
S alloy in that the coppery layer was easily detached. 


* Paper read before the Institute of Metals on 
March 18, 1915. 

+ Journal of the Institute of Metals, No. 2, 1913, 
vol. x 303. 


t Ibid., No. 2. 1914, vol. xi., page 235, 





The 


ts of 


resul these 
and XVIII. In the second series of experiments, 
100 cub. cm. of the electrolyte were made to flow over the |14 hours. They were ctly a8, 
surface of the specimen, the flow being regulated as con- | structure was that of § particles embedded in the a con- 


tests shown in Tables X VII. consisting of strips of a and 8. Alloys IV., V., 
a aan a ane ed annealed at 75 deg. Cont. f 
the 


, stituent, and in eral separated from each other. 
Fanes XVI. Stet ‘As one would expect, on account of the electro. 
| : chemical difference between the a and § constituents, 
toe ge the 8 was attacked first. By applying a very low electro. 


oie _ | found ao the egg tee — yr was 
| peculiarly marked. e first change in the § areas is 
a that they seem to be full of very minute pits, which 


Alloy. Copper. Zine. Iron. | Lead.| Tin. | eedaaia. motive force, so that only the merest trace of copper was 
| fi 
| 





per cent per centiper cent! p.c. p.c. [percent percent | gradually give way to a smooth bright copper Pa 
--, 5295 47.06 | — ~— — | 8295 47.05 en 








covering the surface of the original 8, and not till 
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IL ..| 69.88 | 8012 | — — | — | 69.88 80.12 | does the corrosion extend to the a constituent. Fig. 2 
7 } 60.77 | 39.23 | — — — | 60.77 39.23 | page 323, taken from alloy III., shows the unattacked 
v. 60.88 | 38.22 | 0.95 a — | 6089 39.11 |% amd a 8 area partly pitted and partly replaced by 
VI. 61.21 37.70 | — | 1.08 — | 61.21 | 38.79, |Smooth copper. The surface potentials. now being 
VII. 60.96 3809 | — — 0.95) 60.39 39.61 -aenay bays @ areas are attacked. This proceeds inwards 
tt A ES | oe na ‘yal @ from the junctions of the original § areas, and extends 
TABLE XVII.—Composition or PRECIPITATE. 
Time: 5 minutes. 
MILLIGRAMMBS. | Per Centr. 
Alloy 
Copper Zine. Iron. Lead. Tin. Total. | Copper. ' Zinc. Iron. | Lead. Tin 
BELEN Sia. sell ated <a if 
I { | 017 3.71 _ _ _ 3.88 4.37 95.63 _ me a 
4 "ey 0.17 3.64 a _ _ 3.81 4.46 95.54 ~ _ — 
Ul 0.92 0.91 — -- —_ 1.83 60.27 49.73 — = = 
P PE: { 0.95 1.02 ae a — 1.97 49.21 61.78 -- — _ 
lL 0.55 1.68 _ - _ 2.23 26.66 75.34 —- = _ 
‘ a { 0.67 1.82 ~ — 2.39 23.85 76.15 — — — 
1V 0.79 1.31 — _ — 2.10 37.62 62.38 _ _ _— 
? <4 { 0.79 1.31 — -- _ 2.10 37.62 62.38 — — — 
Vv 0.77 1.80 0.08 _ — 2.10 | 36.67 61.90 1.43 - - 
. . { 0.70 1.29 0.03 - _— 2.02 34.66 63.86 1.48 — _ 
VI f 0.80 1.37 None _ 2.17 36.87 63.13 _ None _— 
, 1 0.85 1.36 _ None -- 221 | 38.46 61.54 _ None -_ 
VIL f 0.27 2.19 — — Trace 2.46 10.97 89.03 — — — 
P A} om 2.19 _ _ Trace 2.46 10.97 89.08 _ _ ~~ 
TABLE XVIII.—Composirion or ADHERENT LAYER. 
Time : 5 minutes. 
MILLIGRAMMES. | Par Oenr. 
Alley. FN. 5S ENE ites cok Pe SO e . J os 
Copper. | Zine. Iron. Lead. Tin. Total. Copper. Zine. Iron. Lead. | Tin. 
4.00 } 0.28 _ _ _ 4.28 93.45 6.55 _ — _ 
L  --{} S90 0.85 am ™ re 4.25 91.77 8.23 ee Cae a 
j 0.70 | 0.53 _ _ a 1.23 56.91 43.09 _ - 
ms +4 0.72 0.50 _ ~ _ 1.22 59.01 40.99 ~ _ ow 
u { 0 40 0.20 a _ - 0.60 66.66 33.34 — _— _ 
f Al aso 0.12 — _ sins 0 42 71.43 28.57 _ _ = 
Vv / 0.62 0.62 _ _ _ 1.14 54.39 45.61 — _ = 
Vv. +41 065 0.45 am on - 1.00 55.00 45.00 wi é. 
V j 0.90 0.90 Trace — _ 1.80 50.00 50.00 Trace _— 
: ce 0.75 0.70 Trace _ _ 1.45 51.78 48.27 Trace —_ _ 
VI f O82 | 0.48 _ Trace — 1.80 63.07 36.93 — Trace _ 
r 4 0.82 0.66 — Trace — 1.50 56.29 43.71 - Trace — 
VIL 300 =| 0.75 _ — 0.05 3.80 78.95 19.74 — 1.31 
49 { 3.00 | 0.68 _ _ 0.06 3.74 80.21 18.19 —- _ 1.60 
TaBLte X(X.—Total Weight of Corrosion Product. referably along crystal boundaries of the « areas, or 
: y between two of the adjacent pseudomorphs 
Time : 5 minutes. : “ 
Milligrammes. in conor after 8. Fig. 3, page 323, taken from 
Alloy I. 8.16and 8.06 (alloy III., shows the latter The dark areas 
» IL 3.06» 319 | are copper after the waned A te light areas are 
” 4 Let ” = unattacked a, and the half-tones are portions of a covered 
” 390 -” 3.47 with a thin film of copper. On further corrosion, the 
_ 3.47 |. 3.71 surface of the alloy does not become a layer of copper of 
i 7 . 6.26 ,, 6.20 uniform thickness, as the action still penetrates the 
TABLE XX.—Composition or PareorPirats. ; 
Time : 60 minutes. 
MILLIGRAMMES. Per Cent. 
Alloy. 
| Copper. Zine. Iron. Lead. Tin. Total. | Copper. Zine. Iron. Lead. | Tin. 
j| 0.62 28.78 — _ _ 29.40 | 2.10 97.90 _ —_ _ 
Lot 058 29.04 “ nat - 29.60 189 8©= 98.11 She das sm 
{! 6.90 7.57 — - — 14.47 47.68 52.32 — _ _- 
m1) 68s 7.57 ri bot 14.52 047.86 52.14 ie he ~ 
r 5.75 13.94 . ~- _ 19.69 29.21 70.79 _ — — 
are oie ©} 14.39 - na 20.64 30.28 69.72 me mn ~ 
, 4.50 7.50 - -- — 12.00 7.50 62.50 — — — 
IV. {  g'39 8.10 we - o 12.30 | 86.14 65.86 be ole _ 
, / 6.00 9.95 0.23 _ 16.18 37.10 61.49 41 _ - 
v. 1 6.90 9.33 0.24 2 oe 147 8814—s«0.31 1.65 we oe 
Vv! ‘ 7.30 9.42 = None -- 16.72 43.65 56.35 — -- - 
‘ =a 7.50 9.85 — None - 17.35 43.24 56.76 — oa _ 
. f 4.25 6.82 _ _ 0.02 11.09 38.32 61.50 a ae 0.18 
Vil. “1 4.00 7.00 = * 0.02 11.02 36.29 63.53 ee ~ 0.18 


stant as possible over a period of sixty minutes. Results| crystals more quickly than the a crystals. As will be 


are shown in Tables XX. and XXI. shown later, the initial electro-chemical action between 
In Tables XTX. and XXII. are given the total weights | the two phases is not stopped by subsequent chemical 


of the corrosion 
Mi , 


product. actions, such as the formation of oxide, but continues to 
Observations.—Alloys I. and II.* have| act as long as corrosion proceeds. By grinding off the 


already been described, and no further observations were | coppery surface after one of the long-period tests, then 


microstructure of alloy III. was of the banded 


ing, the 8 constituent was found to be replaced by 








— to some considerable depth 


* Journal of the Institute of Metals, No. 2, vol. x.,| Fig. 4, page 328, taken from alloy III., shows this 
page 319, and sid, No. 1, vol. x., page 239. effect. The specimen was heat-tinted to give better con- 
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trast. Fig. 5, below, taken from alloy V., after a five- panying this ae are typical of the actual cases of 


minute corrosion test, ws the general 
before removing the coppery layer. The s 
of the annealed alloy, attacked to a 


outer surface of copper. 






1Fic. 2.—Alloy III. Vertical illumination. 
Magnified 1650 diameters, and reduced 
33 per cent. in repr ducti Unetched 








Fie. 6.—Ship’s bolt. Vertical illumination. Fie. 7.—Ship’s bolt. 


Magnified 60 diameters, and reduced Magnified 50 diameters, and uw Fie. 8.—Ship’s bolt. Vertical illumination, 
70 per cent. in reproduction. Heat- 70 per cent. in juction. Etched with Magnified 150 diameters, and reduced 
tinted. dilute hydrochloric acid and ferric chloride. 45 per cent. in rep t U 


pearance | pitting in con 1 
8 areas| annealed alloys did not show the same ome f to | 
greater extent’ pitting, oa always penetra the 

than those of the a constituent, show up through the § areas faster ti 


Fie. 3.—Alloy III. 
Magnified 500 diameters, and red 
45 per cent, in reproduction. 


enser-tubes examined by the author. The 


the a ones. 
The Relation between Natural und Electrically-Stimu- | 


Vertical illumination. 
juced 
Heat-tinted. 


Fie. 4.—Alloy III. Vertical 
Magnified 100 diameters, 
38 per cent. in reproduction. 


Vertical illumination. 
iced 





period x nd unknown). The analysis supplied with it 


was as follows :— 


Copper ... 66.90 per cent. 
Tin Sts oe : nil 

under ... kee 0.47 * 
Zinc, &c. (by difference) 32.63 ae 





illumination. Fie. 5.—Alloy V. Vertical illumination. 
and reduced Magnified 300 diameters, and reduced 
Heat-tinted. 38 per cent, in reproduction. 





Fie. °9.—Muntz metal. Vertical illumination. 


75 di t and red 





Magnified d 45 per 








Fie. 10.—Muntz metal, 


Vertical illumination. 
Magnified 200 diameters, and reduced 66 per 
cent. in reproduction. Heat-tinted. 


Fie, 11.—Muntz metal. Vertical illumination. 
Magnified 500 diameters, and reduced 38 per 
cent. in reproduction. Unetched. 


TABLE XXI.—Composition or ADHERENT LAYER. 
Time : 60 minutes, 


MILLIGRAMMBS. 








Alloy. 

Copper. Zinc. Iron. Lead. Tin. 

I | 28.00 2.27 os — _ 

die. { | 27.90 2.73 — _ 

3.60 1.12 — _ _ 

I. “ft | 3.15 0.97 es sa 
| 1.95 0.72 _ _ 

TH. of | 210 0.80 es & 

1.20 0.75 — _ _ 
IV. of | 3.15 0.70 on va a 
Vv 1.90 1.06 0.01 — ~~ 

. 2.04 0.95 0.01 _ _ 
VI { 2.80 1.29 — _ 
“= 2.70 1.06 —— Trace 
VI f 2.00 0.91 — _ 0.025 
* 2 56 1.05 _ 0.028 


The effect of the long-period test on alloy III. was 
remarkable. The surface was extensively pitted, and by 
grinding and polishing the Lase of each pit was found to 
centre in a § area. The porosity and looseness were 

robably a result of the rapid dezincification from the 

ighly localised electro-shemical differences of potential 
existing in the cast alloy. As will be pointed out later, 
the porosity and looseness of the copper deposit accom- 

















Per Cent. 

Total. | Copper. Zinc. Iron. Lead. Tin. 
30.27 92.53 2 ee ee er 
30.63 91.09 8.91 — = ae 

4.72 76.27 23.73 — —_ _ 
4.12 76.45 23.55 _ —_ = 
2.67 73.08 26.97 _ _ a 
2.90 72.41 27.59 _ ae 

1.95 61.55 38.45 = a om 
1.85 62.16 87.84 — _ - 
2.97 68.97 35.70 0.33 -- — 
3.00 68.00 31,67 0 33 ~ — 
4.09 68.47 81.53 _ Trace os 
3.76 71.81 28.19 _— Trace -- 
2.935 68.14 31.01 _ _ 0.85 
8.638 | 70.87 28.87 — _ 0.76 


lated Corrosion.—Through ‘the kindness of Mr. Arnold 
Philip (Admiralty Chemist) and Messrs. the Muntz’s 
Me Mme pe mom soy the omg , oy = 
opportuni comparing the results obtai e 

trically - stimulated corrosion and those obtained under 
service conditions in some a-f alloys and pitted condenser- 
tubes of the 70 : 30 type. specimen was a large bolt 
which had been immersed in geq-water for s considerable 





cent. in reproduction. ” Heat-tinted. 


Taste XXII.—Total Weight of Corrosion Product. 
Time : 60 minutes. 


Mill mes, 

Alloy I. 59.67 and 60.43 

a £ 19.19 ,, 18.64 

» OL 22.36 ,, 28.64 

i. 18.95 ,, 14.15 

a. ° 19.15 ,, 18.47 

o Ve 20.81 ,, 21.11 

oo Va « os ee oe oe 14.02 ,, 14.66 

The bolt was threaded, and Fig. 6, annexed, shows a 


cross-section through one of the threads. Corrosion is 
seen to have penetrated the alloy, to a depth of from 
0.4 mm. in some places, to 1 mm. in others. The a and 8 
constituents are both replaced by copper, that of the 
8 areas being porous and of a dark-red colour, while that 
of the a areas is — and of a bright, light colour. 
In polishing, some of the loose onpees of the § pseudo- 
morphs has been removed from the surface, while the 
a constituent, not being attacked to the same extent, 
retains its original form, but has become rather spo’ 
on the outside of the screw. Fig. 7, above, shows the 
same field after the specimen has a etched with dilute 
hydrochloric and ferric chloride to show the original 
structure of the alloy and its relation to the process of 
corrosion. Fig. 8, above, shows a part of the corroded 
area under a higher magnification. In places, the copper 
of the 8 areas has been torn outin polishing. Fig. 9, 
above, is a cross-section of a thin sheet of ‘corroded 
Muntz metal. It shows, as in other cases examined 
by the author, a sharp junction between the copper and 
the unaltered brass. Beneath, where corrosion has 
penetrated farthest, are seen some small isolated 8 crystals 
replaced by copper. 

ig. 10 shows a portion of the surface of the same sheet 
of metal after grinding off the outer roughness. Here, 
again, apart from the separate patches of copper which 
extend some way farther down, are seen the limits of 
penetration of other patches, represented by isolated § 


pseudomorphs. 

Fig. 11 is a portion of a copper patch in the Muntz 
metal, under a higher magnification. The copper replac- 
ing the § constituent has become at this stage of corro- 
sion loose and porous, and shows up dark against the firm 
coppery layer replacing the a constituent. 

itting.—The author was unable to obtain any Muntz 
metal showing pitting, but examined a number of pits in 
a 70 : 30 condenser-tu As noted in the foregoing ex- 
periments on alloy III., and on the £ alloy, the effect of 
rapid dezincification was 5) copper, which became 
easily , and left s pits. In this case, as in all 
other cases of dezincification, in these experiments, the 
characteristic feature is a sharp junction between the 
copper and the unaltered 
expected that most of this copper would be washed away, 
leaving clean, tered brass. In those cases examined, 
this was found toho Goes ant ony Seoane there was 
found a little copper which been protected in small 
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crevices of unattacked brass, and which was removed im- 
mediatel oe was attempted. Nevertheless it 
proved the cause itting in inci 
tion. While the pad aap I Dr. Rosenhain mentions in 
the discussion of Papor IT. ( 248) might represent a 
form of corrosion of an altogether different nature, it is 
not a necessary corollary of dezincification that one 
should find copper still clinging to the unaltered brass. 

Discussion of Results.—The total corrosion of the 
a-8 alloys is much less than that of the § alloys, but more 
than that of the a alloys. : ; 

Table X XI. does not show this as well as ht be 
ex as it was impossible to remove cl y the 
adherent layer of the a 8 alloys because of the penetra- 
tion through the 8 areas under the firm unattacked a. 
Thera is a decided difference between the cast and the 
annealed alloy under this test. The unannealed alloy is 
dezincified more than the annealed one, and the total 
corrosion is also decidedly more. Taking the annealed 
a-8 alloy IV. as a standard of comparison for the other 
a-8 alloys, alloy V., containing iron, shows a slight in- 
erease over alloy 1V. in the five-minute test, and a 
decided increase in the sixty-minute test. 

Alloy VI., containing lead, also shows the same ten- 
dency, only more pronounced. The adherent layer in 
this and the foregoing case is open in texture, so that 
the zinc oxychloride layer does not retard corrosion. 

Alloy VII., containing tin, shows an increase in the 
five-minute test, and a decrease in the sixty-minute test. 
With the 8 and a alloys described in Papers I. and II. 
there was found the same tendency. This was due to the 
retarding action of the ——_ compact layer of basic salts, 
which included the tin, and a similar layer was found in 
the foregoing experiments with the a-f alloys. 

No difference has b2en found by the author, so far, in 
the na‘ure of the process of corrosion going on under 
service conditions and that produced by an applied 
electromotive force. As with alloy III., and in the case 
of the — bolt, the electro-chemical differences bstween 
the a and § constituents still act away from the surface, 
and determine the process of corrosion. 

In the annealed alloys corrosion first proceeds through 
the 8 areas, and then spreads to the a areas, but still 

trates the 8 areas in advance after the surface action 
conyers | In those cases of pitting examined by the 
author dezincification was the cause, so that, so far as has 
been found, the nature of corrosion in all cases has been 
the same, but the rate of dezincification has had a decided 
influence on the ultimate result. To this latter must be 
added secondary chemical actions, and such mechanical 
actions as ‘‘scouring,” which would tend to clear away 
any loose copper as would occur in Lave | As before 
stated, it is not claimed that this method of studying 
corrosion takes into account any of the later factors takiug 
part in this complex problem. It only aimsat arriving at 
the means by which corrosion is set up, and the results 
must be interpreted from this point of view. 

The author desires to acknowledge his indebtedness to 
Mr. F. H. Pierpont, of the Lanston Monotype Corpora- 
tion, for permission to complete the paper in their labo- 
— and to thank him for his kindly interest in the 
work. 





Tue Late Proresson AmaGat.—Engineers may per- 
haps be surprised to hear that Emile-Hilaire Amagat, 
whose name is prominently connected with high-pressure 
researches on gases, was still with us tilla few weeks ago. 
Born in 1840, he commenced those researches when 
—_ Professor at the Ecole Normale of Cluny in 


Later, at Lyons, he erected a mercury pressure- | }, 


gauge in the steeple of a church, to give pressures of 
80 atmospheres, and another in a coal-mine near 
St. Etieane, to give pressures of 430 atmospheres. In 
other apparatus which he himself constructed with the 
assistance of his mechanic, he i ressures of 3000 
oe. and it was with these and other apparatus 
that he conducted his classical experiments on the 
changes of pv, with increasing p, mainly during the ten 
— beginning 1883. In his later years he erred to 

examiner rather than professor at the le Polytech- 
nique, because the former appointment left him more 
time ; but he was always accessible to young scientists, 
and his kindness made him generally popular. Failing 
health induced him to retire a few ago. He was a 
foreign member of the Royal Society, and an honorary 
member of the French Physical Society, whose president 
he had been in 1906. 


Zino in GermMaNy.—The German Union of Zinc In- 
dustries is to hold a meeting in Berlin at the end of 
ae ~ anes the forms ey ey ¢ = Zinc 

nion, which was arranged in the inning of January. 
A full report of the position and gueupeste of the industry 
willthen bs read. Efforts are being made to bring about 
a further rise in the price, the recent increase of 5 marks 
per 100 kg. being considered inadequate. The price is 
now 56 marks for unrefined zinc, which quotati 
though materially higher than the average for 1914 an 
1913. of vely 46.03 and 4555 marks, does not 
co npire unfavourably, all things considered, with the 
average for 1912 of 5375 marks, and still less with the 

sition of zinc in the international market. In New 

ork, for instance, zinc has risen over 100 per cent., and 
continues its upward move. The German increase is 
mainly. attributable to the higher cost of production. 
Both the zinc mines and the zinc works have, of course, 
seen their number of hands srially decreased by calls 
to the front. In addition, foreign ore is scarce, whilst 
the demand is increasing; su far private demand has 
been but slow. The fact that the Belgia 


nm works are now 
excluded from the German Zinc Union means an im- 


provement, as they no longer take a share in the present 
orders. 


THE GERMAN IRON INDUSTRY AND 
THE WAR. 


In most branches the German iron industry keeps im- 
= ing. This rt ~- for oe. to the Rhenish- 
estphalian plate industry ; thin plates, especially a 
makes, continue in a demand senel ices ; butit 
must borne in mind that this industry has not, like 
some others, been compelled merely to reduce its produc- 
tion to, say, 60 per cent. of the normal, but to one-third, 
or even one-fourth of the usual outpat. This, of course, 
coupled with high prices for raw materials, especially 
aluminium, means a material increase in the cost of pro- 
duction. It is more particularly for military purposes 
that there is such a strong demand for thin plate, and 
special quality plate has for months instead of 

on much military work. Even more active is 
the demand for tin-plate, to a great extent on account 
deer largely increased requirements of the canning 
industry. 

_ of heavy plates have not been 
compelled to reduce their number of employees to the 
same extent as those turning out thin and tin plates, 
and the production of these goods has consider- 
able. Prices were depressed even before the war broke 
out, and considering the rise in manufacturing cost, 
which resulted from the war, this meant in many cases a 
direct loss. They have since risen materially, and, pend 
ing the increase in the quotations for half-finished goods, 
may be expected further to rally. The demand, however, 
for ordinary plates remains quiet, while it is extremely 
active for special plates, especially for shipbuilding pur- 
poses. In this connection the demand from abroad is 
particularly lively, from Holland, the Scandinavian coun- 
tries, and Italy. The shortage of and the exor- 
bitant freights naturally suggest further shipbuilding, 
and the shipyards in the countries just mentioned are 
very busy. As they almost exclusively have to depend 
upon any for ships’ plates, the works in question, 
and the sales bureau in Essen, keep securing large foreign 
contracts at fairly good prices. 

The bar-iron market continues soetndy Sum and 
may almost be said to have something of a m in it. 
This, to a great extent, is due to an active demand from 
abroad, which also applies to pig-iron. More especially 
Italy is a large buyer at high prices, and very substantial 
sales have recently been effected to that country by the 
South- West German works, 125 marks havin 
obtained for ordinary Thomas iron per ton net at Dieden- 
hafen. This corresponds with a price of 135 marks in 
the Rhenish-Westphalian district. Before the war bar 
iron was even sold at 79 marks per ten at Diedenhafen. 

As re s the Burnach-Esch-Dudelingen concern, the 
production of the Burbach Works bas not yet risen above 
40 per cent. of the normal ; at this rate work can be kept 
up for a year, and there is no thought of any further 
reduction of work in the meantime. Ins of dis- 
charging hands, the Burbach Works are employing 
500 Russian prisoners-of-war, so as to meet the somewhat 
improved demand. At Esch the fourth blast-furnace has 
been started, and it may soon be followed by a fifth. 





Moror-Suips.—Burmeister and Wain’s Shipbuilding 
Company, Copenhagen, has, during the last year, de- 
livered three Jarge motor vessels to the Swedish 
Nordstjernan Company, and two to the East Asiatic 
Company, Copenhagen. The yard will now be fully 
employed to the end of the year 1918. The orders in 
and comprise fourteen motor vessels, of about 10,000 
tons each, two of 9000 tons, four of 8000 tons, and five of 
some 6500 tons, besides two steamers—orders representing 
an te sum of 2,500,000/. The war has somewhat 


interfered with some of the royalty arrangements with 
foreign firms, but both in Scotland and Norway the first 
vessels with Diesel motors after Burmeister and Wain’s 


designs have made a good start. In Belgium, matters 
naturally are left in abeyance; in America an arrangement 
has been entered upon with the Union Tool Company of 
Los Angeles. A new Diesel-motor factory has been 
erected, and the first Diesel motors are in hand. For 
land purposes fifty-four Diesel metors were delivered 
during the year, with an aggregate capacity of 9248 
horse-power ; also two passenger-steamers. 





Tue Russian Iron INpDusTRY AND THE Wak.—The 
Russian sales syndicate for iron goods—the Prodameta— 
has issued its report for last year. During the first half 
of 1914 orders exceeded those of the corresponding period 
of the preceding year by 15.6 per cent., but the second 
half of weedy presented a very different aspect. Orders 
for selected iron receded 37.8 per cent, as compared with 
the last six months of 1913, from 445,000 tons to 275,000 
tons; for thin plates the reduction was still more striking 
—viz., 64 per cent.—from 275,000 tons to 91,000 tons ; 
joists showed an even greater decline, 72.7 per cent., from 
144,000 tons to 38,800 tons. The ate turnover of 
Prodameta during the second half of 1914 showed a 
reduction from 841,000 tons to 405,000 tons, or 51 per 
cent. The greatest stagnation occurred in the months of 
August, September, and October, army orders from the 
Government bringing about some improvement in Nov- 
ember and December, alt 
not help to swell deliveries before the end of the year. 
The aggregate of sales effected during September, Soto. 
ber, November, and December amounted respectively to 
154,000 tons, 133,000 tons, 124,000 tons, and 113,000 tons; 
orders referred to for the last two 
must either have been for later deli- 
very or the works have not been able to deliver promptly. 





It is anes, however, that mush results will 
be a in the present half-year. 





-| firm. Coke is an improving market. 


been | tered. 


hough the increased orders did | Lond: 


NOTES FROM SOUTH YORKSHIRE. 
SuHErrieLp, Wednesday. 

South Yorkshire Coal Trade.—After sharply advancing 
for many weeks, prices for the moment are stationary 
except as regard to smalls, which are quoted 6d. higher. 
The promise of warmer weather is beginning to affect the 
demand for house coal. London buyers are showing less 
eagerness, and are not offering the same premiums on 
local prices as for several oe. A falling off is also 
evident in the district and local demands, and merchants 
have been enabled to bring deliveries up to date. Whether 
there will be an immediate decline in the high prices 
ruling is somewhat doubtful. Though the gross demand 
is so also is the output, and having regard to the 
greater scarcity of wagons, and the i working at 

its, the tonnage on offer is likely to be considerably 
ess. Hard steam have undergone little change. Collieries 
have no difficulty in disposing of the whole of their out- 
put, and judging from the general revival of industry and 
the enormously increased requirements of Government 
contractors, the demand is likely to be maintained and 
current rates upheld. As in the case of house-coal, the 
production is daily shrinking, and with the continued 
oe of ee from all the leading pits, there is 
not muc und for , + the difficulties of the posi- 
tion will diminish. Slacks are brisk and prices very 
Quotations :—Best 
branch eo 21s.; Barnsley best Silkstone, 17s. to 
18s. ; Derbyshire house, 16s. to17s. ; best large nuts, 15s. 
to 16s. ; small nuts, 13s. 6d. to 14s. 6d. ; Yorkshire hards, 
17s. 6d. to 203.; Derbyshire hards, 17s. 64. to 20s. ; best 
a to 10s. 6d. ; seconds, 8s. 6d. to 9s. 6d. ; smalls, 

to 7s. 


Tron and Steel.—There has been no further decline in 
ig-iron values, and steel-makers who held aloof in the 
ope of securing more favourable terms are now coming 

forward. The hematite section is strong and prices firm. 
Contract tonnages delivered during the week have been 
exceptionally heavy, but in few cases have they been suf- 
ficient to meet the greatly increased requirements of the 
big engineering concerns, and supplementary orders, at 
terms distirctly favourable to sellers, have been placed on 
the open market. Makers of East Coast hematite are 
asking 90s. at the furnaces, and that is the figure at 
which the bulk of this week’s sales have been regis- 
Though ores are coming forward more freely, 
West Coast makers are adopting a firm attitude in regard 
to forward business, and are quoting 97s. 6d. to 100s. for 
prompt delivery at Sheffield or Rotherham. Makers of 
common irons have severely hit by recruiting, and 
for that reason, their output having been so materially 
reduced, they are firmly adhering to advanced prices. 
The Lincolnshire production is almost entirely absorbed 
in contract deliveries, and open-market quotations are 
nominal. The output of basic iron has been increased 
to meet the strong demand. Derbyshire masters are 
quoting 623. for ene and 59s. to 60s. for forge. There 
is a good market for all kinds of scrap at advancing rates. 
The Government:cheme for increasing the output of war 
munitions urgent!y required by the ‘Allies is not expected 
in the trade to interfere with the work of the big engineer- 
ing concerns of South Yorkshire. These are al y pro- 
ducing at their fullest capacity to meet warneeds,and much 

usiness has, as a result, been turned away. The 
scheme may, it is thought, more intimately affect a 
minority of steel firms who are not assisting, or only in a 
small way, in meeting the country’s pressing needs. 
Already a large number of firms, who previously confined 
their operations to commercial products, are, directly or 
indirectly, assisting the Government. Bayonet-making 
has, for instance, been revived and extended, and a diver- 
sity of concerns, including several cutlery houses, are 
furnishing swords. Orders for machinery, tramway and 
railway steel, tool-steel, and tools are coming forward 
more satisfactorily, but the at drawback with which 
makers have to contend is that of transport. Railway 
facilities are strictly limited, and unless material can be 
labelled ‘‘on Government account,” or to that effect, it 
has little chance of being dealt with promptly. The 
steel-billet section is working at the highest pressure to 
meet the exceptional demand. Prices rule high. Siemens 
acid is quoted at 10/., Bessemer acid at 9/. 10s., basic 
hard at 7/. 5s., and basic soft at 7/. 





Tue Russian Lancuacr.—The London County Council 
has decided to open classes in Russian, Spanish, French, 
Italian, and German at the Commercial Evening Insti- 
tute, the “Hugh Myddelton” [I..C.C. School, Cor- 
poration-row, Clerkenwell, E.C., during the week com- 
mencing April 12. There will be a course of twelve 
weekly classes in each language, at a fee of 5s. for Russian, 
and 2s. 6d. for the others. The Institute is situated at 
the end of St. James’s-walk, off Clerkenwell Green. 
Application for admission (a post-card will suffice) should 
be sent on or before the 20th inst. 





Tue Staniey Trence Peariscopg.—An extremely com- 
pact form of periscope has been brought out by Messrs. 
W. F. Stanley and Co., Limited, of Great Turnstile, 

on, W.C. The two mirrors of the periscope are of 
selected plate glass and measure 5 in. by 3 in., and they 
are protected by metal sheaths. The special feature of 
the instrument consists, however, in the fact that theee 
mirrors are mounted on a lazy-tongs of aluminium, and 
the distance between the two is therefore adjustable at 
will, whilst when not in use the whole folds up so as to go 
<atne.cnes Seapeaiieg © Se, by 7 in. by 3 in. lazy- 
tongs is provided with two | i means of which 





the periscope can be fixed to side of trench. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thureday morning the 
pig-iron market was steady and 3000 tons of Cleveland 
warrants were done at 58s. 4d. cash, 58s. 44d. eight days, 
58s. 9d. one month, and 593. 3d. three mon with 
sellers over for the latter position, and at 58s. 3d. cash 
and 588. 7d. one month. In the afternoon the market 
became stronger, and Cleveland warrants ai to 
4000 tons yd hy - at 58s. 3d. cash, 588. 4$d. 
eight days, 58s. $d. one month and April 15, and from 
59s. id. to 59s. 6d. three months. Closing sellers quoted 
58s. cash, 58s. 10d. one month, and 59s. 7d. three 
monthe. On Friday morning Cleveland warrants were 
quiet, but a strong tone prevailed. The turnover con- 
sisted of 1500 tons at 58s. 9d. and 58s. 10d. cash, and 
59s. 3d. one month, and at the close there were sellers at 
58s. 11d. cash, 59s. 3d. one month. and 60s. three months. 
In the afternoon prices bounded upward, and dealing in 
Cleveland warrants took place at 59s. cash, 59s. 6d. 
twenty-six days and one month, and from 59s. 1 to 60s. 
three months. The turnover was 3500 tons, and closin 
quotations were 59s. 6d. cash, 59s. 10d. one month, 
60s. 6d. three months sellers. On Monday morning 
Cleveland warrants made another jump, and advanced 2s. 

rton. The business totalled 6000 tons at 61s. 3d. four 

ays, from 59s. 9d. to 60s. 6d. eleven days, 61s. eight days, 
from 60s. 104d. to 61s. 6d. one month, and from 61s. to 
61s. 6d. three months, and at the close sellers named 
61s. 6d. cash and 61s. 10d. one month. For the three 
months position buyers offered 62s. 6d., but there were 
no sellers. Theafternoon session was quieter, and Cleve- 
land warrants fell away about Ils. The turnover was 2000 
tons at 61s. 3d. and 60s. 6d. cash, with sellers over at the 
latter figure, and at 60s. 10d. one month and 61s. 74d. 
three months. On Tuesday morning there was a slight 
recovery of about 3d. in Cleveland warrants, when 3500 
tons were dealt in at 60s. 6d. and 60s. 
one month, and from 61s. _. to 61s. 8d. to 61s. 104d. 
three months. Olosing sellers quoted 60s. 9d. cash, 
61s. 1d. one month, and 61s. 1ld. three months. In 
the afternoon the market was again strong, and Cleve- 
land continued to advance. The business amounted 
to 5500 tons at from 61s. to 61s. 3d. cash, 61s. 1d. twenty 
days, 61s. 44d. one month, and 62s. 6d. three months, 
and at the close there were sellers over at 61s. 4d. cash, 
61s. 8d. one month, and 62s. 6d. three months. When the 
market opened to-day (Wednesday) the strong tone was 
maintained, and Cleveland warrants jumped upwards to 
the extent of 1s. 4d. per ton. Some activity oS. and 
6000 tons were dealt in at from 62s. to 3d. cash, 
and from 61s. 11d. to 63s. one month, and closing sellers 
quoted 62s. 8d. cash, 63s. one month, and 63s. 9d. three 
months. In the afternoon the dealing was not so heavy, 
but the market continued strong. The turnover was 2500 
tons of Cleveland warrants at 62s. 44d. cash, and sellers’ 
closing quotations were 62s. 9d. cash, 63s. 14d. one month, 
and 64s. three months, with buyers naming 62s. 74d., 
63s., and 63s. 104d. respectively. In the week cov by 
this report prices marked an advance of from 4s. 6d. to 
4s. 9d. per ton. 

Sulphate of Ammonia.—The sulphate of ammonia 
market has kept steady since last report, and prices have 
barely ch . The current quotations for prompt lots 
are 131. 17s. 6d. to 14/. per ton, Glasgow, and from 14/. to 
141. 58. per ton, Leith. Inquiries are fairly good, and 
business is quite satisfactory. 


Scotch Steel Trade.—The most notable feature in the 
Scotch steel industry at the moment is the firmness of 
prices. With all kinds of raw material still moving 
upward, it stands to reason that steel producers can 
no longer accept the prices of the past week or two, and 
so there is a general rise all round. This state of affairs 
is far from comforting to those who have been holding off 
in anticipation of things easing a little, but the reverse 
is now the case, and even higher values may yet be 
expected. While direct Government business predomi- 
nates at mt, and seems to be on the increase, there 
is quite a fair amount of eral work being turned out ; 
much of it, however, is indirectly for use in the manufac- 
ture of material of one sort or another for the Govern- 
ment also. There is + pressure for delivery, and 
om is fully employed, and the outlook points to this 

ing the case for months to come. The export trade 
has varied little of Jate, and buyers abroad are not peaes 
very heavy contracts in the meantime. The following 
are the current quotations, but makers are not bound to 
them, and are, in most cases, easily securing 5s. to 1%, per 
ton more:—Ship-plates, 91. per ton ; boiler-plates, 97. 10s. 
per ton; and — 81. 15s. per ton—all less the usual 
5 per cent. for Clyde or equal delivery. Much has been 
written and said about the probability of the Government 
taking over complete control of certain works; but 
already many of them in the West of Scotland are doing 
little else but War Office and Admiralty work, and in 
every case where an establishment is turning out war 
material of any kind whatever, the firm are doing their 
very utmost to expedite deliveries. 

_ Malleable-Iron Trade.—The position in the malleable- 
iron trade is still very strong, and makers have full order- 
books. Dear fuel is a serious item to the masters, and 
the supply of raw material also causes trouble, but, all 
things considered, it is really wonderful how smoothly 
work is pga. The official quotation for “‘ crown 
bars is 8/. 2s. 6d. per ton, less 5 per cent. for home de- 
livery, but the actual selling price is round 81. 15s. per 
ton. Steel bars continue in good demand. 


Pig-Iron Trade.—During the past week the | there 


Scotch 
Scotch pig-iron trade has maintained a strong front and 
prices are firm, and in some instances are quoted higher. 
ematite iron is in very good demand, with the price 


61s. | sell 





round 100s. per ton. The following are the 
quotations for <a 1) iron :—Clyde, 78s. ; Oalder 
and Gartsherrie, 786. 6d.; Summerlee and Langloan, 80s. 
(all shipped at Glasgow) ; Eglinton, 72s. 6d., and Glen- 
garnock, 79s. 6d. (both at Ardrossan); Shotts, 78s. 6d.; 
and Carron, 80s. (both at Leith). 


Scotch Imports of Iron and Steel,— ing the month 
of February the imports of the a rm of iron 
and steel manufactures into the ports of G Ww, 
Greenock, Grangemouth, Leith, Dundee, and A 

were as follows :—Wrought iron, in bars, angles, rods, 
and sections, ex-Sweden, 5 tons, value 55/.; steel 
angles, and sections, ex-Sweden, 1 ton, value 19/., and 
ex the United States, 602 tons, value 3976/.; iron and 
steel 7 and strips, ex the United States, 380 tons, 
value 39621. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trode.—Pig-iron values continue to . 


advance. Thoseof Cleveland have gone up 4s. in a week. 
Buyers hesitate to follow the rather rapid upward move- 
ment, notwithstanding a prevailing opinion that top 
prices have not yet been touched tside speculative 


tions in warrants have undoubtedly assisted materi- 
pig, but a very 





° 

ally in sending up values of Cievelan 
large legitimate demand for home consumption has also 
contributed in no small way to theimprovement. Higher 
wages and increased prices of raw material have sent up 
cost of production. © scarcity of local ironstone is 
rather severely felt owing to so many miners having 
joined the colours, and the mineowners have appealed to 
the ironstone miners to remain at work on Good Friday, 
a day that has always been a general — No. 3 g.m. 
Cleveland pig has advanced to 62s. 6d., and, in fact, some 
ers are demanding 62s. 9d. Not since May, 1913, has 
the price been sohigh. No. 1 Cleveland is 64s. 9d. ; No. 4 
foundry, 62s. 3d. ; No. 4 forme, 61s. 9d. ; and mottled and 
white iron, each 61s. 3d. ere is more irquiry for Kast 
Coast hematite pig, and nothing below 95s. is now named 
for Nos. 1, 2, and 3. Several eales have been recorded at 
that figure, and come sellers are inclined to hold out for a 
rather higher price. Foreign ore is very stiff. Market 
rates are on & minimum basis of 30s. ex-ship Tees for 
Rubio of 50 per cent. quality, and dealers, as a rule, will 
not sell unless they have steamers arranged for. Ore boats 
are still difficult to fix. Freights Bilbao-Middlesbrough 
are round about 15s. 6d. Satisf —— of foreign 
ore, however, are coming to hand. ‘o date this month 
imports of ore to the Tees amount to 79,529 tons. Ooke 
prices are up, and further advances are anticipated, as 
there is a of more ovens going out, manufac- 
turers finding it more profitable to sell their coal than to 
convert it into coke. Demand for local consumption is 
rather heavy. Durham beehive blast-furnace coke, of 
average y+ is 20s. and upward delivered at Tees-side 
works. Best oundry coke for shipment is fully 21s. 6d. 
f.o.b., and gas-house coke is in the neighbourhood of 13s. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 127,801 tons. 
Since the beginning of the month the stock has been in- 
creased by 3955 tons. Shipments of pig-iron from the Tees 
are on a very small scale, averaging only 346 tons per 
working day, the total despatches begs returned at 
5195 tons, all of which have ~_— from Middlesbrough. 
To the same date last month the loadings were given 
at 6261 tons, or a daily average of 417 tons, and for the 
corresponding part of March, a year Er the clearances 
reached 57,604 tons, or an average of tons per work- 
ing day. 

Manufactured Iron and Steel. — Very satisfactory 
accounts are given of all branches of the manufactured 
iron and steel industries. The various departments are 
well employed, and manufacturers are heavily pressed for 
delivery. Most ucers are busy on Government work, 
and some firms have bad to postpone the execution of 
other orders. There are inquiries in the market for rails 
for India, Australia, and South Africa, the last-named 
having orders to place for 37,000 tons. Principal market 

uotations stand :—Common iron bars, 8/. 10s.; best bars, 

17s. 6d.; best best bars, 91. 5s. ; king-iron, 71. ; 
iron ship-plates, 9/.; iron ship-angles, 8/. 10s. ; iron shi 
rivets, 10. 5s.; iron girder-plates, 9/.; steel Kars (basic), 
91.; steel bars (Siemens), 9/. ; steel ship-plates, 9/.; steel 
shi les, 82. 15s.; 5 boiler-plates, 101. ; steel joists, 
8l. re. . to 8i. Lowy hoo; 81. 5s.; i 


steel 
81.—all net f.o.b.; gal 


F vanised 
in bundies, 117. 10s. to 122. f.0.b.—less 4 per cent. 





Pic-Inon 1n Germany.—The German pig-iron market 
appears to be in a somewhat unsettled condition, and the 

rmission to sell for the second quarter at a rise of 

marks has led only to a limited business. The reason 
is probably to be found in uncertainty as to further 
price movements, pending a more accurate ascertain- 
ment of the cost of production. That any further altera- 
tion in the quotations will be upward seems to be taken 
for granted. The increase y effected for different 
sorts of pig-iron has not yet put the production on a 
remunerative basis for many furnace concerns, and 
is a movement for a fresh revision of quotations 
and for short-term sales. The deliveries to neutral 
foreign countries are in the meantime and some 
— 5 are entirely excluded from export. 


NOTES FROM THE SOUTH-WEST. 


if.—There is still pressure for all kinds of large 
oe coal, and current indications tend, if anything, 
to this pressure becoming more acute, while the output 
is still a limited. Admiralty requirements 
are still heavy, the best descriptions cannot be 
obtained for early delivery ; they are quoted at 35s. per 
ton for April ing. There has also @ continued 
pressure for smalls, and best bunker descriptions have 
easily made 21s. 6d. per ton. The best household coal 
has advanced to 30s. ton, t fuel and coke 
have remained dear. 


Swansea Harbowr Trust.—Sir Griffith Thomas has been 
elected chairman of the Swansea Harbour Trust for the 
nineteenth time in succession. Sir Griffith, in addressing 
the Trust, said instead of the usual regular advance in 
trade which he had so often had to report, there had 
been a retrograde movement during the past twelve 
months. The reduction amounted to about 1,000,000 
tons, or about the excess shown by 1914 over 1913. 
The war had made a wonderful difference in the trade of 
the port. In August the exports and imports totalled 
only 250,000 tons, but as from September, with the ex- 
ception of November, each month shown an increase. 
In view of the tremendous struggle which was going on, 
he was surprised to see the business of the port keep up 
so well as it had been doing for the past half year. 
In the beginning of this year trade again increased, 
commpenting wech.of IA. As Gonagesens kod bose 

ing week o' n arrangement 
made with the Trinity House by which a house would be 
set up at King’s Dock, so that Swansea would be made a 
centre. This would have the effect of wines some 
thirty-five families to live at Swansea. A new Rhondda 
railway tip had been opened at King’s Dock and was 
working well. Last year shipments of bunkers increased. 


Welsh Coal Output.—At the annual meeting of the South 
Wales and Monmouthshre Coal-Owners’ iation, 
the returns submitted showed that the output of 
members of the Association for 1914 had been as follows :— 
Cardiff, 30,103,076 tons; Newport, 9,842,808 tons; and 
Swaneea, 4,201,487 tons, making an aggregate for the year 
of 44,147,371 tons. Mr. Hugh Bramwell, Great Western 
Colliery, Pontypridd, was elected chairman for the 
ensuing year. The following gentlemen were also 
appointed district chairmen :—Cardiff, Mr. R. Ruther- 
ford, Rhymney Iron me yy Newport, Mr. W. 
Stewart ; and Swansea, Mr. C. E. Cleeves. 





On Cuttine Toors.—Mr. Dempster Smith, M.Sc., 
lecturer in Mechanical Engineering in the School of 
Technology, Manchester, presented to the Manchester 


Association of Engineers, on the 13th inst., a report on 
‘Past Experimental Work on Cutting Tools.” The 
report will ve most useful for reference purposes, and 
for the benefit of our readers we give a précis of its con- 


tents. It opens with an abstract of the papers on the 
subject read by Mr. Ford Smith in 1866 and 1883 before 
the Institution of Mechanical ineers. It then deals 
with the Berlin experiments 1901, and gives ab- 
stracts of the following ps and articles :— 
**Outting Angles of Tools for Metal Work, as Affected 
dl Speed and Feed,” by Sir H. F. Donaldson, 1903 ; 

port of the Manchester Committee, 1903; “ Ex- 

ments with a Lathe-Tcol Dynamometer,” 1904, 

Dr, J. T. Nicolson; “‘ High-Speed Cutting-Steel,” 


1904, by Mr. J. Miley; “‘The Dev t, Use, and 
Economy of High-S Tool-Steel,” 1904-1906, by Mr. 
J. M. Gledhill ; NGI- 


“High-Speed Tool-Steel Teste,” 

NEERING, July 20, 1908, by Professor L. P. Breckenridge 
and Mr. Henry B. Dirks ; ‘The Art of Cutting Metals,” 
1906, by Mr. F. W. Taylor; ‘“‘An Analysis of the 


| Evolution of Modern Tool-Steel,” Enomngekine, May 3 


and 17, 1907 ; ‘‘ Possible Methods of Improving Modern 
High-Speed Turning-Tools,” 1 by Profersor H. C. H. 
Ca: ter; ‘‘Metal-Cutting without Clearance,” 1908, 
by Mr. James Hartness ; *‘ Testing of Files and Tool- 
Steel,” 1909, by Mr. E. G. Herbert; ‘“‘The Outting 
Properties of Tool-Steel,” 1910, by Mr. E. G. Herbert ; 
“The Influence of Heat on Hardened Tool - Steels,” 
1912, by Mr. E. G. Herbert; ‘‘A Research on the 
Hardness of Carbon and Low-Tungsten Tool-Steel,” 
1910, by Mr. 8. N. Beagiees ** Heat-Treating High- 
Speed Tools,” 1910, by Mr. OC. P. Berg ; * Devel ment 
and Use of High-Speed Steel,” 1910, by Mr. Walter 
Carter ; ‘‘Outting-Tools,” 1911, by Mr. Dempster Smith; 
Ry El Pg 
acture of Highly-Alloye igh- ~~ y 
Professor G. Schlesinger ; “‘Outting Power of Lathe- 
Turning Tools,” 1913, by Professor W. Ripper and Mr. 
J. W. wey E **Investigation of the General Proper- 
ties of Tool-Steels,” 1914, by Mr. Dinis ; ‘Some Dura- 
bility Tests with High-Speed Tools,” 1913, by Professor 
R. Poliakoff ; ‘‘ Experiments with Stellite Touls,” by 





‘eseor R. Poliakoff ; ‘Costs of Solid and Welded-Tip 
Tools,” 1914, by Mr. Francis 8. Walters. 
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MOTOR TURNTABLE FIRE-ESCAPE. 
CONSTRUCIED BY MESSRS. MERRYWEATHER AND SONS, ENGINEERS, GREENWICH. 


(For Description, see Page 332.) 

















Bouemian Licnires.—As regards the North-West 
Bohemian lignite industry, the improvement in the rail- 
way communication was only of short duration. The 
demand for all kinds of coal is very active; there are 
large stocks at the mines, which cannot be moved from 
lack of means of transport. The Elbe traffic of lignite was 
about 40,000 tons in January. The production of coal of 
the Teplitz-Briix and Falkenau-Elbage districts amounted 
to 19,750,000 tons in 1914, against 22,700,000 tons in 1913. | 
The sales in these districts were respectively 14,250,000 
tons and 15,500,000 tons for 1914 and 1913, the export | 
amounting to about 5,500,000 tons. 





Atoms AND Ions: Erratum.—By a printer’s error the | 
formula at the bottom of page 304, middle column, wa; | 
given as :— 


w 
N,V _ra?zR? 
NN, wT 

ké 

instead of :— 

w 
N,V rate R? 

N, Ng w 

Re 


Tue Fiyine-Macuine.—A very full mosting of the 
Institution of Automobile Engineers was held at tho | 
Institution of Mechanical Engineers, on the 10th inst., 
when Mr. F. W. Lanchester gave a very valuable paper, 
entitled ‘‘The Flying-Machine: The Aerofoil in the 
Light of Theory and Experiment.” The paper was put 
forward with a view to encouraging the greater use of 
theory in designing models of aerofoils for experimental 
research, and gave formule for determining forms which 
would give results very closely in accord with theory. | 
The paper will be followed, at the April meeting of the 
Institution, by a complementary paper on the subject 
of ‘*The Screw-Propeller.” It may again be pointed 
out that during the war the meeti are not confined 
to members of the Institution, but all those whofare in- | 
terested can obtain tickets of admission on application. 
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GEAR FOR THE HERCULES SHAFI, EAST RAND 
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NOTICES OF MEETINGS. 


Tue InstiruTION OF MBCHANICAL —Friday, March - 


6 5 ao. Paper: “ Chemical and Mechanical Relations 
Iron, ~- and ang by Mr. J. O. Arnold, D.Met., F.R.S., 
of Metall the University of Sheffield, and Mr. 


A. A. Read, es "Fic, of Cardiff, Professor of Metallurgy in 
the University of Wi 

Tae Norrs-East — LxsTrrvTion OF ENGINEERS AND SHIP- 
BUILDERS. —Friday, ye at 7.30 p.m., in the lecture theatre 
of the Literary and Ph ‘ical aw, Westgate-road, New- 


castle-on-Tyne, acon aan mee t to be read 
discussed, ** The Future of British En ng and Shipbuilding,” 
by E. W. "Fraser Smi ith, 8 | meeting of the 





tone Be Section, arranged for Gaturday March 27, is unavoid- 
al 

r] INSTITUTION or Rat.way SienaL Enoineers.— Wednesday, 
March 24, at 2.15 p.m., at the Institution of Electrical En neers, 
Victoria Embankment, don. The discussion on Mr. ‘s 
rr ‘* A Review of the Art of Signalling and Some Suggestions,” 


yy or Arts.—Monday, March 22, at 8 p.m. 
Oantor Lecture :—“* House-Building : Past and Present, ” by Mr. 
M. H. Baillie Scott (Lecture II). Wednesday, March 24, at 5.30 p.m. 
“The Work of the War Refugees’ Committee,” by Lad 2 
Colonel Sir Thomas H. Holdich, R.E., K.C.M.G., K.O. .B., 
D.Sc., Chairman of the Council of the ‘Society, will 

Tax INSTITUTION OF Crvu. Exnenmsrs.—Tuesday, March 23, at 

8 p.m. Discussion on “ The Improvement of the River Clyde 
and Harbour of rg © 1873-1914,” by Sir omas Mason, 
Assoc. Inst. O.E.; paper to be read (time permitting) :— 


“On Im Coefficients for " Railway Girders,” by Mr. Charles 
William Anderson, M. Inst. O.E. 

Tax InstirvTion OF ELECTRICAL EnGcinsers.—Thursday, March 25, 
the follo paper will be read and discussed :—‘* Telephone 
Troubles in the Tropics,” by Mr. W. L. reat, 

THE ATION OF ENGINEERS - IN - OnARGR.—Saturday, 


March 27, at St. Bride’s Institute, Bride-l lane, 1 E. 
when a lecture will be given by Mr. J. Howard Reed » Superin- 
— of Engineer- Surveyors (Vulcan-Boiler and General In- 
ce Company’s Staff), on ‘‘ Engine Breakdowns.” Illustrated 
with tpeteredilien The lecture will commence at 8 p-m. 

Tue InstirvTI0ON OF NAVAL ARCHITE&ECTS.—Wednesday, March 24, 
morning at 11 o’clock, and afternoon at 8 o'clock, and Thureday, 
March 25, morning at 11 o’clock, and afternoon at 3 o'clock, 
the Hall’ of the Royal Society of Arts, John-street, —_ 


Wednesday morning at 11 o'clock :—Annual of Council, 
election of the Presifient, officers, and Council, address by the 
President. The following papers will then be "read and discussed : 


—l. “‘The Water-Tight yon gel of Ships,” by Professor J. J. 
Welch, M.Sc,, Member of Council. “The Increase of Safety 
Afforded by a Water- “Tight Deck,” 4 Mr. Kenneth G. Finlay, 
Associate-Member. Afternoon at 3 o'clock :—3. ‘The Influence 
of Discharging Appliances on the Desi 2S ion Large Ore-Oarriers,” 
by Mr. John Reid, Member. 4. “‘ The tlings of Light — 
structures,” by Mr. J. Montgomerie, B.Sc., Member. ~e “On the 
Strength and ‘Spacing of Transverse Frames,” by Mr. Frods- 
ham Holt, B.Eng., Student. Thureday mornin; a ll Sook :—6. 
‘A Contribution to the Theory of Propulsion and the Screw- 
Propeller, by Mr. F. W. Lanchester, Associate. 7. ‘A Com- 
a. between the Results of Propeller Experiments in Air and 

ater,’ by Mr. A. W. Johns, R.O.N.O., Member. 8. ‘ Further 
Model Experiments on the Resist of M ile Ship Forme : 
The Influence of Length and Prismatic Uoefficiente on the Re- 
sistance of Ships,” by Mr. J. L. Kent, Associate-Member. After- 
noon at 3 o'clock :—9. “ ry Law of Fatigue Applied to Crank- 
Shaft Failures,” by Mr. E. Stromeyer, Member. 10. ‘“‘The 
Effect of Beam on the , a" of Hydro-Aeroplanes,” by Mr. 
Linton Hope, Member. 11. ‘‘ Notes on the Cross-Ourves and 
GZ Curves of Stability,” by Mr. E. F. Spanner, R.O.N.C., Asso- 
ciate-Member. 

Tas Roya IxstirvTion or Great Brrrain.—Friday, March 26, 
at 9o'’clock. A discourse will be delivered by Professor Sir J. J. 
Thomson, 0.M., LL.D., D.Sc., F.R.S., Professor of Natural Philo- 





sophy, R.I. The subject is “Experiments in Slow Cathode 
Rays.” Afternoon lectures next week - 8 o'clock. On Tuesday, 
March 28, Professor Sir J. D.O.L., LL. D., on “The 


Belief in Immortality omene. " the Polynesians om (Lecture IL). 
On Thursdav, March 25, Dr. Aubrey Strahan, on “‘The Ground 
Beneath London (Lecture IL} On Saturday, f March 27, Professor 
Sir J. J. Thomson, O.M., LL.D., D.8c., F.R.S., Professor of 
Natural Philosophy, R.1., on “Recent Researches on Atoms and 
Ions” (Lecture VI.). 

Tue Puysica Society or Lornpon.—Friday, March 26, at 5 p.m., 
in the Physical Theatre at University ‘ollege, Gower- street, 
London, W.C., by invitation of Professors J. A. Fleming, F.R.S., 
and A. W. Porter, F.R.8. 1.“ The Change of Thermal Con- 
ductivity with Fusion,” by Professor A. W. Porter, D.Sc., F.R.8., 


and Mr. F. Simeon, B.Sc. 2. *‘ An Instrument for the tical 
Projection and Delineation of Physical Curves, such as —~4 
men 


resis, Resonance and Characteristic Curves” ae experi 
by Professor J. A. Fleming, D.Sc., F.R.S. 3. ‘The Stability of 
Some Liquid as by Dr. P. Phillips and Mr. J. Rose-Innes, 
M.A., B.Sc. “A Demonstration of the Green Flash at the 
Setting of an “‘rtificial Sun” will be la - by Professor A. W. 
Porter and Mr. E. t , Paris before an after the mesting. 
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THE RAILWAYS AND WAR 
TRAFFIC. 


No doubt when considerations of State no longer 








830/ ban the publication of details, the record of the 


working of our railways during the past few months 
will prove of the utmost interest. For the present, 
however, data for any adequate review of our 
railways, regarded as an instrument of war, are 
almost wholly lacking, whilst it is at the same 
time quite impossible to make any useful dis- 
cussion of the past year’s working from the stand- 
point of their normal use 4s arteries of commerce. 
As is generally known, when the war broke out 


338! the whole of the railways (plant, stock, and staf!) 
_ 3s9| were, by the authority of an Act passed in 1871, 


taken over by the Government, and have since 
been administered by a Railway Executive Com- 





different systems, under the nominal presidency 
of Mr. Runciman. This Committee, which had 
been established long before the outbreak of the 
war, and was thus ready to hand, sits in constant 
session, some members bein always present day 
and night, and on every day of the week. To itthe 
Government notifies its requirements, and details 
are then worked out by the technical heads. 

The success achieved has received the hearty 
recognition of the Secretary cf State for War. 
Many companies state that in no single case 
have troops been kept waiting for a train. The 
— they say, has always been ready before the 
troops were, and every troop train handled by 
them has reached its destination on or before 
time. During the whole period the ordinary 
business of the country has also had to be carried 
on. Some of the ordinary traffic, of course, 
diminished, particularly in the first weeks of the 
war; but military requirements give rise to 
much new traffic, mgr = in the ‘‘ woollen” 
districts, and in the neighbourhood of the large 
arsenals, public and private. ‘Further, much coal 
has been diverted to rail which in normal times 
would have been despatched coastwise by sea. 

One effect of the war has been to enhance the 
immediate importance of some of the smaller of the 
railway companies. In virtue of their situation, 
the south coast companies have conducted far more 
military traffic in = portion to their mileage than 
the lines serving the great industrial centres of the 
country. It a — that up to December last 
the London and South-Western Railway ran 4913 
special military trains, and they have, of course, 
carried hosts of troops by their ordinary trains, as 
well as furnished additional trains for conveying 
supplies to the many camps situated within the 
area served by their metals. Including returned 
empties and the like, it appears that, in all, 
some 15,000 extra trains have Gee run on Govern- 
ment account. On the London, Brighton and 
South Coast line over 4400 special trains have 
been run, which, compared with the mileage open, 
is relatively much greater than the 6684 s — 
run during the same period by the Great 
Railway. 

Lines commonly considered of but minor im- 
portance at ordinary times have proved of the 
utmost service in the present emergency. As is 
well known, the Metropolitan alicar te means 
of its ‘* widened lines” to Snow Hill, and thence 
over St. Paul’s Bridge, provides communication 
between the Midland and Great Northern metals 
on the north side of the Thames, and the South- 
Eastern and Chatham and London, Brighton and 
South Coast Railways in the south. Over this 


junction 2738 troop trains have » a8 oF 
as fifty-eight being worked through in one day, in 
addition to the ordi traffic. is company also 


works the East London line, which by means 
of the Thames Tunnel connects the Great Eastern 
Railway with the south coast lines at New Cross, 
and this junction has also proved of great service. 
The demands made by the military on the North 
London line were so great that it had to be closed 
to the public on a number of days. This line has 

physical junctions, either direct or indirect, with 
all the main lines north of the river. 

The complete stoppage of ordinary rail traffic 
was, howéver, an exceptional event, but, on the 
other hand, certain ports were entirely reserved for 
Government requirements. Dover isa military port 
even in peace time, and on the outbreak of war an 
interdict was placed on its use for o com- 
mercial services, which were transferred to Folke- 
stone. Newhaven was mente Gate in anne 
fashion, the —— vanes te ser- 
vices being also transfe: to Folkestone, and 
certain of their goods services to Southampton ; 
although here, again, the port has almost been 
closed to ordinary traffic. The accommodation 
available for the Brighton Company at Folkestone 
and at Southampton has now me inadequate, 
and the com pany intend to utilise some other 

The naval authorities have taken over a fe 
proportion of the cross-Channel steamers owned 
the various railway companies. These cen, 


being all fast boats, have proved of the test 
service, several having been fitted up as pital 
ships, others used for mine-sweeping, and the 


remainder for other services. The Great Central 
— Great Eastern Companies were unfortunate in 

some of their boats interned at Hamburg 
immnedistal before the declaration of war. Having 





mittee, constituted by_the general managers of the 





been forbidden to sail by the German authorities 
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before that event, they cannot, under the Hague 
Convention, be confiscated, and must be returned 
to their owners in good condition when peace is 
pe yoann trouble has been experi 

t a t { trouble m © - 
enced ni supplying the wagons needed on some lines, 
and that, in spite of the efforts made of recent years 
to prevent the use of wagons as temporary stores, 
some 10,000 wagons are thus being employed 
in different parts of the country. A system of 
pooling has been suggested as a way out of the 
difficulty, but to be useful this pool would have 
to include the wagons privately owned. Tiese 
privately-owned wagons are, indeed, a constant 
source of trouble. An empty coal-wagon, if it belongs 
to the railway company, can be sent to any colliery 
having coal to ship, whilst a private wagon must 
be returned to a particular colliery. Apart from 
this, however, there are other difficulties in making 
a general pool, since the traffic handled by the 
different companies varies. The average capacity 
of railway wagons, taking the country as a whole, 
is 6 tons; but on the Lancashire and Yorkshire 
Railway, for example, larger wagons are found 
profitable, the average size used by this company 
being rated at 10 tons. 

Many inaccurate statements have been made 
concerning the plan on which the companies are to 
be recompe for the use of their lines, staff, and 
stock. It has been asserted by some that the 
Government guarantees the dividends ; whilst 
others have gone still further and affirmed that 
the Government had undertaken that the share- 
holders should not be worse off under war condi- 
tions than they were in On this mistaken 
idea a claim was made that the workmen should 
be ‘‘ treated as well as the shareholders,” and by 
increase of wages compensated for the recent rise 
in the price of commodities. Even had it been 
true that the Government guaranteed dividends, 
the shareholders would have been very far from 
finding themselves in as good a position as before 
the war. Equally with the men, they suffer from 
the rise in prices, and at the same time have to 
pay a heavily augmented income tax. 

Under the agreement actually arrived at, however, 
the shareholders are substantially worse off than — 
would have been under such a guarantee, thoug 
under that their loss would have been a very sub- 
stantial one. The bargain struck was in point of 
fact an excellent one for the nation, the companies 
coming out distinctly second best. The whole of 
the receipts (with the exception of those classed as 
miscellaneous) should, it was agreed, be paid over 
to the Government, which was to pay back a sum 
equal to the net receipts earned in the corres- 

nding period of 1913, less 24 per cent. This 
Spieation was made because during the first half 
of the year 1914 the aggregate receipts of the com- 
panies, taken as a whole, were af r cent. less 
than in the first six months of 1913, and it has 
been assumed that the diminution would continue. 
Under this agreement, nothing was to be paid on 
account of capital which was not earning-dividends 
in 1913, and those companies which have recently 
completed large docks and the like suffer accord- 
ingly. Thusthe Hull and Barnsley and the North- 
Eastern Railways receive nothing on account of 
their King George’s Dock at Hull. The ware- 
houses here have been utilised for the accommoda- 
tion of troops. 

At the time the bargain was made it was im- 

sesible to predict how trade would be affected 
by the war. It certain!y diminished at the outset, 
but during the last three months of the year traffic 
was very heavy. Under the agreement, the Govern- 
ment pay nothing whatever in the way of rates 
for either personnel or goods, the sum handed over 
being in lieu thereof. Had they paid standard 
rates for such services, the receipts certainly of 
many companies, and perhaps of most, would have 
been substantially higher than they have been 
under the agreement. One difficulty which has 
arisen is as to which of tha two parties to the 
bargain is to provide the war bonus recently granted 
to the men, This amounts to 3s. week for 
men earning under 30s. a week, and 23. per week 
for those receiving in excess of this sum. So 
far the Government have not consented to do 
more than make two-thirds of the extra cost, 
and the matter is still in debate. It should be 
added that the arrangement under which the lines 
have been taken over is renewed from week to 


week, and when it terminates, the men will receive 


The companies have also helped the Government 
by putting their works and repsir-shops at the 
service of the military authorities. Here they have 
turned out ambulance trains, transport wagons, 
and other military stores and equipment. It has 
been possible to do this only by cutting down 
ordinary railway repairs which will have ultimately 
to be made at the cost of the nation. 

On an average about 12 per cent. of the railway 
men have joined the colours. Many more were 
anxious to go, but could not be » their work 
being of national importance. The chairman of 
the Lenten and South-Western Railway paid a 
high tribute to the patriotic fortitude with 
which those thus left behind have carried on their 
duties. Men had, he stated, to be practically 
forced to take necessary rest. On the other hand, 
dock workers appear to have realised less ade- 
quately the needs of the nation, and whilst railwa 
men have been working overtime all the wee 
through, the docks have stopped as usual on Satur- 
day afternoons, thus greatly increasing the traffic 
congestion. 

The North-Eastern Company formed, organised, 
and equipped a pioneer corps of 1600 men. In the 
baby-killers’ raid five of its employees were killed 
and thirty-two injured. 

On the outbreak of the war all the companies 
stopped capital expenditure wherever ible. 
In certain cases this was impracticable, since work 
had already been started and large sums expended, 
which would become remunerative only when the 
works were completely finished. This remark 
applies especially to the various electrification 
schemes in handon the North- Eastern, the Brighton, 
and the London and South-Western Railways. In 
general, the companies appear to have spent on 
capital account y aor the year only about one- 
half of what they had originally intended. The 
Midland Company, which had a large amount of 
cash in hand, took up 1,000,0001. of the War 
Loan. Those whose capital account was nearly, 
if not quite, overdrawn have found it necessary 
to raise what further funds they required by 
redeemable securities, the investor having been 
frightened by the remarkable fall in values 
which has been notable for many years past and 
has been merely accentuated by the war. Unless 
capital can get security combined with a fair 
return, it will not be forthcoming, and to keep 
our railways ahead of traffic requirements requires 
additional capital to be found at a rate which for 
many years past has averaged some 23 millions 

r annum, and a comparison of the capital invested 
in our railways with the number of men employed 
shows that each 20001. expended provides work for 
only about one additional railway man. 

The remarkable efficiency with which the rail- 
ways have handled the abnormal traffic suddenl 
thrown upon them at the outbreak of the war, whic 
is testified to by Lord Kitchener’s statement that 
the companies had more than justified the confidence 
placed in them by the War Office, is by a curious 

rversion of logic being used as an argument in 
avour of the nationalisation of our lines. To 
some writers the word ‘‘ organisation” possesses 
all the balm ever found in ‘*‘ Mesopotamia” by the 
old lady of pions memory. Organisation and efli- 
ciency are ded as convertible terms; but whilst 
it is impossible to have efficiency without some 
organisation, it is by no means uncommon to find a 
ee deal of organisation with very little efficiency. 

tate railways have notoriously contributed ex- 

tremely little in the way of valuable improvements 
in enor bra of rail transport. Were our own lines 
to be taken over, the number of authorities having 
independent initiative would undoubtedly be 
greatly reduced. Those that remained would be 
overburdened with routine work, repellent to the 
technical man, who would in consequence ually 
be replaced by officials having the clerkly rather 
than the creative temperament, and a rapid diminu- 
tion in the efficiency of the services would un- 
questionably result. 
The tubes and omnibuses were not included 
amongst the undertakings administered by the 
Government, and remain under their independent 
management. During the period of mobilisation 
these companies on their own initiative arranged to 
carry men in uniform free of charge, and the im- 

rtance of the assistance given to the authorities 
- the Metropolitan omnibus companies can hardly 
be overrated. No statement has yet been made 
as to how these services are to be recognised, but 
° 


implies a much heavier loss to the company 
owning it than is represented by its value as 
it stands in their books. The companies also 
“paces 2000 trained drivers, and men more 

ve gone in other capacities. The companies 
have further supplied omnibuses and motor-lorries 
in large quantities, giving the Government, more- 
over, the use of their garages and shops and of 
their training-school for drivers at Chelsea. 





THE INDUSTRIAL USES OF 
COAL-GAS. 

Among the public services of a modern town, the 
gas and electricity — occupy a peculiar posi- 
tion, in that they both cover the same ground and 
are direct competitors. We think this applies to 
no other ordinary public services except possibly 
rival forms of transport. The histories of the 
ee of gas and electricity are curiously parallel. 

began their career as lighting agents, and 
largely built up a position in domestic service. 
Later they became caterers for power and heating, 
and to take an interest in an industrial load. 
With electricity the power load has in very many 
cases become of greater importance than the light- 
ing load. In heating less has been done, and 
neither in the workshop nor the home has it yet 
seriously affected the position attained by gas. In 
— we think electricity unquestionably leads ; in 
eating and lighting, particularly in their domestic 
applications, gas leads. The heating loads of our 
large gas companies are remarkable. The Gas Light 
and Coke Company, for instance, has 590,000 stoves 
on its mains, and the South Metropolitan Company, 
306,000. Apart from power application in gas- 
engines, there would a to a very large 
potential field for the industrial uses of town gas 
in heating processes. A good deal has been done 
in this way, but not a tithe of what may be. It 
would appear that, as in many cases electricity has 
found its industrial-power load to far outweigh its 
other services, so gas may find its industrial-heat- 
ing load of greater importance than even the re- 
markable domestic-heating loads now current. 

Even with present prices, industrial applications 
form a growing part of the load on our gas works. 
With cheaper , the rate of growth might be 
much ie As is generally known, the 
introduction of the vertical retort has resulted 
in an increased yield of gas from coal with 
a reduced cost of handling. Mr. Chorlton, at 
the last meeting of the Institution of Mechani- 
cal Engineers, stated his belief that with vertical 
retorts, gas could be put into the holders at 
about 4d. per 1000 cub. ft. Even if such a low 
figure as this has not yet been reached, it is certain 
that as the vertical retort comes into greater use 
the cost of production will fall very materially. 
Mr. Templer Depree, speaking before the Society 
of British Gas Industries, on the 18th inst., quoted 
a casein which by the installation of vertical retorts 
the cost of carbonising a ton of coal was reduced 
from 2:. 9d. to 9d. a ton, with an increased yield. 

Town gas at present varies much in price. In 
the larger towns it is generally cheaper than in 
the smaller, as may be expected, owing to the 
larger and more economical production. Again, 
the price of gas more or less follows the price 
of coal, and is dearer in the south of England 
than in the north. There are plenty of excep- 
tions to these rules, however. The Gas Light 
and Coke Company, for instance, the largest pro- 
ducer in London and in the world, supplies at 2s. 6d. 
per 1000 cub. ft. north of the Thames and 2s. 2d. 
south, while the Wandsworth, Wimbledon, and 
Epsom District Gas Company supplies in some 
cases atas low as 1s. 9d. per 1000. In Liverpool the 
charge is 2s. 1d., and in Widnes, with one-tenth 
of the production, the charge is only 10d. or Is. 
This latter price is exceptionally low, but is 
reached by Sheffield. The illuminating power of 
the gas in these various cases is not necessarily the 
same. In Liverpool, for instance, it is set at an 
unusually high value. This is an aspect of things 
which deserves, and has had, much attention. 
Nowadays, when even from the domestic point of 
view luminous flames are of no interest, a pure 
calorific standard would appear the logical form of 
specification. In London a combined illuminating 
power and calorific standard is now used, but in 
general Parliament has shown little desire to 
permit de from the illumination test. ‘ 
Ins ing of a great extension in the industrial 
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cases a3 that of the South Staffordshire Mond Gas 
Company. Weare thinking of the ordinary gas 
companies in our large and medium-sized towns. 
The electricity supply companies, or the corpora- 
tion systems, in such situations have been able not 
only to serve themselves, but to serve the public, 
by providing a cheap and convenient supply of 
power. In the same way the gas authorities are able 
to furnish a source of heat, but their activities 
might be greatly extended were they able to manu- 
facture their product in terms of the calorific 
content, which is now its important factor. 
users there no doubt will be, and are, but it is to 
the smaller type of works that cheap gas would 
particularly come as a boon, and it is by the culti- 
vation of this field that the gas companies are likely 
to build up a large demand. 

The field for town-gas application in industry is 
very large. Leaving aside the gas-engine and even 
the Bonecourt boiler, which may be an important 
user in the future, one still has such a number of 
applications in various trades that it is hardly 
possible for anyone not directly concerned to know 
even of their existence. In a sense, most of these 
are the same thing in different guises, since they 
may all be looked upon as some type of furnace. 
An account of some of these various applications 
was given in a paper read by Mr. H. M. Thornton, 
M.I. Mech. E., before the Royal Society of Arts 
on the 17th inst. Mr. Thornton’s paper was 
descriptive rather than statistical, which, in a 
sense, was unfortunate. It is of t interest to 
engineers to hear of the use of gas in a brass 
foundry with a saving of 30I. a year in fuel and an 
increased output, but it would be still more 
interesting to have an idea of the extent to 
which our gas authorities have been able to cultivate 
this class of business. Again, Mr. Thornton had 
much to say of the use of gas furnaces for anneal- 
ing, hardening, and tempering. These applications 
of gas are no novelties to engineers, but some 
account of the extent to which town gas is applied 
for them would be very instructive. The chair- 
man at Mr. Thornton’s meeting, quoting Sir Corbet 
Woodall, stated that while thirty-five years ago 5 per 
cent. of the gas produced was used for purposes 
other than lighting, at the present time 40 per cent. 
was so used. This 40 per cent. includes, of course, 
both domestic and industrial applications. 

An attempt to review Mr. Thornton’s paper in 
any completeness in a brief space would probably 
result in little more than a catalogue of applica- 
tions, but some attempt should be made to indicate 
the extent of the field with which he was able to 
deal. From among the examples he gave, the 
applications of most direct interest to ge ng 
are naturally those which, from our point of view, 
present least novelty. ign ges however, the 
two examples of relative costs which he quoted 
come from this class. One of them, referring to 
the brass foundry of Messrs. Whyte, Thomson, 
and Co., of Glasgow, we have already briefly 
referred to. Tho annual cost for fuel. using coke, 
was 135l., and by substituting gas the cost was 
reduced to 1051. per annum, with an increased out- 
put of 50 per cent. No indication is given of the 
price paid for the gas, but in Glasgow gas-engine 
supplies may be obtained at prices ranging from 
1s. 11d. to 1s. per 1000 ft. We do not know if gas- 
furnaces come under the same tariff. The other 
example quoted with costs was also a Glasgow firm, 
Messrs. Thomson, Stern and Co. In this case gas- 
furnaces were used for heating springs in place of 
coal-fired furnaces. The coal bill was 6941. a year, 
and the gas bill 425/., showing a saving of 2691. 
a year. We presume the capital cost of the change 
of plant must be offset against this, but the figures 
are very striking, apart from the more accurate 
control, smaller space, and lower labour charges, 
which would naturally be features of the gas plant. 

In the light metal trades gas is, of course, used 
to a considerable extent for such processes as 
annealing stampings, electric conduits, cycle parts, 
bars, &c. In general this sort of work is done in 
annealing-ovens, but rotary machines are used for 
small parts. A similar sort of application is fur- 
nished in rotary furnaces for tempering and colour- 
ing steel pens. An interesting example of the use 
of gas is the fitting of a hard-fuel annealing fur- 
nace for heavy-grade wire with gas-burners at the 
entrance of the heated chambers to prevent the 
admission of air and consequent scaling of the wire. 

Referring to the war, which we fear must come in 
in most connections nowadays, Mr. Thornton 
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self-contained nature, and the ease with which they 
were fixed. As an example of this he referred to 
the case of a musical instrument maker who turned 
over to the manufacture of cartridge-clips, installing 
furnaces for their tempering — colouring. 
e furnaces were in operation thirty-six hours 
after they were delivered at the works. On this 
point Mr. Thornton ‘‘ ventured to claim” that 
** largely due to the service of industrial gas ap 
ratus our New Army is in a position to take the 
field much earlier than otherwise could have been 
e case.” This may be admitted; but it is 
not only gas which can make the claim. This 
amazing war pays tribute to every physical applica- 
tion on which modern industry is built up. h 
may say that without it the war, as we hom it, 
would not have been possible. As germane to this 
oint, and as illustrating the large sizes which gas- 
urnaces have now reached, Mr. Thornton referred 
to an example recently constructed for the heat- 
treatment of shells, and of a capacity to deal with 
eleven of our largest naval armour-piercing shells 
at one time. 
Among other more or less directly engineering 
+ aa of gas are brazing, soldering, and 
blow-pipe work. Bicycle-frames, for instance, are 
essa y gas, while the same method can be used 
for securing flanges to copper-pipes. Gas-heated 
soldering-irons are largely used in building arma- 
tures and other electricsl work, while gas blow- 
pipes form an essential appliance in the manipula- 
tion of the glass tubes and bulbs from which 
incandescent electric lamps are buiJt up. Turning 
to other industries, one finds gas-heated melting- 
pots for type-metal in the printing trade, as 
well as gas-heated steam-generators for presses, 
gas boilers for varnish, glue, &c., japanning- 
ovens for bedsteads, &c., sugar -boilers, gas- 
heated presses and irons in the hat trade, muffle 
furnaces for firing enamel on jewellery, and so 
on. There is no need to extend this list much 
further, but the glass industry should, perhaps, not 
be omitted. In this trade one has Lehr furnaces 
for cooling down glassware, kilns for firing stained 
glass, and reheating furnaces of the so-called ‘‘glory- 
hole” type for treating glass articles during the 
process of blowing. A final co peer of a some- 
what different type which may be mentioned is the 
use of gas-flames for singeing thread and removing 
nap and loose threads from cloth in the textile 
industry. 





ATOMS AND IONS. 

At the Royal Institution on Saturday last Sir 
J. J. Thomson delivered the fourth of his lectures 
on ‘* Atoms and Ions.” 

In opening his discourse, the lecturer said that 
he wished that afternoon to draw attention to 
cases of ionisation produced by heating various 
salts. The problems here involved had two 
aspects, according as the electricity was liberated 
from the solid salt itself or from the vapour occupy- 
ing the space immediately above it. It was neces- 
sary that these two aspects should be kept apart 
and considered separately if clear ideas as to the 
nature of the ionisation were to be attained. When 
certain salts were heated there was, he proceeded, 
a marked production of electricity, the character of 
which was found to depend a great deal on the 
nature of the salt. here the electricity was 
liberated from the solid salt there was in some cases 
a marked excess of positive electricity, whilst with 
other salts it was the negative electricity which 
was in excess, 

Taking a little aluminium phosphate and raising 
its temperature by means of an electric heater, the 
lecturer showed that when a plate connected to an 
electroscope was brought over the hot salt, the 
electroscope was rapi 4 discharged when its own 
charge was negative, but that the leakage was 
insignificant when the electroscope was positivel 
c . When aluminium phosphate was heated, 
he proceeded, | ge electricity was rg eee in 

{ excess, whilst with other salts similarly treated 
it was the negative electricity that was in excess. 
Whether the one result or the other was attained 
depended upon the chemical nature of the salt, and 
he had found an interesting connection between the 
character of the charge liberated by heating and 
that liberated when the salt was crushed in an —_~ 
mortar. Most salts, he said, get electrified when 
carefully powdered, and the sign of this electrifi- 
tion was the same as that of the electrification 





pointed out the advantages of gas-furnaces in their 


produced when the salt was raised to a high tem- 





perature. It would seem, therefore, as if in both 
cases the electricity was due to the tearing off from 
the salt of a surface layer of electricity spread over 
it. = this 4 aye removed to some extent by 
powdering or eating, we should get exactly the 
effects pte | : o 

It was important in such cases to know what was 
the carrier of the electricity produced. The usual 


pa- | method of measuring the mass of the carriers was 


not readily applicable in experiments of this kind, as 
the high temperature would affect the photographic 
plate or phosphorescent screen used. Another 
plan was therefore adopted. A plate connected to 
an electroscope was placed parallel to the plate 
supporting the heated salt, and between the two 
plates an liel to them a strong magnetic field 
was established. If the field were destroyed, every 


electrified particle from the salt would reach the 
opposing plate and help to discharge an electroscope 
connected therewith. On re-establishing the field, 


however, the magnetic force would curl round 
the paths of these particles into circles, and the 
stronger the field the sharper would be the 
curvature of the trajectories. Hence by making 
the field sufficiently strong, the orbits of the parti- 
cles would be bent round so much that none of 
them reached the opposing plate, but fell back on 
to the salt below. Hence by varying the magnetic 
field, it was ible to pass from a state in which 
all the particles reached the opposing plate to 
one in which none of them did ; and the transition 
was a pretty sharp one. Knowing the distance 
at which the particles just failed to reach the 


plate, the ratio © could be determined by means of 


the equation :— 
a=2X 
He 
where d denoted the distance between the plates, X 
the electric force — particles from one 
~ to the other, and H denoted the magnetic 
eld. 

From experiments based on this principle, it had 
been found that when either sodium or potassium 
was contained in the salt heated, the carriers of 
positive electricity were nearly always atoms of 
one or other of these metals. Indeed, Professor 
Richardson had gone so far as to maintain that 
atoms of alkaline metals were the carriers in all 
cases, whether the salts were or were not sup 
to contain sodium, the alkali being present, in fact, 
as an impurity. 

The speaker had himself made experiments on 
the nature of the carriers produced when platinum 
was heated, and found for them, in this case, an 
atomic weight of 26, which fitted in very well 
with the suppositions that the carriers were mole- 
cules of carbon monoxide. He believed that in the 
majority of cases it was the gases absorbed on the 
surface of the bodies under investigation which 
provided the carriers, and CO was always given 
off when metals were heated in vacuum, and his 
own experiments supported the view that in such 
cases the carriers were molecules of this gas. If 
the carriers were sodium atoms, the atomic weight 
found should have been 23 instead of the 26 actually 
observed. Nevertheless, in cases in which the salts 
under investigation actually did contain sodium, 
Richardson had got very abundant electrification, 
showing that sodium and potassium were very well 
olegeel to serve as carriers of positive electricity, 
but the lecturer could not accept the view that the 
carriers were in all cases atoms of these metals. 

He would next consider cases in which the elec- 
trification arose from the vapour of the salt, and 
could be detected even if this vapour were sucked 
off into another vessel, and tested there. This 
phenomenon had been specially studied by Schmidt 
and Kalandyk, the latter working in the Cavendish 
Laboratory. The vapours examined were those of 
cadmium iodide, zinc iodide, and zinc bromide ; 
these vapours showed a high conductivity, and there 
must therefore have been a separation of the posi- 
tive and negative charges in the molecule. By 
determining the way in which this conductivity 
varied with the temperature, it was possible to 
calculate the work required to separate the charges, 
and in this way Kalandyk had found for cadmium 
iodide the value 1.79 volts, which, it would be 
seen, was very much less than the 5 volts required 
to ionise mercury vapour. This wasan interestin 
instance of ionisation being effected with a verys 
expenditure of energy, and apparently the ionisation 





of the vapour of this salt might be considered to 
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be a genuine ionisation of a gas, effected with an 
energy expenditure of less than 5 volts. There 
was, however, one suspicious point in the matter— 
viz., that the ionisation was greatly increased if a 
little water-vapour were present. There were other 
cases in which the presence of water-vapour had a 
marked effect on the production of electricity. 
Thus, if sulphate of quipine were heated to about 
180:deg., and allowed ‘to cool, it gave out electri- 
city; if the cooling todk place in such conditions 
that water-vapour could’be absorbed, but none if 
water-va were excluded from the cooling salt. 
In all these phenomena we found throughout the 
enormous influence exerted by the presence of 
different substances. When the greatest precau- 
tions were taken to purify the bodies under inves- 
tigation it was found that in many cases the effect 
diminished to a mere fraction of its original value. 
For example, the purer aluminium phosphate was 
the less was the electricity produced on heating it. 
Again, Pring and Parker had found that by takin 
extraordinary care to get rid of the gases occlud 
by carbon, the ionisation produced by heat was 
diminished to less than one millionth of its original 
value. 

All through these observations the importance of 
mixtures was, in fact, very evident, and in all these 
cases we were perhaps in the presence of the oldest 
type of ionisation known—viz., the electrification 
produced by friction of dissimilar bodies. This 
was the original method of producing electricity, 
and as yet but little definite was known about it. 

The hypothesis which for the present fitted in 
best with the facts observed was that when two 
different molecules came sufficiently close to each 
other, there was a tendency for negative electricity 
to pass from one to the other. In general, how- 
ever, suflicient energy was not available to separate 
the positive and negative charges from each other 
to any appreciable extent ; but the bond between 
the two had, as it were, been cracked, and the 
operation could then be completed by brute force, 
applied either mechanically or by heat treatment. 
Volta was not able to show the electricity produced 
by contact of copper and zinc, but on pulling 
them apart again—an operation requiring the ex- 
penditure of work-—the effect produced was large 
enough to affect even his comparatively insensitive 
instruments. On this view, the putting of two 
different molecules together envel as a delicate 
tool capable of starting the joint between the 
charges, putting them into a state in which the 
separation pom | be completed by ‘unskilled 
labour ” in the shape of friction or heat. This view- 
point made obvious the great effect on electrifica- 
tion to be expected from the presence of impurities 
in the bodies under examination. Thus the hydro- 
gen occluded in charcoal coming into contact with 
the molecules of carbon produced a difference of 
electrical condition, and then a supply of heat 
furnished the energy necessary to separate the 
positive and negative charges to an appreciable 
extent. 

Having considered so far what different agents 
produced ionisation, the lecturer said he would 
next discuss a case in which electrification was 
observed, but of which the origin was most obscure. 
Ordinarily air was regarded as devoid of conduc- 
tivity, being a typical insulator. Nevertheless, very 
delicate experiments had shown that ordinary air 
did possess a certain amount of electricity, though 
not very much. To demonstrate this the lecturer 
sucked a large quantity of air through a tube, along 
the centre of which was a wire connected to an 
electroscope, the wall being earthed. On setting 
the pump to work, the electroscope showed a very 
slight but continuous loss of charge, which stopped 
on stopping the pump. The conductivity which 
caused this loss of charge was, the lecturer said, 
in part due to the presence of radium or its emana- 
tion, which, in fact, were responsible for about half 
the conductivity found in the air of an ordinary 
room. If, however, the conductivity was measured 
of the air inside a box with very thick walls of lead, 
thus screening out any action of radium, some con- 
ductivity was still to be observed. Similarly, if the 
state of the air was measured in mid-ocean, near the 
centre of a frozen lake, or in other places where 
the effects of radium were excluded, this residual 
conductivity was always tible. Measurements 
made nearly all over the world showed, moreover, 
that this residual conductivity was much the same 
everywhere, from Oanada to near the South Pole. 
In amount it corresponded to the production of four 
jons per second per cubic centimetre of air. This 





might seem so small as to be ridiculous, and, in 
fact, the year’s birth-rate of ions am the mole- 
cules of air was less than one in a million, but this 
residual conductivity was, nevertheless, one of 
the most interesting problems now under con- 
sideration. 

These four ions per cubic centimetre per second 
were produced whatever the region of the globe in 
which the experiment was made, and whatever the 
material of which the box was constructed, and this 
occurred with the walls so thick that no radiation 
of which we had as yet any experience could pene- 
trate from the outside. How these ions were 
produced was the problem. It might be thought 
that they were caused by molecular collisions, since 
by the kinetic theory of gases particular particles 
might possess an abnormal energy, sufficient, 
perhaps, to liberate electricity on colliding. On 
this hypothesis, however, the rate of ionisation 
should increase very rapidly with a rise of tempera- 
ture, but apparently temperature changes had no 
appreciable effect. Throughout a range extending 
from 0 deg. Cent. to 180 deg. Cent. the number of 
ions produced was practically constant, whereas did 
they originate in a bombardment by exceptionally 
quick molecules, the rate of ionisation should 
have been far more at 180 deg. Cent. than at 
0 deg. Cent. 

What the explanation might be was a matter of 
absorbing interest. The conductivity could not 
be due to a special radiation from the walls of the 
vessel, as the ions were produced at the same rate 
per cubic centimetre whatever the size of the vessel, 
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although in small vessels the ratio of wall area to 
cubic content was greater than it was in large 
vessels, At present, indeed, the whole matter was 
a mystery. Perhaps the gas itself gave out some- 
thing like Réntgen radiation, which was not affected 
by temperature changes, or possibly it might be 
due to some other or compound mixed with 
the air in very small quantities, which could be 
ionised at ordinary temperatures. At present, 
however, we had no light on the source of these 
four ions per cubic centimetre per second, which 
were generated in ordinary air, after all external 
influences were screened out. It would, the 
lecturer said, be very interesting to try how this 
residual conductivity varied with the nature of the 
gas, but so far as he knew no experiments had yet 
been made on this head. 

In town air, or in other places where there was 
much dust, the ions produced were mostly absorbed 
by the dust, and the electricity was borne by 
these dust particles, and not by the molecules. Ex- 
perimenting at Paris, Langevin had found that 
there were ten times as many ions caught by 
the dust as remained free as molecules of air ; whilst 
in the open country, where there were compara- 
tively few dust particles, the electricity was much 
more mobile, being carried by molecules. A 
peculiarity found by Langevin was that there 
were no ions intermediate in size between mole- 
cules and t, heavy things like dust particles. 
Under a field of 1 volt per centimetre ‘* molecular ” 
ions would move at the rate of 1 cm. per second, 
whilst the ‘‘ dust” ions in the same field would 
only move at the rate of y;45 mm. per second. 

vin had used a very ingenious method of 
determining the type of particle present. Passing 
a stream of air through a tube across which an 
electric field was established, the particles were 
impelled towards the wall. With a certain strength 
of field all the particles of a particular size within 
a given distance from the wall would be drawn 
down and captured before they escaped from the 
tube. By increasing the field, the thickness of 
the layer from which the whole of the ions were 
removed would be increased, and, finally, a certain 
stage would be reached at which the ions 
of that kind contained in the flowing stream 





would be removed. Up to this stage, assuming 
one kind of ion only to be present, the number 
captured would be proportional to the electric 
force, so that a graph between this force and the 
number of ions captured would have the form 
indicated in the annexed diagram by the A BC. 
At the point B the whole of the ions would have 
been taken out, and no further increase in the elec- 
tric force would raise the number captured. There 
would thus be a sharp kink at the point B. If 
the ions had been of a more slowly moving kind, a 
flatter curve, such as represented by A GH, would 
be obtained, the kink at G denoting the point at 
which all these heavier ions had been captured. 
If, however, both kinds of ions were present in the 
air, the combined curve, having the two kinks I J, 
would be obtained. Each kink, in fact, denoted the 
existence of a different kind of ion, and Langevin 
found that his experimental curve contained two 
kinks only, showing that only two ty of ions 
were present, one being gaseous molecules, and the 
other particles of dust. 





EIGHT VERSUS SIX-CYLINDER 
ENGINES FOR PETROL CARS. 

Waite the four-cylinder engine has become the 
standard for petrol cars of ordinary size and power, 
there are signs that a greater number of cylinders 
will be used to a very large extent in the future. 
In Europe the six-cylinder engine has been used 
for a long time on large cars, but has never come 
into general use for thesmaller sizes. In America, 
however, there is a very large output of six-cylinder 
cars of moderate size and price, some of which are 
finding their way over this side, and it seems quite 
oser that in the near future four cylinders will 
only be used for the very smallest and cheapest 
cars. The advantage of the six-cylinder engine 
over the four-cylinder is, of course, mainly that it 
gives a more even torque, as the impulses are 
smaller and more frequent. The principal dis- 
advantages ap to be, firstly, that the engine 
is a good pe grad for a given power, and, 
secondly, that it is more costly to make. 

A possible rival, however, to the six-cylinder 
engine is the eight-cylinder diagonal type. This 
type of engine is by no means new, and was intro- 
duced on motor-cars some ten years ago by an 
English firm. At that time it was not successful, 
and was withdrawn. Some of the reasons for 
its withdrawal probably arose from public pre- 
judice, others from the fact that many parts of 
motors were in those days much less reliable than 
they are now. Unless parts are reliable, it is obvious 
that multiplying them beyond a certain point will 
lead to trouble. It was considered in those days, 
also, that the difficulty of tuning up a large number 
of cylinders to pull well was insuperable. 

Later, however, the necessity for light engines 
for aeroplane work led to the use of engines with 
many cylinders, and it was found that, owing to 
the improvement in ignition apparatus and other 
causes, it was quite possible to get engines with 
eight or more cylinders to run quite satisfactorily. 
The eight-cylinder diagonal engine has been very 
largely used on aeroplanes. It is, therefore, in- 
teresting to compare the merits of the six-cylinder 
and eight-cylinder engines for motor-car work. 
Naturally, the first point to be considered is the 
evenness of torque, and here the eight-cylinder 
type obviously has the advantage. The advantages 
which the six-cylinder design has over the four- 
cylinder will therefore be possessed by the eight- 
cylinder in a greater degree. 

Against these must be set the fact that the number 
of moving parts is increased. Thus there are 16 
valves as against 12, &c. So far, however, the 
advantages and disadvantages of the increase in 
the number of cylinders from six to eight are much 
the same as those of the increase from four to six. 
When we come to other points, however, the case 
is different. One of the chief objections to the 
six-cylinder engine, as compared with the four- 
cylinder, is the great length. This has many disad- 
vantages. In the first place it increases the length 
taken up in the car, and therefore increases the 
weight of the frame, bonnet, &c. In the second it 
makes it more difficult to avoid unpleasant vibra- 
tion. The long crank-case is naturally more liable 
to spring than the short one. This can be avoided 
by making it rigid, but this plan is apt to involve 
extra weight. A still further difficulty is that the 
long -shaft of the six-cylinder engine with its 
six throws is not very rigid in torsion, and this 
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often gives trouble with torsional vibration. This 
can be remedied by making the crank-shaft of 
large diameter, but the change, again, leads to 
extra weight, not only in the shaft, but.also in the 
bearings and their seatings. 

In the case of the eight-cylinder diagonal engine 
there are no such eyes are - from so 
eight-cylinder diagonal engine being longer 
the six-cylinder, it will actually be shorter than 
the four-cylinder. 

We can see this by taking anexample. A very 
common cylinder size for the medium-power s1x- 
cylinder car is 34in. by 5in. Assuming for the 
sake of illustration a constant stroke, the same 
cylinder capacity would be obtained in an eight- 
cylinder engine with cylinders 3.15 in. approximate 
diameter, or with a four-cylinder engine with 


cylinders 4.28 in. approximate diameter. The 
actual length of the engines will vary with the 
arrangement of the cylinders and bearings. For 


the sake of comparison, however, we may take the 
length of the cylinder casting, assuming that in 
each case the cylinders are cast en bloc with 4 in. 
water spaces between them and metal } in. thick. 
In this case the length of the cylinder casting will 
be, in round numbers, 28 in., 224 in., and 17} in. for 
the six-cylinder, four-cylinder, and eight-cylinder 
types respectively. It will be seen that the eight- 
pi wi engine will not only be a very great deal 
shorter than a six-cylinder of equal capacity, but will 
be considerably shorter than a four-cylinder. The 
shortness of the engine should allow of all 

being made rigid enough to run sweetly without 
excessive weight, while the advantage in compact- 
ness and consequent shortening of the bonnet, &c., 
is considerable. In the matter of cost the eight- 
cylinder engine should have a distinct advantage. 
It is true that there are two extra cylinders, 
pistons, and connecting-rods, and four extra valves. 
On the other hand, the crank is only of the four- 
throw type, and therefore can be cut out of a slab 
or conveniently stamped, and needs only to be 
machined on three centres instead of the four of a 
six-throw shaft. The crank-case has fewer bearings, 
and is much shorter and more compact. Each pair 
of valves can be driven off one cam, so that fewer 
cams are needed, and the cam-shaft can have fewer 


bearings. 

Taking all these points into account, it would 
appear that the eight-cylinder diagonal engine 
should be more satisfactory in use than the six- 
cylinder type, and also should be cheaper to make, 
and it will be interesting to see whether this is 
borne out in the future. Meanwhile it may be 
noted that the eight-cylinder engine is being 
argely used for aeroplane work, and that one of 
the most progressive and far-seeing American 
motor firms has taken it up for motor-car work. 





THE OUTPUT AND PROFITS OF 
GERMAN IRON WORKS. 
Tue half-yea:ly reports for the first six months 


(July to December, 1914) of the current financial 


year, 1914-15, just published by two such leading 
undertakings in the German iron industry as the 
Laura Hiitte (Vereinigte Konigs und Laura Hiitte), 
and the still larger Phoenix concern throw a glaring 
light upon the very serious effects of the war upon 
the German iron industry. As the former, 
the report points out that five months out of the 
six felt the effects of the war. Through calls to 
the front the staff of officials and workmen was 
reduced to about one-third, the production of the 
mines and the iron works was reduced accordingly, 
and became dearer, and the transport of goods 
was greatly hampered and at times entirely 
stopped. The two iron works situated in the 
Polish theatre of war, the Katharina Hiitte and 
the Blachownia, had to stop work in the begin- 
ning of August, and in place of their former con- 
tribution to the aggregate profits, they now give 
nothing but loss. Serious damage to-the~ com- 
pany’s property has so far not taken place. The 
production of the company’s four -mines was 
reduced by about one-third; the production of 
rolled iron at the Silesian Iron Works by about 
one-fifth, as compared with the corresponding 
figures for the previous year. After deducting 
cost of management and interest, the profits on 
the half-year amounted to 2,023,070 marks, which 
is only about two-fifths of the corresponding figure 
for the first half of the preceding financial year. For 
comparison’s sake the preceding four half-yearly 


1910-11 3.905 ‘O00 
1911-12... 3918 598 
1912-13 867, 286 
1913-14 , 5,815,546 
1914-15 ... La - ou roe 2,023,070 

It will be seen that the profits for the last six 


months of 1914 have dwindled down at a consider- 
ably greater rate than did the production, as men- 
tioned above. This unfavourable proportion 
between production and profits is partly attribut- 
able to the direct losses from the company’s Polish 
iron works, and partly to the fact that each reduc- 
tion of output disproportionately increases the 
manufacturing cost at the same time, as it rarely 
allows of a reduction of general costs of manage- 
ment, interest, &. As regards the production, 
this is relatively high compared with that of the 
heavy iron industry of the Rhenish- Westphalian 
district. The Silesian iron industry generally has 
managed to keep up a higher proportion of pro- 
duction than the western mining and iron industry. 
That applies also to the coal-mining industry, 
which in the west for several months was below, in 
some--cases not inconsiderably so, two-thirds of 
the normal output, and which only during the last 
few months has been raised to that proportion. 
But it applies still more to the output of the iron 
industry, which at the large western works’ only 
amounted to 60 per cent. of the normal, and in 
some exceptional cases to 70 per cent. At the 
Laura Hiitte it was 80 per cent. of the correspond- 
ing for the previous year. Nor is there any 
likelihood of the present comparatively active 
employment of the Laura Hiitte diminishing for 
some time to come, as the second half-year at the 
Silesian works commenced with industrial and war 
orders amounting in money to 17,000,000 marks. 
This compares satisfactorily with the corresponding 
figure for last year, only it will no doubt take a 
longer time to execute the orders. 

e Phoenix yar for mining and iron works 
shows, for the first half of the current year (the 
last six months of 1914), like the Laura Hiitte, a 
very material reduction in profits, although the 
decrease proportionately is not quite so great. 
The working fits of the Phoenix Company, 
exclusive of writings off, but with business ex 
and interest deducted for the first haif of the 
current year, amount to 10,587,390 marks, against 
18,849,874 marks in 1913, and 22,036,121 marks in 
1912. The report says that the decrease in the 
profits is caused by the war. Employment was 
considerably reduced from August, as in the 
first month of the war some 12,000 of the com- 
pany’s men were called to the front, an addi- 
tional 2000 men being called to the front during 
the months following. It took also some time 
before compensation could be found for the labour 
lost on orders for the hostile countries and the 
overseas markets. With the exception of the com- 

iy’s wire-drawing works, which are particularly 
Saughall to export, the iron works have for several 
months been fully employed within the scope of 
their reduced capacity. The quantity of goods 
despatched amounts to 60 to per cent. of the 


condition of affairs prevails, and the production is 
mines has receded disproportionately, owing to the 
undsual increase in the cost of production. The 
effect of the rise in the prices of coal, which comes 
inté operation on April 1, will to some extent 
be neutralised by the simultaneous reduction in 
the price of coke. The obtainment of the most 
important raw materials and other necessities 
almost became impossible at the commencement 
of the war, on account of the railways being 
entirely reserved for military purposes, but matters 
by degrees have improved more and more in this 
— Orders in hand at the iron works at the 
end of January amounted in the te to 
372,411 tons, against 488,994 tons at the same date 
of the previous year, and must be considered fully 
satisfactory in view of the reduced capacity. 

A number of concerns in the iron and kindred 
industries have very materially reduced their divi- 
dends, or, in some cases, pay no dividend at all. 
This, for instance, applies to the Mars Works at 
Nuremberg, which does not give its shareholders 
any dividend for 1914, against 5 per cent. for the 

receding year; at present the company is very 
usy with army contracts. The Stalberg Zinc 
Works pay 4 per cent., against 7 per cent. for 1913, 
but they carry forward 518,138 marks, against only 





profits are given :— 


34,273 marks for the previous year. The Kénigin 





normal. Within the mining business a similar: 
readily sold, but the financial surplus from the: 


Marien Hiitte applies the whole of last year’s 
nee to writings-off; for 1913 a dividend of 

per cent. was paid. The Rhenish - Nassau 
Mining and Iron Company pays a dividend of 6 per 
cent., against 10 per cent. for the previous year, 
the writings-otf being somewhat heavier than in 
1913. The Upper Silesian Railway Material Com- 
pany, in Breslau, peys 2 cent. for 1914, against 
4 per cent. for the pi ing year. 








NOTES. 
Tue Iystirure or Merats. 

Tue London meeting of the Institute of Metals 
was opened yesterday at the Institution of Mecha- 
nical ineers, Storey’s Gate, Westminster, when 
the report of the Council for the year was 
presented. The report stated ‘that, in spite of the 
war, the membership had increased from a total of 
626 to 645, the number of new elections being 
about equal to the average of the past three years. 
Against this, however, were a number of. resigna- 
tions, directly or indirectly due to the outbreak of 
hostilities, and three members had been killed 
on active service. The experimental work of the 
Corrosion Committee was continued, it is stated, 
up to August last. A number of different alloys 
have been under test, including one of 93 parts 
copper and 7 parts of aluminium. The on 
the rate of corrosion of temperature changes had 
been investigated with sea-water between 30 deg. 
and 60 deg. Cent. The financial status of the 
Institution showed that during the year ended 
June 30 last the receipts had risen from 22661. 
to 28291., and the, expenditure from 1531l. to 
17351. The Birmingham local section was stated 
to have had a very successful session, many useful 
discussions having been held. The war was reported 
to have had an adverse effect on the sales of the 
Journal, which fell ffom 152 in the last six months 
of 1913 to 91 in the corresponding period of last 

ear. The index of this journal had been improved 
= entering authors’ names in addition to their 
subjects. At the conclusion of the formal business 
Professor A. K. Hunti m, A.R.S.M.,-read a 

per on ‘‘The Effects of Heat and of Work on the 
Siectmasiend Properties of Metals,” and Mr. 8. 
Whyte, B.Sc., one on ‘‘ The Micro-Chemistry of 
Corrosion.” The paper first named is reproduced 
on page 334 of our t issue, and Mr, Whyte’s 
paper on page 322, but we must defer our report of 
the discussion till next week. 


Suip ConsTRvucTIONAL Provision AGAINST 
CoLuIsIon, 


The subject of maintaining the flotation of a ship 
after collision is always attractive, and consequently 
t —s x eS 4 Bac which has 

i y Captain Emilio Menada, m 
of the Societa Commerciale Italiana Steamship 
Company, under the title of ‘* Alcune Idee sulla 
Costruzione delle Navi per Trasporto Passeggeri.” 
Captain Menada makes a close examination of the 
effects of many collisions in recent years, and 
comes to the conclusion that, in the great majority 
of cases, where a colliding vessel had a clipper bow, 
the opposing vessel was not so seriously damaged 
as to involve sinking. Indeed, even in the case of 
a straight stem anda blow at right angles, the 
penetration of the colliding vessel rarely exceeded 
10 ft. With a glancing blow the penetration is 
less, but the danger is greater, owing to the prob- 
able increased number of compartments opened to 
the sea. He attaches great importance to the 
strength of the deck-stringers and to their being 
thoroughly reinforced by brackets, as many of the 
accidents showed that the resistance offered by them 
was an important factor in the degree of penetra- 
tion by the colliding ship, Bulkheads should not 
only be sufficiently numerous, but should be with- 
out doors. The TY ineipal point of his ment, 
however, is that if the ship had longitudinal 
bulkheads parallel to, and not less than 14 ft. 
from, the outer skin of the ship, such a bulk- 
head would never be struck by the bow of a 
colliding ship.. In the worst event, it might be 
deformed, but not fractured. In order to illus- 
trate such ——— he gives particulars of the 
design of a ship having a length of about 170 m. 
(about 558 ft.), a breadth of 21 m. (69 ft.), and a 
ht of 12.50 m.. (41 ft.), fitted with six 
double-ended and two single-ended boilers, with 
combination machinery of 20,000 horse-power. The 





8 between the skin of the ship and the longitu- 
dinal bulkheads is divided by transverse bulkheads 
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12 m. (39 ft. 4in.) while the space between 
the a longitudinal heads is similarly divided 


by transverse bulkheads into spaces to suit the 
boilers and their coal-bunkers. But these machiner 
divisional walls do not coincide in the athwartship 
line with the transverse bulkheads in the spaces 
between the skin of the ship and the a 
bulkheads. Thus there is no chance of collision in 
the region of the outer transverse bulkheads affect- 
ing the traneverse bulkheads within the inner 
longitudinals. Again, to ensure stability, should 
water enter any wing space, he provides a cross- 
connection under the inner compartmente between 
opposite starboard and port wing spa that water 
entering through the starboard side shell-plating 
will at once flow to the —— space on the port 
side and maintain the vessel in an upright position. 
Captain Menada utilises the space between the 
skin of the ship and the longitudinal bulkheads, 
the lower part for cargo and the upper part for 
nger accommodation and state rooms. The 
unkers are arranged on the inside of the longi- 
tudinal bulkheads, and are fed from hoppers from 
one of the upper deck. The bunkers are each of 
250 tons capacity, giving 500 tons of coal for each 
boiler. 





‘*ATOMS AND IONS.” 
To THe Eprror oF ENGINEERING. 

Str,—The lectures now p at the Royal 
Institution recall the subject of steam condensation, 
where ions form the nuclei, which appear the 
incentive to steam to condense upon, and about 
which I have addressed you in these columns before 
now. second of Sir J. J. Thomson’s lectures 
especially is pregnant with this particular phenomenon, 
and I fancy to see again the future electrical condenser 
for steam-engines or turbines, which is neither a surface 
nor ® mechanically-operated injection condenser. To 
me it ap that if a receptacle, or cavity, is filled with 
a plentiful supply of free ions, sus’ _ condensation 
— be accomplished, possibly more efficiently so than 
were Vv respectful 

u ours, 
_ nee ALFRED Buss. 

Barrowdale, 22, rton orlton-cum- 

y, enone » March 12. 





Ram Exports.—The new year has opened in 
very disappointing fashion as regards our rail expor 
the te shipments to February 28 having been 
266,585 tons, as com with 641,247 tons in 
two months of 1914 and 510,935 tons in the first 
roonths of 1913. The exports in February this year 
declined to 99,840 tons, as compared with 243,495 tons 
and 279,202 tons. Argentina a ted 1822 tons of 
British rails in the first two mon this year, as com- 
pared with 87,291 tons and 62,217 tons. 


Lonpon Suiprpine.—There has just been issued, from 
the Journal of Commerce office, 37, Walbrook, London, 
E C., at the price of 1s., a brochure to serve as & 
of information ing the shipping of 
London, and the activities to it. This is the 
fourth edition of the book, which must be of great ser- 
vice, although in all such cases where it is ed to 
reduce the volume to handy proportions the selection of 
the information to be given must necessarily be somewhat 
arbitrary. There is given, first,» personal index, followed 
by 170 pages of information 1 the various ship- 
ping lines. Following this is a record of +. 
the staffs of the Port of London Authority, railway 
companies having their termini in London, the various 
registration societies, and other technical institutions, 
the Admiralty, the Board of Trade, and such kindred 
institutions, with lists of marine surveyors, insurance 

ts, consuls. We note, however, that in some cases 
the liste of officials of some organisations do not include 
changes even made a year ago. 


Fieers or THE Wortp —There has just been pub- 
lished by Eveleigh Nash, London, at 7s. 6d. net, a work 
under this title, which, compiled from official sources, 
gives, classified according to types, the naval fleets of each 
of the Powers, and along with it are beautifully-reproduced 
photographs of the ing vessels of the various 
the number of illustrations over one h 
work is undoubtedly one of great interest at the present 
time, and, to make it of topical interest, there ie given 
short glossary of naval 


various Powers, and a record of the naval losses of the com- 
ve 





batant Powers up to January 31, . 915. It would have been 
well if space had been left so that the owner of each copy 
could keep this last list up to dete. Little information 
is given the fighting qualities of the tive 
ships, the being onl. the date of completion, 
the tb tonnage, the s the armament, 
the complement. But such i tion as is given is 
ond, testes te Se ky ke. Oa 
will suffice ; fuller sila might have towards 
wilderment. In addition to the arrangement of the 
ing to and date of completion, there 
is given an list for each fleet, so that the 
reader havi: name of a ship can easily ascertain the 
class to which she belongs. 


Cry) motor-driven turntable fire - esca 


ine. 
the lamps and an oil whine. The 





MOTOR TURNTABLE FIRE-ESCAPE. 

AN interesting motor-driven fire-appliance is de- 
picted in Figs. 1 to 3, on page 326, which show 
» constructed 
by Messrs. Merryweathber and Sons, Limited, Green- 
wich-road, S E. We are all familiar with the high 
standard attained in the “a and construction 
of fire - fighting appliances. he example under 
notice is no exception to the general rule; in fact, 
it will at once convey the — of being a 
machine of considerable value. is particular fire- 
escape has been constructed for the Calcutta Fire 
Brigade. It is petrol-driven - 50-60 brake-horse- 
power four-cylinder Merryweather-Aster engine. The 
drive is through s multiple-disc clutch and universal 
joint and change-gears, shaft, and chains to the rear 
wheels. There are three forward and one 
reverse. The top speed gives 30 miles an hour on the 
level, while grades of 1 in 5 can be negotiated. The 
wheels are of steel, and are fitted with rubber tyres, 
those on the rear wheels being of twin section. There 
are two brakes ; one pedal brake acts on a drum on 


the second-motion shaft ; the other, operated by hand, | their 


works on drums on the rear wheels. The radiator is 
exceptionally large, so as to allow for long hill-climbe, 
should the need arise, without overheating. 

Of our illustrations, Fig. 3 shows the machine read 
for the road. Figs. 1 and 2 show the ladders vied, 
though not extended, and swung on the turntable. The 
ladders are four in number. Together they have an ex- 
tension to a height of 85 ft. From the travelling position 
shown in Fig. 3 they can be quickly brought to the up- 
right or any intermediate position by means of we 
winches and quadrant gearing, to be seen in the illus- 
trations. The ladders are pivoted toa frame mounted 


on @ base-ring or turntable, and can be slewed round | the 


through the complete circle. The driver's box is 
removable in order to ensure ample room for this 
operation. The haar ae extension of the ladders is 

rformed by a small double-cylinder engine worked 
by compressed CO,, or alternatively | hand-winches. 

he lowering of the ladders is controlled by the same 
engine, the cylinders of which act as air-cushions, the 
descent being controlled completely by a small pet- 
cock, the closing of which will stop the ladders at an 
desired point. The extension of the ladders to full 
height occupies about half a minute. In order to 
allow for work on uneven ground plumbing is 
provided, enabling the ladders to be tilted sideways 
on the laider-frame. 

The sides of the ladders are fitted with steel-tube 
trussing, with steel diagonals. While mate- 
rially stiffening the ladders, this trussing aleo forms a 
convenient hand-rail. Additional stability is afforded 
by means of feet on extension-arms. These arms are 
hinged, folding out of the way when not in use, and 
when in use can be locked in position by a pin. The 
feet are fitted to vertical screws, and are screwed on 


to the ground, thus providing a wider base than is 
afforded by the machine iteelf in road trim. The 
weight is thus taken off the springs, rendering the 


whole appliance more rigid. An idea of the stability 
of the machine may be obtained from the fact that the 
ladders can be extended horizontally to a distance of 
35 ft. at right angles to the chassis, and will then support 
@ man at their extremity without fear of tilting. 

The eliding-ladders have automatic catches, so that 
the escape can be used at any ~— the strain on 
the wating copes being removed. These have paw 
and are thrown out of engagement during the descent 
of the ladders. Indicators are fitted showing the height 
to which the ladders may be extended at any angle, 
and also to show the exact amount of the extension 
of the ladders. There is also a novel device in the 
form of an electric bell, which rings automatically at 
every 10 ft. of extension as a warning to the operator, 
and starts ringing continuously when the ladders are 
within 10 ft. of their utmost extension. These devices 
are of great assistance when working in the dark. 

The vehicle is provided with an electric-lightin 
set, comprising one pair of head-lamps, one pair o 
side-lamps, 4 tail-lamp, and, in addition, a powerful 
searchlight. The latter is mounted on trunnions on 
the dashboard, but is also equipped with a tripod 
stand and reel of 200 ft. of cable, so that it can be set 
up at a distance. The power for lighting is obtained 
from accumulators charged by a small dynamo, belt- 
driven from the There are also two oil head- 
liance illustrated 
can be handled with excepti ease in narrow 
thoroughfares. It can also be used as a water-tower, 
in which case, when extended, it would stand away 
from the building self-supported. The constructors 
are, we believe, only British makers of this t 
of appliance, and while of a my oer oe design, the 
reputation and experience of the builders will doubt- 
less recommend it to British fire-brigades. 





i poy ee ay pre Rt 

se u ex, ’ 
the = Pf the shipments made in February Seine only 
17,3602., as compared with 97,213/. in February, 1914. 





BOILER EXPLOSION AT DEWSBURY. 


A FORMAL investigation has been ccnducted by the 
Board of Trade at the Dewsbury Town Hall, under the 
provisions of the Boiler Explosions Act, 1882, with 
reference to an explosion which on y> 
August 10 last, at the works of the Thornhill Iron and 
Steel Company, Limited, Thornhill, near Dews b 
and by which as many as eight persons were killed and 
seventeen others injured. 

A. A. Hudson, K.C. 


The Commissioners were Mr. 
(poo ing), and Mr. John McLaren, M.I.M.E., 
LN./ i ©. Vaux conducted the 


A., engineer. Mr. G. 

on behalf of the Board of Trade, and the 
i hy 2 ar Steel Company and a ng 
Scott, their chief engineer, were represen e 
C. L. W. Nicholson. Mr. Arthur Neill, Sheffield, 

for the Law Accident Insurance Com » bi 

whom the company’s boilers were insured, and Mr. H roi 
Smith, Bradford, for the Workmen’s General Accident 
Insurance pany. ther parties concerned in the 
inquiry were two boiler attendants, Thomas Roberts and 
Archibald Wright, and the presiding Commissioner said 
it was a pity that they were not legallyrepresented. Mr. 
Vaux said that he, foouely, w have to look after 
I interests, and Mr. Hudson added that the Commis- 
sioners would also assist them as far as possible. 

Before dealing with the Board of Trade inquiry, it may 
be mentioned that a certain investigation was conducted 
after the explosion by the district coroner as to the cause 
of the ion, and the jury returned a verdict that the 
deaths of the eight men occurred as the result of a boiler 
— due to Robert a bev wo ina Po omar 

very neg! t want of thought, applying weights to 
the safety-valve of the boiler, which was blo off, 
owing to the fact that at the time the boiler had 
disconnected from the other boiler ‘‘ by some person or 
persons unknown.” 

In Rae Be the emp Mr. Vaux, on behalf of 

Board of Trade, stated that there were eight boilers 
at the works of the Thornhill Iron and Steel Company, 
Limited, and that the one which burst on Monday, 
A 10, was of the vertical ‘‘ Rastrick ” type, supplied 
by Messrs. Umpleby, Limited, of Cleckhea in 1897, 
to work at a pressure of 80 Ib. per sq. in. All the boilers 
and machinery were in charge of the head ineer, Mr. 
Robert Scott, who had under him two boiler-tenters, 

Roberts and Archibald Wright. The boiler had 
been periodically inspected by the Law Accident Insur- 
ance Company, with whom it was insured. The works 
were closed for the holidays on July 31 to August 10, 
during which period the fiues, &c., of the boilers were 
cleaned out, and other general matters seen to, operations 
being resumed on Monday, August 10, the day of the 
explosion. Mr. Scots, the engineer, arrived at 
about 6.30 a.m., and noticed steam escaping from No. 4 
boiler, the one which subsequently pam By although 
the pressure on other boilers was only 50 lb. per sq. in. 
He instructed Wright to go on top of the boiler and look 
at the safety-valve, being ——-’ under the impres- 
sion that some men who had been tarring the roof of the 
boiler-house might have removed the weights from the 
levers. Wright found that the —— had not been re- 
moved, and the suggestion was made that as some tar might 
have got under the safety-valve, preventing it closing, a 
ing off. Mr. Boots agreed to'a weight of fo. ord Ils beveg 
ing off. % to a weight of 4 Ib. or5 1 i 
ut on the lever, but it had no effect; and at 7.30 — 
right again called Mr. Scott’s attention to the escape 
of steam, and suggested that it might be stopped by the 
use of heavier weights. Mr. Scott and Wright, workin 
together, then put an iron bar across the levers, and 
suspended from it two weights of Ib. and 50 Ib. 
respectively ; still no difference was le in the escape 
of steam, and Mr. Scott decided to leave thi as they 


e works 


jg | Were until the end of the week, when the safety-valves 


were to be taken out and “‘ground in.” At 8.25 a.m. the 
boiler exploded with such great violence that it was 
lifted from its seat and thrown to a distance of 15 ft. to 
20 ft. The brickwork around the boiler and the shed in 
which it stood were completely demolished, and twenty- 
udaen ter Tangy t A 4 EE ae 
emplo com » di rom their injuries ; 
one pS ew ; 


I man, who was not in any way 
with the works, but was in the main at the time of 
the ex ion, was struck by one of the fragments, and 
died y after. Tha remaining seventeen persons 


fortunately recovered more or less. 
_ Mr. Vaux, in conclusion, stated that after the explo- 
wr it Ir he found — a shp-wtiee of No. 4 boiler was 
ut. working ‘itions, it could be seen 

whether this valve was open or c 

The first witness was Mr. F. J. Wheeler, 
director and secre of the Thornhill Iron 
and Company, who that he arrived at the 
works just after the explosion, and after assisting in the 
removal of the injured _—-, he made an inspection of 
the ises with Mr. Scott. They found the stop-valve 
of No. 4 boiler closed, and Mr. Scott remarked that that 
was the cause of the explosion. In reply to his question, 
Mr. Scott admitted having ted the safety-valves in 
conjunction with Wright, the object being to prevent the 
leakage of steam, as the pressure was lower than usual. 
He (witness) remarked that it was a very extraordinary 
procedure thus to weight a safety-valve, and Mr. Scott 
replied that it was unusual, but he did not think there 


to it, as he thought the valves 
were sticking, and the Gram queers, aise oe 


Nos. 5 
with 
Witness 
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inquiry among the workmen, and also those onions by | his instructions on the day of the explosion, Wright moved 
the contractors in whitewashing, &c., during the holidays, | the weights to the extreme end of the valve-levers, think- 
without finding out who had interfered with the valve. the 


The boiler was insured and periodically eae or by the 
Law Accident Insurance Gomeue, the last thorough 
examination being made in December, 1913, with a su 
sequent ex i examination the following July. In 
January, 1914, it was tested by hydraulic re to 
120 lb. on the square inch, and the safety-valves of the 
boiler were loaded to blow off at 55 Ib. 

In reply to Mr. Nicholson, witness said that Mr. Scott 
entered into the service of the company ten nae ago 
with excellent credentials, and had proved himself a 
thoroughly capable engineer. He was an honest and 
truthful man, and the same remark Ss anape to Roberts 
and Wright, the former of whom had employed by 
the ne for 19 or 20 years, and the latter for three 
years. uring the past ten years there had no pre- 
vious accidents from the boilers, and witness had never 
known Mr. Scott to neglect his duty, and he did not 
think that the valve was ordered to be closed by him. 

In reply to the presiding Commissioner, witness said 
there were no strikes on at the time of the explosion, and 
he knew of no bad feelinz existing among the men 
employed at the works. 

itness laid before the Commissioners Mr. Scott’s 
application for the position, and the references he gave, 
ani Hudson pointed out that he had had good 
experience. 

n reply to Mr. Hudson, Mr. Wheeler said he asked 
Mr. Scott how it was that he did not notice that the 
valve was closed, and the reply was that the steam coming 
— the safety-valve prevented their seeing the stop- 
valve. 

Mr. W. Christian Marshall, engineer and surveyor for 
the Law Accident Insurance Company, deposed to 
the boiler which exploded having been insured with 
them. His first thorough inspection of it was made in 
December, 1908, and his last in December, 1913. On the 
latter date he found some minor defects, which were 
remedied at his suggestion; he came to the conclusion 
that the boiler was quite safe to be worked at a pressure 
of 60 lb., and reported accordingly to his company. 
made a working inspection of the boiler on July 27, 1914, 
and the safety-valves were blowing off at 551b. The 
boiler was poe Maarten Nn tested by hydraulic pressure up 
to 120 lb., and witness was quite satisfied as to its con- 
dition, and even to-day the boiler was a good one, with 
the exception of the damage done by the explosion. 

By Mr. Neill: He had made a calculation, and if the 
weights were placed at the extreme end of the lever, 
which was improbable, the pressure on the boiler would 
be increased to 159 lb. on the square inch. He agreed that 
iv would be a wise precaution to have weights fixed so 
that they could not slip to the end of the lever; but Mr. 
Scott assured him that he always kept an eye on those 
matters. 

By Mr. Hudson: If a safety-valve was found to be 
persistently blowing off, he would have eased the valve- 
lever to allow the valve to blow a little more freely, and 
clear away any obstruction; or he would have tried to 
screw the safety-valve round vo grind out any obstruc- 
tion there might be on the face. e did not think there 
could have been too much steam to allow for either of 
these two suggestions being carried out, but it was pos- 
sible there might be too much steam to see that the stop- 
valve was closed. 

Mr. Albert E. Laslett, engineer-surveyor to the Board 
of Trade, said that he, in conjunction with another 
Board of Trade surveyor, ea imi investi 
tion as to the cause of the explosion and laid before the 
Commissioners a report thereon. The explosion was of 
— aedatae a and ye | roduced ee 
photogra owing the extent of the damage, referring 
to which, the presiding Commissioner remarked that 
** it loo! more like the result of a bomb explosion 
than anything else.” The explosion, in the opinion of 
witness, was due to the very high pressure of steam 
which accumulated in the boiler the overweighting 
of the safety-valve. It was possible that there was a 
pressure of about 150 lb. when the boiler burst. 

By Mr. Hu Witness was perfectly satisfied that 
the explosion was due to excessive pressure without = 
shortness of water. The boiler was exceptionally 
provided with safety-valves, so far as num were con- 
cerned, but he objected to the weights being movable, 
as they could be shifted to the end of the levers by any 
mischievous boy. 

Mr. Hudson said he wanted to know what the witness 
would have done had he been in Mr. Scott’s position, and 
had he found that the valves were persistently giving 


off steam ? 

In reply, Mr. Laslett said he could offer no explana- 
tion. there was a serious leakage of steam which 
could not be remedied, the boiler ought to have been 
— =o ome, it was easy =" be wise after & 
even % ought any reasonable engineer wou 
have done exactly as Mr. Marshall had suggested, and 
tried to clear away an ong obstruction. 

Mr. Charles H. Haller, of Trade surveyor, agreed 
with the last witness as to the cause of pth 
and as to the pressure on the boiler after the weights had 
been put on the valve. He thought that the boiler was 
safe to work at 60 Ib. on pone gn inch, for which it was 
insured. It was easy to whether the om tng 
was open or closed by anyone used to looking after boi 











































ve, 


when he 


Archi’ 
driver, 


ve3. 


come for 


duty of 


seen it. 


‘ of fellow-workmen and to the public. ‘ Now to 
but it would be difficult to see its position if a volume of | some people,” said Mr. Hudson, “‘ the pa t of money 
steam existed. is a deterrent, to other i the loss of qualification is 
_ Mr. Robert Scott, the chief engineer to the firm, said | a deterrent, and to others the test deterrent is the 
he had entire of the boilers and inery, in and ish they suffer in having been the cause of 
had had consid experience in i injury and death to others. In this case we think 


The boiler was insured for a 


working Mr. 
and he put the weights in position for 


matters. 
re of 601b., 
Ib. Acting on 





Thomas 


that everything was in working o 
assumed that the stop-valve was open. 
the explosion, he suspected that the stop-valve was closed, 
and on finding it a few feet away 
boiler he discovered that his suspicion was correct, and 
the valve had been screwed down. It was the'first time 
he had ever overweighted a safety-valve, and it would be 
the last. He admitted that it was an unusual practice ; 
it did not occur to him to look what — + was on 
ights, and from first to last 
the question of over-pressure did not occur to him. 
ibald Wright, the other boiler-tenter and engine- 
gave similar evidence to that tendered by Mr. 
—_ with regard to the subsequent overweighting of the 
The Commissioner : participating with 
He | Scott in the weighting of the safety-valve, but did it 
never ocour to you from first 
dangerous operation in which you were involved ? 
Witness: No. If the stop-valve had been open there 
would have been no danger in it. 
After some further unimportant evidence the examina- 
tion of witnesses was 4 
addressed the Commissioners on behalf of Mr. Scott, and 
said that there was no doubt that he had committed a 
grave error of judgment, and no one regretted it more 
Mr. Nicholson, however, sub- 
mitted that Mr. Scott was entitled to rely on the answer 
which Roberts gave tohim. He did not think anythi 
the Commissioners might say, or any punishment whic 
might be meted out, would be more pai 
than the knowledge that this 
occurred through an oversight 
Roberts 


than Mr. Scott himself. 


n= d as ontioan f the saf al A 
estiga- | sure due to over! re) ‘ety-valve. very 
feature of the case was that nobody had 
to say who closed the stop-valve. 1t was 
quite clear that someone had closed person 
who did so should have come forward and owned up. 
That, however, was really a side issue, because it was the 
charge of the boilers and their 
connections tosee that they were in order. No intelligent 
workman should assume, as Roberts did, that the stop- 
valve had remained open for ten days after he had last 


unsatisfac 


egret that the 


si 

his only mistake while employed at the 
or before. Roberts 

the explosion. 

The Commissioner had been asked by the solicitor to 
the Board of Trade to say whether the parties to blame 
should pay part of the costs of the inquiry. In deciding 
not to make any order as to the costs, they desired it to 
be understood i excepti 
object, or one of the objects, of the Boiler Explosions 
Act, under which the yl was held, was to deter 

ple who had c of boilers from using them 


tt feels his position intensely, and 
we can do, by making an order against him for the pay- 


ing the additional ra on the valves would 
waste of steam. At7.30 on the i 

he received the r 
not been stop; 
on top of the 
spanner across the levers while witness hu 
weight on it by means of a hook. The 501 
seem to make the slighest difference. 

1 berts, engine-driver and bviler-tenter, gave 
evidence as to following out certain instructions of Mr. 
Scott, and said that on the Saturda 
he opened No. 3 stop-valve, and her, 
they were all ready for starting, and witness replied, 
“ Yes, as farasI know.” He did 


of the 


that m 
iler, together wi 


been moved. 


the 
he had been assured 


added the extra 


You were 


judi 


ul to 
eplorable 
on his part. 


and Wright also 


those who had 


As to the question of responsibility, the Commissioners 
found that none rested on the Thornhill I 
Company, Limited, for they em 
qualifications a to 
supplied him with competent subordinates. 
admitted quite frankly that he accepted 
bility, because h 


so far as they were a 


t they were an 


using 


boy: from Wright that the leakage had 
y and witness then went 
Wright, who placed a 


fore the explosion 
Scott inquired if 
a — Ae not — it neces- 
8 go round and see which stop-valves were o 
= | which were shut—it was not hocenl practice to do 
so. In reply to the Commissioner, witness said he con- 
sidered it as part of his duty, before starting the 
see whether the stop-valves were open or shut, but he 
trusted to their not having 
Mr. Robert Scott, at this point, continued his evidence, 
and admitted that he did not look at the steam- 
gauge either before or after putti 


plant, to 


eam-pressu 
ts on the 
the boiler-minders 
er, and he theref: 
When he heard 


m the wrecked 


to last that it was a 


and Mr. Nicholson 


Mr. Scott 


is 
By aig dey bey A 
ir great t that the explosion . 
The presiding Commissioner, Mr. Hudson, then delivered 
judgment at great length, and said that the evidence had 
_ of an extraordinary description. It was calou-| has 
lated that the extra weighting fad 
ee Se ae eens of 150 lb. per sq. in. 
he most remarkable thing was that the explosion did 
not occur immediately after the operation was performed. 
ion was the excessive steam pres- 


the effect of im- 


it, and the 


~ ron and es 
an engineer w 
that was required, and 
Pe Mr. Scott 
responsi- 
ordered the overloading of the safety- 
valve. What lapse of mind for the moment could have 
brought about his action on the morning of the explo- 
missioners were quite at a loss to say. It 
was perhaps the best feature of the case that he had not 
attempted to evade his responsibility, and it was with 
Commissioners had to hold ag ey - 


this 
ornhbill works 
and Wright were not responsible for 


ion. The 


that nothi 


a 50 Ib. 
did not 


accident 


to the 


feelin ~ ant ey oe win 
ngs m ways be upon any uty in 
the future. We therefore make noorder on Mr. Scott as 
te the costs and expenses of this inquiry.” 
In closing his judgment, Mr. Hudson went on to say 
that this explosion emphasised the importance of 
in peewee Xe - easi) roel th, and, 
vers and weights was most y tam wi 
in fact, it afforded a temptation to men who did not 
know the risk of shifting the weights when occasion 
demanded an increased pressure of steam. The present 
*‘dead-weight” form could still be tampered with, and 
the Commissioners thought it right to recommend that 
all safety-valves should be absolutely protected from 

9 A Ey LS 
m u icu i eby-valve ; 
but there should be some lovk-up device b means of 
which a responsible official would have complete control 
of the safety-valves on all boilers, so that nothing could 
be moved without his knowledge and without a proper 
reason being given. 

Mr. ‘Wheeler, manager of the Thornhill Steel and Iron 
Company, stated that already the safety-valves at their 
works had put under ed covers. 

Mr. Hudson said the Commissioners did not make 
the remarks that had been made in respect to the Thorn- 
hill Company in particular. 

—— investigation, which had lasted five days, was then 





PERSONAL.—Owing to the death of Mr. Joseph Hallett, 
the marine representative in London of the Leeds Forge 
Company, Limited, Mr. J. W. ee en in future re- 
present the marine Sopartnant of the firm at the London 
office, Caxton House, Westminster, to which address all 
communications should be sent after March 25. 


THe Geeman Coat Syrnprcate.—The sales of the 
Rhenish-Westphalian Ooal Syndicate for January, this 
year, showed an improvement as compared with Dec- 
ember, and were the highest for any month since the 
commencement of the war. The sales in percentage of 


the allotment figures were :— 
Per Cent. 

August 33.35 
September 54.00 
October ee . 68.88 
November .. - 665,29 
December .. 62.95 
January .. ee oe oe . 66.74 

The production was as under :— 


January, 1915. January, 1914, 
8 tons 


ton: 
Coal—total production 5,988,000 8,317,000 
» —Saleperday .. 193,669 244,940 
Ook despatch. . +» 1,105,155 1,641,900 
Briquettes—total despatch .. 850,401 316,658 


The report for January states that the sale conditions 
have not und any material change during the 
month. The railway traffic was not subject to any 
disturbance of importance, and the transit traffic of the 
Rhine harbours answered the temporary requirements. 


Tue German Katt Inpustay.—The Kali Syndicate 

recently forwarded a petition to the authorities 
asking that permission might be given bo raise the maxi- 
mum prices for the home market fixed in the Kali Law 
of May 25, 1910. The petition sets forth that the 
embargo put on potash goods to neutral countries de- 
prives the works of about half of their usual market. In 
addition, raw materials, such as coal and explosives, are 
dearer, and lh AAA RE Oh 
venience. The unsatisfactory precent ition of the 
potash inary ag So illustrated by the fact that the 
Anhalt Crown Works have made a loss 



































i¥ Home. Abroad. Home. ‘Abroad. 
Camalite with not less 
than 9 per cent. and 
not more than 12 | 
per cent. K,0 48,000; 3,000' 71,000) 1,000 
Raw ucts with 12 
to 15 per cent. K2O| 2,666,000 822,000 | 3,300,000 1,411,000 
Manure with 20 to 
per t. +4 20,000, 384,000 23,000 483,000 
Manure with 30 to 32 | | 
per cent. K,0 36,000 116,000 40,300 164,000 
Manure — Lo a | 
cen . 
Geting potash ma- | 
nure with 38 per | | 
cent. KO .. | 2,292,000 687,000 2,118,000 | 671,000 
Chloride of —- ..| 645,000 | 1,883,000 aor 1,875,000 
th more cs 
cent. . 12,000 376,000 17,000 560,000 
8 ot jum } 
magnesium. 2,000| 147,000 2,000 168,000 
Total | 5,621,000 8,867,000 | 6,358,000) 6,318,000 
The quantity to be disposed of for home and abroad 
for the present year thus amounts to an ageregete of 
948,600,000 kg., against 1,166,600,000 kg. pre- 
ceding year. 
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THE EFFECTS OF HEAT AND OF WORK 
ON THE MECHANICAL PROPERTIES OF 
METALS.* 

By Professor A. K. Huntineton, A R.S.M. (Past- 

Presiden t), University of London, King’s Collewe 

Tue author, about thirteen years ago (1902), devised a 
machine to enable him to examine into the effects of heat 
on metals alloys whilst subjected to alternating bend- 
ing stressea, such as occur in a locomotive firebox. The 
movements in a firebox are very complicated, and it was 
considered undesirable to attempt to copy them slavishly, 
but rather to deal in a rimple and adequate manner with 
the main fact that they are in their results essential] 
alternating bending stresses, It was therefore decid 


Struts — 
Camp 











alternating stress machine to test 1-in. rods, it was found 
desirable to work the arm from both sides simultaneously 
b mohins Se whan 208 cae It will be 
obvious that as the arm works in a straight line, if it were 
attached rigidly to the rod there would be a considerable 
additional strain set up in the rod in ano L 

pele nar Say one na a> ee gneap rae oars 
ing apparatus. To get over this difficulty, an attachment 
between the arm and the rod was devised to allow the 
rod to slide in the attachment, and so adjust its length 
to the throw of thearm. The fixed end of the rod was 
held in jaws which could be tightened by means of two 
set-screws. In ice it was found that it was absolutely 
essential that jaws should be kept acc oe | 





and uniformly tight on the rod. This was accompli 
by attaching iene to the heads of the tightening-screws, 


Fig./. ALTERNATING TESTING MACHINE 






since it was erected, but the tests have been 

to a comparatively short range of 
re. A few longer series were ie, ver, 
they are the subject of this paper,* The details and 
results are embodied in the ta and in the curves, 
Figs. 3 to 20. The curves have been constructed by 
means of the. information afforded by all of the series 


considered ther, the ition of points wanting in 
Soons being intlcanel by tees istin th othere, ~ 
The coppers used for the curves in | 3, 4, 11, and 12, 
were taken from the same as § for the tensile 
tests Nos. 4and 1 in the author’s note on ‘“The Effects 
of Lape goer Higher than Atmospheric on Tensile 
Tests of Copper and its alloys, and & Comparison with 
Wi ht Iron and Steel” (No. IL.).+ The curves in 
Figs. 5 to 10 and 13 to 20 are for an alloy made up with 


Fig.2. ALTERNATING TESTING MACHINE 


years 
main 
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Maentiriep 93 Diameters. 


Tue PHoTomscRocKAPHS ARE OF Secrions Cur PerrenpicuLaBiy To THE MaIN FRACTURES, FROM WHICH VERY SIMILAR Sussmp1aRy Cracks Issue. 
PERSULPHATE OF AMMONIA USED FOR ETcHING. 


that the stay or rod should be held rigidly at one end and 
—s hy a aaa movement at fe. other in a 
single p at right angles to its axis. test-pieces 
were to be 1 in. in diameter, that being the most usual 
dimension of stays, and the portion to be tested 34 in. 
long, which is a usual distance between the firebox piates 
forming the water space. The distance through which 
the roa was to be moved at th radius of 34 in. was to be 
4 in.—4.¢., ;'; in. on either side of its axis. is might be 
taken as the ape maximum movement likely to occur 
in a firebox. The rods were highly polished for a distance 
of about 1 in. where the cracking and breaking would take 


place. 

As a foundation on which to build up the necessary 
mechanism, a very heavy, double, shaping-machine was 
acquired, land 2. The to-and-fro movement of the 
arm of le pnene was effected by means of a 
wheel and crank-pin on one side only ; but using it as an 


before the Institute of Metals on 





wae. read 
March Te 1915. 





Fie. 


, to which were fastened weighted chains passing over 
| palleys. The edges of the jaws were eased just suf- 
| ficiently to wv the test-rods being nicked by them. 
The frame holding the jaws was so that 1t could 
be heated, both internally and externally, by Bunsen 


= ngs te ba, mien ee cor 
a pyrome cou strapped on to w 1t 
entered the jaws. A revoluti ter was attached 
to the driving-wheel, each revolution of which corre- 
8) i to a to-and-fro movement of the rod on either 
side of its axis. The driving-wheel was worked from an 

e motor, and made usually 74 revolutions per 
minute. 

Many attempts to discover a means of automatically 
registering the number of revolutions at which the rod 
first cracked and fina!ly broke failed. The trained eye 
of a patient observer was the only means used in the 
experiments detailed later on, and it was entirely suc- 








A great deal of work hag been done with this apparatus 


FIXED HOLDER 


Fic. B. AttTprnatTinG BEenpine Test aT 
Maeniriep 173 Diameters. 


burners, by which means the rod was raised to the | pu 








1. Test Bar 

2. Clamp Jaws 
3. Clamp Roller 
Jaw in Positi 
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1. Heavy Dovusite SHapinc-MacHIN® ADAPTED 


For Use as aN ALTERNATING TesI¥NG-MACHINE. 


2. Fixep anp Movine Howpers. 





Ve 


343 Dea, CENT. 


coppers from different sources, but all were of consider- 
able purity. ‘The copper used in the case of the alloys, 
curves, Figs. 7, 8, 15, and 16, was pure electrolytic; in 
the others the co were ‘‘ best-selected.” The exact 
composition of the alloy is immaterial for the present 
5 it did not contain anything not in solid solution 
in the cupper. was about 95 per cent. of copper, 
the remainfler consisting mainly of iron and nickel. _ 
The coppers were very soft, as already shown in dealing 
with the tensile tests. The alloys were considerably 
stiffer, even when completely annealed, than copper. 
The curves give the results of the tests on the as 
received from the mills, and also after annealing for two 
hours at 600 deg. Cent. To anneal the rod completely 
@ tem ture at least as high as 800 deg. Cent. would 
have n required in the case of the alloy. This effect 


* The tests were carried out by Mr, R. A. P. Davison 
with the patience and care he always displayed. 

+ Journal of the Institute of Metals, No. 2, 1914, vol. 
xii., page 234 
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fig.5. COPPER ALLOY. 26.6.08. 
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of the extraneous metals in solution is a very important 


one. 

In considering these curves it is necessary to realise 
that when sharply defined maxima and minima may 
occur, it is useless to connect up the results of tests by 
direct lines between them and expect these lines to give 
the true curve unless a very large number of tests were 


le. 

When the results of tests made at different times on 
different samples in coming consistently above and 
below a mean line, it may be assumed that they indicate 
the existence of a maximum or minimum, ae Oe 
may not fix its exact location, or show whe' _ the 
change of state occurs suddenly or not. The curves given 
in this paper are the result of an attempt not only to 
indicate the whereabouts of the maxima and the minima, 
but to fix their true position and —y notwithstan: 
that a large number of tests may not 

Fig. 3 to 10 are the curves as at first plotted. It will 
be seen that they do not greatly differ from curves in 
which the results of tests are directly connected by lines, 
except that maxima and minima are indicated sharply 
instead of being rounded off. These curves, at first 
sight, seemed to be in close agreement, and as satis- 
factory as could be expected. On studying them further, 
however, this did not appear to be entirely the case. 
Thus, for instance, although there is strong evidence in 
existence indicating a maximum at 250 deg.. five out of 
the eight curves showed no maximum, but rather a mini- 
mum. The seventh curve, Fig. 9, which is most 
complete of all, however, clearly pointed to a maximum 
at that tem ure. This led to a remodelling of the 
curves, as shown in Figs. 11 to 20. The reconstruction 
not only caused all the curves to be in agreement as to 

fg.19. COPPER, 27.10.02. 
Revs. 


TENSILE TEST 
© 


9 --—--— 


Gacking Point (Alternating) 


(eget 6) 


Temperature of Test, Degrees C. 


the 250 deg. point, but also brought practically all the 
observed points on to the lines leading to the maxima and 
minima, and, further, the alternating bending stress 
curves and the ordinary tensile yie!d-point and reduction- 
of-area curves then became identical. 

Compane the curves (Figs. 11 to 20) with one another, 
it will be seen that they show practically identical 
maxima and minima in relation to temperature. The 
points may be moved up or down vertically (number of 
revolutions) in a trombone-like fashion, but horizontal 
displacement oe op eye when it occurs is not more 
than might result from some accidental circumstance in 
regulating the temperature, or to a point having been 
displaced vertically owing to some a mality in the 
treatment of the metal. Ib is very ae that hardly 
any points are off the curves, notwithstanding that the 
— ven are not averages nor selected. curve 
or tossing is in every case almost exactly parallel to the 
curve for cracking, showing that the conditions had 
remained the same throughout the tests. This is par- 
ticularly the case with alloy 16.6.05. 

A comparison between the curves for ‘‘as received ” 
and “annealed for two hours at 600 deg. Cent.” shows the 
effects of annealing. The maximaand minima are greatly 
reduced by annealing, indicating the important part 
played by “‘work” in emphasing the transformation 


points. 

In all the curves it will be seen that there is a remark- 
able parallelism between the lines leading to the maxima 
and minima respectively. There appear to be five 
maxima and five minima in the curves. The first maxi- 
mum agrees sufficiently nearly with Cohen’s 71.7 deg. 
point for copper.* The minimunia little above 100 deg. 
is in agreement with Robin’s “minimum for duration of 
sound” for steel (Appendix A). 
tensile tests in Appendix B, and Le Verrier, Appendix O 
for specific heats. Nearly all the other maxima an 
minima will be found in Robin’s table, Appendix A, or are 
indicated in the author’s 1912 and 1914 papers as points of 


* Zeitschrift fiir Physikalische Chemie, 1914, vol. 


ai 
ve been — beco: 








See also Pisati for} metal cool: 





—- The exceptions are the minima at about 275 deg. 
and 325 deg. a have not been up to the pre- 
sent differentiated fr ighbouring maxima and minima, 
but the author believes in their separate existence, : 
that they will be found to correspond to critical points 
in the behaviour of metals in respect to some property 
or other. The fact that there are several points on the 
slopes to the minima, and that the slopes are parallel to 
those of other minima, led him tothat conclusion. He bas 
found that lines drawn parallel to the lines of an estab- 
lished maximum or minimum indicate the existence of 
an additional maximum and minimum if the results of 
tests fall on 

The appearance of the alternating-stress curves sug- 
gests pericdicity, and one wonders whether, if it exists, it 
1s limited to that part of the full curve or extends to the 
whole curve from the absolute zero upwards. I would 
me a question, then, whether all these maxima and 
minima should be spoken of as due to allotropic chan 
although there is every probability that some of them 
would be correctly so designated. 

In Fig. 19 the alternating bending-stress curve shown 
in Fig. 11 for copper 27.10.02 is plotted toa er scale 
against the ordinary tensile-test yield-point and reduc- 
tion of area for the same copper. 
three curves are identical. 

In Fig. 20 the copper alloy for which the curve is given 
in Fig. 13 has been similarly treated—+.c., it has been 
plotted against the yield-point and reduction of area 
obtained in a series of tensile tests made on the same rod 
of copper alloy. Agi. it will be seen that all three 
curves are in complete t.* It follows that a 


long pre tory heating before testimg is nob necessary, 
nor weed the test be made very slowly. The difference 


It will be seen that all | f 





Conclusions.—1. The system of testing 1-in. rods by 
alternating stress devised by the author in 1902 gives con- 
sistent results. 

2. By means of this machine maxima and minima have 
been established in the curves for co; and for an alloy 
of copper in which the added metals were in solid solu- 
tion 


3. The curve for breaking is parallel to the curve for 
cracking, showing that the general conditions remain the 
same throughout the test. 

4. There isa remarkable parallelism between the lines 
leading to the maxima and minima respectively. 

5. The maxima and minima are greatly reduced by 
annealing, indicating the important played by 
“‘ work ” in emphasising the transformation points. 

6. The temperature at which co will anneal is very 
much iafiuenced by the presence of other metals in solid 
solution. 

7. Several of the author’s maxima and minima agree 
with published data obtained by other experimenters in 
other ways for various metals and alloys. 

8. The appearance of the curves suggests periodicity, 
and the question is raised whether this periodicity, if it 
exists, would be found at every part of a curve extending 
rom the absolute zero to the melting-points of metals. 

9. When plotted cagetees on the same system there is 
complete agreement between the alternating bending- 
stress curves and the yield-point and reduction-of-area 
curves in simple tension for the same meta). 

10. It follows that a long heating preparatory to testing 
is not necessary, nor need the tests be made very slowly. 

11. The variable stresses and strains arising from 
mechanical a enable a metal readily to assume the 
condition normal for the temperature at which it is being 
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Ta % Revs. 
16 90 4000 
\ r 
14 80 i \ Fd \ TENSILE TEST 
Y\ \/ 
70 3 3000) : ¢ i h 
g 3 Ay A TRA $ 
60S Lead : i - é 
‘ PA/ | | AM & 
# 60..% Eee CaS o 
fe 6US UT AL UV TOMA . 
e oe § / MV \ ! 5 2 
! 03 
HS f/ Fay <3 
4 2% ; 1000-4 $ woe : 
20 ™ 20 
wf % 700 00 - ad 


Temperature of Test, Degrees C 


between this result and thcse obtained by Le Verriert 
experimen 


tested—1.¢., the metal will quickly pass from one condi- 


ting on specific heats, and Cohent on dilation, | tion depending on temperature to another without lag ; 


who both found that it was necessary to heat up and cool | but unless all work which previously has been put on the 


down a number of times to bring the metal into a stable | metal is entirely remov 


state for a given temperature, is possibly due to the fact 
that the metal in the author’s enguimante wen subjected to 
varying stresses during the tests, whilst in the case of the 
others it was quiescent, unless agitated by the expan- 
sions and contractions due to heating and cooling. 

There is another possible explanation applicable in 
some cases. It is conceivable that the motel is not in @ 
metastable condition at first, as supposed. The effect of 
the heatings and coolings may be to set up strain in the 
metal which would result in the transformation. points 
being more strongly developed, and therefore more easily 
detected and measured. [If it is admitted that the heat- 
ings and coolings cause contraction strains, the rest 
follows as already apparently demonstrated by the curves 
in this paper. 

It appears to the author that the value of heating and 
cooling curves in determining transformation points or 
regions, other true phase changes in alloys, has 
been overrated. In that respect it is well to recall Osmond’s 
remarks in his note to Robin’s C ie Memoir.§ 
He says, ‘‘ The thermal effect may be within the range 
of experimental error, and is probably distributed over a 

temperature interval.” 
author believes that series of mechanical tests made 


at frequent intervals over long ranges of temperature 
will be more helpful in auing up and defining the nature 
of the changes in state which occur in metals than ever 


can be accomplished by using heating and cooling curves. 
The reason for this is to be found, Seb in Osmond’s sug- 
gestion alone, but in the fact that the re ina 


‘ after solidification appear to y 
5" ra than actual, and consequently very little 
is liberated or absorbed. When work is puton a 


metal the change-points are dev in @ surprisi 
way, and become manifest in the woe oA! tests. a” 


* The tensile ae 





ints and reductions of area could 


Ixxxvii., page 419, and Journal of the Institute of Metals, | not have been plot in agreement with curves, Figs. 3 
1914, No. 2, xy 4 265. The mem atten- | and 5. . — 
tion is called to the latter particularly. A paper by| + Appendix C. 

Professor Cohen, collecting together his work in this} { Loc. cit. 

= has recently been communicated tothe Faraday| § Jou of the Iron and Steel Institute, 1911, vol. iii., 





page 214 








at the temperature existing 
ye the test, the results obtained will be influenced 
y it. 
12. Except in the case of phase changes in alloys, 
mechanical tests are to be preferred to heating and cool- 


| ing curves as a means of studying changes of state with 


temperature. 

13. The author’s curves, considered in conjunction with 
thedata given in the appendices and papers referred to, 
warrants, he thinks, his again putting forward the sug- 
gestion, made in his 1914 note, that some at least of the 
maxima and minima are to be found in the temperature 
curves of different metals, and relate to the same physical 
c 

The author is io to acknowledge the assistance 
rendered him by Mr. R. A. Woollven in getting out the 
illustrations to this paper. 


ALTERNATING BenpiING-Stress TEsTs. 
Copper. 27.10.02. Anneakd 2 Hours at 600 deg. Cent. 


Cracking Point, Breaking Point, 





Temperatare of Test. Revolutions. Revolutions. 
deg. F. deg. C. 

60 16 3490 4,590 
200 93 1740 3,690 
350 177 1720 4,700 
400 204 1240 3,320 
500 260 1040 8,070 
600 316 980 1,730 
650 343 570 1,590 

Copper Alloy. 26.6.03. <As received. 

60 16 990 5,710 
300 149 3130 6,250 
350 177 3480 5,350 
400 204 950 3,190 
500 260 1110 2,790 
550 288 1700 3,600 
600 316 1700 2,930 
650 343 1260 4,060 

Copper. 13.3.06. Anneakd 2 Hours at 600 deg. Cent. 
500 260 1020 3,510 
650 288 1410 3,800 
600 316 1610 3,840 
650 343 1030 2,950 
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Copper Alloy. 26.6.03. Annealed 2 Hours at 600 deg. ** Rate of Testing.—The range within which extinction APPENDIX B. 
Cent. bebcbaadlta od . mg oe li ean p mpeee oe f wee va -- o— Pisati's Tensite Tests or Merats at Hick 
elated what their dimensions may be. It is therefore within TEMPERATURES. 


‘Cracking Point, Breaking Point, 


Temperature of Test. | Revolutions. | Revolutions. 





deg. F. deg. ©. 
= el eee 2040 6,650 
300 149 8380 6,580 
350 177 2660 5,330 
400 204 2410 5,070 
500 260 1550 4,430 
550 288 2200 5,500 
600 316 2150 7,570 
650 343 1840 7,280 
Copper Alloy. 17 12.04. As Received. 
200 93 3370 4,440 
300 149 3170 6,070 
350 177 2940 6,520 
400 204 1580 3,386 
£00 260 1060 3,650 
550 283 540 2,870 
600 316 650 3,140 
650 343 670 3,930 
Coppir Alloy. 166.05. As Received 

60 16 3320 5,350 
200 93 1990 4,514 
200 149 3670 5,890 
350 177 2780 5,160 
400 204 1400 3,260 
450 232 1550 3,220 
500 260 1470 3,820 
550 288 1210 2,900 
600 316 790 2,820 
650 343 700 1,700 


Copper Alloy. 17.12.04. Amnneakd 2 Hours at 600 deg. 
Cent. 


200 93 5,400 


800 149 2200 4,180 
350 177 2620 5,100 
400 | 204 1670 4,110 
650 343 3180 12,480 


Copper Alloy. 16.6.05. Amnnealcd 2 Hours at 600 deg. 


200 93 1960 3,800 
8u0 149 1840 3,660 
350 177 1830 3,800 
400 204 1570 3,610 
450 232 1930 3,280 
500 260 1780 3,300 


TENSILE Txsts. 
Copper. 27.10.02. Annealed 2 Hours at 
600 deg Cent. 





| 





7 | Reduction of 
Temperature of Test. Yield Point. | o— 
deg. F. deg. C. tons per sq. in. per cent. 
About 60 About 15 4.5 63.7 
212 100 6.9 61.3 
392 200 5.4 60.8 
500 260 3.17 50.9 
600 316 2.71 44.6 
650 343 3.43 29.4 
762 400 2.5 15.8 
932 500 2.3 19.3 
Copper Alloy. 26.6.03. As Received. 

400 204 11.36 70.8 
400 204 — 70.8 
500 260 18.18 66.3 
500 260 16.53 70.8 
650 288 11.93 64.0 
600 316 1L.40 41.0 
650 343 10.26 53.7 
700 371 14.67 45.2 
800 427 a 39.1 
900 482 9.09 3.9 


APPENDIX A. 


VARIATIONS IN Acoustic Properties oF Steet. TABLE 
oF PropertTtes OF MetTats IN RELaTiON TO TrM- 
PERATURE. 

Félix Robin, Paris, in a paper on ‘‘The Variations in 
the Acoustic Properties of Steel with Changes of Tem- 
perature,”* gives some remarkable curves for the dura- 
tion of sound when bars at different temperatures are 
struck a sharp blow. > 

He says, on pages 138 to 142, ‘“‘ When the dry metal is 
heated (in repetition of a previous heating), the duration 
of the sound diminishes slowly from, generally speaking, 
10 deg. to 20 deg., then more rapidly, and finally very 
rapidly, between 50 deg. and 100 . Ab 90 deg. 
the curve falls rapidly, and attains a minimum at about 
120 deg. to 130 deg., when the sound is hardly more than 
a confused murmur. On continuing the heating the curve 
is seen to rise again, and the duration of the eound 
increases rapidly from 150 deg. onwards to about 220deg. 
or 250 deg., where it reaches a maximum. From this 
point the duration decreases very slowly until 325 deg. to 
350 deg. is reached, when the fall becomes more rapid 
and the sound dies away finally at about 540 deg. It 
should be noted that on reaching red heat, at about 500 
deg., the bar still gives out a sound at least four times 
—- generally speaking, than the sound given at 
120 “od 

“Steel containing but little carbon behaves similarly 
to iron. The percentage of carbon in a steel does not 
therefore displace the point of the extinction of the 
sound—that is, to any noticeable extent; it renders the 
period of aphonia shorter and shorter.” 





Memoirs, 1911, vol. iii. 


the limits of the experiments, independent of the rate 
of heating or of cooling.” ? 

Robin made some experiments on copper and its alloys. 
Nothing notable occurred until 250 deg. was A 
when the considerable ** change of state” occurred shown 
in the author’s tensile and alternating bending-stress 
tests. These experiments do not appear to have been 
carried to sufficiently high temperatures, except in the 
case of a nickel silver (nickel 25, zinc 15, copper 60), which 
shows a strong minimum at about 300 deg., and a maxi- 
mum at about 350 deg. ’ d 

In 1912* Robin published a paper entitled ‘‘ Modifica- 
tions of Iron Below 700 Deg.,” in which he gives a table 
showing from published information the temperatures at 
which a change of state occurs in iron and steel when 

i by mechanical and physical means. This table 
leaves a good deal to be desired in respect to complete- 
ness of details of reference. 

It will be observed that this table makes no reference 
to Pisati’s experiments,+ though it mentions Poloni’s of 
the same period. 


PISATI'S CURVES. 
Fig.22 grees 


Fig. %. 





8 Fig.23. grass 





Co-Efficuent 





| Tbe 
es 


I.—Tzsts In wHicH Cotp Work SEEMS TO INTERVENE. 


Hardness = 100 deg.—250 deg. —420 deg. to 500 deg. (Revue de 
Métallurgie, 1908). 
Tensile Resi 





stance =: 100 deg.—260 deg. (500 deg.) (Howard, 
A. Le Chatelier, Le Blant), (Jron Age, 1890 ; “‘ Méthodes d’Easais,” 
1892; Transactions of the International A iation for Testing 





Materials, 1909). 

El tion = (20 deg. }—250 deg. —(500 deg. to 250 deg.) (Howard, 
A. Le Gnatelien Le Biant) (iron Age, 1890 ; “* Méthode Sitsoais,” 
1892, 1909). 


Contraction of Area (striction) = (800deg.)—(500 deg.). 

Resistance to Crushing =(100 deg )—300 deg.—500 deg. approx. 
(Journal of the Iron and Steel Institute, 1910). 

Brittleness, Notched-Bar Test = 150 deg.—500 . (Charpy, 
Soc. d’Enc., 1899; Guillet and Revillon, Revue de Métallurgie, 


1909). 
Malleability (swelling. ey test) = (100 deg.)—300 deg.— 
500 deg. (Journal of the Iron and Steel Institute, 1910). 

— Indicating of Fissuration = id. 

iscosity of Wires=180 deg.—240 deg. (Guye et Mintz, Soc. 

Sci. Phys. Nat. Genéve, 1908). 

Ring (Acoustic) Test of Stretched Wires=250 deg. (Chrystal, 
Nature, 1880). 


Properties in the Cold after Hot Forging. 


Remanent Hardness of Oold Work = 3800 deg.—(600 deg.) 
(Journal of the Iron and Steel Institute, 1910). 

Brittleness in the Cold = 300 deg. (Journal of the Iron and 
Steel Institute, 1910). 

Corrosion = about 250 deg.—700 deg. (unpublished experi- 
ments 

an Grain = about 600 deg.—700 deg. (unpublished experi- 
ments). 


Il.—Tgsts in wHIcH Co.p WorK DOES NOT APPEAR 
To Puay A Part. 


Elastic Limit of Traction = 100 deg.—(250 deg. to 300 deg.) 
—(450 deg. to 500 deg.) (Le Blant, Transactions of the International 
‘Association for Testing Materials, 1909). 

Acoustic Test = 120 deg. —250 deg.—400 deg. approx. (Journal 
of the Iron and Steel Institute, 1911). 

Velocity of Sound = neighbourhood of 100 deg. (Wertheim). 

Magnetism. 

Intensity of Magnetisation = 150 deg.—500 deg. to 560 deg. 
(Morris, Philosophical Magazine, 1897; Maurain, Annalen der 
Physikalische Chemie, 1910). 

Diminution of Permanent Magnetisation on Heating = 180 deg. 
—(300 deg.). (Poloni, Nuovo Uimento, 1878, and personal ex- 
periments). 

Variations of Hysteresis after Heating = 135 deg. (Roget, The 
Electrician, 1898). : 

Ageing.* 

Thermo-electricity =470 deg. (Belloc—Thése, 1903; Gauthier 
Villars). 

Liberation of Gas = (540 deg. to 580 deg.) (Belloc—Thése, 7908 ; 
Gauthier Villars). Appearance ef Joined Grains on Polished 
Surfaces=380 deg. to 500 deg. (7) (Soc. d’Encouragement pour 
l'Industrie Nationale, Paris, 1912). 

* Com Oharpy. “‘ Eclairage Electrique,” 1902, and several 
authors P Barrett ; Hadfield, 1900 ; Gumlich, 1902. The pheno- 
menon is very complex, and not yet well understood. 


* Proceedings of the International Association for 





* Journal of the Iron and Steel Institute, eee 


Testing Materials, 1912, vol. ii., No. 8. 


Recently a copy of a paper which appears to have been 
entirely lost sight of came into the hands of Dr. Desch 
who kindly informed the author of it. Ib is entitled 
“Ricerche Sperimentali sulla Tenacita dei Metalli a 
Diverse Temperature” te rimental Researches on the 
Tenacity of tals ab ifferent Ly I. On 
copper and steel, by G. Pisatiand O. Saporito. II. On 
brass and aluminium, by G. Pisati and S. Scichilone.* 
The experiments were made between the ordinary tem- 
perature and 300 deg. Cent. on wires annealed at a dull 
red in carbonic anhydride, and cooled slowly. 
The heating arrangement} consisted of a vertical oil- 
jacket heated at intervals by rings of gas jets. Each end 
of the wire was wound round an S hook. The top hook 
was attached to a rigid support above the oil-jacket, 
whilst from the lower hook was suspended a receptacle 
into which water could be run at any desired rate. The 
rate at which the water was run in in the tests was such 
that the wire did not break until about 10 to 12 minutes 
had elapsed. A variation of from 8 to 25 minutes was 
found to make no difference to the results. In the case 
of copper about 600 pieces were tested. For each tem- 
| mer pee and for each wire ten tests were made. A good 
eal of irregularity in the elongation between pods. 9 
and 200 deg. Cent. was noticed. Pisati did not publis 
a curve for copper, but he gives the data for five series of 
tests. Tests on wires are not suitable for obtaining good 
tensile curves; this is particularly the case with copper, 
but steel behaves much better. It was only owing to the 
ae number of tests made that Pisati succeeded 
at 
Fig. 23 is Pisati’s curve for brass. t 
It will be seen that it closely resembles the elongation 
curve ove by the author for copper-zinc alloys in 
Appendix ©, 1914 Note. Pisati has a number of points 
between 15 deg. and 200 dag. Cent. not included in the 
author’s curve. As with the copper, about 600 tests were 
made, wires of three different diameters being used. 

Figs. 21 and 22 give some of Pisati’s curves for steel 
wire. Five wires of different diameters were used. e 
curves are for one of them, and may be taken as typical. 
No analyses for carbon, &c., are given, which detracts a 
good deal from the value of the results. About 900 pieces 
were tested. Annealing in carbonic anhydride appears 
to be a doubtful proceeding in the case of steel ; decar- 
burisation to a greater or less depth would occur. Pisati, 
from the results he obtained compared with those of 
others, appears to have suspected that something was not 
quite right. The general indicstions of the curves are 
not, however, seriously affected by it for the present 


purpose. ‘ , . 

In the tenacity curve, Fig. 21, there is a well-marked 
minimum at a little higber than 100 deg. Cent. This also 
occurs in two others of the five, whilst in two it is a little 
below 100 deg. Then there is a marked maximum between 
100 deg. and 150 deg. which ocours in four, the fifth being 
slightly higher than 150 deg. Finally, thereisa minimum 
between 150 deg. and 200 deg. in and in two a maxi- 
mum between 7 and 300 deg. The other three 
only just show signs of commencing to turn over. Fig. 22 
is one of the elongation curves, and is typical of all five. 
Comparing the curve for elongation with the author’s 
for wrought iron and steel in bis 1912 paper, it will be 
seen that they are practically identical; the tenacity 
curve is also the same as Pisati’s, except for the part 
between 14 deg. and 150 deg., in which region the author 
made no tests, 

Pisati had previously published a memoir on ‘‘Tena- 
city of Iron.”§ On comparing the iron curve with the 
steel curve, an important difference is disclosed. In the 
case of iron, the elongation curve follows the general 
outline of the tenacity curve, in that respect showing a 
marked difference from the steel, which s ts that the 
suppression of the maxima and minima in the ion 
curve in the latter is due tocarbon. Pisati, speaking of 
the tests on iron, says that the elongation took place 
quietly and continuously from the ordinary temperature 
to 70 deg., and then became more irregular, torsion and 
vibration occurring, sometimes accompanied by acute 
and strident sounds. This condition continued until 
235 deg. was reached. At 240 deg. the discontinuity 
diminished considerably, disappearing completely at 
250 deg. From this tem ture until 300 deg. ths 
elongation took place quietly and continuously, as at the 
low temperature. 

Summing up Pisati’s results, it may be said that they 
agree with the author’s tensile tests in 1914 and previous 
communications, and additional important observations 
on iron and steel were made, strongly indicating trans- 
formation points between the ordi temperature and 
300 deg. Cent., which are in substantial agreement with 
the author’s alternating stress and simple tensile curves 
in the present paper. 


APPENDIX ©. 
Lz Verxrier on Speciric Heats or Mgrats. 
Le Verrier, ina paper ‘‘Sur la Chaleur Spécifique des 





* “Reale Accademia dei Lincei,” Mem. 1, 1877, 
179 to 194. These memoirs are in the libraries of the 
Royal Society and the Chemical Society, London. 

+ Deseri in a previous paper by G. Pisati (Pro- 
fessore all’ Universita di Palermo), ‘‘Sulla tenacita del 
Ferro a diverse temperature,” morie della Societa 
Italiana delle Scienze, ser. iii., tomo ii., and earlier still 
in ‘’Gazz. Chim. Italiana,” tomo vi., p. 28. 

+ Analysis:—Copper, 66.58 per cent.; zinc, 32.4 per 





+ Appendix B. 


cent.; lead, loss, &c., 1.01 per cent. 
§ Loc. cit, 
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Meteaux,”” which has also been lost sight of, and has 
recently been referred to by Cohen, speaking of the 
specific heats of copper, silver, aluminium, zinc and lead, 


says: “‘ The specific heat ( 4c) remains sensibly con- 


stant durii riods which do not exceed in general an 
interval o' deg. to 300 deg.,+ after which 1) changes 
abruptly.”+ 


Le Verrier’s Specific Hiat Determinations. 


|Mean Specific 








Heat. Total Heat. 
deg. deg. 
A to 360..) 0.104 0.104 ¢. 
B 820 ,, 380.. 0.104 Absorption of 2 calories to- 
wards 350 deg. 
A’ 360 ,, 580.. 0.125 87.2 + 0.125 (t — 360). 
B 660 ,, 600.. 0.125 Absorption of 2 calories to- 
wards 480 deg. 
A” 680 ,, 780.. 00a 37 + 0.00 (¢ — 480). 
B” 74) ,, 800.. 0.09 Absorp ion of 3.5 cal ries to- 
wards 700 deg. 
A” 780 ,, 1000..| 0,118 f 92 + 0 113(¢ — 800). 


\.117 calories towards 1020 dg. 


‘In the neighbourhood of maxima and minima (des 
points singuliers) the state of a body is not a function of 
its temperature only ; it varies with the manner in which 
the temperature has been reached. The molecular work 
which corres to a change of state undergoes gene- 
rally a certain retardation, and the same results are not 
obtained during heating and cooling. Fora given maxi- 
mum and minimum, if one starts with a lower tempera- 
ture, and returns to it after having gone above the 
temperature corresponding to the change-point, a closed 
curve, and not a simple curve, will be obtained.” 





“Tue Newspaper Parss Direcrory.”—This directory 
for the present year, the seventieth annual issue, is pub 
lished at the price of 2s. by Messrs. C. Mitchell and Co., 
Limited, l and 2, Snow Hil, Holborn Viaduct, E.C. It 
gives a complete list of the British — and maga- 
zines, the dates when they were established, their price, 
address, and subjects they deal with, arranged alpha- 
betically according to their titles for London and _accord- 
ing to towns for the remainder of the United Kingdom. 
The book also covers information on the Colonial and 
foreign Press, and contains, moreover, useful statistical 
and geographical data on the British Colonies and De- 
pendencies. 





InpIAN Petrro.teuM.—The production of petroleum in 
India has largely increased during the past decade, the 
yield Gans each of the ten years having been as 
annexed :— 


Year. Gallons. Year. Gallons, 

1904 $e 118,491,382 1909 es 233,678,087 
1905 ‘ia 144,798,444 1910 oe 214,829,647 
190% én 140,558, 122 1911 * 225,792,094 
1907 ee 152,045,677 1912 es 249,083,518 
1908 176,646,320 1913 277,555,225 


It will be observed that not only was 1913 the record 
year, but that the twelve months showed a remarkable 
expansion. Almost the whole of the petroleum produced 
in Tadia is yielded by Burma. A small quantity is made 
available for consumption in Assam, and the Punjaub 
also makes a trifling contribution to the general output. 
It is Burma, however, which is the great petroleum 
province of British India. 





Tue “ MUNICIPALISATION” OF THE BERLIN ELEcTRIC 
CrentTrat Powsgr-Stations.—The municipality of the city 
of Berlin has now decided to take over the business of the 
Berlin Electricity Company. This solution had been ex- 
pected for some time, inasmuch as the negotiations relat- 
ing to a prolongation of the present order of things were 
broken off last October and have not since been renewed. 
The municipal authorities, which did not think it advis- 
able or desirable finally to settle this important question 
until “ed —— has nm nn ge ae — again 
prevail, pro) temporarily to prolong the existing 
agreement, which ceumipates on October 1, 1915, but this 
pro was declined by the owners of the electricity 
works. They stated that this proposal disturbed their finan- 
cial arrangements ; they were prepared either for definite 
prolongation of the agreement or for sale to the city. In 
the latter case the electricity works would receive some 
130,000,000 marks. In the former they would have 
to find a sum far in excess of 50,000,000 marks before 
October 1. When the city of Berlin takes over the 
concern it will have to find a sum of 130,000,000 marks, 
the value of the works. About half of this sum will have 
to be applied to cover certain obligations of the electricity 
works, including the acquirement of and stocks on 
which the electricity works hold the option. The other 
half will be available to the electricity works for fresh 
undertakings. 


* Comptes Rendus, 114. 907, 1892. 

+ Cohen, in Zeitschrift fiir Phys. Chemie, makes Le 
Verrier say: ‘‘ The mean specific heat of copper, silver, 
zinc. lead, and aluminium remains, as a rule, constant 
till 200 deg. to 300 deg.” This somewhat alters Le 
Verrier’s meaning. This rendering has been repeated in 
js abstract in the Journal of the Institute of Metals. 

. cit. 

t Le Verrier also refers to Pionchon as having found 
the same thing with regard to iron, nickel. and cobalt, for 
which see Comptes Rendus, 102, 675, 1454 (1886), 103, 1122 
—- and in full, Ann. de Chim. et de Phys. (6), 1133 

7). 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 

fore ae projects, taken from the Board of 

Journal. Further information on these pa 

can be obtained from the Commercial Intelli, ranch, 
Board of Trade, 73, Basinghall-street, London, E.C. 


Canada; The office of the H.M. Trade Commissioner 
for Canada has forwarded copies of the Canadian Esti- 
mates for the fiscal year ending March 31, 1916, which 
make provision for the following, amongst other works. — 
Railways and :—Intercolonial Railway: To 
strengthen bridges, 700,000 dols.; new terminal facilities 
at Halifax. 3,000,000 dols.; installation of telephone 
system at Hampton, 100,000 dols.; improvements at Levis, 
200,000 dols.; locomotive and car-shops, with equipment, 
at Monckton, 110,000 dols.; elimination of level-crossings 
and grades at Monckton, 125,000 dols.; new car-ferry 
and dock at Mulgrave, 354,000 dols:; rolling-stock, 
2,250,000 dols.; construction work at St. John, 112,00 
dols ; construction work near Dartmouth, 510,000 dols. 
Prince Edward Island Railway: Car-ferry and ter- 
minals, 1,900,000 dols. Hudson Bay Railway : Construc- 
tion -work, terminals, and elevators, 5,500,000 dols. 
National Transcontinental Railway : truction work, 
5,000,000 dols. Quebec Bridge: Oonstruction work, 
3,500,000 dols. Welland Ship Oanal : Construction work, 


5,500,000 dols. Harbours and Rivers: Dry dock at | deli 


Esquimalt, 250,000 dols. French River waterway 
improvements, 450,000 dols.; dry dock at Halifax, 
250,000 dols.; harbour and river improvements at Port 
Arthur and Fort William, 1,200,000 dols. ; dry dock at 
Lauzon, Quebec Harbour, 700,000 dols.; harbour im- 
provements at Quebec, 500,000 dols.; improvements to 
navigation, River St. Charles, 500,000 dols.; harbour 
improvements at St. John, N.B., 1,500,000 dols.; harbour 
improvements at Toronto, 1,000,000 dols.; harbour im- 
provements at Vancouver, B.C., 1,000,000 dols.; harbour 
improvement~ at Victoria, B.C., 1,400.000 dols. Public 
Buildings :— Quebec: Quarantine buildings at Grosse 
Isle, 150,000 uols.; exaiwining warehouse at Montreal, 
480,000 dols.; Inland Revenue building at Montreal, 
120,000 dols.; postal station at Montreal, 160,000 dols.; 
Quebec Bn eay x extension, 200,000 dols.; public build- 
ing at Three Rivers, 140,000 dols. Ontario: Customs 
building at Ottawa, 600,000 dols.; Parliament buildings 
extension at Ottawa, 100.000 dols.; Victoria Memorial 
Museum at Ottawa, 200,000 dols.; new Dominion build- 
ings at Ottawa, 225,000 dols.; Customs House and ex- 
amining warehouse at Port Arthur, 175,000 dols. ; Customs 
examining warehouse and postal station at Toronto, 
500.000 dols.; barracks at T: runto, 138,000 dols. Mani- 
toba: Barracks at Winnipeg, 150,000 dols.; drill-hall at 
Winnipeg, 170,000 dols. Alberta: Drill-hall at Calgary, 
100,000 dols ; post-office at Calgary, 110,000 dols. ; 
Edmonton post-office extension, 100,000 dols.; drill-hall 
at Edmonton, 200.000 dols. British Columbia: Public 
building at Prince Rupert, 147,000 dols.; detention build- 
ing at Vancouver, 160,000 dols. ; postal station at Van- 
couver. 124,000 dols ; drill hall at Victoria, 150,000 dols. 
The office of H.M. Trade Commissioner for Canada 
also notifies that tenders are invited by the Toronto De- 
partment of Works for the construction and delivery of 
automatic valves and check-valves. Copies of the speci- 
fication and the form of tender may be obtained from the 
office of the Commissioner of Works, Department of 
Works, Toronto. Sealed tenders, on the proper form, 
must be s nt by registered post to reach the Chairman 
of the Board of Control, City Hall, Toronto, not later 
than noon on April 13, and muss be accompanied by a 
cash deposit ora marked cheque to the value of 250 dols. 
(about 512.) made payable to the City Treasurer. 


New Zaland: H.M. Trade Commissioner for New 
Zealand reports that tenders are invited for the supply 
and delivery of a three-unit exciter set (section 49) and a 
1500-kw. generator, No. 4 (section 50) for use in connection 
with the Lake Coleridge Power Scheme. Sealed tenders 
will be received, up to noon on April 30, at the Public 
Works Office, Wellington. Further particulars can 
obtained at the Public Works Offices at Auckland, 
Wellington, Christchurch, and Dunedin. It will be 
observed that the time for the receipt of tenders is 
limited, and therefore this intimation will be of use only 
to firms having agents in New Zealand who can be in- 
structed by cable 


Australia: H.M. Trade Commissioner for Australia 
reports that tenders are invited by the Commonwealth 
Depsrtment of Defence (Navy Office) for the supply, 
delivery, and erection at the Naval Dockyard, Sydney, 
of a 150-ton electric revolving floating crane. Copies of 
the specification and form of tender, together with plans, 
may be obtained from the Director of Navy Works, 
Navy Office, Melbourne, at which address tenders will be 
received up to noon on March 24. The department will, 
however, admit a cabled — for the crane, drawings, &c., 
to follow by mail. H.M. Trade Commissioner for Australia 
also reports that tenders will be received as follows :— 
) By the < tomny in London for Queensland, 409, 

est Strand, W.C., for the supply of steel superstruc- 
ture for 6 spans of 60 ft. 6 in. each for a bridge over 
Oxley Creek. Fall particulars may be obtained from the 
Agent-General for Queensland at the above address. 
(2) By the Chairman of the Hawthorn Tramways Trust, 
31, Queen-street, Melbourne, up to 4 p.m. on March 22, 
for the supply and delivery of wheels and axles (Contract 
No. 6) and single-type and maximum traction trucks 
(Contract No. ih. Each tender must be accompanied by 
& preliminary deposit equal to at least 1 per cent. of the 
amount of the tender. Copies of thespecification, form 
of tender, and drawings may be obtained from the offices 





of the Hawthorn Tramways Trust, 31, Queen-street, 
Melbourne, at a cost of 2J. 2s. the set, which will be 
returned on receipt of a bond fide tender. (3) By the 
Secretary, Department of External Affairs, Melbourne, 
up to March 31, for the supply and delivery of a single- 
screw steamer. Each tender must be accompanied by a 
deposit of 500/. (4) By the Deputy Postmaster-General, 
Melbourne, up to 3 p.m. on April 13, for the supply and 
delivery of one motor-wagon for overhead and under- 
ground construction work. (Schedule No. 1170.) Each 
tender must be accompanied by a preliminary de- 
posit of 2 per cent. on the amount of the tender up 
to 500/., and for amounts over 500/., 2 per cent. for 
5007, and 1 per cent. for the amount above 500/.; 
minimum deposit 2/. 2s. The tenderer, if not resident 
in Australia, or if a company registered outside the 
Commonwealth, must name an agent in Australia to 
receive notifications of acceptance and other notices 
under the contract. Copies of the specification, condi- 
tions, and forms of tender may be obtained from the 
office of the Deputy Postmaster-General, Melbourne. 
Preliminary deposits may be paid at the offices of the 
High Commissioner in London for Australia, 72, Vic- 
toria-street, S.W. (5) By the Victorian Railway Com- 
missioners, Victorian Railway Offices, Spencer-street, 
Melbourne (1) up to 11 a.m. on April 21 for the supply 
and delivery of horizontal hollow chisel mortisers for 
Ballarat and Bendigo workshops (Contract No. 28,453), 
and (2) up to 11 a.m. on April 28 for the supply and 
very of material for railway-car lighting (Contract 
No. 28,187). Tenders must be accompanied by a prelimi- 
nary deposit of 4 per cent. of the amount of the tender in 
the case of (1) and of 25/. in the case of (2). Local repre- 
sentation is Copies of the specifications and 
forms of tender may be obtained at the offices of the 
Victorian Railway Commissioners as above. It will be 
observed that the time for the receipt of tenders is 
limited, and several of theee intimations therefore will be 
of use only to firms having ts in the Commonwealth 
who can be instructed by cable. The intimations will be 
found otherwise useful from the point of view of supplies 
to the contractors who secure the orders. 


Portugal: The Diario do Governo, Lisbon, publishes a 
notice, issued by the Ministerio do Fomento, appointing 
a Commission which is to proceed immediately to study 
the best nteans for remedying the serious damage recently 
done to the lower part of the town of Coimbra through 
the overflowing of the River Mondego, and to present a 
general scheme for the protection works necessary to 
prevent such floods in the future. 


Spain: With reference to the Bill respecting the con- 
struction of the sections from Granada to Motril and 
Orgiva to Tahernas of the strategic railway from Torre 
del Mar to Zurgena, it appears from the Gaceta de 
Madrid that this measure hss become law, and that the 
Ministerio de Fomento is now authorised to invite public 
tenders for the construction and working of the two sec- 
tions. The Gaceta also publishes a Decree authorising 
the Ministerio de Fomento to make arrangements for 
the carrying out of works in connection with the 
Alfonso XIII. Canal, at a total estimated cost of 
1,515,721 pesetas (about 60,600/.). 


Argentine Republic: The Boletin Oficial, Buenos Aires, 
publishes a Decree approving an ad referendum agree- 
ment ente into between the Director-General of 
Irrigation and the Government of the Province of La 
Rioja for the execution of irrigation works at Chilecito, 
at an — cost of 450,000 pesos currency (about 
39,4007. 





Danish State RaiLways.—The report for the last 
financial year shows receipts amounting to 3,100,000/., 
and an expenditure of about 2,600,000/., in both cases the 
highest figures on record, the actual surplus being 
485,000/. The goods traffic shows an increase of 3.4 per 
cent., and the passenger traffic of 1.2 per cent., compared 
with the previous year. The nger traffic shows 


be | receipts of 1,340,000/., of which about 210,000/. arise from 


the through traffic. As regards the different classes in 
the passenger traffic, first-class yields 0.1 per cent., 
second 86 per cent., and third 91.3 per cent. At the 
end of the financial year in question the State Railways 
in Denmark had a capital outlay of 15,800,000/., of which 
capital the earnings represent about 3 per cent. As 
regards accidents during the year in question, there were 
killed, of passengers, railway servants, and others, 31 ; 
35 were severely injured, and 45 less severely. 





Tue German Street Union.—A conflict has arisen 
within the Steel Union, which it is expected may cause 
very serious trouble. It isin connection with the broad- 
flanged (Grey) joists, which have also caused. difficulties 
on & previous ion. The matter is fairly complicated, 
and originates from the leading position held by the 

an-Luxemburg Mining Company in this connection. 
This concern had expended much money upon the de- 
velopment of this speciality, and also obtained a some- 
what privileged position, an allotment of 90 per cent. of 
an annual aggregate sale of 125,000 tons. ith a sale 
exceeding 125,000 tons, the Differdingen works have 
25 per cent. of the surplus, the balance falling to the 
other works making broad-flanged joists. The trouble 
now comes from the Peine rolling-mill, which will not be 
content with the quota falling to this mill from out of 
the above-mentioned surplus, the Rombach, the Thyssen, 
and the Gelsenkirchen concerns having also taken up 
this manufacture. The Peine mill now claims a portion 
of the German-Luxemburg allotment, which the latter 
concern is expected determinedly to resist. 
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AGRICULTURAL APPLIANCES. 
Company, Limited, 
“Tooth, Harrows 


(3 Figs.) November 24, 1¥913.—Hitherto 
great trouble has been experienced in providing a suitable means 
of fastening the tines of harrows to the tooth-beams. Various 
clips have been proposed for this purpose. In many of such 
constructions the bolts have been passed through the tooth- 
beams, which. usually take the form of tubes. e latter con- 
struction has the disadvantage in practice that the beams are 
much weakened, while the strain is centralised on one part of the 





(27081) 


bolt. The present invention is designed to provide a tine which 
is attached to the tooth-beam by means of a bolt, and is held 
firmly thereto without the bolt passing through the beam. To 
carry out this invention, a series of grooves or depressions 
adapted to receive the tine-bolte is formed on the tooth-beam. 
By the use of such grooves the tine is prevented from twisting 
on the beam, while the strain is distributed throughout the 
length of the bolt. 1 indicates the tine ; 2 indicates the tooth- 
beam; 3 indicates the tine-bolts; 4 indicates a ve or depres- 
sion in the tooth-beam adapted to receive the tine-bolt. (Sealed 
February 23, 1915.) 


ELECTRICAL APPARATUS. 
Variable- 


27,477/13. L. Renault, Paris, France. 
Speed Dynamos. [2 Figs.) December 7, 1912.—This inven- 
tion relates toa device for controlling variable-speed dynamos and 
their circuits, and refers to that type of device having —— 
electromagnet for controlling simultaneously the vibrator and the 
cut-out in response to variations in the speed of the generator. 
This present invention is characterised by the fact that the 
blades of the vibrator and of the cut-out controlling the breaking 
of the excitation and load circuits are not subjected oe to 
the action of the coil of the electro-magnet, but are actua’ by 
the displacement of other blades forming armatures once the 
latter have been displaced a certain distance. The controlling 
coil a is connected in shunt to the dynamo to be controlled, D. A 
second winding b connected in series with the dynamo may be pro- 
vided as shown in Fig. 2. The core of the coil acts at one end on 
the switch v, which periodically interrupts the circuit of the field 
winding i, and at the opposite end on a cut-out c, which makes 























or breaks the connection between the dynamo D and the accumu- 
lators A. The two switches v and ¢ controlled by the coil are 
constructed as shown in Fig. 1. The field current of the dynamo 
enters through the terminal 2, through an insulated flexible 
blade 3, the contact 4 provided with platinum-covered screws 
to the member 5, thence through the bolt 6 to the exit terminal 7. 
The magnetic field produced by the coil attracts a flexible blade 
8, which with its curved end strikes the free end of the blade 3, 
and produces at 4 the interruption of the excitation current. 
The vibrator of the switch v is formed by the said flexible blade 
8, the lower end of which rests freely, like the edge of a knife, in a 
co ing recess formed in the member 17. This blade 8 is 
no lly maintained out of contact with the electro-magnet by 
the action of a coil ng 18 connected to an insulated 
on the blade 8. device has many advantages. 

blade 8 is attracted by the core of the coil, it is first displaced ; 


bet: 
apg od pa oy 


it with it, in its movement, thus effecting an interruption at 4. 
The uired by the blade 8 at the end of a certain travel is 
made use of for a very rapid interruption at 4. Moreover, this 
device eliminates all friction, owing to the mountings being 
knife-edge. The adjustment of the vibrator is not obtained by 
varying the tension of the spring: but 5d by varying the 
thickness of the washers 4! and 20!. To this end, the screws 4 
and 20 traverse the washers 4! and 201, forming locks, so that an 
adjustment is obtained which the user cannot modify himself. 
The cut-out comprises a flexible blade 10 which is attracted by 
the coil when the latter is energised ; this blade approaches the 
core, and strikes, through the medium of the inenkened washer 
11, the hammer 12 mounted on the end of the flexible bl de 13; 
the hammer 12 is thus brought into contact with the statio 
stop 14. In this part of the apparatus the current enters throug 
the terminal 15, passes through the blade 13, the members 12 and 
14, thence to the bolt 16. The blade 10 is normally maintained 
away from the core of the coil by means of the spring 19 similar 
to the spring 18, and of equal length. The blade 10 also rests 
like a knife in a suitable recess formed in the frame. When the 
core of the coil attracts the blade 10, the latter starte moving 
freely, and it is only at the end of its travel that the head 11 
strikes the bent arm 12 of the hammer; the latter then comes 
into contact with the stationary stop 14. In this manner, in order 
to make a contact, a fairly strong attraction is requisite, thus 
avoiding the making of a contact when the voltage has not 
ttai a suffici value, Conversely, at the moment the 
contact between the blade 10 and the core is interrupted, the sepa- 
ration takes place rapidly. This cut-out has the advantage, as 
troll liminating practically all friction. (Sealed Feb- 








a , of 
ruary 25, 1915.) 

186/14. Aktiengeselischaft Brown, Boveri et 
Cie., Baden, Swi land. Metal-Vapour Electric 
Rectifiers. (1 Fig.) March 22, 1913.—This invention relates 
to jmetal-vapour electric rectifiers, and more‘especially to the 
cooling of the anodes therein. It is a well-known fact that an 
effective and sufficient cooling of the anodes is of great im- 


circuit coupled to it, and that the inductance of the circuit ¢ is 
acted upon by a coil fin the aerial. A crystal g is here shown 
introduced into the telephone cirouit as a rectifier. In the 
figures the filament, grid, and third electrode are shown in the 
conventional manner, but it is advantageous to form the grid asa 
closed cylinder surrounding the filament and to form third 
electrode ag a cylinder outside the grid. (Sealed February 25, 


1915.) 
GUNS AND EXPLOSIVES. 


28,186/13. Vickers, Limited, London, and G. E. 
I . Submarine Mines. (6 Figs.) De- 

cember 6, 1913.—This invention relates to submarine mines of the 
kind that i ponent with an anchor, by means of which the 
mine is retained in position at a predetermined distance beneath 
the surface of the water in which it is ixamersed. According to 
this invention, the patentees so construct and arrange the parts 
of a mine of the above-stated kind that it can be readily con- 
Vv to launching, into one adapted to be su ted so 
that it will float unanchored beneath surface of the water. 
For this pu » the anchor is provided with air-chambers which 
can be sealed when the mine is to float, so that the weight of the 
anchor in the water is materially decreased, whereby, after the 
sounding-ball has been removed, anchor and the mine can be 
supported at the required depth in the water by a relatively small 
float of suitable material ati » by means cf a cable, to the 
mine. When the mine is to be anchored, the said air-chambers 
are left open, so that they become filled with water. In order to 
further reduce the weight of the anchor when the mine is adapted 
to float unanchored beneath the surface, a heavy weight detach- 
ably connected to the anchor is removed prior to the launching of 
the mine. By these means the sulmerged weight of the anchor 
can be adjusted to either drag the mine under the surface and 
hold it against the action of tides, or to just overcome the buoy- 
ancy of the mine, so that the small float is sufficient to keep it 
and the anchor near the surface. A is the mine proper, B the 
anchor, and B! the cable connecting the anchor to the mine. 





portance for the operation and safety of metal-vapour tifi 

An undue increase in temperature of the anode results in a 
breakdown and back-firing, and consequently a destruction of 
the rectifier within a short period. In addition to complying 
with the requirement of effective cooling, it is necessary to 
comply at the same time with the requirement of efficient in- | 
sulation of the anodes. As, however, the insulation materials | 
are bad heat-conductors, the removal of heat from the anode 
is rendered extremely difficult. According to the present in- 
vention, the anode of a metal-vapour electric rectifier is cooled | 
by forming it as, or connecting it with, an evacuated metal tube | 














os a liquid which can be evaporated and subsequently 
condensed, the tube extending into the surrounding atmosphere 
for the purpose of cooling it, to enable such condensation to take 
place. In the illustration, the metal walls of the rectifier, the 
anode and the sealed tube are denoted by the letters a, b and 
¢c a the latter containing liquid h. Bushings of porce- 
lain or the like for insulating the tube c from the wall a are 
denoted by d, packing-pieces or washers being used where 
required. The tube c is provided with two threaded parts ¢ and 
f, one for screwing it into the anode, and the other for a nut 
g, keeping the in place. In operation the heat leaving the 
anode b will cause the liquid A in the lower part of the tube c to 
evaporate, by which means it absorbs heat from the anode. 
The vapour is condensed in the upper part of the tube c, which 
is surrounded by air or other coolin ent,and returns into the 
lower part heatéd by the anode. By means an extrem ly 
rapid and effective transmission of heat from the anode to the 
cooling agent is rendered possible. (Sealed February 25, 1915.) 


28,413/13. Marconi’s Wireless Telegraph Com- 
pony, ited, and H. J. Ro London. Wire- 
ess Telegraphy. (8 Figs.] December 9, 1913.—This inven- 
tion relates to improvements in receivers for wireless tel y 
in which a vacuum tube of the t; having a hot filament, a grid 
and a third electrode is employ According to this invention, 
the patentees connect across the hot filament and the elec- 
trode, and in addition to the ordinary telephone and battery, an 
oscillation circuit which is tuned to a frequency slightly different 
from that of the received oscillations. In Fig. 1, @ is an oscilla- 


a small float connected by the cable c t© the mine, 


Sr 








D represents the heavy weight detachably connected to the 
anchor B, and E, E represent the air-chambers of the anchor. 
In the example shown, the anchor B is made of steel plate, 
and is in the form of a square box. A cable-drum »}, with 
its locking-device and brake, is mounted in a frame b! riveted to 
the top plate 52, which is sha; to receive the mine, and has a 
slot cut in it, along which anchor-cable B! travels as it is 
unwound from the drum. The two side-plates > can be removed 
to allow the drum b, with ite brake and locking device, to be 
i ted or cl d. The plates are secured to the anchor- 
casit by hinged bolts and wing-nute en ng with slots cut in 
the plates to receive them. Each side-plate constitutes one wall 
of each of the aforesaid air-chambers E, E, which serve to reduce 
the submerged weight when the mine is used in deep water as a 
submerged floating and unanchored mine. Screwed plugs are 
bers, and these can be removed to 
allow the water to enter when the anchor is required to sink to 
the _ —_ n mete Pe on - retain the = 
inst curren groove d, a relatively narrow 
Tt ths top, is formed in the centre of the atoresaid bottom 
plate D to receive a locking-bolt D!, which is mounted in bearings 
carried by the end-plates of the anchor-casi This bolt is pro- 
vided with two opposite flat surfaces to fit the opening d! of the 
groove d. By displacing the locking-bolt from ite locked position 
through an angle of 90 deg., the flat surfaces thereupon come 
te the opening d! of the groove d, and the bottom plate D 
. aL or be oA pF wenm | = —s — Ey to a 
»racket on one side e anchor is a sounding or depth-regulati: 
ball F. (Sealed February 25, 1915.) 


25,517/13. Sir A. T. Dawson and G. T. 

on. Field-Gun (6 Figs.) November 7. 
1913.—This invention relates to field-gun carriages of the kind 
having a divided trail. When field-gun carriages are travelling 











Fig.t. Fig 2. 
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tion circuit coupled to the aerial and connected to the grid b and 
the filament ¢ of a vacuum tube, the third electrode d of which is 
connected through a battery and te one to the filament, 
while ¢ is the new oscillation circuit. circuit ¢ is tuned to a 
frequency slightly different from that of a. By varying the 
ween @ and ¢ osvillations may be caused at a fre- 
quency suitable for jucing the desired beat-tone with the 
frequency of the Nations which are being received. Fig. 2 





then, after it has accomplished a certain travel, ite hook 
end 9 strikes the upper end of the blade 8, and rapidly carries 


shows a similar arrargement, except that the filament and grid 
are connected directly to the aerial, instead of to an oscillation 
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over rough ground the elevating and traversing gears, which at 
such times usually serve to hold the gun in a fixed position rela- 
tively to the trail, are suhj2-ted to repeated stresses, and it ie the 
chief object of this invention to provide improved means for 
avoiding these stresses. According to this invention, means are 
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rovided for connecting the rear portion of the , or of the 
Soadin, 00 the teat heaeeh or eumubena- tian ahated are in their 


closed or travelling position. A is the gun-carriage, and B, B are 
the trail-beams or members, which, for firing, are nioved into the 
position shown in broken lines, ae a See an eee 
, 80 that they can be connected to a hook on the limber. 
In the example shown, the rear tion of the gun is provided 
with a x D. having ae or pins ~ 4 

to fic into corresponding sockets carried by - 
= yh members B, B, when the latter are moved into the 


closed position. It will be obvious that the positions of the 
lateral pins or projections, and the sockets, may be reversed. 
(Sealed ry 25, 1915.) 


MINING, METALLURGY, & METAL-WORKING. 


8065/14. E. Aliday and P. J. Wilson, Birmingham. 
Pneumatic Hammers. (2 Figs.) March 31, rem, in- 
vention relates to pneumatic hammers of the type in which an 
air-pump cylinder is arranged adjacent to the hammer-piston 
cylinder with a hand or foot - operated control. According to 

is invention, means are ided for temporarily retaining or 
locking the controller in the position which will ensure, on the 
rotation of the crank - shaft, the hammer - piston taking and 
mage tg | its highest position until the controller is operated 

y the motion of the hand-lever or treadle, which motion 
— BR - = a Bh. the = 
ocking ng place prior to the e air-pump cylin- 
der commencing ite upward tage is the controller-rod, 
which is operated by the hand-lever b or foot-lever b1 The con- 
nection between the foot-lever and the controller-rod a is not 
shown, the same being well known. The short arm of the lever) 
is provided with a projection )2; ¢ is the lever-catch which en- 
gages with the projection /2 of the arm b of the lever. The lever- 





catch is connected by the link d with one arm of the bell-crank 
lever ¢, the free end of the other arm of which lever is kept in 
contact with the acting face of acam / on the crank-shaft g of 
the hammer by the spring A in compression. It will thus be 
understood that during a great part of each rotation of the crank- 
shaft g the catch ¢ is in the controller-retaining position, but 
before the pump-cylinder piston has reached the extreme position 
in ite outward stroke the catch c is disengaged from the projec- 
tion 62 of the arm b by the action of the cam / on the bell crank 
lever ¢, as illustrated. The controller a, thus liberated, can now 
be brought into the desired position by the operation of the hand- 
lever b or treadle before or hy the time the pump-cylinder piston 
has reached the limit of its outward stroke. The extent of the 
lead which is given by the cam / is suited to the — of rotation 
of the crank-shaft g. The cam /, besides bein, justable to suit 
the speed of rotation of the crank-shaft, may adjusted to en- 
sure uniform blows of any required intensity within the limits of 
the hammer. (Sealed February 25, 1915.) 


MOTOR ROAD VEHICLES. 
27,568/18. The Wolseley Tool and Motor-Car Com- 
Limited, and A. A. 


’ 
{ Figs.) December 1, 1913.—This 

invention relates to certain peeps in, or m ions of, 
the invention described and c ed in Specification No. 16,879, 
of 1911. According to the main feature of this invention, the 
springs which connect the transverse bar, described in the above 
specification, with the axle are constructed as cantilever springs, 
which extend only from such bar to the points at or from which 
they are connected with the axle, and are not carried beyond such 
bar in the other direction, thus leaving a clearer space at the out- 
side of the frame between the front and back wheels than when 
the form of suspension shown bh drawings —— the 
former specification is ted, and the tendency the 
transverse bar to turn, due to the tendency of these springs to 








yield under vertical movements of the body in relation to the 
axle, is elastically resisted by separate rreans connecting the 
transverse bar to the frame. G is the transverse member corre- 
sponding to the member similarly lettered in the drawin 
accompanying Specification No. 1',879, of 1911. Cantilever side- 
ngs F are fixed at their inner ends to the member G, and at 
eir outer ends are connected with the axle ©, through the 
medium of the case Ol, which, in the particular ent 
illustrated, contains the axle. H is a + me Soy which is fixed 
at one end to the member G in position (as seen in plan) between 
the sides A of the vehicle frame, and running from its on 
with the member G in a direction ite to that of the 
gs F, is connected by means of a link N with a bracket M of 
ae member A! of the frame. (Sealei February 25, 


27, The Wolseley Tool and of 
mye. sey Motor-Car Com- length of the 


Motor Road ¥; 


Birmingham. 
ehiclos. {1 Fig.) December 1, 191%.—This 
invention 

the wheel is mainly constructed of halves divided in the mid-plane 





relates to the type of wheel for a road vehicle in which | wi 


of the wheel, each formed of a single piece of sheet metal, and the 
halves then joined together, such as by weld or brazing, and 
ya ay a thereto the means for ga 

escribed in Speci No. 8101, of 1906. 


to this invention, the groove for receiving the re- 
movable split-ring, which is utilised for holding one of the 
tyre, is formed in one half of the wheel before the halves are put 
together. A is the sheet-metal felloe of the wheel, which, together 
with the spokes, is formed in halves divided at the mid-plane of 
the wheel and then welded or brazed along the —— 
= a, conveniently by a gas or electric welding process. E 
if of the felloe, er with the corresponding halves of the 
kes, is formed integral with the ng half of the 
m B, and the halves of the rim are welded or brazed together at 
their m edges b. One half of the rim is formed with a 
curled-over side b!, which consists of two thicknesses of metal 
which join into one another as shown, one of the thicknesses join- 
ing into the corresponding half b2 of the sole-plate of the rim, and 
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the other joining into the side a! of the felloe. The other half of 
the rim comprises the other half b® of the sole-plate, and carries 
the removable split or non-continuous ring O. The pneumatic 
tyre is held between the side }! of the rim and the O, as will 
be readily understood. The ring C is retained in position by the 
rim for holding the one side of the tyre in place, by the annular 
groove b*, which is formed within the sheet-metal sole-plate of 
the rim by bending the sheet metal to a substantial shape 
= to putting together the halves of the wheel. The ring C is 
lormed, as in the case of the invention described in the aforesaid 
specification, with a flange or web c inwards of the portion which 
receives the thrust of the tyre, and this flange or web is sprung 
into the groove. The bent metal which forms the groove lies 
within the hollow of the felloe A, and, preferably, for the sake of 
compactness and to give the outer side of the groove very sub- 
stantial support, the outer member of the bent metal lies against 
the inner side of the corresponding side a of the felloe. (Sealed 
February 18, 1915.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c, 


6658/14. The Warwick Machinery Company (1908), 
Limi London (General Electric Company, Schenectady, 
U.S.A.). (2 Figs.) March 16, 1914.—This invention 
relates to multi-stage turbines. The invention comprises a 
steam-turbine having ite high and intermediate-p portions 
and some of its low-pressure portion of the reaction type, and its 
final low-pressure portion of the impact type. Fig. 1 illustrates 
a turbine having its high-pressure blading 1 and intermediate 
blading 2 of the Parsons type. hermore, some of the low- 
pressure blading 3 is of this nature, but only to the Fy where 
the length of the blades is within safe limits. Beyond that point 
the turbine-casing is provided with one or more diaphi 8 4, 

itioning off one or more stages 5, in each of which is a 

ucket-wheel 6 ing one or more rows of buckets 7. In the 

— m are nozzles 8 extending around the rotor, and of such 
a pe 





that they convert the pressure of the steam flowing 
through them into velocity, though not necessarily of the 
div g type, so that the wheel or wheels operate by impact, 
being therefore of the Curtis type. These wheels are considerably 
larger in diameter than the drums, so that the proper relation 
of vane speed to steam speed will be obtained. As many velocity 
stages may be used as may be found necessary to extract all the 
energy of the steam, or, at least, such as can be extracted down 
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to the lowest absolute | ge made available by a condenser. 
In any event, the addition of these impulse stages to the reaction 
m ne results in ter efficien 
— to —— a high vacuum. , 
zontal cen ine represents the length of a working passage in 
which the steam is expanded from its initial high poveease down 
to absolute zero. The lines at right angles thereto represent the 
volumes of steam at consecutive points along said passage, the 
volume being in inverse ratio to the pressure. From this 
it appears that the volume increases very rapidly and by larger and 
larger increments as the low-pressure end of the working passage 
is approached, so that in the final portions of said e 
volume is immensely greater.than in the high-pressure end. One 
— of steam at 210 lb. absolute pressure occupies a volume of 
15 cub. ft., while 1 lb. at 2 lb. absolute pressure occupies 
172.08 cub. ft. In order to utilise all the energy in the steam, the 
turbine blades should increase in length from the gy pn 
end of the machine to the low-pressure end, in exactly same 
ratio as the volume of the steam increases. 
length of an ordinate of the curve z at any point represents 
blade at that poiot. It is evident that in the 
extreme low-pressure region the blades would 
withees ~~ trifuga!l strains. customary 
cen 8 . Hence it is in 
turbines of the Parsons type to waste some energy by restricting 


and economy, and makes it 
erring to . 2, the hori- 


In other words, the | shell a) tm 
the | through the water, and it is for this reason that the shell is given 


the le of the low-pressure blades to what is known to bea safe 
size. (Sealed February 25, 1915.) 


1 W. E. » Manchester, and J. 
rie on cudacthcla” Lay. 


Limi b= § - 

Valve. [9 Figs.) October 2, 1913.—The present invention 
relates to Pg omar in and connected with high steam- 
re and low-water safety-valves for steam-boilers. These 

~ are effected by a special method of construction, 
and carried out in the manner hereinafter described. Ooncentric 
safety-valves are used, the outer valve — loaded against the 


steam reeither by means of single or double levers, sprin 
or dead- its, or by a combination thereof. The inner valve 
directly loaded by a suspended dead- it at the blowing-off 


pressure, or a little in excess thereof, and is actuated by a lever 
supported inside the boiler, from one end of which hangs a float 
su , or partly so, in the water of the boiler, while at the 
other end a counter-balance weight is fitted, the construction 
pee gh that when the water is lowered to a predetermined 
level, the inner valve shall lift, and thus reduce the pressure. The 
outer valve is made with along sleeve or body, and out 
through the casing cover, being guided thereby, and by the 
guides cast on the valve-seat. For loading purposes, a groove 
may be cut in the sleeve, and pins or other means provided to 
connect the means of loading, and the valve or the sleeve may be 
lengthened, and a slot cut in it for the lever to pass through, 
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which would bear on a narrow-edged bar, either cast across the 
sleeve or inserted therein, or the bar may be raised the necessary 
height, and thus dispense with the lengthening of the sleeve. At 
the bottom of the sleeve the high steam-pressure valve-face is 
formed externally, and the low-water valve is placed internally. 
The he steam from the high-pressure valve, on its being 
raised, will pass round the valve-casing, and out by the branch on 
the side thereof, while the escaping steam from the low-water 
valve passes up inside the sleeve and discharges at or near the top 
thereof, thus providing a separate outlet or outlets for the low- 
water valve. In some forms of the construction the outlet from 
the low water may be closed by a steam-whistle to give audible 
warning of a deficiency in the water supply. The invention con- 
siste in poe a Tee many outlet or outlets from each of the 
valves, and also in loading of the safety-valves, either by means 
of single or double levers, sprin, weights, or a combination 

ereof. In the drawings the high steam-pressure valve or 
sleeve is marked H.P.V. The low-water valve is marked 
L.W.V., and the weight loading this valve is marked W. The 
lever actuating this valve is marked L, the float F, and the 
balance-weight B.W. The outlet from the high steam-pressure 
valve is marked O.H., and the outlets from the low-water valve 
are marked O.L. (Sealed February 25, 1915.) 


SHIPS AND NAUTICAL APPLIANCES. 
29,424/13. H. E. Yarrow, Glasgow. Propellers. 
[2 Figs.) December 20, 1913.—This invention relates to propellers, 

and lar to ships’ propellers. With the high 
engines, as, for example, steam-turbines, which have come into 
use for the purpose of ship propulsion, and the resulting high 
speed of revolution of the propellers driven by them, it has 
become n to reduce the diameter of the propellers as 
possible, and consequently to increase the width of the 
blades so as to obtain the necessary blade area. One result of 
this is to restrict the space available for the free of the 
water in a fore-and-aft direction, — particularly in the neigh- 
of the 


bourhood of the propeller- er, by reason 
é propeller running at a high speed, there 


centrifugal action of 
is a tendency for the water to be drawn in at the boss, and pro- 
jected outwardly towards the tips of the blades. The resultant 


cavitation and eddying, combined with the restricted space for 
the passage of the water past the propeller, have the effect of 
producing serious erosion of the propeller-blades. With the 
object of annulling or reducing any such tendency to erosion as 
has been mentioned, and also of increasing the efficiency of the 
propeller, the propeller-boss is, according to this invention, 
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encircled by a closed hollow shell or false-boss, which is prefer- 
ably, but not necessarily, of barrel shape, and which is suitably 
secured to the propeller-blades and boss, so as to rotate therewith. 
@ denotes the socket for reception of ey) po ray b is the 
-boss, and L! a portion of one of the blades 

erewith. The shell or false-boss is shown at c, and may be 
secured by screws or bolts to lugs cast on or attached to the pro- 
peller-blades b! near their roots, the ends of the barrel-shaped 
shell being fastened ina similar manner by screws to the ends of 
the —~# ye . a The Be hp Geuiey at te —— an 
ann space /, but altho: ery 0 e! con- 
siderably a than that of ‘the bose, the surface e to 
fluid fric’ need not necessarily be increased to any serious 

extent, owing to the differe: in t of 
Moreover, such a shape can be given to the outer surface of the 
as will ensure a minimum resistance to its ion 





a barrel shape, the bulge of the barrel being preferably nearer the 
front end than the rear end, and approximately in same e 





as r-blades b!, so that the shell tapers to a smaller 
diameter at the rear than it has at the entrance. (Sealed Feb- 
ruary 26, 1916.) 
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THE INSTITUTE OF METALS. 


As briefly stated in our last issue, the London 
meeting of the Institute of Metals was opened 
at the Institution of Mechanical Engineers on 
Thursday, March 19. In the absence of Admiral 
Sir Henry Oram, who was detained on Admiralty 
business, the chair was occupied by Professor 
H. C. H. Carpenter, who stated that, since the out- 
break of the war, Admiral Oram had only missed 
one council meeting, although during part of the 
time he had to sleep at Whitehall. In the course of 
some further remarks on the work of the Institute, 
Professor Carpenter emphasised the importance of 
adding to the membership during the ensuing year, 
at least 110 names being required to make good the 
various losses incidental to the war. Owing to 
Mr. (now Captain) Bengough having entered the 
Royal Garrison Artillery, new arrangements were 
necessary for carrying on in his absence the work 
of the Committee on Corrosion. Professor Car- 
penter also expressed his satisfaction at the success- 
ful founding of a scholarship in marine engineer- 
ing and naval architecture as a memorial of Sir 
W. H. White, their first president. 


Errects oF HEAT ON THE STRENGTH OF Metals. 


The report of the Council was dealt with in our 
last issue, and the formal business being termi 
nated, Professor A. K. Huntington read ti 4 oe r 
on ‘“‘ The Effects of Heat and Work on the Mecha- 
nical Properties of Metals,” which was published 
on page 334 of our last number. 

the discussion was opened by Professor T. 
Turner, who said he was interested in seeing how 
Professor Huntington had managed to construct in 
so comparatively simple a manner an alternating- 
stress machine which, although working slowly, had 
given quite consistent results, which showed that the 
breaking strength and elastic limit had a uniform 
relationship. Tests of the general type in question 
were now, of course, common, and of very great 

ractical importance. The main value of the paper 
9 perhaps, less in the actual experiments than in 
the suggestions advanced by the author. He would 
not say that he was, himself, prepared to accept all 
the maxima and minima shown by the author’s 
curves, although even in the simplest form of the 
curve as originally drawn there were indications of 
some maxima and minima, though smaller in number 
than those shown in the author’s final curves. With 
steels other observers had found anomalous results 
with a rise of temperature, the metal apparently 
improving at first, then deteriorating with a further 
rise, and then improving again. However that 
might be, it would seem that the peaks shown in 
the author’s curves were not sufficiently large to 
have any considerable influence on the structural 
value of the metal. Assuming some of the 
anomalies shown could be supported, as he was 
inclined to believe was the case, how could they 
be explained? They could scarcely be due to 
cxputeliinaiiin, as in that case a difference in struc- 
ture should be perceptible ; and, moreover, it 
could not be expected that the peculiarities would 
in that case repeat themselves on heating or 
cooling several times. If not due to crystal- 
line changes, were the anomalies due to changes 
in the constituents present owing to changes in 
the solubility of one in the other? Here again, 
however, changes of this kind should be detectable 
by means of the microscope. For his own part he 
was inclined to suggest polymerisation, or some- 
thing like it, as the effective factor, in analogy with 
Armstrong’s views on the constitution of water. 
Thus, at a certain high temperature, a metal might 
be represented by n molecules, whilst 200 deg. lower 
it might consist of 2 molecules, and of, say, 3 n 
molecules ata still lower temperature. Even if only 
a moderate amount of such molecular aggregates 
were present, one would ex the changes to be 
accompanied by differences in the mechanical pro- 
perties, and we might thus get maxima and minima. 
Whatever the explanation might be, Professor 
Huntington’s experiments were of great scien- 
tific interest, if not, perhaps, of much practical 
importance. If the anomalies shown really existed, 
it would be very important that their positions 
should be accurately determined, and en this 
had been done, some general and complete method 
of representing them might be discovered. 

Dr. Rosenhain, who spoke next, said thanks were 
due to the author for bringing forward a subject de- 
serving of more attention hen it has as yet received. 
Scientifically, the subject was interesting, and, from 





the practical standpoint, anything that would throw 
light on the connection between temperature 
changes and the structural value of metals was of 
very great importance. Indeed, some of the 
changes observed took place at temperatures not 
higher than were actually attained in fire-box plates. 
It was, however, important to know what we were 
actually dealing with. Allotropic changes in the 
hands of Cohen and his followers had, in the 
speaker’s opinion, become allotropy run mad. It 
was, in fact, a very easy thing to show anomalies 
here and there in the temperature curves of metals. 
The true difficulty was, in fact, not to show such 
changes when none actually existed. Hence ex- 
periments of the type in question should be made 
with the greatest possible care, and this being so, 
it was desirable to examine from this point of view 
the evidence on which the author based such far- 
reaching, if admittedly tentative, conclusions. Such 
an examination led to the conviction that the 
author should have been even more tentative still. 
What he had been trying to do was to ascer- 
tain the variations in the physical ies 
accompanying temperature changes. -To this end 
the author had employed an alternating-bending 
machine of the crudest type. It was a principle in 
all tests that some one particular property should 
be singled out and tested at a time. In the 


i- | machine actually used there was plastic deforma- 


tion of the metal at every stroke. The stresses 
thereby occasioned were quite uncertain, and would 
vary notably from specimen to specimen, and also 
whilst the test on a single specimen ed. 
In the next place, a vital objection to the type of 
the machine used was the necessity of gripping the 
specimen in jaws, which had to be eased in order 
to avoid nicking. This easing made the point 
of contact indefinite. Further, the tempera- 
ture measurements were unsatisfactory. The 
specimen was heated by conduction from the 
jaws, and cooled by convection at its surface. 
ence there were heavy temperature ients 
in it, not merely from end to end, but from the 
centre of the specimen to the outside. The onl: 
temperature measured was that of the outside wall, 
but, indeed, even the temperature of this could not 
be said to be measured, since the very clamping of 
the thermopile to the surface would alter locally the 
distribution of the convection currents, and by 
an amount’ which would vary from specimen to 
specimen. Hence the data secured could not be 
considered as other than approximate, and it would 
be necessary to multiply the results actually 
observed by a hundred-fold before one could accept, 
on such evidence, with any sure foundation, the 
resence of five or six maxima in the curves. 
aking the curves as originally plotted, a mean 
curve could be drawn through the experimental 
points which would not differ from them by more 
than the probable experimental error. In this 
way one would get rid of the necessity of inventing 
the maxima and minima. Indeed, he would much 
like to know by what mental process the author 
passed from his original curves to his final ones, 
and whether this process was in the main logical or 
imaginative. Apparently some of the curves were 
drawn merely by analogy, and analogy was a poor 
foundation on which os bane thirteen conclusions. 
Assuming that the speaker's criticism was too 
severe, and that he was not justified in presuming 
that all of the numerous maxima shown were due 
solely to experimental errors, two explanations 
were possible, and should be tested before the 
hypothesis of multiple allotropy could be accepted. 
In the first place, it might be asked what part 
was played by gases occluded in the metal. 
Apparently the flame passed near the metal, which 
might, therefore, absorb gases, which it was 
known might play an immense in effecting 
the whole behaviour of metals. heating-curves 
were taken in vacuo, an ies were observed 
during the first heat, which disappeared on a 
second heating, owing to the gases original] 
absorbed in the metal having been got ridof. If 
the author’s contention were true, that curves of the 
mechanical properties were more sensitive than 
heat measurements, a sufficient explanation of his 
results might be found here. Again, it should be 
noted that plastic work was being applied to the 
author’s specimens, converting portions of them into 
the amorphous phase. Beilby had shown in these 


conditions, and at the temperatures in question, 
that recrystallisation would take place, the amount 
depending on the amount of cold workin 

viously done. 


Thus the change in the amplitude 








observed between annealed and hard metals might 
be due to differences in the amorphous content. 
Professor Turner had sug d polymerisation of 
the metals. In this connection, however, note must 
be taken of the work of Professor Bragg, who had 
proved that tals were built up of atoms, and 
not of molecules, and allotropy could therefore 
only be due to atomic changes. No re-grouping of 
the molecules, as exemplified by oxygen in ozone, 
could account for changes in a crystalline solid. 
For this a the - er — more reluctant 
to speculate on allotropic changes occurring at 
every 200 deg. Cent. or a : 

Dr. Desch, who followed, said that he had the 
pleasure of seeing the greater number of the ex- 
periments in progress and could testify to the care 
taken. Asa practical method he believed it had 
a good deal of value and enabled a safe opinion to 
be formed as to the quality of, say, a fire-box stay. 
As a scientific method he d in the main with 
Dr. Rosenhain, that it hardly satisfied the neces- 
sary conditions, and that the broken curves, such 
as those exhibited, could only be accepted as really 
representing the facts if they resulted from the 
plotting of a very large number of points. He 
would ask if the points plotted were mean values 
or the results of single experiments. Unless the 
results were perfectly reproducible they could not 
be accepted. Fig. 19 (page 336 ante) was the most 
striking of the curves exhibited, and the tensile- 
strength curve showed a large number of maxima 
and minima; but none of the points on which it 
was were plotted. er experimenters 
working in the same direction had obtained smooth 
curves, and it was difficult to believe that if the 
abnormalities shown were real, that at least some 
of them should not have been a found. 
He had read Cohen’s paper with great care, and 
had been struck with the very variable character 
of the observations. For example, in the case of 
cadmium and copper Cohen found different trans- 
formations at different points, and on repeat- 
ing the experiments got the changes at different 
temperatures. The points, in fact, varied from 
specimen to specimen, these, in fact, having suf- 
fered from being ex to various degrees of 
cold working. It would thus take very much more 
than Cohen’s work to establish the existence of his 
supposed allotropic changes. Nevertheless, maxima 
and minima were met with in certain cases. With 
pure iron they were undoubtedly obtained. The 
experiments made by Sir Robert Hadfield at very 
low temperatures, those of Rosenhain at moderate 
temperatures, and of Huntington at high tempera- 
tures, were all consistent with each other, and 
showed an undoubted maximum and minimum. It 
was possible to account forthe one maximum and the 
one minimum here found, by assuming two changes 
to be taking place in opposite directions with differ- 
ent velocities ; but with more complicated curves, 
showing many such maxima and minima, it was im- 
possible to frame any idea of molecularchanges which 
would bring them about. The author had attri- 
buted the introduction of ‘‘sound” tests to Robin, 
but they really originated with Beilby, who formed 
his specimens into reeds for an organ-pipe, and 
found that such reeds were extremely sensitive to 
changes in the elastic properties of the metals and 
alloys he examined. 

. Arnold Phillip thought that if Professor 
Huntington’s method of heating his specimens could 
be taken as analogous to the use of an annealing 
oven, that the errors in the temperature readings 
would be much less than had been suggested by 
Dr. Rosenhain. 

In closing the discussion, Professor H. C. H. 
a said that even if the author were right 
in claiming that mechanical tests afforded a more 
delicate method of detecting changes than heat 
analysis, the method was nevertheless one which 
could not be adopted with brittle materials. Again, 
the author had referred to changes in the solid 
state which were not changes of phase. The 
speaker would like to know what these changes 
were. 

In reply, Professor Huntington said that whilst, 
as Professor Turner had observed, alternating teste 
had been made elsewhere, yet the author knew of 
none besides his own in which temperature effects 
were being studied. He could not agree that the 
abnormalities found by him were too small to be 
of practical importance, having himself obtained 
much information from them of great practical 
value. The easing of the jaws in which the speci- 
men was gripped was very slight, and he did not 
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think could be as objectionable as Dr. Rosevhain 
claimed. No doubt the temperature of his speci- 
mens was higher inside than out, but nevertheless 
he found that results obtained with different speci- 
mens, even when carried out in different years, were 
perfectly consistent. As to Dr. in’s claim 
that a satisfactory smooth curve could be drawn 
through the experimental Trey he would remind 
the meeting that in the Eighth and Ninth Alloys 
Report, Dr. Rosenhain had himself given and dis- 
cussed curves showing maxima and minima. As to 
the he oy effects of = absorbed by the 
metals, he did not see how such a hypothesis 
would account for the consistency with each other 
of his (the author’s) experiments. 


Tae Micro-CHemistry or Corrosion. 
The next paper taken had as its author Mr. S. 


Whyte, B.Sc., and was entitled ‘‘The Micro- | y 


Chemistry of Corrosion ; Part III. : The a-8 Alloys 
of Copper and Zinc.” It will be found reproduced 
in full on page 322 of our last issue. 

The discussion was opened by Mr. A. Phillip, 
who said that, as far as he could judge, the action 
of the external electromotive force used by the 
author would have very much the same effects as 
would arise from the contact of two dissimilar 
bodies, such as a piece of coke with a condenser- 
tube. In the latter case, however, the very process 
of the reaction produced polarisers which, in effect, 
changed one of the bodies concerned into some- 
thing different, so that unless a depolariser were 
applied the electromotive force rapidly fell off. 
In sea-water oxygen acted as a depolariser, 
and the current, therefore, went on with very 
little diminution, whilst if oxygen were absent the 
action nearly ceased. There might thus be a great 
difference between an applied and a natural elec- 
tromotive force ; but in the case of sea-water, so 
long as oxygen was present the action went on very 
much as observed by the author. Areas of metallic 
oe were formed, whilst such dezincified areas 
did not, so far as his own experience went, form 
when oxygen was absent. In this connection, 
however, he felt some diffidence in asserting that, 
on the evidence of his eyesight merely, the areas in 
question actually were copper, and though he 
believed them to be so, he knew of no crucial test 
that could be applied to prove it. 

Dr. Desch, who spoke next, said that he agreed 
with the author that the use of an external elec- 
tromotive force was justified in so far as the 
investigation of the initial — of corrosion was 
concerned. This would not hold if the process 
of natural corrosion were followed throughout, but 
the author’s method did show how the corrosion 
started, and later phenomena could be accounted 
for by secondary actions. His impression was 
that the spongy copper — —— absorbed oxygen, 
passing into cuprous oxide, and, in fact, spongy 
copper had actually been used as a nt ray this 
end. With reference to Mr. Phillip’s concluding 
remarks, he thought there was no difficulty in 
distinguishing, in the microscope, between cop 
and its oxides. In using an external electromotive 
force the potential difference should be small, just 
sufficient to allow the action to go on, and in the 
case of the gun-metals he had found that this was 
of very great importance. With an increasing 
electromotive force ‘‘reversals” were obtained ; 
different constituents interchanging their relative 
rates—that which at the outset was attacked the 
faster of two constituents being attacked the less 
rapidly of the two when the electromotive force 
was in . He quite agreed that the corrosion 
studied by Mr. Whyte was of the same character 
as that observed in the technical use of Muntz 
metal, although in practice secondary reactions 
arose owing to the absorption of oxygen by the de- 
zinoified copper. 

Professor ‘!'. Turner said that it must be recog- 
nised that the problem of corrosion should be 
attacked by as many methods as ible, and the 
author’s plan of accelerated ati was a perfectly 
legitimate one. The author had wisely observed 
that his tests did not exactly reproduce ordinary 
corrosion, but apparently they supported Ben- 
gough’s conclusions, derived from experiments on 
natural corrosion, that annealed metal resisted 
better than hard, and that 8 metal was commonly 
more readily attacked than alloys richer in copper. 

ugh had, however, found that the corrosion 
of Muntz metal varied very considerably with the 
concentration of the reagent and with its tempera- 
ture. In some conditions Muntz metal resisted as 





well as the richer brass, but at high temperatures 
it was much worse. He noticed that in one case 
the author had given the weight of a precipitate as 
0.17 milligramme. This was an extremely small 
amount, and the second place of decimals in the 
author’s percentage compositions could hardly be 
~~ H bingtor ressed his entire 

essor Hun’ m ex is entire agree- 
ment with the methods aol. 

Professor mter, who followed, said that 
the author had spoken of the a-8 alloys of copper 
and zinc, but as there was a transformation at 
460 deg., the term used should either have 
been the a-f’ alloys, or, as the ker pre- 
ferred to think, a mixture of a andy. For this 
view he found some support in the author’s state- 
ment that the 8 was full of minute pits, which in 
his view represented an attack on the finely-divided 
He was very sorry that Mr. Bengough was 
not present, as that gentleman could have ex- 
pressed an authoritative opinion upon whether 
artificially - stimulated corrosion was or was not 
really comparable with natural corrosion. Mr. 
Bengough held that the first step in corrosion was 
the formation of a film of oxide, and if this were 
so, the process would be differentiated from arti- 
ficially-stimulated corrosion. 

Mr. Hudson said that Professor Carpenter had 
claimed that if 8 were a mixture, the pitting would 
be explained. The speaker could not, however, 
admit this as a confirmation of the view that 8 was 
a complex material. 

In reply to the discussion, Mr. Whyte said that it 
was easy under high powers to distinguish between 
the constituents which he held to be copper and 
copper oxide, but he did not know of any crucial test 
by which the one could be definitely proved to be 
copper. As to the effect of coke, Mr. Bengough 
had made the mistake of clamping down his particles 
too firmly, so that there was no access of oxygen to 
the point of contact. The weight criticised by 
Professor Turner had been determined colori- 
metrically, a method which gave results accurate 
to 0.005 milligramme. Professor Turner had also 
said that Mr. Bengough had found that with a-8 
alloys there were differences with changes in the 
temperature and concentration. He had studied 
Mr. Bengough’s report with particular care, and 
there was not a thing in it which could not be 
explained as the consequence of the zinc dissolving 
out. All the variations found with differences of 
concentration and temperature followed exactly 
what one would expect if the corrosion started as 
a consequence of an electromotive force. 

By increasing the concentration, dezincification 
became more active, but more copper dissolved at 
the same time; whilst when the temperature was 
raised, and the reagent diluted, different rates of 
solution were observed. This was exactly what 
was to be anticipated. With the increasing dilu- 
tion the metals came round into their natural 
grouping. With the strong concentrations two 
actions were in progress, and Mr. Bengough’s re- 
sults fitted in well with the author’s views. fn fact, 
they could all have foreseen, and Mr. Bengough’s 
experiments confirmed the view, that there was 
really only one theory of corrosion, which was that 
which had been adopted by the speaker. The pits 
were, he thought, due to an increased rate of de- 
zincification, due to local electro-chemical action, 
in consequence of which the copper was liberated 
in a very loose state. 


NickeL-ALUMINIUM ALLOys. 


The next read was entitled ‘‘ The Properties 
of Some Nickel-Aluminium and Copper-Nickel- 
Aluminium Alloys.” Its authors were Professor 
A. A. Read, D.Met., and Mr. R. H. Greaves, 
M.Sc., and the paper was read by the latter. 

In this paper the authors investigated the mecha- 
nical properties and the resistance to corrosion of 
alloys of aluminium with from 1 to 5} per cent: of 
nickel, and of ternary alloys of aluminium with 
from 0 per cent. up to 8 per cent. of copper, and 
from 0 per cent. up to 8 per cent. of nickel. With 
respect to the latter, the investigation showed that 
the two metals, nickel and copper, were almost 
interchangeable, the properties of the alloy depend- 
ing upon the total sum of the two. None of the 
alloys proved likely to be of much industrial 
importance. Chill castings of the pure aluminium 
alloy gave a tensile strength of 6.63 tons per sq. in., 
with a yield-point of 2.6 tons, when the nickel 
content was 1.11 ~ cent., the elongation being 
20.8 per cent. on 2 in. Increasing the nickel up 
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to 4 per cent. raised the yield-point to 4 tons per 
sq. in., and the breaking strength to 9.69 tons per 
sq. in., the elongation being reduced to 9 per cent. 
on 2in. With hot-rolled rods a bar having 1.87 per 
cent. of nickel showed a yield-point of 5.4 tons per 
8q. in., @ maximum stress of 8.12 tone, and an elong:- 
tion of 28.4 per cent. on 2in. With 4.31 per cent. 
nickel, the corresponding figures were :—Yield- 
point, 6 tons; maximum stress, 9.96 tons; and 
elongation, 22 per cent. on 2 in. Annealed, the 
same bars had yield-points of 2.5 tons and 4.4 tons 
respectively, and maximum stresses of 7.29 and 
9.02 tons per sq. in., the elongation of the weaker 
alloy being 341 per cent., and of the stronger 
26.2 per cent.on 2 in. By cold-drawing the yield- 
point of the soft alloy was raised to 8.8 tons 
per sq. in., and the maximum stress to 10.12 
tons, whilst the elongation fell to 12.6 per cent. 
The stronger alloy when cold-drawn showed a 
yield-point of 10.2 tons per sq. in., a breaking 
strength of 12.41 tons, and an elongation of 8 5 
per cent. Since all the stress-strain curves were 
smoothly rounded in the neighbourhood of the 
yield-point, the latter was fixed, following Scoble, 
as the intersection of tangents to the “‘ vertical ” 
and ‘‘horizontal” branches of the curve. The 
specific tenacity of the alloys, defined as the 
ultimate stress in tons divided by the weight of 
a cubic inch in pounds, was determined for all 
the alloys. For chilled castings the best figure 
attained was 124, with an alloy containing 2.1 per 
cent. of copper and 5.33 per cent. of nickel. Hot- 
rolled, the same alloy had a specific tenacity of 
139, whilst in the cold-drawn state the figure 
rose to 162. In the latter state, however, the 
specimen had an elongation of only 7.5 per cent. 
Alternating-stress tests were also made using an 
Arnold machine. In the corrosion tests annealed 
specimens containing 1.42 to 2.25 per cent. of 
nickel lost 21 and 18 grains per sq. ft. on immer- 
sion for 100 days in sea-water, pure aluminium 
losing 6 to 12 grains in the same conditions. A 
ternary alloy containing 2.13 per cent. of copper 
and 3.74 per cent. of nickel lost only 10 grains. 

The discussion was opened by Dr. W. Roseuhain, 
who said he had great pleasure in congratu- 
lating the authors on a very useful piece of work, 
which would clear some of the ground covered by 
the mazes of possible light alloys. These had had 
a legion of exploiters, as numerous as untruthful. 
It was no criticism of the paper to say that the net 
result was that alloys of nickel and aluminium were 
of no practical importance, and might be dis- 
missed in their entirety. This was a very valuable 
conclusion, as when inventors came with nickel 
alloys making the usual vast claims, it would be 
known forthwith that they belonged to the numerous 
class of ‘‘ all-liars.” 

Some criticisms might be made on one or two 
points of detail. In the first place, the ingots used 
were a little small, being 2} in. in diameter. In 
the present case this was of little significance, but 
Mr. Archbutt and the speaker, when working with 
the zinc-aluminium alloys, had found that with 
2}-in. ingots rolled down to { in. the results yielded 
were not as g as when starting with larger 
ingots. In discussing the authors’ results allowance 
should be made for this. Apparently all the alloys 
tried rolled well. In one sense, no doubt, this was 
satisfactory, but in another it was not so. The 
series should have included at least one mixture 
at each end, which would not roll, since if all 
rolled it showed that the field had not been 
fully covered. In the present case, however, 
the speaker did not think that the omission 
mattered. As to the yield-points of the alloys, 
he wished that the authors had included an 
actual autographic diagram, which would show 
whether the yield-point was definitely marked as 
with steel and in some zinc-aluminium alloys, or 
whether, as with the copper-aluminium series, it 
was represented by merely a general falling off of 
the curve, and could only be represented definitely 
by some such gee veep} ee ot J -—_ 

hic a: tus, he might , gave diagrams far 
copier — other, and could be used for deter- 
mining yield-points. As to malleability and duc- 
tility, the speaker knew that a distinction was made 
between the twoin the dictionary, but he would ask 
what was the distinction made by the authors. It 
was claimed in the paper that the addition of nickel 
and of nickel and copper to aluminium reduced the 
resistance to alternating stress. This was incorrect. 
What was meant was the resistance to the Arnold 
test, which was not the same thing. It was quite 
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true that the additions in question did reduce the 
resistance to nw plastic deformations, but, 
at the same time, they actually increased the 
resistance to elastic alternating stresses. Hence 
these alloys resisted certain types of alternating 
strains better than did pure aluminium. In the 
z'nc-aluminium alloys an increase of zinc diminished 
the resistance to the Arnold test; but these alloys 
were many times stronger inst some kinds of 
alternating stress met with in practice. He was 
glad to see that the authors had adopted the term 
“specific tenacity.” In the Appendix to the 
No. 10 Report on Alloys a specific tenacity 
of 279 had been recorded in one case, and 
of over 290 in another, the alloy in this latter 
case containing a little magnesium. In the authors’ 
paper the highest figure recorded was 242, and 
hence the conclusion was justified that the present 
series was not of much practical value, the more 
especially as the figure in question had reference 
to a cold-drawn, and therefore a work-hardened, 
specimen. Material thus treated had to prove its 
reliability, and in practice work-hardened wires of 
the light alloys had proved most unreliable. He 
would issue a warning inst the use of any 
material which would not give on a length of 2 in. 
an elongation of at least 10 per cent. In conclu- 
sion, he would appeal to the authors and to the 
Publication Committee for greater uniformity in 
the scale of the micrographs published. 

Professor Turner said that though the results 
arrived at were negative, the paper was not the 
less valuable. He did not altogether agree with 
Dr. Rosenhain as to the necessity of uniform scales 
for the micrographs, but on one other point he 
should like a reform. In laboratories it was usual 
to number successive jobs consecutively, and as a 
number of different experiments were going on 
simultaneously, this plan resulted in the numbers 
characterising the different steps of a continuous 
research not running consecutively. He suggested 
that, before publication, authors should re-number 
their tests, so as to show the order of the various 
steps in the research. 

Mr. Hudson was glad to note that. the authors 
had drawn attention to the necessity of standardis- 
ing yield-point determinations. e agreed with 
Dr. Rosenhain on the inadvisability of reducing 
the scale of micro - pho’ phs in reproducing 
them, and thought they should all be published the 
same size as received, and that it would be well if 
certain standards of magnification were adopted. 

Mr. Arnold Phillip was pleased to see that the 
authors had adopted the speaker’s plan of giving 
corrosion numbers, and some of these res 
appeared to be not at all high. Generally alumi- 
nium alloys had all high corrosion numbers, much 
above those of the a-8 alloys, but with some 
of the authors’ alloys the corrosion numbers 
were of the same order as those of condenser- 
tubes when supported on non-conductors and 
immersed in sea-water. Rolled aluminium alloys 
were liable to blister when exposed to a reagent. 
Professor Heyn, in last year’s May lecture, had 
shown a photograph of rolled aluminium which 
split up during a corrosion test into thin layers 
like paper. Professor Heyn said that this blister- 
ing was confined, be believed, to cold-rolled alloys, 
and had asked the speaker if the latter had 
ever met with blistering in annealed metal. Alumi- 
nium alloys had very frequently to be used in con- 
tact with other metals, and tests made in these 
conditions showed greatly increased corrosion, which 
with almost all aluminium alloys was then almost 
hopelessly large. He had, however, met with one 
exception—viz., an alloy containing 2 to 3 per cent. 
nickel, which in contact with pled 5 in sea- 
water had turned out remarkably good. Its mecha- 
nical properties were, however, poor, the extension 
being 1 per cent., and the breaking oma 5 tons 
per sq. in. Possibly it might be in some 
cases where strength was not required. 

In closing the discussion Professor Carpenter 
said that with regard to micrographs no two authors 
sent in prints of the same size. At times the 
print itself was larger than the whole page of their 
journal. Further, the Committee did not know 
what size to expect until the paper was received. 

ere uniform magnification and uniform size 
adopted matters would be much simplified. With 
regard to the paper, he would make two points. 
In the first place, if it were accepted that nickel 
and copper were practically interchangeable as 
constituents in an aluminium alloy, nickel was 
at once cut out, being three times as costly to 





buy in the first instance, and, in view of ite higher 
melting-point, more expensive to melt. In the 
second place, he admitted that the authors’ work 
was of a pioneering character, but he hoped that in 
the future they would be able to give a determina- 
tion of the equilibrium diagram in the neighbour- 
hood covered in research. It was important to have 
this, since the authors suggested that, in certain of 
their experiments, a triple eutectic was formed. For 
this to be ible, each of the constituents must be 
capable of forming a binary eutectic with each of 
the others, but copper and nickel did not form 
such a eutectic, but only solid solutions. Hence 
he did not think that a triple eutectic was possible 
in the series examined. 

In reply, Mr. Greaves admitted that the alloys 
examined had no practical importance, unless 
their low corrodibility might make them service- 
able in cases where strength was not very 
essential. Possibly the addition of magnesium 
to the series might give interesting results. As 
to the size of the ingots. it was all very well for 
Dr. Rosenhain, with the Institution of Mechanical 
Engineers at his back, to use larger ingots; but 
with private workers the additional expense was 
prohibitive. In the present instance, moreover, 
the comparison made with the copper.aluminium 
alloy, rolled to the same extent, increased the value 
of the results recorded. The —— that two 
specimens which would not roll should have been 
included was again ruled out by the question of 
cost. In some preliminary work the authors had 
fixed the limits within which the alloys might be 
expected to roll, so that in their larger scale work 
wasters might be avoided. None of the alloys 
examined showed the sharp yield - point found 
with some zinc-aluminium alloys, but they did 
show the wavy character of some of the autographic 
diagrams reproduced in the Tenth Alloys Re- 
port. As for the distinction between malleability 
and ductility, his view was that malleability 
was the characteristic essential in rolling, and 
ductility in wise-drawing, where the question of 
tensile stressing also came in. He quite accepted 
Dr. Rosenhain’s criticiem of the authors describing 
Arnold’s test as an alternating-stress test. The 
figures given for corrosion were, he was afraid, a 
little misleading if taken alone, as certain of the 
deposits were very adherent, whilst others were 
loose, and the losses in weight per se could not be 
taken as indicating very much, unless considered 
with the notes appended to the tables. With 
reference to Mr. Phillip’s remarks, he might say 
that one annealed plate did blister, but this speci- 
men had been cold-rolled, and it was just possible 
that the annealing was not complete. 


(To be continued.) 





6250-KILOWATT REACTION TURBINE. 

On Plate XXV., and on pages 344 and 345, we 
this week illustrate a large turbo-generator recently 
erected by the Brush Electrical Engineering Com- 
pany, of Loughborough, at the Smethwick Power- 
House of the Birmingham and Midland Tramways 
Joint Committee. 

The general arrangement of the plant is clearly 
shown in Figs. 1 to 4, page 344, which illustrate 
once more the remarkable compactness of large 
turbo-generator plants, a feature due not merely to 
the high-speed deumntenietie of the turbine, but to 
the lightness of the foundations permissible, owing 
to the absence of heavy reciprocating weights. It is 
thus possible to instal the turbine and generator 
on a floor, the condenser being accommodated 
immediately below, effecting in this way a consider- 
able economy in the plan-area of the power-station 
occupied. All the auxiliary machinery is also 
accommodated on this lower floor, the circulating 
pump being arranged on the left of the turbine, as 
indicated in Figs. 2 and 3, with the air-pump on 
the opposite side. The blower, which supplies the 
air required for the ventilation of the generator, is 
on the right-hand side of the turbine, as indicated 
in Figs. 2 and 4. The air-duct leading to the 
generator is clearly shown in Fig. 1. 

A longitudinal section of the turbine is illus- 
trated in Fig. 5, Plate XXV. As will be seen, the 
turbine is of the pure reaction type, embodying 


some 8 and characteristic features 
to the Brush Electrical ineering Company. 
One of the most valuable of these is to be found 


in the highly ingenious method by which the 
casing is supported on its bed with an entire 
absence of harmful restraints. The bed is an inde- 





pendent casting, and on this the turbine cylinder is 
a on the bored seats a, a. Its weight 
suffices to hold it down, and a simple stop pre- 
vents it from rotating. The casing is thus perfectly 
free to expand as it heate up, whilst when casings 
are bolted to a heavy frame, necessarily at a lower 
temperature, distortion is certain to occur, and 
must be allowed for during the process of erection. 
As will be seen from Fig. 5, the turbine and gene- 
rator bearings ate mounted in cylindrical shells 
which rest in the bored seats a, a, these seats 
being, in fact, an extension of those supporting 
the turbine cylinder, and are, of course, Bored at 
the same time. The ing-shells are bolted to 
the turbine-casing. The shell at the exhaust end 
is, it will be seen, prevented from moving axially 
by means of a strong rib, which engages with a 
ve cut in the bed-plate seating. On the other 
and, the bearing-shell at the high-pressure end 
is free to slide axially. Hence, as the turbine heats 
up, motion takes place at this end, whilst the ex- 
haust end is held fast. — arrangement perfect 
alignment is assured, parts during erection 
going together correctly and almost automatically. 

This accuracy of alignment and freedom of restraint 

tly facilitate erection, little or no adjustment 
ing necessary to get the rotor and casing into 
line with each other. The circumferential joint 
between the high and low-pressure portions of 
the turbine-casing, as also that between the low- 
pressure portion and the exhaust branch, are made 
with spigots, so as to ensure registration. The 
high-pressure portion of the casing is a steel 
casting, and thus high superheats may be used 
without danger from the ‘‘ growth” associated 
with cast iron when exposed to high steam tempe- 
ratures. The remainder of the casing is of hard, 
close-grained cast iron. The joints between the 
various sections are scraped true, and made tight 
with boiled oil and graphite, no thick jointing 
material being used, even in the horizontal joint, 
which must be broken occasionally for inspection or 
repairs. Care has been taken, whilst making this 
joint thoroughly stiff and substantial, that the 
bolts shall be readily accessible. 

The rotor is an annealed forging of Siemens- 
Martin steel, measuring 248 in. in diameter at its 
smallest section, and 48 in. in diameter at its 

est. The high-pressure section comprises four 
groups of blades, and is designed to develop about 
a quarter of the total output. The intermediate 
section develops approximately another fourth, and 
the low-pressure section half the total power. The 
shevtest Mahan lin. long, and the longest 10 in. 
At the high - pressure end of the turbine the 
blades are of copper, which does not suffer injury 
from high-temperature steam. Elsewhere the 
blades are made from a special brass. Throughout 
they have the standard Parsons section, which is a 
form of “least resistance.” They are assembled 
on the en system into sectors, of which 
six form a complete ring of blades. These sectors 
are prepared in the blading department whilst the 
rotor and casing are being machined. When these 
are ready to receive the blades, the assembled 
sectors are transferred bodily to the grooves and 
caulked into place. Lacing-strips are silver-soldered 
to the blades near their tips, which enables the blades 
to mutually support each other, and eliminates the 
liability to - > from mg oe This vibration 
appears to ue to the fact t stop are 
necesrary at the horizontal joint of the Toshio, 
producing “gape in the belt of steam flowing into 
the blades. h blade, as it reaches one of these 
ps, is for the moment relieved of a little of its 
fod. If the speed of rotation is such as to coincide 
with the natural period of vibration of the blade, 
the vibration becomes excessive and the blades 
fracture at their roots. In ome of the first of 
the large reaction turbines built, the blades at the 
exhaust failed from this cause, and when replaced 
went again almost immediately. The trouble 
was, however, completely cured by soldering an 
additional lacing-strip to these long blades, thus 
—— 2 natural periodicity. This emer- 
gency lacing is still, we believe, sound, though 
the turbine has been running continuously for 
years. 

The casing is provid«d with two steam belts, as 
indicated at ¢ and d (Fig. 5), d coming into use 
only when the turbine is required to take an 
overload. At loads below the full output the 
steam supply enters the blading wholly from the 
belt c, the pressure in this belt being then always 
practically proportional to the load on the gene- 
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rator. At full load the steam pressure in this 
belt is about 15 Ib. less than the stop-valve 
sure, this figure representing the drop through the 
governor valve under full-load conditions. ould 
the load increase still further, the pressure in the 
belt c is allowed by the governor to rise still 
nearer the stop-valve pressure. This rise of pres- 
sure causes the spring-loaded by-pass valve shown 
ate to open, so that steam passes direct to the 
belt d, the first two groups of the high-pressure 
section of the turbine being thus short-circuited. 
The rotor is balanced on the Fullagar system, 
with which a small dummy at the low-pressure 
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the thrust due to the pressure in i by an amount 
sufficient to balance the end thrust developed by 
the steam in its passage through the low-pressure 
blading. The space i is drained by the jin. weep- 
hole shown. Under full-load conditions this hole 
will pass not more than about ,', lb. of steam per 
second, which is less than ;, per cent. of the 
steam then passing through the turbine. Any resi- 
dual thrust is taken by a thrust-block at the high- 
pressure end of the section, of which the construc- 
tion is illustrated in Figs. 17 and 18, on page 345. 
The halves of the block are not adjustable rela- 
tively to each other, being locked so as to move 
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PLAN OF TURBINE FLOOR. 


overcome, and the plunger slides out, so as to 
strike the trigger shown atk, Fig. 11. On being 
moved this trigger releases the slide 1, which is con- 
nected up by means of the linkwork shown in Fig. 9 
with the stop and emergency valve, which then 
closes automatically under the influence of a power- 
ful spring. It will be seen that the slide J, Fig 11, 
is also fitted with a spring. This opposes the action 
of the main spring of the valve, and keeps the 
connecting linkwork accordingly under a positive 
tension, thus preventing lost motion of hammering 
at joints, which might otherwise arise from vibra- 
tion ; it also acts as a resetting spring to slide /. 
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end replaces a large one at the high-pressure end 
of the casing. The high-pressure and the inter- 
mediate dummies are of the usual type. The 
discharge end of the high-pressure dummy is con- 
nected by the flexible pipe f with the steam- 
belt at the inlet to the intermediate section of the 
turbine, and a similar pipe (not shown in the 
figure) establishes an equality of pressure between 
the space g at the back of the intermediate dummy 
and the steam-belt h in front of the low-pressure 
section of the turbine. Holes, £4 in. in diameter, 
formed in the low-pressure shoulder place the 
interior of the rotor in communication with this 
belt, and by means of similar holes in the flanged 
end of the low-pressure shaft, with the space i. 
At full load, therefore, this ya: is approximately 
at atmospheric ure. kage to the con- 
denser is checked by the dummy shown at «, the dia- 
meter of which is os so that the thrust 
to the right, due to the pressure in the space g at 





the other end of the turbine, is overbalanced by 


together by means of the 8 


tenon shown on the upper half 
engaging into a corresponding 
slot on the lower. The grooves 
are cut so as to be about 2 mils 
wider than the collars with 
which they engage. This is found to be sufficient 
to ensure lubrication. The bush (see Fig. 18) 
carrying these collars and the helical wheel which 
drives the governor-gear are both secured on 
the rotor-shaft by a cap-nut, as shown in Fig. 5. 
This cap-nut further accommodates the emergency 
governor, which is shown to a larger scale in 
Figs. 10 and 11, Plate XXV. This consists of a 
plunger j, placed so that its centre of gravity lies to 
one side of the centre line of the rotor-shaft. In 
normal running the pressure of the spring shown 
is sufficient to overcome the centrifugal forces deve- 


loped, and the plunger is held firmly against its stop. | cateh 


Should, however, the normal speed of running 








exceeded by 10 per cent., the spring pressure is 


Details of this stop and emergency valve are re- 
presented in Figs. 12, 13, and 14, page 345. It 
consists, it will be seen, of a valve m working in 
a bored guide and connected by its spindle to the 
plunger of a dashpot n. A strong spring tends 
to push down this plunger, but is resisted by 
the screwed sleeve, which, in its turn, is held 
up by a rotary stop or catch o, which engages 
a bush, in which this sleeve turns. So long 
as this bush is held fast, the valve can be 
opened or closed in the ordinary way by the 
hand-wheel and bevel-gears shown ; but if the 
o is released by the action of the por ag sd 
overnor, the plunger moves down, carrying the 
dente with it The catch o can also be released 
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by hand, by means of the handle shown in Figs. 15 
and 16, thus instantaneously closing the stop-valve. 
Both this valve and its seat are of nickel steel, and 


'space above it, and thus aids in keeping down the 
| valve on its seat once it has been closed. When 
the valve has to be re-opened, the pressure above 


the valve-box is itself a mild-steel casting. The seat | m is relieved by opening the by-pass valve, so that 
is secured to the valve-casing by fillister-headed | the spring pressure only has to be overcome by the 


screws, which are prevented from working loose 
by a copper plug, caulked into a’slot provided to 
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| engine-man. 
The regulating governor is of the centrifugal 


the controlling valves of which are adjusted by 
the floating lever shown in Fig. 8. The governor 
valve is of the special pattern introduced by the 
Brush Company some years ago. It consists 
essentially of a divergent nozzle p, the openin 
to which can be closed by the light cylindrica 





slide gq. The steam velocity is relatively high 
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this end, the arrangement paing. on indicated, to | 


a slightly enlarged scale, at y. The valve-spindle 
gland is provided with United States metallic 
packing. As shown in Figs. 12 and 14, a by-pass 
valve is fitted which connects the space above m 
with the discharge branch from the valve. The 
function of this by-pass valve is to ease the 
operation of opening the valve by the hand-gear. 

‘he valve m is not a tight fit in ite guide, so that 
high-pressure steam leaks through and fills the 
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type and, as shown in Fig. 7, is driven from the 
rotor-spindle by means of helical gearing. It is 
designed to keep the speed of the turbine steady 
within 2 per cent., and this steady speed can also 
be varied by hand through a range of 5 per cent. 
whilst the turbine is running. This is effected by 
the speed-gear hand-wheel shown in Fig. 9, by 
means of which the spring-load on the governor 
can be adjusted. 
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The governor-valve is actuated by an oil relay, 
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at the throat of this nozzle, and thus a small 
steam-way will pass a large quantity of steam. In 
the divergent portion of the nozzle this velocity 
head is reconverted back into pressure head, so that 
a low net fall of pressure h the valve w 
secured, in spite of the relatively small diameter 
and weight of the actual valve. As will be seen, 
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the design admits of a very neat disposition of the 
steam-strainer r. 

The relay operating the valve works with oil 
supplied under a pressure of 20 1b. to 25 1b per 
sq. in. by a gear-pump driven from the foot of the 
governor-spindle. is supplies also the oil to 
all bearings, and also to the helical governor drive. 
The teeth of the latter are lubricated by the flow 
from a pan s fixed above the gears, as shown in 
Fig. 7, and kept yo by a connection to the 
oil-main. The main rings (Figs. 19 to 23) are 
10 in. in diameter by 15 in. long, the surface s 
being 65 ft. per second. They are of cast iron, 
lined with white-metal, and are supported in their 
shells on four spherically-seated pads. The oil for 
lubrication enters the ing through the lower 
pad and passes through a channel cast in the brass 
to the horizontal diameter, whence it is distributed 
to the journal by the port shown in Fig. 23. Waste 
oil from the ends of the brass is stopped from creep- 
ing along the shaft by baffles, and is drained away 
to be cooled and filtered, after which it is again 
a into the bearings. A general view of the 

ring completely assembled is given in Fig. 19. 
Being made in halves, access is readily attained to 
the shaft journals when desired. A detachable 
lever for adjusting and testing the thrust is fitted 
at the high-pressure end of the bearing, as illus- 
trated in Figs. 15 and 16, page 345. 

(To be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS 

An ordinary general meeting of the above Insti- 
tution was held on Friday last, the 19th inst., 
at the Institution House, Storey’s Gate, Westmin- 
ster, the chair being occupied by the President, 
Professor W. CO. Unwin. Opening the proceedings, 
the President announced that, to fill the vacancy 
on the Council caused by the election of Mr. J. 
Rossiter Hoyle as a Vice-President, the Council 
had appointed Mr. Vincent L. Raven, of Darling- 
ton, who would retire at the next annual general 
meeting in accordance with Article 25. 


Iron, Copaut, AND CARBON. 


After the other formal business, the meetin 
proceeded to the consideration of a paper entitled 
‘*The Chemical and Mechanical Relations of Iron, 
Cobalt, and Carbon,” by Professor J. O. Arnold 
and Professor A. A. Read. The paper, which we 
reprint in full elsewhere in this issue, was read by 
Professor Arnold. The President, in calling on 
Professor Arnold, remarked gracefully on the im- 
portance of the research work which had been 
carried out at Sheffield University, which was a 
sort of by-product of the valuable educational work 
Professor Arnold was doing there. 

Dr. Arnold prefaced his reading of the paper by 
saying that little work had been done upon the 
element cobalt in connection with metallurgy. 
The audience would no doubt be familiar with the 
so-called iridium high-speed steel. This steel was 
advertised in Germany, and presumably the term 
‘*iridium” was used because, in the analysis of that 
steel, iridium was conspicuous by its absence. 
As a matter of fact, the steel represented an 
application of cobalt to the highest type of 
British turning tool-steel, and a claim was made 
that, by this addition, the cutting properties 
were multiplied by twelve. That was put for- 
ward on the authority of a certificate from 
Charlottenburg. In researches made at Sheffield 
University they had been unable to find that any 
improvement was introduced into the best type of 
British —— steel by additions of cobalt 
ranging from 24 per cent. to 11 per cent. This 
was an incidental matter, as the paper they were 
concerned with did not refer to Meaneed steels. 

Dr. Arnold then read his paper. He supple- 
mented its final raph by saying that Professor 
Read, now Captain » Was a gunner, and had 
been appointed recruiting officer for Glamorgan- 
shire, where he had been highly successful r. 
Ruddock was serving as a private in the Sheffield 
University Battalion, but would probably be com- 
missioned. The Council of the Institution had 
been good enough to the remainder of the 
oo in his (the spea er’s) hands unrestrictedly. 
t would be ble to carry on the work, 
and he hat ts present a final report by 
nextautumn. The es had four branches ; 
first of all, a metallurgical branch, then a mecha- 
nical branch, and then a micrographic branch. 





These three had been dealt with at Sheffield. 
The chemical branch had been carried out at 
Cardiff, but it had been possible to transfer 
it to Sheffield. The work on molybdenum was 
well advanced, and he believed the results would 
prove most interesting, as upsetting the pre-con- 
ceived idea that molybdenum resembled tungsten. 
Very important differences had been found. 

"The work which the Institution had enabled the 
University to carry on was directed to ascertaining 
the double carbides existing in steel. Manganese, 
chromium, vanadium, tungsten, nickel, and now 
cobalt, had been dealt with ; and it was hoped to com- 
plete, as he had said, the molybdenum research in the 
autumn. This would be the last. These preliminary 
operations cleared the way for the ultimate end of 
the work, namely, to find out exactly the component 

rts, and how they were combined, of two classes of 

igh-speed steel, which had enabled engineers so 
greatly to increase their output of work. The two 
classes were the tungsten-chromium type and the 
tungsten-chromium-vanadium type. The deter- 
mination in question would be a difficult matter. 
Sir Robert Hadfield considered this work of getting 
out the molecular characteristics of the two steels 
of such importance that he had very kindly supple- 
mented the generous grant of the Institution with 
a further grant of 2001. 

The President, in proposing a vote of thanks to 
Dr. Arnold, was confident that members would feel 
that the fraction of the Institution’s resources 
which it had been possible to expend on research 
had, in the present instance, borne ample fruit ; 
the return gained in knowledge was a very adequate 
reward. He thought this country had been main- 
tained at the head of the world in metallurgical 
research mainly by the enormous demands of the 
army and navy for high-class material for guns, 
shells, and armour-plates ; this appeared to be the 
source that supplied the impetus and a great part 
of the funds by which our credit as a metallurgical 
nation was kept at its present high level. 

Sir Robert A. Hadfield was the first speaker. 
He said that Dr. Arnold had been good enough to 
refer to his studies on the effect of adding cobalt 
to iron, the first of which was undertaken in 1891. 
At that time not very much had been done in the 
investigation of the alloying of iron with other 
elements. The reason why the research in question 
had then been carried out was that, a few years 
before, the results of his researches on the effect 
of manganese alloyed with iron had proved of 
80 tating a nature as quite to upset the then pre- 
vailing ideas as to what was covered by the term 
**steel,” and it had been thought de:irable to see 
the effects of other elements added to iron. Con- 
sequently he had carried out a series of researches 
relating to the influence of silicon, aluminium, 
chromium, and tungsten, following these with the 
sister metals in the same up as iron—namely, 
nickel and cobalt. He had first undertaken the 
study of alloys of iron and nickel, although his 
—— on this subject was not presented to the 

nstitution of Civil Engineers until 1899. As cobalt 
was the sister metal of nickel, he had then carried 
out a research with regard to its effect on iron. 
He would remind Dr. Arnold that he had exhibited 
the specimens at the Science Section of the Literary 
and Philosophical Society in Sheffield, but no 
public reference had been made to the research 
until the short paper which he had read at the 
Engineering Conference of the Institution of Civil 
Engineers ion [V., Mining and Metallurgy), 
held on May 25, 1897. This was further followed up 
by a full set of records being presented by him to the 
American paper The Iron and Steel Metallurgist 
and M graphist in 1904. Some day alloys 
of cobalt and iron might prove to be very impor- 
tant. Naturally, the use of cobalt years ago, even 
if it had been available, would have been practi- 
cally prohibitive, because of its enormous price. 
In 1891 he had had to pay no less than 29s. per 
pound for the cobalt, and it was therefore 
easy to imagine that the production of cobalt steel 
commercially was not a very attractive pro- 
position, even presuming it to present great advan- 


In the particular cobalt alloys he had produced 
the base used was mild steel, containing about 
02 per cent. of carbon. Specimen A, given in 
Table I. in Dr. Arnold’s paper, represented the 
— properties and analyses of that mild steel. 
n this case, the elastic limit when annealed was 
20 tons, the breaking load 31 tons, the elongation 
35 per cent., and the reduction of area about 50 per 





cent. The composition was given in Dr. Arnold’s 
table. The specific gravity of the alloy was 7.75, which 
was fairly consistent with the analysis given. All 
the subsequent alloys with which he worked were 
made with mild steel of the composition stated; to 
these were added cobalt in various percentages. In 
specimen B he had added 0.5 per cent.; in the case 
of specimen CO, 1.80 per cent. ; to D, 2.5 per cent. ; 
to EK, 45 per cent. ; and to F, about 7 per cent. 
That was as high as he had cared to go, because it 
had not seemed to him that any further factors of 
value would be discovered by going higher, espe- 
cially in view of the enormous expense. Dr. 
Arnold, however, had gone much higher, and made 
a very interesting and further research on the alloys 
of cobalt and iron with higher percentages of cobalt. 
With 0.5 per cent. of cobalt he (the speaker) had 
obtained 22 tons elastic limit, 31 tons breaking 
load, an elongation of 34 per cent., all with an 
annealed specimen and about the same reduction 
of area, or 47 per cent., as in steel containing 
no cobalt. Evidently there was no special advan- 
tage in adding cobalt. The ball hardness, it might 
he interesting to state, was 170 unannealed, and 
125 annealed. 

With the percentage of 1.8 per cent. of cobalt 
the result was a considerable increase in the un 
annealed specimen, which had a breaking load of 
41 tons (the elastic limit was not very ditferent— 
namely, 25 tons), an elongation of about 20 per 
cent., and a reduction of area of about 23 per cent. 
These results were given in Table I. in the paper. 
He had also taken the electrical resistance cf 
that particular specimen. Pure iron was about 
12 microhms ; the 1.8 per cent. of cobalt alloy had 
a resistance of 23 microhms, or nearly double, and 
a specific magnetism of 98.6 per cent. In the case 
of the specimen with about 2.5 per cent. of cobalt, 
the breaking load reached 52 tons, the elastic limit 
being 38 tons, while the elongation was reduced to 
15 per cent. The ball hardness was about 220 
unannealed, and annealed 170. With 44 per cent. 
of cobalt the breaking load was 57 tons, with 15 per 
cent. elongation, the ball hardness 239 (unannealed), 
and the elastic limit in the annealed specimen was 
25 tons, breaking load 46 tons, with about 20 per 
cent. elongation, the reduction of area being, 
however, only 22 per cent., with a ball hardness 
of 185 In order to see the effect of continued 
treatment, he had, some months ago, quenched 
a specimen of the same material in oil at 
830 deg., reheated and quenched in water at 
615 deg. The result was an elastic limit of 44 tons, 
a breaking load of 64 tons, and an elongation 
aud reduction of area of about 10 per cent., while 
the ball hardness was 274. There were no par- 
ticular characteristics making this of any commer- 
cial value. With regard to the last and highest 
specimen, the 7 per cent. of cobalt, the results 
were not very different from those in the case of 
the specimen he had just referred to. He had taken 
the resistance of that particular specimen, obtaining 
33 microhms, as against the 12 microhms of pure 
iron. He thought that if Professor Arnold could 
add a few electrical resistance tests to his speci- 
mens, it would be very interesting, and would form 
@ more complete series, showing what the electrical 
resistances were. He believed that if Dr. Arnold 
did that, he would find that as the cobalt went up 
the resistances would increase, much in the same 
way as in the case of the iron-nickel alloy. 

In the series he had experimented upon, he had 
aimed at keeping the carbon down. He had, how- 
ever, not been very successful. In the higher 
cobalt percentages the carbon, which should have 
been 0.2 per cent:, went up to approximately 0 6 
per cent. It would be noticed that Dr. Arnold’s 
specimens were nearly all 0 6 per cent. of carbon, 
and the series of tests were much more uniform. 
It might be interesting to state that the tensile 
strength of cobalt in its cast condition was 15 tons 
per sq. in., in either the unannealed or annealed 
condition, whilst its fusion or melting point was 
about 1470 deg. Cent. Generally, the results of 
the tests showed that cobalt, like nickel, increased 
the elastic limit and breaking load ; in fact, it was 
somewhat superior in this respect to nickel. The 
table in the next column afforded a comparison of 
mechanical tests obtained from cobalt and nickel 
steels. 


He could confirm the author’s remarks to the 
fact that the annealing of cobalt steel must be done 
very carefully, or there would be a of 
graphite. He agreed also with Dr. Arnold that 
cobalt did not form a definite solid solution or 
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cobaltide- of iron, like that formed by nickel. 
He would refer to some interesting experiments he 
had made to obtain what he might term an ‘‘ imi- 
tation” steel. If carbon could added to iron, 
forged, and heated to, say, 750 deg. or 800 deg. 
Cent., then quenched in water and hardened, why 
should it not be possible to add carbon to nickel ? 
He had therefore attempted the experiment over 
and over again, hoping to startle the world with a 
‘*false” steel, in which no iron was present, but 
which would yet have the properties of iron. He 
never succeeded, for reasons which Dr. Arnold had 
pointed out. When the carbon was in, as soon as the 
material was subjected to heat treatment the carbon 
went out again ; there was precipitation, and it was 
impracticable to approach iron. Certain substitutes 
for iron might possibly be found, but, if found, they 
would, he thought, be very poor. All turned on the 
wonderful fact that iron and carbon, in certain 
combinations, would harden, and so give cuttin 

edges. It was clear, therefore, that it was not wel 
to generalise, and assume that because the two 
metals cobalt and nickel were in the same group, 
and possessed several similar properties, their 
effect upon iron should be the same. Iron was the 
most mysterious metal known. It was never safe, 
indeed, to theorise about new alloys ; they must be 
made, and their natures and qualities carefully 
examined, before more definite conclusions could 
be drawn. He thought that those in Sheftield who 


Mechanical Tests of Cobalt and Nickel Steels. 
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were engaged in such researches had fully realised 
the fact just stated, whereas abroad, particularly in 
Germany, most extraordinary results had been put 
forward on theoretical assumption without obtaining 
the definite facts or starting with correct data. 
Several researches presented by the Germans had 
been misleading in this respect. However much in 
the past the patient experimental methods of those 
people may have provoked admiration, their con- 
clusions had often been quite wrong. For example, 
experiments had been made in Germany with regard 
to the addition of cobalt to high-speed tool-steel. 
The results of these experiments had been trumpeted 
as a great discovery ; but a very elaborate series 
of research tests for Sheffield, undertaken by Dr. 
Arnold, showed that, taking into consideration the 
extremely high cost of cobalt, the advantages gained 
were not worth the expense incurred. 

He desired to say a few words in regard to the 
splendid work Dr. Arnold had done for his city. 
Sheffield obtained its first reputation on what might 
be termed ‘‘ rule-of-thumb” work. To-day, how- 
ever, there was no city in the world which could 
excel, or, he thought, even claim comparison with, 
the valuable work done at Sheffield, not only from 
the point of view of pure scientific research, but in 
the application of science to the practical require- 
ments of industry and commerce. He would em- 
phasise, especially having regard to the present 
stress of war, the immense advantage of having a 
local university, with its Applied Science Depart- 
ment, its Scientific Advisory Committee, and other 
bodies, all helping to keep investigation in the true 
lines of accuracy and progress. 

Sir Robert went on to say that he believed it might 
be of interest if he stated that he had carried out 
Some experiments to find the temperature at which 
the m ignetic change-point of cobalt was attained. 
Cobalt certainly had magnetic change-points, just 
like iron, and also nickel, but each of these three 
elements showed quite different change-points. 
The first test seemed to indicate that in the case of 
cobalt the change-point occurred between 1000 deg. 
Cent. and 1200 deg. Cent. Nickel, on the other 
hand, had magnetic changes as low as 340 deg. 
Cent., and in this respect there was consider- 
able difference between the two metals. Fur- 
ther tests were made later on. A specimen of 
— was placed in a small clay crucible and 

eated in the injector furnace. The temperatures 








were taken by a thermo-couple in intimate contact. paratively good conductor, such as aluminium, was 
The magnetic state was tested by an ordinary hand- | alloyed with iron. Aluminium was the best con- 
magnet—a rough, but fairly accurate, method. | ductor in the world, yet when alloyed with iron 
Tolerably concordant results were obtained, the it became the worst possible conductor. 

magnetic change-point being found to be 1075 deg. | 


Cent., this being the same either for heating or 
cooling. That was rather singular. [The results 
of these tests are shown in the annexed diagram, 


Fig. 1.) The experiments had been made twelve the conductivity, the cobalt curve was 


months ago, but, on referring to some old experi- 
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ments, he had found that very similar results had 
been attained—i.e., that cobalt was strongly 
attracted below about 1080 deg. Cent. The cobalt 
sample tested could not be forged from a high 
yellow temperature, say 1150 deg. Cent. 

The electrical conductivities of specimens C and 
F, referred to in the joint paper by Professors 
Barrett and Brown and the speaker, were as fol- 
low: Specimen C, containing 1.8 per cent. of cobalt, 
with iron as 100, gave a conductivity of 44; or, as 
compared with copper 100, the conductivity was 7.4. 
Specimen F, containing 7 per cent. cobalt, showed, 
with iron as 100, a conductivity of 33 ; with copper 
as 100, 5.6. The specific resistance in microhms 
was for C 23 microhms, for F 31 microhms. Pure 
iron was about 12 microhms. As was well known, 
it had so far been found thatall elements added to 
iron increased the electrical resistance. Tungsten 
produced the least effect, or, for each 1 per cent., 
an increase in specific resistance of 1.10 per cent. 
Aluminium was the highest in resist , 
11.1 per cent. Cobalt came next to tungsten in the 
scale, showing for each 1 per cent. an increase in 
specific resistance of 2.2 per cent. Nickel ascended 
to 2.50 per cent., chromium to 3 per cent., man- 

nese to 5.20 per cent., and silicon 10.30 per cent. 

t should Le mentioned that the increases of resist- 

ance occurred as the specific heat increased. For 
example, the specitic heat of tungsten was 0.035, 
and its atomic weight 184, while the respective 
figures for aluminium were 0.212 and 27. These 
relations were set out in the following table :— 











Specific 











— Sr Resistance of | Specific Heat. Atomic Weight. 
1 per Cent. | . 
carn. 2) | Ste |e 
lobalt .. 2.2 . 
Nickel .. 2.5 0.169 59 
Chromium 38.0 0.100 52 
Manganese 6.2 0.122 55 
Silicon .. 10.3 0 183 28 
Aluminium 111 0.212 27 


7 


It was curious to note that as the atomic weight | 


went down the specific resistance went up, and the 


specific resistance rose also as the specific heat went | 


up. Commencing with tungsten and going on to 
cobalt, nickel, chromium, manganese, silicon and 
aluminium, it was curious to find that those alloys 
did follow some definite law. The law was not 
understood, but little by little and year by year 
more knowledge was gained of that particular sub- 
ject. The only exception found in the joint re- 
search referred to was that of chromium, the 
specific heat of this element being, at the time, 
doubtful. He had not investigated the matter 
since, but his belief was that chromium would fall 
into line. As pointed out in the paper he had 
mentioned, the remarkable correspondence shown 
in the table appeared to be more than a chance 
coincidence. If it should prove to be a real 
physical relationship, some light might be thrown 
on the obscure question of what determined the 
remarkable increase of resistance when a com- 
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It might also be of service to add, with 
to specimens U and F, that, whilst these alloys 
contained somewhat high carbon, also some silicon, 
after allowing for the effect of this von, Nee upop 
ound to lie 
close to the nickel curve—that was to say, on the 
tungsten side of it. As already said, the increase 
in specific resistance produced by cobalt appeared 
to be rather less than that caused by nickel, but 
still considerably more than that produced by tung- 
sten, which occupied the premier position of adding 
the least possible specific resistance to iron. It was 
robably that peculiar quality of tungsten which 
some bearing upon its value in connection with 
high-speed tool-steel. All would be g'ad if Dr. Arnold 
would give metallurgists the benefit of his opinion 


| on the point. 


In conclusion, it might be interesting to refer to 
the fact that Professor Weiss had shown that iron- 
cobalt alloys containing 33 per cent. of cobalt and 
about 66 per cent. of iron, termed by him “ super- 
magnetic cobalt alloys,” possessed 10 per cent. 
greater —_— magnetism than the purest iron 
known. In other words, we had an alloy which 
was positively better than pure iron iteelf. 

A small bar was tested in the Hadfield Labora- 
tory, and gave the following results : 





| Saturations Magnetism. 
Per Unit Weight. | Per Unit Volume. 
Iron-cobalt alloy 107.2 to 107.5 108.3 
Pure iron on 100.0 100.0 








The above alloy was melted in an electric resist- 
ance furnace. Its fracture was coarse, bright 
crystalline, not very sound. The exact analysis 
was as follows :— 


Cobalt. | Iron. 


Carbon. 
per cent. per cent. r cent. 
0.10 33.00 (about) 66.00 


The specimen had a ball-hardness number of 218 
and was very brittle. One-half of the shock test- 
piece when heated to a dull red forged well from 
this temperature up to about 1000 deg. Cent. ; above 
this temperature it crumbled. The microstructure 
is shown by the accompanying photomicrograph, 
Fig. 2, taken at 70 magnifications. 





Fie, 2. 


The following was the description of the struc- 
ture. A white ground mass covered with micro- 
scopic cracks, which in some cases a) under 
a low power to be continuous, but which on higher 
magnification proved discontinuous, On each side 
of portions of a crack were very fine lines, like the 
dashes of the pen a black-and-white artist uses for 
shading. The whole structure suggested a lack 
of cohesion. Pearlite was present in elongated 
crystals, running in different directions in different 
grou The crystals in the same group ran 
parallel to each other. Small globules of sulphide 
were present. In the above there was no clue to 
the reason why this alloy possesses higher mag- 
netic values than pure iron. Its superior magnetic 
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qualities could be tested by a small hand-magnet, 
which would lift much larger lumps of the iron- 
cobalt alloy as compared with pure iron. This 
alloy should be of considerable advantage for special 
electrical apparatus and pole-pieces of electro- 
magnets, also electrical machinery, and in the con- 
struction of laboratory electro-magnets, dynamos, 
electro-magnetic brakes, and other pu . 

Mr. Edward Batten, the next speaker, thought 
such metallurgical researches as those covered by 
the paper were of more direct interest to the 
ordinary machine-maker and engineer than any- 
thing else to which scientific bodies could direct 
their attention. Common-sense carried one a long 
way in the application of metals, once they were 
obtained, but the ordinary engineer was never so 
helpless as when required to attack some new 
sodtion dependent upon the ability of metals to 
stand up under unusual stresses. Recently in 
America he had come across a case in point. It 
was desired to employ a rotating drum, about 6 ft. 
in diameter, and running in contact with it an 
endless tube formed intoacircle. As the drum 
rotated the tube rotated like a wheel, and the point 
of the matter was that the tube was set so close 
to the drum that it was continually deformed, 
taking a reverse bend of about 4 in. The size 
and thickness of the tube were immaterial. 
He had tried making the tube of all sorts of metals, 
but they all went at the joint. A continuous tube 
without a joint, 4 in. thick, was also tried. It 
broke quickly, but nevertheless lasted longer than 
any with a joint. He was still interested in the 
problem, which was not yet solved. Copper seemed 
rather better than iron, but whether that was 
owing to facility in producing a very thin copper 
tube as compared with the facilities for producing 
a very thin steel tube he could not say. 

Mr. R. H. Greaves had been much interested 
to hear Sir Robert Hadfield’s remarks about cobalt 
in high-speed tool steel. It was very difficult to 
get information on the subject. A small propor- 
tion of cobalt carbide in the mixed carbides of the 
steel certainly did not lead to the supposition that 
cobalt would have a very powerful influence. The 
conclusion of this research was of great interest. 
If the elements were written down in the order of 
the periodic law, the series in the neighbourhood 
of iron would appear thus—vanadium, chromium, 
manganese; iron, cobalt, nickel, and the first 
element in the next class was copper. All those 
elements had been examined by Dr. Arnold and 
De. Read, with the exception of copper, which did 
not form any carbide. The paper, therefore, formed 
the conclusion of the series of elements lying on 
each side of iron. Strictly speaking, by atomic 
weight, nickel was intermediate between iron and 
copper. The periodic system, however, was always 
written in the form iron-cobalt-nickel— not iron- 
nickel-cobalt, because nickel was well known to be 
allied to copper in a greater degree than cobalt. 
That order, iron-cobalt-nickel, was justified by 
the results of the carbide researches. For in- 
stance, on the question of the stability of the 
carbides, Dr. Arnold had pointed out that nickel 
was the greatest graphite precipitator. Fe,C was 
more stable than Co,0, and nickel, Ni,C, was the 
least stable on annealing. 

Considering next the affinity for carbon, the 
nickel results showed that, with 7.1 per cent. of 
nickel in the steel, 1 molecule in 30 of the mixed 
carbides was Ni,C. In the case of cobalt, with 
5.5 per cent of cobalt, there was roughly the same 
proportion, or 1 in 29 of the mixed carbides was 
cobalt carbide, so that the affinity of the carbon in 
the case of cobalt appeared to be greater than in 
the case of nickel. That was also confirmation of 
the order iron-cobalt-nickel. Taking the full series, 
it was found that vanadium replaced the iron com- 
pletely in the carbide, and formed a single carbide 
V,0;. Chromium partially replaced the iron, and 
formed a stable, or several stable, double carbides. 
Manganese partially replaced the iron and formed 
double carbides not so stable Going to the other 
side of the iron, with cobalt, there was a mixture of 
carbides, and there was a similar mixture with 
nickel, but not so stable. With copper there 
was no carbide. Therefore, from vanadium, 
through iron, to copper, there was a gradual 
transition from an extremely stable single car- 
bide, through stable double carbides, to less 
stable double carbides; thence to a mixture of 
carbides, and finally no carbide. To go again over 
the same ground — i.e., the influence of those 
elements on the properties of the material, in the 





case of vanadium the influence was mainly due to 
the carbide ; the same with chromium. In the case 
of manganese there was a sort of dual influence on 
hardening, the influence due to the carbide, and 
the influence due to the manganese metal. On the 
other side, with cobalt, the influence of the carbide 
was less, while in the case of nickel the influence 
of the carbide was entirely overwhelmed by the 
influence of the metal. In the case of copper, 
the influence of the carbide had, of course, 
finished, and the modification of properties due 
to the addition of copper were entirely attribut- 
able to the influence of metallic copper. Many 
years ago, Sir W. Roberts-Austen had attempted 
to classify the hardening elements on the basis of 
their atomic volumes, and nobody has done more 
important work in showing that that classification 
was unjustifiable than Dr. Arnold. Dr. Arnold 
had, last year, stated that every element was a law 
unto itself. It would seem that in the present 
case there was a certain amount of order, a certain 
transition from one element to another, and it 
was very satisfactory that the research, which was 
intended to illustrate the chemical as well as the 
mechanical influences of those elements in steel, 
led to results which appeared to correlate on the 
basis of the periodic system. 

Dr. phan in reply, observed that the discus- 
sion of the subject of his paper might seem a little 
out of place before the Institution of Mechanical 
Engineers, although he did not think it should. 
The case brought forward by Mr. Batten was a 
most remarkable one, because the only outstanding 
characteristic mechanical property of copper was 
the fact that it had practically no elastic limit. 
Whether that would account for its behaviour and 
superiority to steel in such cases he did not know ; 
it was the only suggestion he could make. Refer- 
ring to Sir Robert Hadfield’s remarks, he did not 
think he had previously pointed out that one 
result of the researches had been to show that 
there were three true steels; there was the old 
iron and carbon-steel, which was transformed into 
the hard steel, or hardenite (which made turning 
tools) at 730 deg. Cent., over an amplitude of tem- 
perature of 3deg. The results of the researches 
gave two other true steels. On adding vanadium, 
to the extent of 5 per cent., to the true iron and 
carbon steel the carbide of iron ceased to exist; it 
was expelled. That was an absolutely new steel, 
the true vanadium steel, in which no carbide of iron 
existed, but carbide of vanadium. But with regard 
to hardening, instead of transforming to a hardened 
tool-steel on quenching at 730 deg. Cent. it would 
only harden just before the melting-point of the 
steel (about 1450 deg. Cent.). Then a turning 
tool could be obtained as hard as corundum, but, 
unfortunately, too hard to be of practical use, as 
it slipped on the lathe. Taking the case of 
tungsten, 11 5 per cent. of tungsten expelled the 
carbide of iron, yielding the true tungsten steel. 
The transformation of tungsten pearlite in its soft 
state to tungsten hardenite was a remarkable one. 
Instead of taking an amplitude over 3 deg., 
like an ordinary carbon steel, the transforma- 
tion started at about 850 deg., and was not com- 
pleted, to get hardness, until nearly 1200 deg. 
It was therefore the case that there were three 
true steels, and in respect to the hardening of 
steels no general law could be laid down which did 
not take into consideration the hardening of those 
three distinct steels. The hardening must be due, 
more or less, to the same law ; but to get that law 
the hardeniug properties of the three steels would 
have to be considered. Metallurgists had often 
been taunted with the fact that they did not know 
why a piece of steel which had been quenched 
out was hard. That was true. But we did 
not know why a diamond was hard, or why 
corundum or quartz were hard. The ques- 
tion was not why steel was hard, as a general 
academic question applicable to all hard metals. 
What it was needful to know was how did the steel 
harden—the manner in which it hardened, so that 
the engineer and metallurgist could treat it in the 
proper way ; that was the important point. 

he President brought the prcceedings to a con- 
clusion by announcing that Dr. Arnold had kindly 
consented to be present at a local meeting in 
Glasgow, where the paper would be read at the 
Rankine Hal), on Thursday, April8. Another matter 
was that it was pruposed, as there were enough 
papers, and it was doubtful what might happen 
ater in the year, to have an extra general meeting 


in May. It had also been found necessary to alter 





the date of the next meeting, which would now take 
place on April 16 instead of, as originally announced, 
on April 28. On that occasion he would deliver his 
presidential address. The extra meeting in May 
would be held on the 14th of that month. 





EMPLOYMENT OF WOMEN IN 
ENGINEERING. 
To THE EpiTor OF ENGINEERING. 

Srz,—Will you be good enough to allow a woman 
oa some space in your vsluable journal? The 
subject of mobilising the women willing to work on war 
service, as suggested by the Board of Trade, is of interest 
as being in direct connection in some ways with the 
engineering trades. I therefore write to ack the help of 
your readers in letting me know in what special work jn 
their factories they are prepared to engage women 
workers, and whether there is any particular method of 
training they would desire to fit _ for working for 
them. I am aleo anxious to find out what openings 
there are for a and draughtswomen ; I am, cf 
course, aware that for years = the former have been 
employed toa certain extent ; but what works are willing 
to open their doors to them that have hitherto been 
closed to anything but male-workers? Are there many 
consulting engineers, &c., that are —<_! employ lady 
clerks and assistants, provided they have a certain 
technical knowledge? If one could be assured of patriotic 
assistance from men in this direction, it would be a great 
encouragement to open out and start a scheme of training 
for women and girls. I do not wish to add to the 
numerous existing organisations for women’s work, but 
to assist in the management—under the auspices of one of 
them—of a special branch for training and helping women 
to work during the war in the factories directly con- 
nected with munitions of war and other necessary 
engineering undertakings. 

rom the women’s point of view, I am able to say 
exactly what work they are capable of, for having mycelf 
been through the orthodox training of workshop appren- 
ticeship, d.o., and er a technical college course, I can 
truly say what work at the bench, lathe, and experimental 
laboratories (mechanical and electrical) a woman is fitted 
to undertake. 

I hope to have at least one or two girls under my 
personal supervision in my own office, but, naturally, I 
wish to obtain sufficient interest to institute a larger 
scheme of training in special workshops. 

Yours faithfully, 
C. Gasvv. 


52, New Bond-street, London, W., March 19, 1915. 





Tue INstiTuTION OF MECHANICAL ENGINEERS. — 
Bryan Donkin Funp.—Notice is given that applica- 
tions for grants in aid of original research in mechanical 
engineering should be sent to the Council before Octo- 
ber 11, 1915. The third award will be made in February, 
1916, and the amount available will be about 34/. Further 
information can be obtained from the Secretary of the 
Institution. 





Contracts.—Messrs. Nobel’s Explosives, Limited, have 

laced an order, per Messrs. Yates and Thom, with 
ae. Ed. Bennis and Co., Limited, Little Hulton, 
Bolton, for 32 Bennis stokers and furnaces for their 
new powder factory in South Wales.—The Empire Roller- 
Bearings Company, Limited, of 17, Victoria-street, West- 
minster, S.W., is now completing a contract for 1400 
railway-wagon axle-boxes for Calcutta, making 3400 
axle-boxes of this type supplied to the Port Authority. 
The first 200 wagons were fitted with this company’s type 
of standard roller-bearing axle-box in 1906-7, since which 
date 650 further wagons have been similarly fitted, and 
are giving excellent results. 





InsTITUTE OF Making EnGInreRs.—Onr attention has 
been directed to the following named awards in con- 
nection with the Institute :—Lloyd’s Register Scholar- 
ships. These scholarships, two in number, were founded 
through the instrumentality of the late Mr. Jas. Dixon 
(Chairman, Lloyd’s Registry of Shipping), Past Presi- 
dent of the Institute. They are each tenable for two 
years at 50/. per year.—Sir Archibald Denny Award, 
value 4/ , in books or instruments. is is open to com- 
petition to sea-going members.—Two Stephen Awards, 
value 2/. each, in books or instruments, or towards pa: - 
ment of class fees, in the option of the successful candi- 
dates. These are open to competition to the associate 
members and associates.—Award, value 2/., in books or 
instruments, or towards class fees. This is open for com- 
petition to the graduates.—Open Competition Award, 
value 2/., in books or instruments, or towards class fees. 
This is open for competition to graduates of the Institute 
and apprentice engineers throughout the kingdom who 
are eligible for the position of graduates. These awards 
will be granted to the writers of the best —_—-— 
deemed of sufficient merit— as undernoted, or the 
amunts may be divided if the merits of the paper are 
such as to render a division desirable. 1 - FOIDE 
members—‘‘ Hints and Deductions from Practical Ex- 
perience, which may be Useful towards Improving Ship 
and Engine Design. Reports upon Consumption of Coal 
and/or Water r Indicated Horse-Power per Hour. 
Associate members —- ‘* The Sequence of Cranks in 
Multiple - Expansion Engines, and the Balancing of 
Powers.” Further information can be obtained from the 
Secretary, Institute of Marine Engineers, The Minories, 
Tower Hill, London, E, . 
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THE INFLUENCE OF DISCHARGING AP- 
PLIANCES ON THE DESIGN OF LARGE 
ORE-CARRIERS.* 


By Joun Retp, Member. 


Amonc the very varied problems of marine transpor- 
tation, those relating to the movement of bulk cargoes of 


importance to the world’s industries that the transporta- 
tion charges on such cargoes should be reduced to a mini- 
mum; in other words, that the methods employed in 
their transportation should possess the maximum of 
efficiency and economy, not only in their movement by 
water, but also by railroad, in the loading and unloading 
of the shipsand trucks, and in the storage and rehandling 
arrangements at the docks and furnaces. In this last 
respect it is recognised 
oem guess that operators in this 
TENS ege | country are frequently 
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reason of the backward- 
ness of our railroads, the 
smallness of the vessels 
employed in this work, 
imitive nature of 
the loading and unload- 

ing appliances, and the 
{ inadequate storage facili- 
ties at all stages of the 
journey from mines to 
furnaces. I speak more 
particularly of iron-ore 
shipped to Great Britain 


“ a I } heavily handicapped by 








from ry ! foreign coun- 
tries, in the handling of 

















which we are still far 
behind the Continent, 
and still further behind 
the United States in our 
: methods. 

In 1899 and following 
years the author was 
called upon to investi- 
ii gate American methods 
| 





of transporting iron ore 
from the mines to the 
furnaces with a view to 
adapting these methods, 
where suitable, to Eng- 
lish practice. It is 

known that the principal 
traffic route for iron ore 
in the United States is 
from Duluth and the 
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maces. 
The shipment of ore 


the ships themselves, the unloading appliances, the 
storage facilities at docks and furnaces, United States’ 
methods of handling iron ore are all on a colossal scale, 
which has to be seen to beappreciated. It is safe to say 
that nowhere e!se is transportation of bulk cargo reduced 
to such a perfect system or carried on with a like degree 
of efficiency and economy. It is my purpose to describe 
briefly the development of the ore steamer of the Great 
Lakes, and to show how some of its leading features may 
be adapted with advantage for the ocean-going ore- 
carriers now under consideration as a result of the world- 
wide range of the ore operators, who seem to be as much 
concerned to find new sources from which to draw their 
supplies as are dealers in oil, coal, grain, and other 
staples. 

t is particularly important to note the influence in 
the design of the large ore steamers of the present day 
which such extraneous matters as the nature of the 
loading and discharging appliances have undoubtedly 
had. In 1899, on the occasion of my first visit to the 
United States, ae vessels employed in the ore 
trade were of about tons dead-weight, of the ordinary 
single-deck design, with the familiar lay-out of the Lake 
type of steamer—viz., engines aft, navigating quarters 
forward, flush-deck clear of erections all fore and aft, 
numerous short but very broad hatches, spaced 24-ft. 
centres (to suit the loading-spouts on the ore-piers), and 
with centre pillars of channel section, and numerous 
through hold-beams and deep stringers. It was common 
in those days on the Lakes for the steamer to tow a barge 
of about the same size and dead-weight as itself, a steam 
towing-engine of very ingenious construction being used 
to prevent sudden snapping strains coming on the tow- 
hawser. The midship section of a vessel of this type is 
illustrated in Fig. 1. 

In Figs. 8 to 11, page 354, is shown one cf the machines 
for unloading, which first compelled the introduction of 
the novel features in the ore-carrying steamer, to which 
attention is particularly directed. This is the well-known 
Hulett automatic unloader, which may be said to have 
revolutionised ore-handling methods on the Great Lakes. 
Owing to the shortness of the open season there, it is, of 
course, most important to eliminate as far as ible all 
delay of the steamships at terminal ports. To load a 
ten or twelve thousand-ton ore-carrier at the Lake 
Superior ore docks in four or five hours, and discharge it 
at the Lake Erie terminal in less time, is a common 
occurrence during the season. This presupposes the 
storage of the whole cargo of ore in pockets on the 
loading-piers, all ready to be shot into the vessel the 
moment it is moored alongside. It should be noted that 
the majority of the Lake Superior ores, being of a con- 
sistency similar to dry earth or sand, lend themselves to 
this method of handling. When the ore is of a coarser 
nature, grinding is resorted to, so that the shipping 








ss 
ore ame 
Ver ae Cos 











le. i whe 
Ht 
































— 
BULK FREIGHT STEAMER. 
is LENGTH... S50 F! 
he BREADTH S6FI 
es DEPTH SIF? 
| 
— Oo I } I 
\ ‘ey ' | 
. ©G0 § Go fF GD 
S O OO O is 





348. ‘ H 


a and iron ore fall naturally into a class by themselves. 

ese cargoes are pecu y reason of the enormous 
quantities shipped, the considerable distances which bave 
the sis tedine = the enpeliions methods of hand- 
: ding an - ng which their comparative 
indestructibility permits. It is, moreover, of paramount 


* Paper read before th 1 - = : a 
March 24, 1915, e Institution of Naval Architects, 
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over this route in one year has reached the enormous 
total of nearly 50,000,000 tons, the season of open Lake 
navigation lasting only for seven months of the year. 
It would be natural with such a movement of material 
in bulk to expect to find remarkable methods of mining 
and transportation in use; and such is indeed the 
case. Whether at the mines, on the railroad or on 
shipboard, whether we consider the size of the loco- 
motives and the train weights moved, the shipping piers, 


a ments may not be interfered with. The unload- 
ing of the ore is, of course, a much more serious problem, 
but it has been brilliantly solved by this Hulett and other 


ines, now in common use at all the great terminal 


ports of Lake Erie, and also at the storage piers at the 
pm at — it conten 
of course, many different types of un ing apparatus 
adapted to the discharge of ore and coal 5 

have chosen for my purpose the Hulett unloader, because 


and other steel centres. There are, 
but I 
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it has been conceived on a truly heroic scale, and because 
its introduction has had a very noticeable effect on the 
design of the vessels on which it is . It will be 
understood that the a tion refers only to 
work on the Great Lakes of North America. There are 
indications, however, that these machines will shortly be 
brought into use at tide-water ports, but at present the 
conditions in the ocean-borne ore-trade prohibit their 
introduction. 

The Hulett ore-unloader was first introduced at Con- 
neaud + ey the new Carnegie ore docks in 1899. 
The author happened to be present at the tests of the 
firs) machine, which, considering its revolutionary 
nature and the fact that it was operating on a vessel 
quite unsuited to up-to-date methods of ore-handling, 
were very successful. The immediate result was a drop 
in unloading costs of ore from 19 cents a ton, with the 
best previous appliances, to 6 cents with the Hulett 
machine. Naturally, with the enormous scope in the 
Lake trade for such appliances, the development of this 
mechanism was ery _ Among the latest outfits 
have been those supplied to the Pennsylvania Company 
and the Canadian Pacific Railway, which are shown in 
the illustrations. The following description refers to the 
former only. The ground plan includes a storage yard of 
50 acres, with a concrete dock-wall 800 ft. long, providing 
a storage space for 1,000,000 tons of ore. There are four 
unloaders, each carrying a 17-ton bucket. The unloaders 
span four railway-tracks, and a cantilever rearward ex- 
tension enables them to discharge the ore 116 ft. in from 
the face of the dock. The maximum outreach when the 
reciprocating bucket-arm is lowered into a vessel is 65 ft. 
from the face of the dock. In order to distribute the ore 
over the sto area there is a travelling gantry-crane 
operating behind the unloaders, with a main span of 
266 ft., and a cantilever at each end of 170 ft. 

The method of operations is as follows :—The ore in 
the veseel’s hold is first grabbed by the 17-ton bucket, 
elevated by the ing-arm, run in over a 60-ton 
receiving-hopper on the main frame of the machine, into 
which it is discharged. From the hopper the ore passes 
into a 50-ton traveller and scale-car, from which finally it 
passes into railway-cars on any or either of the four 
tracks, or into the temporary storage-pile under the canti- 
lever extension, from which the bridge-conveyor handles 
it to the muin stor: pile. It will sufficient to give 
an idea of the ie of the Hulett unloader if I state 
that the 17-ton bucket-shells, when open, have an exten- 
sion of 21 ft. 3 in. and a telescopic motion of 3 ft. A 
complete cycle of operations for the bucket takes 
50 seconds, which points to a discharge capacity of 1000 


It was not found desirable in Lake 
the peenee to the upper deck. To have done so 
would have been to cut off so much of the available hold 
space as to prohibit the use of these vessels for coal and 
grain—too serious a drawback fur the average owner, to 
offset the advantages for ore Therefore, after 
various experiments in the construction of these hopper- 
holds a fairly definite type was evolved, containing the 
parallel side-walls and arch-beams, and indicated in the 
midship section plan in Fig. 2, page 349. The diagram, 
Fig. 3, below, is drawn to show the process of evolu- 


tice to carry 


order the various arrangements of hopper-holds adopted. 
Tn some recent cases the hopper-walls are continued right 
up to the upper deck, as shown in D. 

It will be evident that a vessel of this standard Lake 
type, with its double-bottom and hopper-wing s 
terminating at the level of the main-deck swinger, has 
distribution of scantlings in its midship section which, 
ws regards longitudinal structural-girder value, somewhat 
neglects the top sides. Owing to the wide, close-spaced 
hatches, the shallow moulded depth relative to the length, 
and the lack of longitudinal bracing in way of the fore- 
and-aft hatch-limits, the top-side strength is still further 
prejudiced. There are not wanting evidences of a ten- 
dency in recent designs to return to a more favourable 
disposition of the available material. Hatches are now 
frequently 24-ft. centres, with 12-ft. deck areas between, 
and efforts are being made, by the adoption of longi- 
tudinal age | and longitudinal top.side girders above 
the hopper-holds, to return to a more wholesome type, 
one of the latest and largest of which is shown in Fig. 6, 
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tion, the hopper forms marked A, B, C indicating in| th 


discharge by grabs, and in the second case for the quick 
discharge of the pulp-wood by flooding the holds! In 
both cases the absence of large areas of deck-plating 
between the hatch-openings is imperative. 

It is quite useless to concentrate the ore in a mass in a 
raised hopper-hold if its — and discharge have to be 
interfe: with by large blind areas of deck material. 
In that case it would be better to retain the hopper 
longitudinal walls, but to reduce the double-bottom depth 
to normal, so that the unloading buckets or grabs might 
have ample space under the obstructing deck areas for 
@ necessary swing to reach the concealed positions of 
the cargo. In Fig. 7 is illustrated a deep-sea ore- 
carrier with a raised double bottom and hopper-holds, 
and the largest possible areas of hatch-openings. To 
close these openings between the coamings. it may be 
necessary to consider an entirely new type of hatch-cover. 


a| Considerable success has already attended the use of 


—— covers of steel plate, heavily reinforced with 
angle or channel stiffeners, but in the nt case I 
should recommend a type of rolling-shutter hatch-cover 
travelling on the hatch-coamings, and easily controlled 
by some simple form of winding-engine, or even an ordi- 
nary ship’s winch. The one object to attain, whichever 
form of cover is adopted, is that it shall not permit any 
of the cargo to be screened from the attack of the un- 
loading appliances. 

There are, of course, many ways of charging and dis- 
charging the holds of large bulk carriers, to some of which 
reference has already been made in the Transactions of 





this Institution. In some cases hopper-holds with con- 
veying systems underneath have enabled the vessel to 
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tons per hour or 4000 tons per hour for the four machines. 
Of course, this rate is difficult to maintain under all con- 
ditions, but 10,000-ton cargoes of ore have been unloaded 
on the Lakes by these appliances and their accessories in 
less than three hours. 

I have already referred to the unsuitable nature of the 
vessels on which the first trials of the Hulett unloader 
were conducted. Reference to Fig. 1, page 349, will show 
the disposition of the scantlings of a Lake vessel of that 
period. It will be noted that there are numerous cross- 
beams, pillars, stringers, and webs. In Fig. 9, page 354, 
the consequences of using a grab-unloader on such a 
vessel are clearly indicated. Tank-tops, cross-beams, and 
webs are all liable to severe damage, and the necessity 
for extra care in using the unloader in vessels of this type 
reduces the speed of operation and prejudices the 
efficiency and economy of the unloading appliance. 

It becomes imperative, therefore, to consider the im- 
provement of the vessel, so as to adjust its interior 
arrangements to suit this most important development 
in discharging appliances, and on full consideration I 
recommen the introduction of a hopper or interior 
hold formed by carrying two parallel longitudinal bulk- 
heads from the tank-top to the upper deck, the wing 
spaces being utilised for water ballast. It was further 
proposed to remove all deck plating from between these 
ee bulkheads, and to tie the ship together by 
wide-spaced heavy arch-beams, and to fit portable webs 
and steel hatch-covers for the protection of ship and 
cargo. It should be remembered that one had under 
consideration the design of a comparatively deep-draught 
vessel for the English ore trade to be unloaded by very 
much more primitive apparatus, but the improvements 
in ore- vessels to be anticipated by a study of 
the Great methods seemed to point to important 
possibilities also in English practice. During visits to 
the United States in the years immediately following the 
introduction of the Hulett ine, its effect on the 
development of the ore vessels wee qaliy noted, and in 
1904 was launched one of the first Lake vessels to embody 
the features above re! to, 





opposite. Towards this the adoption of continuous longi- 
tudinal vertical bulkheads, forming the hopper-holds 
above described, would materially contribute. 

A further step in ore-carrier design is now impending, 
— will greatly improve the type and facilitate its 

ischarge. 

In cases where large vessels are to be built exclusively 
for the transport of iron ore, as, for example, in the 
Narvik-Rotterdam trade, or in the proposed Chilian- 
United States trade, it may be possible to neglect re- 
quirements for other cargoes, and to seal off muc — 
hold spaces than would otherwise be possible. In other 
words, the ore-carrier might be as specialised in its 
design as the oil-tanker, which is generally quite unsuit- 
able for any other cargo. There seems no reason why, in 
fact, a material such as iron ore should not be dealt with 
as efficiently and economically as to its transportation as 
oil and coal, which is certainly very far from being the 
case at present. With this object in view, the author 
suggested some ten years ago that a great improvement 
in seaworthiness and important advantages in general 
efficiency would be obtained by increasing the depth of 
the double bottom to, say, 18 ft. or 20 ft., providing a 
raised platform for the ore, which, in conjunction with 
the wing bulkheads, would hold the cargo in a concen- 
trated mass, as in a box or hopper, so that when the 
on ~— op % “— omy be tackled by 

un ing grabs or buckets. is b 1s 
shown diagrammatically in Figs. 4 and 5. This pro- 
posal (which, by the way, was one of the first Lake 
designs to have scantlings assigned for Lloyd’s classifica- 
tion) was submitted to the shipowners of the Great 
Lakes, but while ising the advantages of the 
arrangement, the loss of hold capacity was so great as to 
prejudice its general usefulness. It is curious to notice 
that thisdesign, though discarded for the time being, seems 
likely nowadays to find large scope in two very different 
lines of work—viz., in ore-carrving in the open sea, and 
in pulp-wood carrying in the Canadian lakes and rivers. 
In the first case, I propose the hopper-holds and deep- 


tank bottom for the concentration of the ore for easy’ 


dispense with shore unloading plant; in other cases 
systems of electric deck-cranes have attained very con- 
siderable success. As the size of the ore-carrier and the 
length of the average voyage increases, however, it be- 
comes important to keep the ship and the unloading 
arrangements entirely separate. The time is not distant 
when we shall have large numbers of ocean-going ore 
steamers, exceeding in dimensions and dead-weight the 
largest ore-carriers of the Great Lakes, which will have 
to negotiate distances exceeding 15,000 miles each round 
trip. The cycle of operations involved in the economical 
aeneng Oy an ore cargo under these conditions neces- 
sitates the very latest and most up-to-date methods 
throughout. The hopper-hold ore-carrier and the automatic 
unloader are two of the features in this cycle which might 
well repay careful consideration by those interested in 
the ore trade in this country. 





Russian EquivaLent Tasies.—In view of the increas- 
ing importance of trade with Russia, the Central Trans- 
lations Institute, Limited, Danes Inn House, 265, Strand, 
London, W.C., have recently issued, at the price of 1s. 
net, a folded card containing equivalent tables permittin 
of instant conversion of British weights, measures, an 
money into Russian, and vice versd. 


Moror-Suip “ Fatstaia.”—On the 18tb inst. the twin- 
screw motor-vessel Falstria, built by Messrs. Harland and 
Wolff, Limited, Glasgow, for the East Asiatic Company, 
Limited, Copenhagen, ran successful trials in the Firth of 
Clyde. The Falstria is the first of two sister vessels under 
construction by the same builders,'and has been built to 
the highest class of Lloyd’s Register. ‘The length over all 
is 381 ft.; breadth, moulded, 50 ft.; and gross tonnage, 
about 4500. The new vessel has accommodation for a 
number of first-class passengers. The Falstria is fitted 
with Diesel motors, like so many other —— s of the aa 

as those 





Asiatic Company, of the same 
of the Mississippi, illustrated in ENGINEERING, on 
February 19, . 
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NOTES FROM THE UNITED STATES. 
PuHiLapeLpHia, March 10. 

Tue past week has developed one of those un- 
expected movements in steel which characterises 
American markets. A large amount of dumestic and 
foreign business has been transacted. Details as to 
even the approximate volume of Transatlantic orders 
are, as usual, unavailable. The Cambria Steel Com- 
pany came in for the largest order. The railroads 
came in with rail orders in excess of 100,000 tons. 
The fact that Canadian rail-mills are taking some 
business 2 dols. a ton under our prices will modify the 
placing of future orders somewhat. Railroad net earn- 
ings are somewhat better. The most active article on 
the list is steel plate. Three Pittsburg concerns—the 
Carnegie Ste-1 Company, the American Steeland Wire 
Company, and the Lockhart Iron and Steel Company— 
have all gone on to full capacity, that of the first- 
named being restricted to its open-hearth capacity of 
twelve furnaces. Three Western railroads increase their 
forces of section hands, repair gangs, and construction 
work by 10,000 men. The demand for staple steel 
products has been gradually increasing for weeks, and 
is now not far below normal. The wire-mills are 
running to nearly full capacity, and the tin-plate mills 
are closer to capacity. Demand for standard-steel 
pipes is fully 75 per cent. of capacity. The general 
average of steel-mill capacity is now 60 per cent., 
with the steel and structural mills considerably below 
that average at present. The obstacle to normal 
railroad demand lies in the fact that at least for a 
year past private capital has fought shy of railroad 
investment, and there is yet no positive encourage- 
ment that this hesitancy will be overcome. Since 
January 1 only 500,000 tons of rails have been ordered, 
a@ very onal part of normal demand; and 7500 
freight-cars, which is similarly far below normal 
requirements. 








Moror Firrers AND TuRNERS RequikeD.—The Secre- 
| of State for War asks us to state that motor.drivers 
and motor-fitters and turners are urgently required for 
Army Service Corps Mechanical Transport. The pay is 
6s. per day and all found, with usual separation allow- 
ance, and age between 20 and 45. Candidates should 
apply, with references, personally or in writing, to the 
Recruiting Office, Great tland Yard, Whitehall, 8. W. 





Lecrures ON ExecrricaL INstRuMENTS.—The course 
of advanced lectures on electrical instruments and switch- 
gear by Mr. A.C. Heap, M.LE E, which last autumn 
was announced to be given at the Northampton Poly- 
technic Institute during this spring, has had to be 
cancelled, as urgent engagements cau by the con- 
tinuance of hostilities make it impossible for Mr. Heap 
to undertake to deliver the course at the present time. 





Tue Ciry or Lonpon Nationa, GUARD VOLUNTEER 
Coxrs.—Established under the presidency of the Right 
Hon. the Lord Mayor of London, in affiliation with the 
Central Association Volunteer Training Corps, the City 
of London National Guard at present includes more than 
2500 professional and business men who, being beyond the 
age for service in His Majesty’s Army, are engaged in 
the patriotic duty of qualifying themselves for the 
defence of the country, and more particularly of the City 
of London, or for the performance of military duties at 
ae being carried out by Regular and Territorial 

orces, which might be employed more advantageously 
at the front. With the object of further increasing the 
scope and practical value of the National Guard, it has 
been decided to form in connection therewith an Engi- 
neers’ Unit, comprising members of all branches of the 
engineering profession. Facilities will be afforded for 
the formation of sections by the leading engineering 
institutions, and as far as practicable by groups of per- 
sonal friends who may desire to work cantien. The 
duties of the Corps will be (1) to become efficient in 
infantry and musketry drill, so as to enable them to per- 
form military duties, either alone, or in conjunction with 
other arms, and (2) to learn and become familiar with the 
methods whereby the technical experience of members 
car be most advantageously utilised. Heavy manual 
labour is not contemplated asa part of the “collective 
training” of the unit, and the same condition would 
apply if the National Guard were called up for active 
service by the War Office. Apart from the manifest 
value of an organised body of professional engineers, 
trained sufficiently to enable them to defend themselves 
in case of need, and to apply their knowledge of civil 
per per een to military purposes, the Unit of Engineers 
will virtually constitute a training corps, whence officers, 
non-commissioned officers, and technical experts could be 
drafted to assist other arms by undertaking the supervi- 
sion of engineering works, if an emergency should arise 
where their technical knowledge m calittery training 
could be utilised with advantage to the country. The 
cost of equipment, including uniform and rifle, is esti 
mated at from 7/. to 8/., and members pay an entrance 
fea of 14. Members can now order uniforms from their 
own tailors in accordance with the specification issued 
by the Quartermaster of the City of London Netional 
Guard Volunteer Corps, 14, Queen Victoria-street, E.C. 
Membership is strictly confined to those of 40 years and 
upwards, and no exception to this rule will be enter- 
tained. Application forms for mem ip, and any 
further information, can be obtained from-the Adjutant, 
Engineers’ Unit, 99, Gresham-street, London, E.U. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened strongly and Cleveland warrants 
amounting to 3500 tons were done at 62s. 9d. cash, 633. 3d. 
twenty-nine days, 63s. one month, 63s. 6d. April 22, and 
from 64s. to 64s. 3d. three months. Closing sellers quoted 
63s. 3d. cash, 633. 6d. one month, and 64s. 6d. three 
months. In the afternoon business was again active, 
and Cleveland warrants were dealt in at from 633. 6d. 
to 623. 9d. cash, at 63s. 9d., 63s. 10d., and 633. 9d. 
one month, from 64s. 3d. to 63s. 104d. June 9, and 
at 64s. 6d. and 64s. 3d. three months. The turnover 
was 7000 tons, and closing sellers named 633. cash, 63s. 44d. 
one month, and 64s. 14d. three months. On Friday morn- 
ing the market was quiet, and Cleveland warrants were 
weaker. The dealings consisted of 1500 tons at 62s. 3d. 
cash, 62s. 9d. one month, and 62s. 1°d. April 26, and the 
market closed at 623. 5d. cash, 62s. 10d. one month, 
and 633. 74d. three months sollers. In the afternoon 
weakness continued, and Cleveland warrants declined 
about 5d. per ton. The business was 2500 tons at 
from 623. 1d. to 61s. 9d. cash, at 62s. 14d. five days, and 
62s. 6d. one month, with closing sellers at 62s. cash 
and 62s. 5d. one month. On Monday morning the 
market opened strongly, and 3000 tons of Cleveland war- 
rants were put through at from 62s. 9d. to 63s. cash, and 
from 63s. to 633. 6d. one month. At the close there were 
sellers at 633. 3d. cash and 63s. 74d. one month, and 
buyers at 63s, and 63s.4d. respectively. The tone was again 
firmer in the sfternoon, when 3500 tons of Cleveland war- 
rants were dealt in at 633. 14d. cash, 63s. 9d. and 63s. 84d. 
one month, and at 64s.44d. June1l. Sellers’ closing pric 3s 
were 63s. 3d. cash, 633. 8d. one month, and 64s. 6d. three 
months. On Tuesday morning the market was steady, 
put inclined to be easier, and Cleveland was done at 
633s. 6d. one month and April 26, and from 633. 9d. to 
64s. June 15. Three months’ warrants were not named, 
but for other positions sellers quoted 63s. 24d. cash, and 
63s. 7d. one month. The turnover was 3500 tons. The 
afternoon session was quiet, and Cleveland warrants 
eased off. The bu-iness totalled 1500 tons, at 633. 6d. one 
month, and 64s. June 17, with sellers over at 633. 6d. one 
month, and 63s. 14d. cash. When the market opened 
to-day (Wednesday) a steady tone prevailed, but dealings 
were limited to 1500 tons of Cleveland warrants at from 
633. 61. to 633. 7d. to 63s. 64d. one month, and at the 
close sellers quoted 63s. 2d. cash, 63s. 64d. one month, 
and 64s. 6d. three months. The afternoon session was 
firm, but the turnover was small, and only amounted to 
1000 tons of Cleveland warrants at 64s. 44d. three months. 
Closing sellers quoted 63s. 44d. cash, 63+. 94. one month, 
and 64s. 6d. three months. 


Sulphate of Ammonia.—There has been a weaker ten- 
dency noticeable in the position of sulphate of ammonia 
during the past week, and prices have eased. The once- 
talked-of record selling price is not yet, and there is a 
strong feeling at present that values will fall off to some 
extent. For prompt lots the current quotation is from 
131. 12s. 6d. to 13/. 15s. per ton, Glasgow or Leith. 


Scotch Steel Trade.—The state of the Scotch steel 
industry is still one of great activity, and every endea- 
vour is being strained to cope with the rush of orders for 
war material. The a of Lord Kitchener has had 
a very good effect, and neither master nor man will now 
spare himself to hasten the end of the terrible conflict 
waging on the Continent. Munitions and more munitions 
are wanted by the troops, and it is safe to say that our 
workmen at home will see that ‘‘ Tommy” and ‘“ Jack” 
receive all they require. On all sides there is great pres- 
sure for supplies, not only for our own Government, but 
also for our Allies, so that machinery is being taxed to the 
atmost. Plate-mills are running steadily, as the shipyards 
are absorbing deliveries almost as quickly as they can be 
secured. The price now required by producers, however, 
may cause a further check on general mercantile business, 
but new tonnage is wan ly, and owners may still be 
rewarded by the i freights which seem likely to 
prevail yet awhile. The demand for the heavier gauges 
of black sheets is very steady, and there is also a very 
ame outlet for structural sections. In the general 

ome trade the orders are none too numerous at the 
moment, due in some measure to the high ices ; but 
these cannot be shaded meantime, and in the trend 
is still upwards. The export trade is suffering in a 
like manner. The following may be taken as the current 
quotations :—Ship plates, 9/. 5s. to 9/. 10s. per ton ; boiler- 
plates, 9/. 15s. to 1U/. per ton; and angles, 9. to 91. 10s. 
— ton—all less 5 per cent. Olyde or equal delivery. 

lack sheets are quoted ad 10/. 15s. per ton, less 5 per 
cent. Glasgow. Producers all round are so busy that, 
when fresh lots are wanted by consumers, it is more a 
matter of delivery than price which counts. The present 
activity has never been equalled, and everything points 
to its continuance for months to come. 


Mallcable-Iron Trade.—The conditions in the West of 
Scotland malleable-iron trade have varied very little over 
the week, but prices have advanced. Employment is good 
and plant is running full. ‘‘Crown” bars ate called 
9, 2s. 6d. per ton, less 5 per cent. for home delivery, 
and about 8/. 10s. per ton fur export lots. For steel 
bars there is a great demand, but raw material is scarce, 
and quotations are very stiff. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
there is a fair amount of business passing on home 
account, but the export demand is not bright. very 
high level which on-cost charges, raw material, and fuel 
have reached has necessitated another rise of from 23. to 
23. 6d. per ton in the price of pig-iron. Hematite is 
fairly active round 100s. per ton. The following are the 





present quotations for makers’ (No. 1) iron:—Clyde, 
Tangloen, 8m, G4. {all shipped at Glasgow); Henares 

angloan, s ship at w) 5 inton, 
75s., and Glengarnock, 82s. (both at Ardrossan) ; Shotts, 
8ls., and Carron, 823. (both at Leith). 





Tue German Inon Market AND THE Wak.—Thso im- 
pw demand which seems to have set in within several 

ranches of the German industry, with the result of 
prices having risen considerably, is coupled with some 
uncertainty in several directions. As the following 
table shows, prices, as a matter of fact, have advanced 
very materially during the six months which have passed 
since the war commenced :— 


Before the i of 
War. arch, 
Marks, Marks. 
Seigerland ore. . io ea 18.50 19.50 
Nassau ore.. .. oe ae 14.00 16.50 
Hematite pig - as wa 79.50 101.50 
Foundry pig III. * - 71.50 93.50 
Half-finished goods (raw 
blocks) - . ee. 82.50 97.50 
Half-finished goods (bundles) 95.00 110.00 
Shape iron - + -. 110.00 120.00 
Bariron . os oe os 95.00 125.00 
Band iron 115.00 140.00 
Heavy plates .. 100.00 130.00 
Finer plates .. wa 117.50 145.00 


These are boom quotations, or more ; some foundry pig 
brands have risen 20 marks, and rolled goods as much as 
30 marks above the highest prices at the beginning 
of 1913. 


Luioyp’s Returns or Suirs Lost.—The statistics of 
vessels lost, condemned, &c., during the quarter ending 
September 30 last, which have recently been issued by 
Lloyd’s Register of Shipping, are particularly interesting 
on this occasion, as the period covered includes the first 
two months of the war. Hence we find that sixty-three 
British merchant steamers, with an aggregate gross ton- 
nage of 128,983 tons, were destroyed by enemy warships 
or mines during the period we are considering. Among 
the number were the steamers City of Winchester, 
Diplomat, Elsinore, Highland Hope, Kaipara, Lovat, 
and San Wilfredo, ranging from 5159 to 7615 tons; no 
other steamers in the list exceeded 5000 gross tons. The 
other British losses include eleven steamers wrecked, two 
lost in collision, two burnt, and three lost from other 
causes, which brings the total number of steamers removed 
from the Register to eighty-one, and the aggregate ton- 
nage lost to 180,614 gross tons; this figure is, however, 
only 0.96 per cent. of the total tonnage owned in this 
country. British colonies lost seven steamers, totalling 
10,150 gross tons, during the quarter, but none of the 
losses was due to the enemy. Germany’s losses were seven 
steamers, of which six, making 39,293 gross tons in the 
aggregate, weresunk by British or French warships. The 
two most important vessels dealt with in this way were the 
Cap Trafalgar (18 7:0 tons) and the Kaiser Wilhelm der 
Grosse (13,952tons), both of which were passenger steamers 
converted intocruisers. The one otherGerman steamer lost 
was a small vessel of 247 gross tons, which was wrecked, 
bringing the total tonnage lost to 39,540, this figure being 
0.77 per cent. of the total German tonnage. Next in order 
of magnitude of losses is Norway, this country having 
lost ten steamers, totalling 13,663 gross tons, three of the 
number, making together 6336 tons, having been sunk by 
mines in the North Sea. Holland’s losses in the quarter 
amounted to five steamers, making a total of 10,571 gross 
tons. Of this number, three, with an aggregate tonnage 
of 9192, were sunk by mines or German warships, which 
is the greatest tonnage lost by any neutral country. The 
whole of Denmark’s losses during the period were due to 
the war. This country had four ships, with an aggregate 
tonnage of 7903, sunk by mines, and the loss, which is 
relatively greater than that of any othercountry, amounts 
to 1.03 per cent. of the total steam tonnage owned in 
ental, Spain comes next on the list, this country’s 
losses of four steamers, making 7687 tons together, 
being in no way connected with the war. Austria 
had one steamer sunk by a mine in the Adriatic, 
and another sunk by a British warship, the two ships 
making 4890 gross tons between them. The only 
other countries with losses exceeding 1000 tons are the 
United States, with 4745 tens, Argentina, with 3797 
tons, Sweden with 2876 tons, Japan with 2604 tons, 
Russia with 2308 tons, Braz'l with 1905 tons, Cuba with 
1748 tons, and Portugal with 1410 tons. Of these 
countries, Sweden and Russia were the only sufferers 
from the war, Sweden having had one steamer of 2534 

tons sunk by a mine, while Russia had two vessels, 
together of 1265 tons, sunk by the enemy. Coming now 
to sailing ships, we find the United States at the head of 
the list, as would be expected, since that country has 
more than twice the number of sailing vessels owned by 
the United Kingdom. The United States lost fourteen 
ships, with an te net tonnage of 9875, which is 
1.04 per cent. the total American sailing tonnage. 
Followirg in crder of tude of tonnage lost are 
Norway with five ships (6508 tons), France with three 
ships (2671 tons), British Colonies with five ships (2555 
tons), Russia with two shins (2377 tons), Uruguay with 
one ship (1384 tons), and Sweden with five ships (1295 
tons). N » other country had losses exceeding 1000 tons ; 
Great Britain’s losses were only two small ships, making 
320 tons between them. The only sailing ships sunk by 
mines were a Danish vessel of 199 tons and a Roumanian 
ship of 285 tons. It should be pointed out that in com- 
piling the statistics from which the above figures are 
taken, steamers of less than 100 gross tons, and sailing 
ships of less than 100 net tons, are not included. Vessels 
tradi on the Great Lakes of America are also excluded 
from figures given for the United States. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The house-coal demand 
is brisker, but supplies are coming through slowly, 
collieries having to set down several days in each week 
on account wy he greater scarcity of wagons. Gas com- 
panies have absorbed all their stocks, and are anxiously 
seeking supplies. They report considerable difficulty, 
both in regard to transit and wagons. The hard-coal 
pits are kept fully occupied. The local demand from the 
big engineering works is very good. Iron and steel-masters 
throughout the country are seeking extra supplies, to carry 
them over the Easter holiday period. There is also a con- 
siderable inquiry for shipment. A slight falling off has 
been experienced in shipments to the Humber ports, but 
the tonnage sent to the Mersey is well up to the recent 
average. Manufacturers are naturally anxious to avoid 
set-backs likely to arise from fuel scarcity, but no serious 
difficulty is anticipated if the men in the Yorkshire and 
Derbyshire coal-fields follow their leaders’ advice to 
limit their holidays to two days; some people, however, 
rofess doubts as to what the miners’ rasponse will 
ye. Slacks are a fairly strong market, with a firm. 
A general advance has been made in all kinds of coke, 
coking slacks being scarce. Quotations :—Best branch 
hand-picked, 21s.; Barnsley best Silkstone, 17s. to 18s. ; 
Derbyshire house, 16s. to 17s. ; Derbyshire best brights, 
17s. 6d. to 183. ; best large nuts, 15s. to 16s. ; small nuts, 
13s. 6d. to 143. 6d.; Yorkshire hards, 17s. 6d. to 2053.; 
Derbyshire hards, 17s. 64. to 203.; best slacks, 9s. to 
10s, 6d. ; seconds, 8s, 6d. to 9s. 6d. ; smalls, 6s. to 7s. 


Tron and Steel.—All kinds of war material are a 
ascending. Hematite values have stiffened considerably. 
K.1st Coast mixed numbers are now quoted at 92s. 6d. to 
953. at the furnaces. West Coast quotations are firm at 
round about 100s, Common-iron producers in Derby- 
shire and Lincolnshire are feeling the effect of recently- 
conducted recruiting movements very severely. Skilled 
men who cannot replaced have joined the ranks, 
and as a result output is reduced at a time when 
the general demand was showing unmistakable signs 
of expansion. After contracts have m met, there 
is very little left for open-market disposal, and masters 
in both districts are asking, and are in a ition 
to command, higher ices. Derbyshire foundry, for 
instance, has heme w 64s. 6d., and forge to 62s., a 
level which has not been reached since June of 1913. 
Scrap has also advanced, prices for the better qualities of 
iron and steel being very favourable to sellers. The 
engineering concerns are working with greater energy 
than ever. The national call for increased output has 
met with a notable response from all sections of labour, 
and with extended works and augmented plants the 
tonnage of heavy munitions dealt with weekly is alto- 
gether beyond that of any other period. In every 
section there has been a marked speeding up, and 
it is satisfactory to note that so far no hitch has 
occurred in the arrangements put into operation by the 
masters with the consent of the big trade unions. 
Orders for railway steel and wagons are ng in the 
latest kings on ordinary commercial account, but by 
far the greatest call is for machinery for turning, planing, 
drilling and milling work, and this is increasing the con- 
sumption of iron and steel inall directions. Oarbon twist 
drills are also in heavy demand, uirements on home 
and export account (largely to | thee in some cases being 
well in excess of present output. Steel billets are dearer. 
Siemens acid are quoted at 10/., B2ssemer acid at 97. 10s., 
basic hard at 8/., amd basic soft at 7/. 10s. The first of 
the big armament companies’ reports is to hand. Messrs. 
Cammell Laird and Co. report a profit of 237,898/., 
making, with the balance brought forward, a surplus 
for distribution of 273,2732. A final dividend of 2s. 6d. 
per share on the preference shar2s and 5s. per share 
on the ordinary, making 74 per cent. for the year, is 
recommended, leaving 125,937/. The directors propose 
to appropriate 100,000/. to the reserve account, and carry 
forward 25,9371. The Birkenhead shipyard, the directors 
say, has been working at the highest pressure since the 
outbreak of war, the Sheffield works have an unprece- 
d:nted volume of work to cope with, and the Coventry 
worksshowa marked improvement. The profits for 1913 
were 174, 1261. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBroucH, Wednesday. 
_ The Cleveland Iron Trade.—The northern pig-iron trade 
is characterised by much firmness. Quotations are moving 
steadily upward, and the prevailing opinion is that 
nothing like ‘top prices have yet been touched. So far as 
Cleveland pig is con the rise has certainly been 
influenced by speculative operations in warrants, but 
undoubtedly the principal cause of the advance is the 
ood genuine demand for iron. The statistical situation 
‘s satisfactory. Makers declare that iron is not accumu- 
dating at all at their yards, and the only addition to stocks 
appears to be the 
stores. East Coast hematite pig is scarce and very 
trong, and, in fact, higher rates are now demanded 
than have ever before ca quoted. The amount of 
pusinéss passing, however, in either Cleveland or 
Sematite iron, is on only a limited scale, but deliveries 
‘galnst contracts are heavy, so much so that the oub- 
put 1s practically absorbed—a satisfactory state of 
affairs, when it is considered that foreign demand 
ie all being cut off. No. 3 gm.b. Cleveland pig is 
9 3d.; No. 1 is 65s, 3d. ; No. 4 foundry, 62s. 9d. ; 
ey 4 f 62s. 3d. ; and mottled and white iron, each 
Sls. 9d. No. 1, 2, and 3 East Coast hematite now stand 


at 100s, That is the recognised market quotation, and | the 


small increases to the public warrant | The 





makers and merchants are not disposed to entertain offers 
at less, but some second hands might accept a trifle below 
the figure named. Values of foreign ores are fully 
upheld, notwithstanding the very plenviful supplies now 
coming to hand and the cheaper freights. Market 
rates are still based on 30s. ex-ship Tees for Rubio 
of 50 per cent. quality. Freights Bilbao-Middlesbrough 
are put at 14s. 6d. to 14s. 9d.; but, asa matter of fact, 
a steamer has been fixed this week at 14s. Imports 
of foreign ore to the Tees to date this month reach 
130,055 tons, which is well above the average un- 
loading. Coke is by no means plentiful and threatens 
to ba very scarce, as makers find it more profitable 
to sell coal than to convert it into coke, and con- 
sequently they contemplate putting out more ovens. 
Higher prices are being realised for furnace coke than for 
some years past. Durham beehive average blast-furnace 
kinds are fully 25s., delivered at Tees-side works, and 
some sellers ask up to 27s. 6d. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 129,644 tons, all 
of which is No. 3 quality. Since the beginning of the 
month the stock has been increased by 5698 tons. Ship- 
ments of pig-iron from the Tees to'date this month are on a 
very small scale, averaging only 389 tons per workin 
day, the total despatches being returned at 8155 tons, al 
of which have gone from Middlesbrough. To the same 
date last month the loadings were given at 7676 tons, or 
a daily average of 365 tons, and for the correspoudin 
part of March a year ago the clearances reached 85,90) 
tons, or an average of 4090 tons per working day. 


Manufactured Iron and Steel. — Very satisfactory 
accounts are given of the finished iron and steel indus- 
tries. In all branches manufacturers are kept busily 
employed, and producers of many descriptions are 
pressed for delivery. Most firms are busy on Govern- 
ment work. Values are moving upward. Iron bars, 
iron and steel ship-plates and angles and steel joists 
have each been advan 10s.; steel hoops and ship- 
rivets, 15s. each ; steel strip, 203.; and galvanised sheets 
have also been substantially advanced. With spelter 
at 46/. per ton, and prospects of it being still dearer, 
further upward movement in galvanised sheets is 
anticipa Principal market quotations now stand :— 
Common iron bars, 9/. ; best bars, 9/. 7s. 6d. ; best best 
bars, 92. 15s. ; packing-iron, 7/. ; iron ship-plates, 92. 10s. ; 
iron a 91. ; iron ship-rivets, 11/.; iron girder- 
plates, 9/.; stee bars (basic), 9/.; steel bars or 
91. ; steel ship-plates, 9/.; steel ship-angles, 9/. 5s.; stee 
boiler-plates, 102. ; steel joists, 9/.; s hoops, 9/.; steel 
strip, 82. 10s.—all less the customary 24 per cent. discount ; 
cast-iron columns, 7/. 7s. 6d.; cast-iron railway i 
4l. 10s. ; heavy steel rails, 7/. 15s.; steel railway sleepers, 
81.—all net; galvani corrugated sheets, 24 gauge, in 
bundles, 14/, 10s., f.0.b.—less 4 per cent. 





Tue Late Mr. W. H. Luraer.—Messrs. F. Braby and 
Co., Limited, of London, Glasgow, Liverpool, and Bristol, 
have just suffered a severe loss through t a away 
of their Glasgow managing director, Mr. W. H. Luther. 
Mr. Luther had been in failing health for about two 
months, and died rather suddenly at Glasgow on the 
19th inst., in his sixty-ninth year. The deceased was 
trained for the law ; he was also for a short time on the 
staff of Lloyd’s Insurance, London. Mr. Braby secured 
his services for the London business of Messrs. Braby 
and Co., where he remained for a few years. He started 
their Glasgow works forty years ago with 50 workmen and 
four of a staff; to-day there is a staff of 100, with 1400 
workmen, and the works now cover over 30 acres. Mr. 
Luther was a Justice of the Peace for the city of Glasgow. 
In Helensburgh, where he resided for about twenty-seven 
years, he occupied a prominent social position, and was a 
generous contributor to public schemes. 


Tue AvusTRiAN Navy.—We read in the Rivista Marit- 
tima that the French battleship Jean Bart having been 
damaged by torpedoes from the Austrian submarine 
U12, shows the number of this craft in the Austro- 
Hungarian Navy to have increased from six to twelve. 
At the commencement of the hostilities the Austrian 
submarines were the following :— 

U land U 2, 230 and 270 tons, 12 and 7 knots, Lake type, built 
at Pola, and with which the Austrian naval authorities were 
never greatly satisfied. . 

U 3 and U 4, 240 and 300 tons, 12 and 9 knots, Germania type, 
built by Krupp at their Germania Yard, Kiel. 

J 6 and U 6, 236 and 273 tons, 1l and 9.5 knots, Holland type, 
built at the Whitehead works, Fiume. 


The naval pr mme of Admiral Montecucco, approved 
in 1911 ( ial credit for 1911), which provided for the 
four battleships of the ‘‘ Viribus Unitis ” ope, the three 
vedette boats of the “‘Ssida” type, the eight 
destroyers of the “Tatra” type, provided also for five 
more submarines. But the progress made in submarine 
construction took effect in an increased di ment, 
leading to an increase in cost, and the sum set apart for 
the uisition of these five units became insufficient. 
ustrian Navy, therefore, ordered three only 
on the special credit for 1911, and two similar ones 
on the credit for 1912-13, the order for the five 
being given to the Germania Yard, Kiel; the five 
are 685 and. 835-ton boats. These five boats had 
not been delivered when war broke out, although 
they were then almost completed. Moreover, another 
submarine was ordered in the ordinary Budget, probably 
from the same yard; this is a 700 and 1070-ton boat. 
The above units, when completed, cannot have reached 
the Adriatic by sea, and were no doubt despatched in 
eections and re-erected at Pola. It may well be that the 
twelfth unit a to Austria was one ordered from 
Germania Yard by another Navy. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business has been checked by the difficulty 
experienced in obtaining —— of large of coal. Ton- 
nage arrivals have been of a moderate character, but 
with such limited supplies of coal and such a large 
number of steamers waiting, it is feared that there will 
be no abatement of current pressure for some time to 
come. While the output has continued low, the 
demands of the British and French naval authorities are 
as t as ever. Prices have shown little change, but 
sellers appear more disposed to hold for higher terms. 
Smalls have been offering freely at relatively easy prices, 
but, at the same time, without any material reduction. 
House-coal, patent fuel, and coke have shown continued 
stre , the demand being in excess of current supplies. 
The best Admiralty large steam-coal has made 35s. per 
ton best secondary qualities have brought 34s. to . 
other secondary descriptions 32s. to 33s.; best bunker 
sm: 20s. to 21s. ; and cargo smalls, 18s. to 18s. 6d. per 
ton. The best household coal has brought 29s. to 3 
~~ households have made 27s. 6d. to 283. 6d. ; No. 2 

hondda large has realised 27s. to 28s.; and No. 2 smalls 
have brought 18s. to 19s. per ton. The current quota- 
tion for patent fuel has been 30s. to 32s, per ton. Special 
foundry coke has made 38s. to 40s. ; geod foundry coke, 
32s. to 36s. ; and furnace coke, 25s. to 28s. per ton. As 
regards iron ore, Rubie has been quoted at 26s. to 28s. per 
ton, upon a of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Wages in Wales.—A Ly om meeting of the Conciliation 
Board of the South Wales Tin-Plate Trade has considered 
the question of wages in war time. The result of lengthy 
deliberations was that bonuses were granted as follow :— 
To employees earning weekly wages of from 15s. to 20s. 

r week, 2s. per week advance ; to employees earning 

tween 20s. and 25s. per week, 3s. per week advance ; to 
employees earning between 25s. and 30s. per week, 3s. 
od week advance; and to employees earning between 

and 40s. per week, 2s. per week advance. 


The Bristol Channel.—Shipments of cargo coal from 
Bristol Channel ports in February totalled 1,762,734 tons, 
as compared with 2,538,805 tons in February, 1914. 
Bunker coal was shipped in February to the extent of 
400,536 tons, as compared with 383,331 tons. The 
gate shipments in February were accordingly 2,163,270 
tons, as compared with 2,922,136 tons. In these aggre- 
gates Cardiff figured for 1,323,323 tons and 1,901,697 tons 
respectively. 

Lower Freight Rates.—Coal freight rates have shown a 
tendency to decline at Cardiff. The reduction is attribu- 
table to the difficulty experienced in arranging loading 
transactions by reason of collier: —— being limited. 
The fall in freights from Cardiff to Rouen has been ls. 
per ton ; from Cardiff to Caen and Honfleur, 1s. 6d. per 
ton; from Cardiff to Nantes, 3s. per ton; from Cardiff 
to St. Nazaire, 2s. per ton; from Cardiff to Barcelona, 
10s. per ton; from Cardiff to Genoa, 13s. 6d. per ton; 
and from Cardiff to Port Said, 7s. 6d. per ton. 





GerMaAN SupMARines. — According to the Rivistu 
Marittima for February, the German Navy has, no 
doubt, put in service a large number of submarines 
which have been built during the > six months of 
the war. Our contemporary poin out in a former 
issue the possibility of building ——y any given type 
of submarine boat, provided the work resolved itself 
into the exact reproduction of an existing type. It 
called attention to the fact that many years ago, during 
the War of ion, at a time when the means of 
production were far from being com ble with those 
which now obtain, the Monitor, of 1000 tons, designed by 
the Swedish engineer Ericsson, was built in 100 days 
only. It should be noted in this connection that the 
German Government has been authorised to apply to 
other purposes the sums voted for the construction of the 
large units for the Fleet. From news received from a 
Danish source, it would y oe that the submarines now 
ready with the German fleet number 100; according to 
some they number 120. It seems an easy matter to the 
Rivista for powerful private concerns, such as Blohm and 
Voss, Howaldt, Schichau, Vulca mania, and Weser, 
whose commercial activity is totally suspended, to build 
in a few months a large number of submarine boats. 





JaPANesE Decrees ror British Enoingrrs.—We 
take the following from the Japan Times of February 9:— 
The Minister of Education will confer the degree of 
Doctor on ninety-three scholars of different branches of 
learning, the ceremony of conferring the degree taking 
place at the Department of Education. Of the ninety- 
three recipients, eighty-seven will be given the degree 
of Doctor of Engineering Science, two Doctor of Agri- 
culture, three Doctor of Medicine, and one Doctor of 
Literature. A notable fact is that there are ten 
forei : one French, two American, and seven British, 
all of whom were, or are, profersors of the Imperial 
University or other Government institutions, and have 
made great contributions to the educational -_ ss of 
the country. They are as follow:—British: Mr. T. 
Alexander, Professor J. Conder (Imperial Tokyo Univer- 
sity), Mr. Henry Dyer, Mr. John Perry, Mr. F. P. 
Purvis, Mr. Robert Smith, Mr. J. A. Ewing. American : 
Mr. W. S Chabrin, Mr. J. A. L. Waddel. French : 
M. Emil Bertin. ey are to receive the degree of 
Doctor of Engineering. The only Seenten scholar who 
has received the doctorate from the Imperial Japanese 
Government before this is Dr. Carl Adolf Florentz, late 
fetuee of the College of Literature of the Imperial 

okyo University. 
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NOTICES OF MEETINGS. 


Tue Association oF Mining ELectRicAL ENe@ineers : Tae Lanca- 
SHIRE, NORTH STAFFORDSHIRE, AND CugsuirRe BRANCH.—Saturday, 
March 27, at 6.30 p.m., at the Grosvenor Hotel, Manchester. Mr. 
T. OC. Thomsen, B.Sc., will read a paper entitled “‘The Use and 
Abuse of Oils on Mining Plant.” 

Tus StarvorpsHiRe IRON AND Stee. Institurs.—Saturday, the 
27th inst., at the Inetitute, Wolverhampton-street, Dudley, when 
Mr. W. J. Foster (Past-President) will read a paper on ‘‘ The Black 
Country and Its Relation to the Iron and Steel Industries.” The 
paper will be illustrated by lantern-views. Ohair to be taken at 

15 p.m. 

Tue Coip-Storace AND Ice AssociaTion.—Tuesday, March 30, 
at the Royal Society of Arts, John street, Adelphi, London, W.C. 
at 8 p.m. A paper will be read on ‘‘A Costs System for Cold 
Stores,” by Captain W. J. Wade, Member. 
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Secrion.— Wednesday, March 31, at 7.30 p.m., at the University, 
Edmund-street, Birmingham, a paper on “The Development of 
a Signalling on Railways” will be read by Mr. W. 

eld. 
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LABOUR AND MANUFACTURING 
PROFITS. 


Tue Chancellor of the Exchequer having met 
representatives of the trade unions last week and 
this week, to discuss the subject of the acceleration 
of work on war munitions, will no doubt next confer 
with the representatives of the employers. We 
anticipate no difficulty in a satisfactory settlement 
with the employers, who, throughout, have acted 
with commendable patriotism and business-like 
enterprise in meeting the demands made by the 
Admiralty and the War Office. Indeed, their conduct 
has been in sharp contrast with the suspicion and 
hesitancy on the part of the men. The attitude of 
the workers is in a measure excusable, because the 
spirit of misunderstanding, if not of suspicion, 
has been fanned through sources from which the 
nation was entitled to expect every effort towards 
allaying, rather than encouraging, discontent. It 
would almost seem as if the whole trouble was due 
to a belief that excessive profits are being exacted by 
unscrupulous manufacturers taking advantage of 
national extremity. Men, like children, need to 
be soothed at times ; but it is always dangerous to 
apply remedies which may accidentally have the 
effect of aggravating the evil. Some politicians, 
and others, in trying to win the workers to a full 
sense of their responsibilities, have referred in 
equivocal terms to the importance of ensuring that 
excessive profits should not be made at the expense 
of the workers and of the nation. There was no 
need for equivocation. It would have been -_ 
simple for those in authority to have stated publicly 
the terms upon which a vast amount of war 
munitions is being manufactured, particularly by 


D. | engineering firms. Certainly the manufacturers 


themselves would raise no objection to such a 
statement being made, particularly as it would 
clear the air, reassure the nation, and overcome 
the difficulties of the present situation. 
Normally,.all work for the Government is done 
under contracts settled by a tenders, the 
lowest tender being practically always —— 
When the war broke out there were a iarge 
number of contracts in process of execution. in 
practically all cases arrangements were made for 
accelerating the work by resorting to overtime, as 
well as to the concentration of the workers on all 
such contracts, especially those nearing comple- 


tion, by men being taken from mercantile work. 


The arrangement then generally made was that 
the contractor should be reimbursed to the extent 
of the amount paid for overtime in excess of 
the ordinary day rates. Thus, whether 25, 50, 
or 100 per cent. extra was paid, it was reim- 
bursed to the contractor, plus a small sum to cover 
extra charges—lighting, running of machinery, &c. 


356 | In connection with the new work ordered since the 


war began, it was not found possible to enter into 
elaborate arrangements to ensure competitive prices. 


1" The urgency of the need for new ships, guns, and 


——— generally made it impossible to wait until 
tenders were prepared under the altered economic 
conditions consequent upon the increased cost of 


362 | material and labour, while, in connection with the 


new types of ships, there would have been delay in 
elaborating designs and specifications to enable a 
fixed estimate to be made. It was therefore 
decided that most of such new work should be 
executed upon the time and material basis, bought- 
in material being reckoned at invoice price. This, 





of course, necessitates the disclosure to Govern- 
ment accountants of all transactions in connection 
with orders. Establishment charges and profit 
are arranged by negotiations, the Admiralty 
making certain that a fair bargain was being arrived 
at in the interests of the nation. Were the 
Government to disclose the details, it would be 
found that the percentage of profit allowed in 
very few, if any, cases exceeds 1 r cent. Thus 
there has been arrived at the “standardised scales,” 
the assumed absence of which has led to most 
—— assumptions, with the result that the 
iscontent of the workers is kindled or fanned. 
Why the arrangement thus briefly outlined should 
not be made public we cannot understand. A 


*| Government pronouncement on the subject at the 


very outbreak of labour unrest would have nipped 
in the bud a vast growth of misunderstandings of 
most dangerous tendencies. 

There is altogether a lack of proportion in respect 
to the situation. Every manufacturer seems to be 
regarded as a rapacious, if not dishonest, profit- 
seeker, and it would be well if someone in authority 
would state the case for the manufacturer. In the 
great majority of cases he is only the representative 
of a body of shareholders, many of them in humble 
circumstances, who have, owing to their confidence 
in the management, invested their earnings in the 
hope of getting a fair return. The shareholders 
in some of the large companies engaged on war 
munitions are to be numbered by their tens of 
thousands, and many of them are at the present 
moment entirely dependent for their income upon 
such returns. Are those responsible for the 
management of such companies to be charged with 
disloyalty and greed because they do not choose to 
betray the trust reposedin them? The case of the 
middle-class dependent on a fixed income due, in 
some cases entirely and in others largely, to divi- 
dends is harder than that of the outline classes. 
For them the cost of living has gone up as much as 
for the working classes, perhaps more. While the 
workers are demanding from 5s. to 103. per week 
more wages, in order to meet the increased cost of 
living, they urge that the income of the shareholders 
should remain constant, and in some cases, indeed, 
should be less. At the same time, the assumption 
is made that such shareholders should, through the 
managers of their companies, increase their capital 
commitments to an inordinate extent, in order to 
provide excessive producing machinery to meet the 
abnormal requirements of the nation ; although 
they are conscious that those demands will diminish 
enormously, if not cease entirely, on the attain- 
ment of peace. If the Government propose to 
exercise increased pressure on manufacturers to 
add to their producing facility, or to forfeit the 
mercantile work and the goodwill of former clients, 
surely the sacrifice they are making should in itself 
conduce to a kindlier feeling than is indicated in 
the adumbrations on the subject of assumed exces- 
sive profits. 

Any reduction of profits to those of normal times 
must, too, have ite effect upon the management 
and the staff of all factories. The cry of the 
worker has been that the increased physical stress, 
due to excessive demands, merited extra remunera- 
tion. This every one recognised to be perfectly 
legitimate. No one refused an increased wage ; the 
objection was rather to the manner of the request, 
and to the exercise of force in imposing an instant 
and full compliance with all that the men asked. 
The case of employers and their staff is on all 
fours. The management of great undertakings is 
based largely on the principle that a reward should 
follow effort and efficiency. Thus less importance is 
often attached toa fixed salary and more toa bonus, 
according to the profit realised in each depart- 
ment. We do not for a moment incline to the view 
that the managers and staffs of our t engineer- 
ing factories would suit their patriotism to their 
financial reward. The same applies to the great 
majority of workers. But this triumph of patriotism 
over all other considerations, even when physical 
endurance exceeds the elastic limit, is no justifica- 
tion for any refusal of the State to recognise that 
it has a duty towards those who diligently and 
efficiently serve it. The responsibility of the State 
towards the citizen has its place in the scheme of 

triotiam as definitely and irrevocably as has the 
ote of the citizen towards the State. The manu- 
facturer or capitalist, his managers and staff, are as 
worthy of their reward as the artisan. Equally is 
this the case with those who give of their accu- 
mulated earnings for the provision of the manu- 
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facturing appliances essential to production, even 
if they must be ranked as capitalists. 

Mr. Lloyd George is to be congratulated on the 
large degree of success which he has attained in allay- 
ing a great part of the discontent. But unless the 
workers, and even the public, have final reassur- 
ance regarding this question of profits, there will 
be a sense of injustice, whether rightly or wrongly 
founded. We hope that strikes will cease ; but, 
as we have all along contended, it must be estab- 
lished in the mind of the worker that the Govern- 
ment have the power to ensure their cessation, and 
that they mean to exercise that power. For that 
reason we are glad to see the first indication of the 
enforcement of that power in Lord Kitchener's 
letter of appeal to the Dock Labourers’ Union, in 
connection with the difficulties at ry pee 
‘*If this appeal has no effect,” wrote Lord 
Kitchener, ‘*I shall have to consider the steps 
that will ensure what is required at Liverpool being 
done.” We trust that this is the beginning of 
action and the end of words. A medium for 
arbitration has been established. This week this 
Arbitration Committee have issued their award in 
the Clyde engineers’ dispute. They have given the 
men on time rates ld. per hour, or 4s. per week, 
those on piece rates 10 per cent., the increase to 
regarded as ‘‘ war wages” and recognised as due 
to, and dependent on, the existence of the abnormal 
conditions now prevailing in consequence of the 
war. The men, Tike the employers, had agreed to 
accept any award as binding. 

The Chancellor continues his efforts towards get- 
ting a suspension during the war of the restrictions 
of output demanded by the trade-union regulations, 
on lines which we have advocated time and again. 
Guarantees are being given that these restrictions 
are to apply only for the duration of the war. We are 
certain that the employers will fulfil, in word and 
spirit, the terms of their guarantee. They ought not, 
however, to be asked to guarantee that for all time 
these restrictions are to be as the laws of the Medes 
and Persians, and care must be exercised to ensure 
co-operation between employers and men, and 
to arrange for such concession and guarantees. 
There is in front of us, especially after peace 
has been declared and the ravages of war have 
been repaired, a time of great financial and 
economic stress, and although our immediate busi- 
ness is to achieve with steadfastness and without 
flinching, irrespective of sacrifice, the purpose for 
which we have had to unsheathe the sword, we ought 
still to have in some of the brain-cells a thought 
for the difficulties which are certain to arise later. 
Only thus can we obviate the planting of the bacillus 
which may bring a virulent epidemic of labour 
troubles that may attack each individual and the 
whole industry of the country. 





THE COAL TRADE AND THE EIGHT 
HOURS ACT. 

Tue Glasgow Chamber of Commerce and the 
Corporations of Glasgow, Edinburgh, and Aber- 
deen, and some other representative bodies, have 

titioned the Government to suspend the Mines 

ight Hours Act, in order that the miners may 
not be prevented from working more than eight 
hours in any twenty-four, and the Government has 
announced that this matter is under consideration. 
The owners of the Cleveland iron-stone mines have 
suggested the temporary suspension of the measure 
in that district in view of the urgent demands for 
local iron-stone through the restriction of shipments 
of foreign ore, and a special request has been made 
to the Miners’ Federation to acquiesce in this 
ow sal. But the Executive Committee of the 

ederation has passed a resolution ‘‘ emphatically 
protesting against the movement at present being 
engineered by certain mine-owners, manufacturers, 
chambers of commerce, gas committees, and other 





interested parties to bring about a suspension of 
the Mines Bight Hours Act.” 

It is provided in Section 4 of the Act that :— 

**His Majesty may, in the event of war or of 

imminent national danger or great emergency, or in | 
the event of any grave economic disturbance due to 
the demand for coal exceeding the supply available 
at the time, by Order in Council suspend the opera- 
tion of this Act to such extent and for such period 
as may be named in the Order, either as respects 
all coal-mines or any class of coal-mines.” 

While the Government is considering this question, | 
and is under pressure from two opposite directions, | 
it may not inopportune to call attention to | 


some of the effects the Eight Hours Act has had 
upon the working miners. This measure, it is 
important to recall, was passed under the impres- 
sion that it would benefit a hard-working body of 
men exposed to great and constant dangers. To 
increase the safety and the leisure of the miners— 
that was the object. How far the Eight Hours 
Act has failed to increase safety may be judged 
from the fact that whereas the number of our mine- 
workers killed in the ten years 1900-1909 averaged 
1140 per year, the average has been 1480 for the 
five years 1910-14, that the Act has been in force. 
Relatively to numbers employed, as well as actu- 
ally, deaths have increased. Non-fatal accidents 
have largely increased, as the officers of the miners’ 
relief societies will testify. Before the Hight 
Hours Act became operative our mines were 
steadily getting safer as a result of improved 
methods of working. Under this law we are moving 
in the opposite direction. 

To understand how the new law is responsible 
toa large extent for the deplorable change from 
increasing safety to increasing danger, it is neces- 
sary to observe that, under the old conditions, 
working hours and shifts were arranged to conform 
to local circumstances. The coal trade varies 


be | widely between the different districts, the different 


seasons, and even the ‘different mines. In one 
case, for instance, the trade is in household coal, 
and the pressure of demand is in the winter. In 
another case it is a steam-coal trade, and if it 
happens to supply exports fov the Baltic, say, it is 
almost entirely a summer demand. Thus it came 
about that before we got the Eight Hours Act we 
had in some cases the miners working full time, or 
overtime, in the summer and short time in the 
winter. There was freedom to work according 
to uirements. Again, the men frequently 
worked nine or ten-hour shifts on mid-week 
days in order to have Saturdays or Mondays free. 
Owing to these varying trade conditions, coupled 
with the equally diverse natural conditions of 
mining, we had in some districts a single-shift 
system of working the pits, and in others a double- 
shift system. The Right Hours Act, however, was 
an attempt to impose uniformity upon the industry. 
It became necessary, therefore, practically to defy 
local, trade, seasonal, and natural circumstances in 
order that the men should only work eight hours in 
any twenty-four. The old long shifts had to be 
brought down to the legal limit, which meant, in 
many cases, that the miners worked five or six shifts 
a week instead of four or five. This seriously inter- 
fered with week-end leisure. Moreover, with his 
hours limited the collier became strongly inclined 
to call a poor place a very bad, or abnormal, one in 
order to claim the customary special allowances. 
It was really this that aggravated the old ‘‘abnormal 
place” difficulty and led up to the great national 
coal strike. But the worst feature of the new law 
was that it necessitated a great alteration of work- 
ing shifts, that it upset old customs, and provoked 
a great deal of speeding-up, with the inevitable 
increase of accidents. 

In the North of England especially the Eight 
Hours Act has had bad results, and the men have 
not yet ceased agitating for the abolition of the 
three-shift system introduced to fit the new law. 
When the law first came into force many thousands 
of the miners struck against it. From some pits 
not a ton of coal was drawn for sixteen weeks. 
The leaders had great difficulty in persuading the 
men to give the new system even a trial. The 
original resentment has not been lessened by 
practical experience. The men recently voted for 
another strike against methods they declare detri- 
mental to their health and welfare, and it is only 
because union funds are depleted, as a result of the 
national coal strike, that we have escaped another 
great stoppage in the north. 

In the northern coalfields, as a direct outcome of 
the multiple-shift system, worked in order to meet 


| the requirements of the Eight Hours Act, many 
‘thousands of the miners’ wives are “og going 


nearly all the time between 2 a.m. and 11 p.m. 
— Their young children are neglected, the 
working boys cannot attend evening c 8 regu- 
larly, and neither men nor women can enjoy 
reasonable domestic or social life or get proper 
rest. The three-shift system, as it is called, 
really means the working of five or six separate 
shifts in the Durham and Northumberland mining 
industry. Whereas formerly the coal - getters 
worked double shifts of only about seven hours 
each, and were served by a single shift of boys 





and labourers working about nine or ten hours, 
it became necessary under the Eight Hours 
Act to put the coal-getters on three shifts and 
the transit hands on a double-shift system. In 
consequence of this, the men and boys are 
leaving home and returning at practically all 
hours of the day and night. This completely dis- 
organises family life, for in most hesstaiie there 
are two or three sons and, perhaps, a lodger or two 
working at the mines. Probably father and one 
son and a lodger are coal-getters. Other sons are 
trammers, putters, repairers, &c., and may all be 
on different shifts. One worker has to be up about 
2 o’clock in the morning for a meal, and be down 
the pit by 3 0’clock. This man will return about 
10 o'clock. Another man, or, perhaps, a young lad, 
has to get out of bed about 4 o’clock to be in the 
pitat five. This one will return home about 1.30 p m. 
Another worker needs to be at the pit-head at 6 
o’clock, knocking off at 2 p.. Another goes down 
the mine at 8.30 a.m., and comes up at 3.30 p.m. 
And yet another is at work frum 2 p.m. until between 
9 and 10 o’clock, and it will be about 11 o’clock by 
the time his supper is finished. The women have 
scarcely ever done preparing meals and changes of 
clothing. The house is never settled. Someone is 
always in bed. The difficulty is intensified by the 
changing of the shifts. A man whois on the “fore” 
shift one fortnight is on the ‘‘ mid ” shift the next 
fortnight and on the ‘‘ back” shift the third fort- 
night. The lad who is on the morning shift one 
fortnight, is on the afternoon shift, which runs late 
in the evening, the next fortnight. Besides this 
upsetting of domestic life, social customs and public 
and trade-union activities are interfered with. 
Miners who are on local governing bodies, or co- 
operative society directorates, are unable to attend 
properly to their duties because they are frequently 
in the pits at nights. Trade-union meetings have 
to be held on Sunday, for that is the only day full 
attendances can be obtained, with at least a third of 
the men in the pits at any other time. Health 
suffers, too, through the irregular and unnatural 
hours of sleep, work, and meals. Safety in working 
is diminished, because the men and lads are less 
healthy, less alert, and less able to guard against 
the natural dangers of their calling. Moreover, 
the pits have not time to be repaired properly. 
Under the old system the mines were clear from 
5 o’clock in the evening until 3 o’clock in the 
morning. Now there is very little time for venti- 
lation or repairs. Such are a few of the results of 
the Eight Hours Act. 





ATOMS AND IONS. 

At the Royal Institution on Saturday last, Sir 
J. J. Thomson, O.M., F.R.S., delivered the pen- 
ultimate lecture of his course on ‘‘ Atoms and Ions.” 

He recalled that) on the last occasion he had 
referred to the slight conductivity which air pos- 
sessed, and maintained even when confined within 
a closed and thick-walled vessel. In no way what- 
ever was it, he said, possible to reduce this conduc- 
tivity below a value which corresponded to the 
production of about four ions per cubic centimetre 
per second. If, instead of using air enclosed in 
a thick-walled vessel, a sample of free air was 
taken, the conductivity was very much greater 
than corresponded to the above figure. In fact, 
with air in its normal state, the number seldom 
fell below eight ions, and might rise to a much 
higher value. This additional conductivity was due 
to the radioactive constituents of the earth, 
and atmosphere. These gave off emanations which 
were capable of ionising a gas, and to the presence 
of these emanations was to be attributed all the con- 
ductivity in excess of that corresponding to the 
production of 4 ions per cub. cm. per second. As 
would naturally be expected, this added conductivity 
showed considerable fluctuations, being dependent 
on the presence of a gas which had originally come 
out of the earth, and been carried by the winds to 
the site of the experiment. The quantity of this 
constituent present in the air had been measured by 
Satterly at the Cavendish Laboratory daily for 
nearly a year, and he had found that its amount 
ranged from a minimum corresponding to the pro- 
duction of 1 ion per cub. cm. per second to 4 
maximum some ten times as great. Satterly had 
tried to establish some connection between the 
amount of this constituent present and the state 
of the weather. But no very close connection 
was apparent, the weather, whether wet or dry, 
calm or windy, making little difference to the con- 
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ductivity. In fact, the gas sampled at any one 
time might have travelled hundreds of miles. The 
constituent responsible for the extra conductivity, 
though not permanent, could last a week or s0, 
and hence the conductivity of the air examined at 
a particular time might have been acquired a week 
or two previously. In this connection it was there- 
fore the atmospheric conditions at the sources of 
supply, rather than those at the testing place, which 
might affect the conductivity. Hence no very close 
connection was to be expected between the con- 
ductivity of the air and the state of the weather, 
and none was apparent. When, however, the course 
of the air was traced bick, for some time previous 
to the test, by means of meteorological a it 
turned out that in air which had travelled over 
continents the amount of emanation was much 
higher than that in air which had come from over 
the sea, the difference being very considerable. 
Another point established was that, when the baro- 
meter was falling, there was a tendency for the 
conductivity of the air to rise, due to the libera- 
tion of gas from the earth under the diminished 
pressure. 

Mr. Satterly further found that the gas sucked 
out of the earth through pipes sunk to different 
depths in various parts of Cambridge was a very 
good conductor, being about 2000 times as conduc- 
tive as ordinary air. This was due to the fact that 
the radium constituents of the soil were constantly 
giving off emanations, which collected in the pores 
of the soil, and, when sucked out, this emanation 
produced a gas which was quite a good conductor of 
electricity. Mr. Satterly found, moreover, that the 
marsh gas liberated on stirring up muddy ditches 
was also &@ very good conductor, as it brought with 
it the emanation which came off from the radium 
constituents of the mud. The amount depended, 
of course, on the quality of the mud, but very 
often marsh gas thus obtained had a very 
large amount of conductivity. From  experi- 
ments made above land surfaces it appeared that 
the quantity of radium emanation in the air was 
sufficient to produce per annum and per cubic 
centimetre of air, 3x 10-17 cub. cm. of helium. 
The amount of helium actually present in the air 
was 5x10-6 cub. cm. per cub. cm. of air. He 
would not, Sir Joseph continued, divide the one 
figure by the other in order to determine the age 
of the earth, since a good many intermediate 
steps were missing between the emanation and 
the helium, which would have to be made good 
before a calculation of this kind could bo justified. 

In the last lecture he had alluded to the ease 
with which sodium and potassium and the alkaline 
metals generally came off (with a positive charge) 
from surfaces. He had meant to illustrate this 
experimentally, but the tube had cracked. He would 
now, however, make good the omission. The only 
peculiarity about the tube used lay, he said, in the 
electrodes. The positive electrode consisted of a 
piece of tubing, the upper end of which was tightly 
ame with a mixture of sodium iodide, sodium 

romide, lithium iodide, and lithium bromide. A 
wire embedded in this mixture formed one terminal 
of the tube. The cathode consisted of a wire, 
which encircled as a spiral the tube forming the 
anode. When the discharge passed, the salt mix- 
ture was heated, and gave out rays consisting of 
atoms of sodium and lithium, which moved fast 
enough to give the characteristic colours of these 
metals—viz., the yellow of sodium and the red of 
lithium. 

Proceeding, the lecturer next discussed the 
means by which colids and liquids which were 
ordinarily insulators might be made conductors. 
This could be done, for example, by means of the 
Roéntgen rays. The resultant conductivity was in 
no case equal to that produced by the same 
means in a gas, but it was still quite appreciable. 
In the early days of Réntgen radiation he had 
himself observed that these rays would render 
conductive a mixture of vaseline oil and bromine, 
which ordinarily was a very bad conductor. Simi- 
larly, hexane exposed to radium became quite a 
good conductor of electricity. Yaffe had in this 
case measured the number of ions produced, and 
their speed, and also the rate at which ions of 
opposite sign combined to form new systems. In 
some —- hexane was more satisfactory to 
work with than gases, as, although the conduc- 
tivity was smaller, the results were found to be 
more regular. 

The Ouries had shown that insulating liquids and 
solids exposed to the radium emanation also became 





conductors. McLennan, again, had found that when 
exposed to the influence of polonium, liquid air 
would conduct electricity. He would have liked, 
the speaker continued, to have shown this experi- 
ment, but owing to the difficulties arising from the 
condensation of moisture in the apparatus, and 
consequent loas of insulation, the plant required was 
too cumbrous for use in a lecture experiment. 

Dewar had shown that, normally, liquid air was 
an insulator, yet McLennan now found that it would 
conduct when exposed to polonium. The speaker 
would, he said, use polonium to show that under 
its influence paraffin would become a conductor. 
To this end Sir Joseph placed a sheet of paraffin 
paper on a copper plate coupled to an electroscope, 
and on top of this paper laid another sheet of 
copper, on one side of which was a deposit of 
polonium. He showed that the leakage from the 
electroscope was about three times as fast when 
the polonium deposit was next to the paraffin as 
when the plate was reversed upside down. 

There was another substance, the lecturer con- 
tinued, which became a conductor when exposed 
to Réntgen rays, but he would not claim that 
this was a simple case of ionisation, although 
probably closely connected therewith. He referred 
to the action of Réntgen rays on a selenium 
cell, which under the action of the rays had its 
resistance very largely reduced. The cell was made 
by cutting a series of equally-spaced notches on 
the opposite edges of a strip of mica, the most 
convenient plan of doing this being to clamp the 
mica between two pieces of brass, turn up the 
whole on a lathe, and finally cut a screw-thread 
of 1 mm. pitch. Around the strip thus formed 
were wound two coils of wire, the two wires 
resting in alternate notches. The whole was 
covered with selenium and warmed until the 
selenium flowed over and filled tho interspaces 
between the two windings. It should be noted 
that it was only the crystalline form of selenium 
that was sensitive, and the attainment of this state 
was indicated by the appearance of the selenium, 
which in the crystalline condition was slate-coloured. 

Taking a cell thus formed, the lecturer placed it in 
a light-tight box, coupling up one coil to a voltaic 
cell, and the other to the terminals of a galvano- 
meter. On exposing the box to the action of 
Roatgen rays he showed that the deflection of the 
galvanometer was notably increased, the resistance 
of the cell being, in fact, diminished to about one- 
third of its original value. Great as was the effect 
of the Réntgen rays on the cell, that of light was, 
he continued, very much greater, a lighted match 
brought near the cell causing a very large deflec- 
tion. Many practical applications of this property 


of selenium had been proposed, including a method | H 


for the transmission of photographs telegraphically. 

Resuming, the lecturer said that it would be 
seen from the foregoing that by the action of 
appropriate agents we could get conductivity in 
liquids and solids as well as in gases. Indeed, we 
should expect that it ought to be easier to effect a 
separation of the positive and negative charges in 
the case of liquids than in that of gases, or, rather, 
than in the case of the individual molecules consti- 
tuting the gas. The electrons or corpuscles inside 
the molecule might be looked on as exerting a 
certain pressure, the intensity of which was peculiar 
to the particular element under consideration. 
Thus with iron the pressure had one value, and 
with copper another. If an atom of the one were 
put close to an atom of the other, the fact that the 
internal corpuscular pressure was different in the 
two atoms would tend to make corpuscles pass 
from one to the other. 

What was it prevented this flow of electricity? 
A transfer would mean that the one atom would 
he left positively charged, and the other acquire a 
negative charge, so that the two would be equiva- 
lent to the two coatings of a Leyden jar. Now, 
when a Leyden jar was charged with a definite 
quantity of electricity, the larger the jar the smaller 
was the work required to charge it, this work 
being, in fact, inversely proportional to the capa- 
city of the jar. Hence the resistance offered to 
the transfer of a charge from one system of mole- 
cules to another would diminish if the size of 
either of the systems involved was increased. A 
collection or cluster, consisting of a large number 
of molecules, would thus _——- to a large jar, 
and to charge it up with a definite quantity of 
electricity would need a smaller expenditure of 
energy than would be required —— smaller jar 
represented by single molecules. ence, it should 





be easier to get the electricities separated when 
dealing with clusters, or aggregates of moleculer, 
than when dealing with two individual molecules, 
and when molecules were closely associated 
together, as in liquids and solids, than when in- 
a as in the case of gases. 

t was not to be supposed that every molecule of 
a cluster lost a charge, but merely that the transfer 
of a single charge took place more easily when a 
considerable number were aggregated into a 
cluster. In other words, it was more difficult for 
atoms of iron and copper to become charged up 
when brought into contact than for plates of the 
two metals to do so. 

When two dissimilar bodies were brought into 
contact, there was thus a tendency to produce 
electric separation, one side becoming positive and 
the other negative, and this tendency was the basis 
of the process of producing electricity by friction, 
the work expended in the friction providing the 
energy necessary to complete the separation by 
tearing the charges apart. 

A remarkable phenomenon had been discovered 
by Quincke, who had found that small particles of 
solids floating in water or other liquids were set in 
motion by an electric field, sometimes in one direc- 
tion and sometimes in the other, depending upon 
the nature of the particles, and on that of the 
liquid in which they were suspended. For ex- 
ample, particles of sulphur suspended in turpen- 
tine contained in a horizontal tube could be driven 
from one end of the tube to the other by coupling 
up the ends of the tube to a Wimshurst machine. 
On reversing the polarity of the ends the particles 
previously crowded into one end were rapidly 
cleared out and driven to the other end, and 
similar estes could be shown with particles 
suspended in water. 

msider, Sir Joseph said, such a particle in 
suspension carrying, say, a negative charge dis- 
tributed over its surface. Then, on the adjacent 
water there would be a layer of positive electricity 
equal in quantity, and if any external force acted, 
it would push the positive as much as it pulled the 
negative layer. Hence, if the charges were rigidly 
connected together, there would be no effect. Vet, 
asa matter of fact, in most cases the particles did 
move through the liquid, and this was sup to 
be effected by the outer layer of electrification 
slipping past the particle, and being made good or 
renewed by a fresh charge induced on the water 
molecules, which replaced those left behind by the 
motion of the particle. 

If this were really the nature of the action at 
issue, it would seem as if there should be some 
limit to the conditions in which it might occur. 

is own view was that if the potential differ- 
ence between the two coatings was sufficiently 
great, no motion would occur, and, of course, there 
would also be no movement if this potential differ- 
ence were zero. It was, indeed, a suspicious fact 
that measurement made of the speed of these par- 
ticles (which was proportional to the potential 
difference) showed that the speed did not depend 
on the size of the particles, but only on the poten- 
tial difference, and the numbers deduced for this 
were all about 0.03 volt; the highest of which he 
could find a record being 0.05 volt in the case of 
~—— particles in contact with water. This scale of 
values was just in the region of the energy possessed 
by the particles in virtue of their thermal agita- 
tion, that of the particles of air being 4; volt when 
measured on this scale. It was, he thought, very 
suggestive that the numbers found were all in this 
neighbourhood, and it might be that the separa- 
tion of the charges which permitted the motion, 
had to be brought about by the energy which the 
molecule possessed in virtue of its thermal agita- 
tion. Hence, if the —— to separate the 
two coatings were very large compared with the 
kinetic —a of the particles, the two coatings 
would be held together, and the particles would 
not move under the action of the electric field. 

In the Cavendish Laboratory, Mr. Mc had 
experimented on the motion of electrifi ubbles 
through a liquid, and, using centrifugal force to 
steady their motion, had observed their velocities 
with very great accuracy. An interesting point 
established was that the speed due to the electric 
field was the same whatever the gas in the bubble, 
whether oxygen, hydrogen, or air. Possibly this 
result was due to the difficulty of getting entirely 
rid of the oxygen, very little of which might, 
perhaps, suffice to mask any specific velucity per- 
taining to the hydrogen in a bubble. 
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THE CHEMICAL INDUSTRY OF 
AMERICA. 


Tue Germans, as is only natural, keep a very 
watchful éye on industrial developments generally 
during the war, but more especially upon those 
branches directly influenced by the isolation of 
Germany and the scarcity in other countries of 
German raw materials or half-finished goods. The 
chemical industry plays an important part in this 
connection, and a survey of the state of this industry, 
as far as the United States are concerned, by Pro- 
fessor Dr. H. Grossmann, may be read with interest. 

The stoppage of the oversea commerce, which 
ensued upon the declaration of war, affected very 
materially, and for a considerable time, the indus- 
tries of the United States, through markets being 
completely upset, and the unprecedented rise in 
the price of several necessary articles of consump- 
tion. The chemical industry of America, in parti- 
cular, has to no small extent been a sufferer ; the 
sudden cutting off of the supply of indispen- 
sable raw materials, and of numerous articles 
which were not produced within the United 
States, caused a protracted state of what was very 
much akin to a crisis. Although the chemical 
industries of the United States have made very 
material strides during the last quarter of a century, 
this industry is still a good long way removed from 
that state of self-reliance and self-containment 
which the German chemical industry manifests 
at the present day. The American industry may, 

rhaps, be said to have succeeded in making itself 
airly independent of the European markets in 
regard to inorganic acids, soda, chloride of lime, 
&c.; but in the organic industry, and as regards 
potash compounds, very little change has been 
wrought during the last twenty years, in spite of 
assiduous American efforts. On the contrary, 
America’s increasing requirements have rather 
further underlined her dependence on Germany. 
The import figures in the matter of potash com- 
pounds and dyes, which America almost exclusively 
draws from Germany, are certainly much smaller 
than those represented by certain German imports 
from America of raw materials, such as cotton, 
copper, petroleum, &c. But the former play an 
important - in the industrial household of 
America, the more so as they cannot be replaced 
from other channels, and it may be maintained that 
both the volume of America’s agricultural produc- 
tion and the undisturbed progress of many leadin 
industries, above all the textile industry, are muc 
hampered by the reduction in the German supplies 
of chemicals. 

It cannot be wondered at that the Americans 
under these circumstances endeavour to make 
themselves independent of Germany. It has been 
mentioned with much satisfaction in an American 
trade journal that a factory is about to be started 
at Searles Lake, California, which could produce 
5 tons of potash per day, and the capacity was 
expected soon (7) to be raised to 120 tons per day, 
which would mean an annual production of 37,560 
tons of potash (K,O), which is only one-sixth of the 
import from Germany. The production of potash 
from saltpetre to supply the home market has 
proved futile. The importance of the potash com- 
pounds does not concern only agriculture, and 
many other industries in America are dependent 
upon the import of a number of other chemical 
products, and are, in their absence, condemned to 
an ever-increasing inactivity. 

As a contrast to Germany’s natural monopoly 
in the matter of potash and kindred compounds, 
with the supply of which the war at once inter- 
fered, ptm Germany’s monopoly, the outcome 
of organisation and capital, in the field of organic 
dyes. The actual value in money does not illus- 
trate the importance of the imports of these 
goods. Within a very short time of the breaking 
out of the war, the American textile industry 
stated that with their stock in hand of dyes they 
could probably only continue werk for a couple 
of months, and they would then have to face one 
of two alternatives—either tly to reduce 
work or stop it altogether. e dye famine even 
caused the American Government to make press- 
ing representations in Germany. 

After lengthy negotiations with the British 
Government the American textile industry finally 
succeeded in obtaining England’s acquiescence to 
a steamer, sailing under the American flag, going to 
Rotterdam last October to obtain German dye- 
stuffs. The operation has been repeated several 


times during the last few months, a proof that 
both the British and the American Governments 
know how to make concessions when circumstances 
render this desirable. 

One of the circumstances militating against 
chemical manufacture in the States is that the dye 
industry stands in a peculiar position by employing 
a large number of different products in compara- 
tively small quantities. The tendency of the Ameri- 
can chemical industry has been centred upon the 
production of goods in large quantities. ides, 
it may prove difficult for America to gain upon the 
start Germany has in the dye industry, which is 
bothof a large capacity and provided with very sub- 
stantial capital. It is, in any case, a noticeable fact 
that it has been proposed to erect an experimental 
factory, at the expense of the State, for the manu- 
facture of organic intermediate substances and dyes, 
which shows that even the most financially strong 
private concern does not care to tackle this problem. 

The development of an efficient chemical dye 
industry in America, as in England, will, no doubt 
for a considerable time to come, remain a pious 
aspiration. 








NOTES. 
Tue Norwecian State AND THE CouNTRY’s 
Water-Power. 

Tue Norwegian Water-Power Commission has 
recently handed in a comprehensive report dealing 
with the water-power problem omnedie and the 
position of the State in the matter. The Commis- 
sion estimates the power requirements of the 
country at 450,000 kw., apart from what is wanted 
for large industrial concerns. These requirements, 
however, are not by a long way satisfied, and in 
many parts of the country there is at present no 
access whatever to electric energy. The building 
of municipal power-stations will in many instances 
be an expedient means of procuring cheap elec- 
tric current for the population’s ordinary require- 
ments, and there is no reason to apprehend any 
drawbacks should the State take upon itself to 
become the sole provider of electric energy from its 
own water-falls. It might even be advisable that 
the State, in certain cases, should hand over one of 
its smaller waterfalls to a municipality on reasonable 
terms; the State might even, in some cases, buy 
suitable smaller waterfalls for the express purpose 
of afterwards giving up such falls for municipal ex- 
ploitation. The Commission recommends an exten- 
sion of what may be called the State’s consulting 
work for municipalities as regards the exploita- 
tion of smaller falls (under 500 horse-power), and 
that this capacity limit should be done away with 
and no other limit substituted. Special attention 
should be given to the question of vesting this 
consulting work in officials resident in the dis- 
tricts in question. In the meantime, the work 
should be confined to the central authority, so 
as to ensure more uniformity. The State should 
be prepared to grant pecuniary assistance to the 
municipalities which intend to acquire or exploit 
falls already owned by them, by erecting hydro- 
electric power-stations for the benefit of the public. 
This aid should take the shape of loans on reason- 
able terms, and this should be extended by the 
loan business of the Hypothek Bank being made to 
comprise this field. The loan limit should be nine- 
tenths of the official valuation of the waterfalls. 
The limit for loans to power-stations should be 
three-fifths of the official valuations of the works and 
lines. As regards the waterfalls owned by the 
State, it must not be expected that the country’s re- 

uirements of electricity can be satisfied entirely 
y meer the medium of municipal power-stations. 
Electric energy ought to be obtainable everywhere, 
and in sufficient quantities. This is of the utmost 
importance for the development of agriculture, 
domestic industries, and both small and large indus- 
tries. In the rural districts the ibility of obtain- 
ing electric energy will enable the population to in- 
crease their earnings outside the actual farm-work. 
The State must therefore step in by the exploitation 
of its waterfalls, where the local power stations no 
longer can supply the demand. e fact that the 
State continues to acquire waterfalls would indicate 
that the State also intends to exploit these falls and 
derive some return from the capital vested in them. 
The Commission takes it for granted that the oft- 
discussed Nore falls should first be exploited. As 
to the future programme, it is hardly opportune 
to enter upon detailed particulars at the present 





time, but attention is drawn to the waterfalls 





owned by the State in the northern part of the 
country, which, it is thought, should come under 
early consideration after the exploitation of the 
Nore falls. 

Tue Opticat-Guiass InpustrRy. 

A few years ago the Royal Society, acting in 
conjunction with the Board of the National Physical 
Laboratory, appointed a Committee on Optical 
Glasses. The immediate urgency of the question, 
which was raised by Sir David Gill, was then the 
difficulty of obtaining large discs for refracting tele- 
scopes. The outbreak of the war has accentuated 
the urgency of the general question of the supply of 
optical glasses. This country has increasingly been 
relying of late years on German optical glass, and 
that source of supply has suddenly been stopped. 
Forty years ago British glass-makers and British 
instrument-makers would have complained, for 
other reasons, that a war prevented their disposing 
of their own produce. The present position of 
“* The Optical Glass Industry,” and its historical de- 
velopment, were ably dealt with in a lecture having 
this title which Mr. J. W. Gordon, K.C., delivered 
at the Polytechnic last Monday. Mr. Gordon was 
the honorary secretary of the Uptical Convention 
of 1913, and is secretary of the Technical Optics 
Committee which that Convention appointed to 
watch the interests of the optical salletey. He 
has the gift of being able to interest at the 
same time the expert and the general public. 
Having explained with the aid of experiments what 
glass is from the points of view of the chemist and 
the physicist, Mr. Gordon gave an outline of the 
history of ee The Chinese, Phoenicians 
and Egyptians had, he said, excelled in glass- 
making ; but European glass had had its own deve- 
lopment. The Romans were good glass-makers. 
The art was lost during the storms which destroyed 
the Roman Empire. Then Germany began to 
make green glass, Italy tog the art, and Ger- 
many once more took the lead in introducing hard 
potash glasses. In the seventeenth century glass- 
making spread from Germany to England, and here 
lead glasses of high density and refractive power 
were developed ; previously lead oxides had merely 
been added as flux. Further progress had been 
secured on three lines: by research, invention, and 
technological improvement. In the field of re- 
search England had first been pre-eminent, thanks to 
men like Faraday, Vernon Harcourt, and Stokes; in 
the other two fields Germany had become paramount 
since the eighties, owing mainly to the work of Abbe 
and Schott, and the leading position of the British 
optical- glass industry had been lost again. If 
England, Mr. Gordon stated, were not to revert 
to the status quo ante bellum once the war was 
over, and were to regain its independence of the 
German glass supply, British glass-makers would 
have to co-operate and to organise. The large 
number of small British glass-makers had not the 
surplus of skilled. labour required to meet the 
needs of the inventor, and they had no common 
resources. Whether or not a demand for a special 
type of glass, of a dispersion coefficient, e.g., correct 
to the fifth decimal, could be satisfied, was a matter 
of chance. Jena listed and kept in stock more 
than seventy types of glass, whilst the best British 
firms did not list more than thirty. Many of the 
points upon which Mr. Gordon dwelt were accen- 
tuated in a report, distributed at the meeting, 
which a committee of the British Science Guild 
had submitted to the Board of Trade; other 

ints were emphasised by Dr. Walmsley, 

-R.S., Principal of the Northampton Tech- 
nical Institute, Clerkenwell, who occupied the 
chair. As regards binoculars, telescopes, and 
range-finders, there is little difficulty; but as 
regards photographic-lenses in particular, which are 
not definitely standarised, England is very severely 
inconvenienced. Provision should also be made, 
the meeting unmistakeably agreed, for education 
in technical optics, also for the testing of optical 

lasses and for optical research at the National 
hysical Laboratory. The Northampton Institute, 
now the home of optical training in this country, 
may not be able to carry this work on, and the 
question of optical training is of increasing national 
importance ; London should not be saddled with 
all the financial responsibility. 





PrrsonaL.—In consequence of the develo t of the 
business, the Metal Information Bureau, of 3, East India 
Avenue, Leadenhall-street, London, E.C., removed on 
Thursday, March 25, to 7, East India Avenue, Leaden- 
hall-street, London, E.C, 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 


Tue Institution of Naval Architects opened its 
usual spring meeting in the hall of the Royal 
Society of Arts, on Wednesday last, the 24th inst., 
at 11.30 a.m., the Marquis of Bristol, President, 
occupying the chair. Owing to the exceptional 
times, the meeting this year was arranged on less 
elaborate lines than is usually the case. There was 
no dinner in the evening of the opening day, while 
meetings on the third day and in the evenings were 
dispensed with, thus leaving only morning and 
afternoon meetings on Wednesday and Thursday. 
The meeting opened on Wednesday last with the 
reading of the annual report of the Council for 1914 ; 
of this we give & summary, as usual, herewith. 


Tue Annuat Report. 


The report referred first to the fact that, on the 
opening of hostilities last year, the Council had 
a the staff and organisation of the Institution 
at the service of the Admiralty, and that all 
members of the Institution who were subjects of 
enemy countries had been temporarily suspended. 
The net increase in membership during the year 
was 46, the number of names on the roll being 
now 2175. The membership was made up as 
follows:—Hon. members, 18 ; members, 1235; 
associate members, 292 ; associates, 486 ; students, 
144. The losses by death during the year were 
comparatively light, but had included Mr. Charles 
Scott, Mr. F. J. Trewent, Engineer-Captain W. K. 
Williams, Admiral H. J. Carr, and the Right Hon. 
A. Cohen and Mr. W. R. Eckart. 

A summer meeting had been held in Newcastle- 
on-Tyne jointly with the North-East Coast Institu- 
tion of Engineers and Shipbuilders and the Insti- 
tution of Engineers and Shipbuilders in Scotland. 
This meeting was dealt with in ENGINEERING at 
the time. e Council tendered their thanks to 
Sir Charles Parsons, to whose initiative this meet- 
ing was primarily due, and to the Lord Mayor of 
Newcastle, the Earl of Durham, the Duke of North- 
umberland, Sir Andrew Noble, Sir Benjamin Bro ne 
and others, whose efforts had contributed to its 
success. The scholarships of the Institution had been 
increased by one founded in memory of Sir William 
White. The scholarship was of a value of 1001. a 
year, tenable for two years. The Post-Graduate 
Research Scholarship for 1915 offered by the Royal 
Commissioners of the 1851 Exhibition had been 
awarded to Mr. E. L. Champness, B.Sc., of Arm- 
strong College. Mr. Champness would take up this 
research work at the end of the war. The Martell 
Scholarship (1914) had been awarded to Mr. F. J. A. 
Pound, of Portsmouth Dockyard, who was followin 
a course in naval architecture at the Royal Nava 
College, Greenwich. The vacancy on the Advisory 
Committee to the William Froude Experimental 
Tank, caused by the retirement in rotation of Mr. 
J. T. Milton, had been filled by Mr. W. S. Abell. 
A premium of books had been awarded to Mr. 
L. Peskett for his paper on the ‘‘ Design of Steam- 
ships from the Owners’ Puint of View.” 


ELECTION OF OFFICERS. 


After the adoption of the report, it was an- 
nounced that the Marquis of Bristol had been 
elected President for the ensuing year. The list 
of Vice-Presidents for the year was as follows :— 
Lord Pirrie, Engineer Vice-Admiral Sir Juhn 
Durston, Engineer Vice-Admiral Sir H. J. Oram, 
Sir Phillip Watts, Sir J. H. Biles, Sir A. Denny, 
Sir W. T. Doxford, Sir C. A. Parsons, Sir W. E. 
Smith, and Messrs. 8S. W. Barnaby, H. J. Cornish, 
A. Gracie, R. H. Humphrys, J. T. Milton, 
R. Saxon White, and A. F. Yarrow. Mr. C. E. Ellis 
was re-elected Treasurer. In addition, the follow- 
ing had been elected Members of Council :—Mr. 
James Bain, Mr. Thomas Bell, Mr. E. C. Carnt, Mr. 
William Fife, Mr. W. H. Gard, Mr. John Gravell, 
Mr. J. Foster King, Mr. F. J. Stephen, and Mr. 
R. J. Walker. As Associate Members of Council, the 
following had been elected :—Sir William Beard- 
more, Mr. W. L. Hichens, and Admiral Sir A. K 
Wilson, V.C., G.C.B. The President then an- 
nounced that the Council had thought it fitting to 
elect to the ition of Hon. Vice-President two 


Admirals well known to members of the Institu- | pa 


tion. The first of these was Admiral C. C. P. 
Fitzgerald, who was well known to everybody 
his writings, and who stuck to his opinions throug 
thick and thin. The second was Admiral Sir J. R. 
Jellicoe, who had taken a great interest in the 





Institution. He was sure that they could not 
place their trust at the present time in a better 
man. He had the science of naval warfare at his 
finger-tips, coupled with a most thorough know- 
ledge of seamanship. The Council had also thought 
it fit to elect as hon. member Lord Fisher of K‘l- 
veston, who had always taken a great interest in 
the engineering side of the Navy. He was a stron 

man, who would push forward—just the type o 
man needed at times like the present. On sub- 
mission to the meeting these proposed elections 
were confirmed. 


PReEstpENT'’s ADDRESS. 


On the conclusion of other business of the uswal 
formal character, the President delivered his 
address, which was naturally largely concerned 
with war topics. Of this we give the following 
abstract :—After pointing out what the war meant 
to those members of the Institution who had been 
intimately connected with the construction of ships 
and munitions of war, how the efficiency of both 
design and construction would be put to the test, 
and how on the result of that test depended the 

eatest issues which had confronted this nation 
or the past hundred years, the President passed 
on to a brief discussion of the features of the naval 
engagements of which we had so far had particulars. 
Those particulars were necessarily too brief to 
enable much in the way of technical deductions to 
be drawn, but it was noticeable that the ship with 
the heavier gun had in all cases asserted its 
superiority, though the engagements themselves had 
usually been of an unexpectedly protracted natiire, 
which was contrary to the theory advanced last year 
by a distinguished gunnery expert—that once the 
range had been found, a naval action would not last 
more than five minutes. Both contending fleets 
had shown an endurance which only ended with the 
sinking of their vessels. With regard to submarine 
warfare, it was obvious that methods of protection 
must be devised to meet the case, and the enemy 
must be brought to see the folly of transgressing 
the recognised laws of warfare. We must be pre- 
pared for a large increase in the number of German 
submarines, and that could not be effectively met 
by an increase in our own submarine fleet. New 
means would have to be devised, and he suggested 
that, in order to obtain reasonable protection from 
submarine aggression, it might be advisable to 
arm all merchant ships to an extent which would 
render them dangerous to submarines. Last year 
they had had a discussion of the possibilities of 
submarine attack on warshi It had been leit 
to the German Navy to initiate warfare against 
unresisting foes that could neither escape nor 
retaliate. The advocates of such warfare could not 
object if other nations called to their aid their 
mercantile marine to assist in ridding the seas 
of those who were the declared enemies of 
friend and foe alike. After referring to the 
fact that Sir John Jellicoe had taken an active 
interest in the In-titution, the President went 
on to refer to the industrial situation. Soon 
after the commencement of the war a remark- 
able readjustment had taken place, and the ship- 
building industry settled down to a period of 
unprecedented activity. He hoped that Lord 
Kitchener’s warning of last week would have a 
good effect. He had no doubt that the continued 
reticence shown in the publication of our official 
war news contributed materially to the crisis in 
the labour world. There was no greater mistake 
than to suppose that the suppression of reverses 
could bring about any other result than anxiety 
and scepticism in the minds of those better in- 
formed, and an open indifference to the seriousness 
of the situation in others. It was the latter who 
constituted the bulk of our working population. 
If supplies of ammunition failed, what use could 
our forces make of the weapons in their hands ? 

A state of war tended to stimulate all the facul 
ties of a virile nation, and often such times had 
given birth to developments of great value. The 
first Society for the Advancement of Naval Archi- 
tecture was founded at the time war broke out 
with France. 

A reference was next made by the President to 
the work of the Bulkhead Committee, and the 
per to be read by Professor Welch. He ex- 
pressed the hope that the present. estrangement 
among nations would cause as little delay as pos- 
sible to the general adoption of universal rules based 
on the findings of this Committee and the Inter- 
national Conference on the Safety of Life at Sea. 





Tue Wattr-Ticut Suspivision or Suips. 


The meeting then to the consideration of 
Professor J. J. Welch’s paper on ‘‘ The Water- 
Tight Subdivision of — 4 which was read by 
its author. The paper will be found in full else- 
where in our issue of this week. The President 
stated that he had hoped for the presence of Lord 
Mersey to open the discussion, but that he had 
been unable to come, He accordingly called upon 
Lord Charles Beresford as the first speaker. 

Lord Charles was much interested in the paper, 
particularly as showing how far we had advanced 
since the time of the 1887 Select Committee on 
Boats and Life-Saving Appliances, over which he 
had presided. All the same, he did not think we 
would ever get an unsinkable ship. The real 
object of subdivision was to keep ships afloat as 
long as possible after damage, and so increase the 
chance of saving life. He had always been in 
favour of water-tight doors in safety bulkheads ; 
one could not do without them; but he was 
strongly of opinion that they should always be 
screw doors. Hinged doors had to be hardened 
up allround. They were tightened at one place 
and immediately leaked at another, which then 
had to be tightened, and so on. The took 
a long time. The same thing applied to horizontal 
doors. They were often hinged with butterfly 
nuts all round, which had to be tightened up one 
after another. Screw doors should always be used. 

On the question of longitudinal balkheads it 
was sometimes suggested that after a side com- 
partment was damaged water should be let into 
the corresponding compartment on the other 
side to correct the list. He was entirely opposed 
to this. When one had water in a ship, some- 
thing always turned disloyal. It was better 
to let the vessel float with a list than to risk 
righting her in this way. When the Prince 
George was rammed by the Hannibal she got 13,000 
tons of water in her after compartments, but simply 
because the after bulkhead proved loyal she did 
not sink. None the less, in general, he thought, 
bulkheads, both in warships and merchant vessels, 
were usually net strong enough. The whole object 
of subdivision, as he had already said, was to save 
life at sea; boats and other subsidiary methods 
were often useless. Water-tight decks were a difficult 
question. If they were high up, and the ship was 
wounded above them, one got stability difficulties, 
This was particularly the case in men-of-war, which 
were rather tender in any case. With water above 
a water-tight deck they might turn over, like the 
Victoria. He congraulated the Bulkhead Com- 
mittee on their valuable work. 

Mr. T. R. Oswald was the next speaker. He 
thought it might be of interest to state, in view of 
the references to Scott Russell in the paper, that 
he had been an aapearie under that gentleman. 
Professor Welch had brought forward the theo- 
retical aspect of this matter in a most able way. 
He noticed that the work dealt with had been based 
on experiments with models in still water. This 
was a most unsafe way of getting at the facts of the 
case, the conditions in practice being so different. 
The worst conditions should be taken into account, 
not the best. When a ship was holed at sea, enor- 
mous masses of water came on board under condi- 
tions which were not represented in work with 
models. 

He strongly advocated vertical bulkheads, but 
agreed with Lord Charles Beresford that they were 
usually not made strong enough. They should not 
be flat, but should be curved, Tike caissons. In his 
opinion the bulkheads at the fore end of the Titanic 
gave way. He hoped that, asa result of their work, 
the Bulkhead Committee would be able to suggest 
a construction of bulkhead which would stand the 
unknown stresses which were set up by the inrush 
of water into a damaged ship. Everything was not 
satisfactory nowadays. The Cressy and her consorts 
went down in a much shorter time than they should 
have done, and he thought it probable the bulk- 
heads had failed. He hoped the younger men in 
the profession would take this question up, and 
see if greater safety could not be given to a ship 
in case of damage. 

Mr. ©. E. Stromeyer said the object of bulk- 
heads was to increase the safety of ships. A 
longitudinal bulkhead might result in decreased 
stability, and a tendency for a ship to turn over. 
If it were introduced, arrangements should be 
made so that, in the case of a wing compartment 
becoming flooded, the corresponding compartment 
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on the opposite side would also be flooded. If any 
arrangements of this sort were made, the channels 
connecting the two compartments would have to 
be very large, so thit the water could equalise 
itself quickly. He suggested the arrangement 
shown in the subjoined sketches. Between every 
alternate pair of cross-bulkheads in the wing com- 
partments there should be fitted double bulkheads, 
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forming the centre compartments. The spaces 
between these double bulkheads would form the 
channels connecting the various wing compart- 
ments, through which the flow of water equalising 
the flooding on each side would take place. He 
did not know if these channels would have to count 
as tonnage under the Board of Trade rules, but if 
the proposal was fvund satisfactory some adjust- 
ment of the rules would, no doubt, prove possible. 

Sir Archibald Denny pointed out, in reference to 
the remarks of some of the previous speakers, that 
Professor Welch’s paper dealt only with one branch 
of the Bulkhead Domanittests report. It did not 
touch questions of water-tight doors, pumping, or 
bulkheads. The Committee’s work covered a great 
deal of ground; they did not realise its extent 
themselves before they had got to work, and it 
could not possibly all be dealt with in a single 
paper. The Committee did not pretend that their 
recommendations in reference to subdivision would 
ensure absolute safety. One mu-t assume some- 
thing, and in fixing a permeability factor of 60 per 
cent. they did not say one could take a ship and 
put in any sort of cargo and in all cases get the 
60 per cent. What they did say was that if one 
referred to column C in the table in the body of 
Professor Welch’s paper, and assumed a series of 
ships of the lengths given, built to proportionate 
dimensions, and loaded to proportionate draughts, 
then they would all have a floodable length the 
same at any point. If one took a point, say, 10 
per cent. from one end, the floodable length of the 
first vessel would be 256.9 ft. Taking the other 
cases, the result would be found to be 25 ft. to 
26 ft. all through ; that was practically constant, 
This same thing was not true of column B in the 
table, because the cases there dealt with were 
compromises. 

hat the Committee had been asked to do was 

to produce a system which would be fair between 
ship and ship. If they had adopted some simple 
arithmetical rule, it would have proved hopelessly 
unfair in some cases. The advantage of their 
method to shipbuilders was that by taking the 
cross-curves it was possible to get out a rough idea 
of the bulkhead system in about 20 minutes. In 
the ordinary way the work would take some days. 
Professor Welch said in his paper: ‘‘thus, if an 
arrangement of bulkheads is nased upon the flood- 
able-length curve obtained directly from the cross- 
curves, it will generally not need modification.” If 
any change was needed after working matters out 
by the closer method, it would be found that the 
bulkheads would come wider apart than that given 
by the rough calculation. The matter thus resolved 
itself into the a one of taking out a bulkhead, 
and not the difficult one of putting an extra one in. 

The speaker said he would rather not speak in 
detail ahout the question of longitudinal sub- 
division. A good deal of experience was being 
obtained. He might say, however, that the Com- 
mittee had not heard of a single case of a merchant 
vessel c\psizing. This gave one cause to think. 
Mr. Stromeyer’s idea was very clever, like all his 
ideas, but he could hardly say how it would work. 
The thing would require some study. The idea of the 
Bulkhead Committee was that any trunk connectin 
compartments of a feasible size would get chok 
with coal-dust, or in some way. One must we coal or 

in the trunks. The space could not be wasted. 

The idea of admitting water at one side of a ship 
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to correct the effect of water that had come in at 
the other side might be considered from the longi- 
tudinal point of view—that was, water admitted at 
one end of a ship to correct the effect of water which 
had entered at the other end. The action was the 
same in both cases, whether the ship tended to turn 
over sideways or endwise. It was purely a matter 
of degree. If one assumed the ship with a damaged 
oa at one end, which, when full of water, 
would sink her, she could not be saved by admitting 
water at the other end. If the compartments were 
connected by a pipe, the water which ran from the 
damaged end to the whole end would merely run 
back again as the damaged end settled down, and 
the connecting-pipe and trunk would have done no 
good. As a final point, he might refer to bulk- 
heads. The Committee had no record of a bulkhead 
ever having burst. They had leaked, but that was 
a different matter. He entirely disagreed from Mr. 
Oswald’s view that the Titanic’s bulkheads burst. 
There was no evidence of anything of the sort. 

Professor Welch, replying to the discussion, 
said that Sir Archibald Denny had dealt with most 
of the points which had been raised. As Sir 
Archibald had pointed out, water-tight doors and 
the strength of bulkheads were outside the scope 
of the paper. Mr. Oswald, in his remarks about 
tests with models, had not quite correctly followed 
the paper. The model experiments referred to 
related to the work of the 1890 Committee. The 
Bulkhead Committee of 1912 had based all their 
work on theoretical considerations. On the ques- 
tion of the strength of bulkheads, raised by Mr. 
Oswald, those who had had an opportunity of 
studying the report would have seen that experi- 
ments were carried out on a full-sized bulkhead. The 
results confuted the idea that bulkheads were on 
the weak side and likely to burst. Mr. Stro- 
meyer’s proposal was very ingenious, but it took 
up a large amount of space from the holds. As 
Sir Archibald Denny had pointed out, this space 
must be used for coal or cargo or something, 
and experiments showed that there would be 
danger of choking. 


Tue Sarety or Water-Ticut Decks. 


Mr. K. G. Finlay then read his paper entitled 
‘*The Increase of Safety Afforded by a Water- 
Tight Deck.” We hope to reprint this paper 
later, and, in view of the very small amount of 
discussion on it, need not deal with its contents at 
present. We may say, however, that it contained 
a proposal to effect an improvement in the stability 
of a ship by spacing transverse bulkheads more 
closely above a water-tight deck than below. 

Professor Welch, who was the first speaker, 
referred to this point in the discussion. He con- 
gratulated Mr. Finlay on the paper, which was 
clearly written and based on quite correct prin- 
ciples. The method of subdivision by pitching the 
bulkheads differently above and below the water- 
tight deck seemed fully in accord with the recom- 
mendations of the Bulkhead Committee. There 
was nothing in their report to forbii stepping of 
the bulkheads, which was in effect what i. 
Finlay proposed. The suggestion might prove 
of value. 

Naval-Constructor McBride, U.S.N., invited by 
the President, was the only other speaker. He 
regretted that he had not had such opportunity to 
study Mr. Finlay’s paper as would enable him to 
discuss it. The International Conference on Life- 
Saving at Sea, of which he had been a member, after 
twomonths’ work on transversesubdivision, had been 
asked to deal with longitudinal subdivision, but 
the work involved was so great that they had not 
been able to tackle it. He thought most of the 
great accidents at sea were proved to be due to some 
unexpected cause, which was not provided against. 
The same accident never seemed to repeat itself. 
Referring to Professor Welch’s paper, he was 

leased to note that the conclusions of the Bulkhead 
mmittee agreed so closely with those of the 
International Conference. This was very satis- 
factory. The International Conference stated 
principles, and the Bulkhead Committee made 
them of practical application. 

After Mr. Finlay had briefly replied, the meeting 

then adjourned until 2.30 in the afternoon. 


Tue IrrLvence or DiscHarRGine APPLIANCES ON 
THE Desicn or Ore-CaRRIERS. 
Members reassembled, after the interval for 


luncheon, at 2.30 p.m., when the first paper taken 
was one by Mr. John Reid, entitled **The In- 





fluence of Discharging Appliances on the Design of 
Large Ore-Carriers.” This paper we reprint else- 
where, in extenso, in this issue. The discussion 
was opened by Mr. J. Montgomerie, who said that 
the paper showed in a very lucid manner that the 
type of ship evolved by the particular conditions of 
the Lake trade and the methods introduced there 
for loading and unloading, was one having clear 
holds. The paper would have been still more in- 
teresting if the author had entered into the design 
of the structure in greater detail. It was a case 
of the entire design having been affected by the 
evolution of a variety of methods of loading and 
discharging. Unless care was taken, loading, 
as carried out by these methods, was liable to 
introduce stresses in the ship’s structure as 
great as any which the vessel encountered in 
service. The ships came up to the loading- 
piers with a draught of perhaps 14 ft. aft and 
nothing forward. Some 10,000 tons were placed 
on board in the space of, perhaps, three or four 
hours, the load being dropped from a considerable 
height. Under such conditions the ships often 
took a considerable deflection. He knew of one 
case of a deflection of 11} in. occurring in 300 ft. 
The vessels did not appear to be structurally strong 
enough. After the great storm of 1913, in which 
so much damage was done to vessels of this type, 
the chief damage was found to be rivet damage, 
and was concentrated in the vicinity of the top 
sides and bilge. This damage was sustained by 
ships in ballast trim. He thought an improvement 
over the usual type would be the adoption of 
hatchways 12 ft. long and of 24 ft. centre to 
centre. 

Mr. L. B. McBride spoke with special reference 
to the type of collier which had been designed for 
the United States Navy, and for use in connection 
with the Panama Canal. The type of vessel 
developed for the Navy was one capable of dis- 
charging its own cargo. The cargo carried was 
10,000 tons of coal, and the vessels were fitted with 
the appliances necessary for handling that cargo 
expeditiously. The design embodied twelve hatches, 
and each hatch was arranged with appliances 
capable of handling 100 tons per hour, so that 
the whole cargo could be discharged in less than 
12 hours. These vessels had proved quite suc- 
cessful, and twelve such colliers were now in 
commission in connection with the naval service. 
In connection with the Panama Canal the Com- 
missioners had decided that it was necessary for 
them to be able to rely on a service of their own 
for the supply of the large dépéts now being con- 
structed at the ends of the canal. The vessels were 
required to unload as quickly as possible, but it 
was laid down in the Act sanctioning their construc- 
tion that they should also be available for naval 
purposes. In this case the problem was different, 
therefore, because it became a question of the ships 
being unloaded at the isthmus by unloaders on 
shore, and, further, of being able to discharge the 
cargo direct on to the decks of battleships. There 
would be at the isthmus dépéts four unloading 
machines, and the vessel’s holds had _ there- 
fore to be adjusted so that all four machines 
could be at work at once. There were there- 
fore four holds, each with eight hatches. 
In this case it became a question whether 
the expense of fitting the elaborate discharging 
apparatus of the colliers on these vessels was 
justified. It was decided that it was not, and 
when used as colliers, they would probably adopt 
some temporary electric discharging-gear, furnished 
with current from the battleship being coaled. With 
regard to deflections, he had measured deflections 
of 53 in. in still water, representing the difference 
between the loaded and unloaded conditions. When 
at sea,. standing aft, it was quite possible to see 
with the eye the effect on the nose of the vessel’s 
working ; but, in spite of this, they had found no 
signs that these ships were lacking in structural 
strength, although some of them had been in service 
now for six years. 

A communication was read by the Secretary from 
Mr. J. French, from which we make the following 
abstract :—Mr. French thought that the interest 
of the paper would have been enhanced if it had 
been accompanied by an illustrated description of 
the methods adopted for rapidly loading the vessels 
in question at the great ore-loading docks at the 
head of Lake Superior. The effect of these methods 
was often to introduce a sag of 10 in. on some of 
the earlier of these vessels, but this depended on 
how the loading was carried out. The ore-spouts 
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were 12 ft. centre to centre, and most of the vessels 
built in the last ten years had hatches with 12-ft. 
centres and 3 ft. of deck-plating between them. 
If the loading was not begun at each end, and 
delivered into alternate hatchways, the vessel 
sagged and thus remained until discharged. Since 
the storm of 1913 owners had gone back to 24-ft. 
centre hatchways, with 12 ft. to 14 ft. of deck 
between. The Hulett machine worked equally 
efficiently with this design as with 12-ft. centre 
hatchways. The author was not explicit on the 
subject of hopper side-tanks. Vessels fitted with 
hopper side-tanks seldom took cargoes up the 
a They brought ore down and returned in 
ballast. The type of construction reduced the 
capacity for coal or grain, so that only the large 
companies had vessels of that type. The usual 
vessel had side-tanks. He thought the design 
shown in Figs. 4 and 5 would not adopted on 
the Lakes, as it reduced the capacity so much. It 
also reduced the dead-weight, so that owners would 
adhere to the hopper or side-tank vessels, owing 
to the limited depth of water at the Sioux locks, 
18 ft. 3 in. to 19 ft. 

The author, in reply, said that in writing the 
paper it had not been his intention to deal with 
questions of structural strength, but rather with 
internal arrangements, which had been —s in 
view of the evolution of the ingenious unloading 
appliances now utilised on the Lakes. In the 
whole question one important factor should not be 
overlooked, and that was, the influence of the 
national psychology of the American. With the 
relatively short seas n which these vesscls worked, 
although it certainly ran often into November, 
the’ American did not pay the attention to ques- 
tions regarding structural strength, &c., which 
we should give to vessels designed for trading 
in all parts of the world. The draught was limited, 
and he cut down his scantlings and structural 
arrangements to meet his special conditions. In 
99 cases out of 100 he managed to pull through. 
In the great storm of 1913, referred to, many 
vessels of this class were caught and lost, but they 


were lost without reference to their structural | 7 


arrangements. The damage was largely due to 
matters of navigation connected with the narrow 
channels they had to make use of. Some were 
loaded and some were light, and the conditions were 
unsuitable for coming about in such very heavy 
weather, with the result that there were many 
losses. He thought the introduction of the Isher- 
wood or some similar system would be an advan- 
tage. With regard to deflections, even 11} in. did 
not matter much on a length of, perhaps, 600 ft. 
—atany rate, to an American. The colliers* spoken 
of by Mr. McBride were, of course, of a special 
type, and more of the class of the deep-sea vessel 
he had considered in his paper. They were an 
instance of adjusting the design of the vessel 
specially to the work to be performed. The 
mass of discharging-derricks with which these 
vessels were fitted made it evident to anyone who 
saw them that they were vessels of a unique type. 
The Panama vessels were still further modified. 
With four grabs ashore it was necessary that all 
four should be working at full capacity the whole 
time, and the number of hatches must therefore 
be a multiple of the number of machines. With 
the arrangements at Panama there would only be 
one shift for the machines during the unloading 
of the vessel; this was, therefore, a very efficient 
arrangement. He would like to make a few remarks 
regarding the backwardness of our own railway 
ports. Here the unloading facilities were far behind 
the times, compared with those in the United States 
or on the Continent. If a 10,000-ton vessel came 
into port here, and the attempt were made to un- 
load it, the appliances would found to be very 
inferior. It was unloaded into 10-ton trucks, and 
then carried off to the steel works in little trains, 
dumped, only to be rehandled again before use, 
and so on. In the United States and abroad 
the problem of ore-handling had been brought down 
toa fine art. We hada great national asset in the 
fact that our steel works were near ports, but we 
rendered this advantage unavailing by the out-of- 
date methods of handling the ore. It had only 
taken fifteen years in the United Statee to com- 
pletely revolutionise the methods of ore-handling. 
Unless we did something of the same kind we 
would not long be able to compete with our rivals. 

The above discussion was followed by the reading 


* See ENGINEERING, vol. xcviii., page 503. 


and discussion of two other papers. The first of 
these was by Mr. J. Montgomerie, and was entitled 
“*The Scantlings of Light Superstructures.” The 
second was by Mr. C. F. Holt, and was entitled 
‘* The Strength and Spacing of Transverse Frames.” 
These papers will be reprinted in a future issue of 
EnGINeEpRING, while the discussion to which they 
gave rise will be dealt with in our next week’s issue. 


Procegeptines oF THurspay, Marcu 25. 


On reassembling yesterday three papers were 
taken at the morning meeting and three others 
after lunch. The discussion on these will be dealt 
with in our next issue, while the papers themselves 
will also be reprinted in due course. They were 
as follows :—‘‘ A Contribution to the Theory of 
Propulsion and the Screw-Propeller,” by Mr. F. 
W. Lanchester; ‘‘A Comparison Between the 
Results of Propeller Experiments in Air and 
Water,” by Mr. A. W. Johns; ‘‘ Model Experi- 
ments on the Resistance of Mercantile Ship Forms : 
the Influence of Length and Prismatic Coefficients 
on the Resistance of Ships,” by Mr. J. L. Kent ; 
“The Law of Fatigue Applied to Orank Shaft 
Failures,” by Mr. C. E. Stromeyer ; ‘‘The Effect 
of Beam on the — of Hydroplanes,” by Mr. 
Linton Hope ; ‘‘ Notes on the Cross-Curves and 
GZ Curves of Stability,” by Mr. E. F. Spanner. 





INDUSTRIAL NOTES. 

Tue London Gazette in a supplement published on 
Wednesday evening contained the new regulations 
and the amended regulations which empower the Ad- 
miralty and the Army Council to take ion of 
uncccupied premises and existing factories through- 
out the country for the ‘oe if necessary or 
expedient, of war material. 





In our last issue we referred to the first conference, 
which took place on the 17th inst., between the 
Chancellor of the Exchequer, the President of the 
Board of Trade, and representatives of twenty-four 
trade unions, the object being to organise the re- 
sources of the country to meet the naval and military 
requirements. A second conference was held at the 
reasury on Thursday, the 18th inst., and was ad- 
journed until the ae day, the 19th inst. At 
this latter meeting thirty-five trade unions and work- 
men’s associations were represented, and the work- 
men’s representatives agreed to recommend to their 
members the following resolutions, with the object of 
accelerating the production of war material for the 
Army and Navy :— 

1. During the war period there shall in no case be 
any stoppage of work upon munitions and equipments 
of war or other work required for a satisfactory com- 
pletion of the war. 

All differences on wages or conditions of employ- 
ment arising out of the war shall be dealt with with- 
out stoppage, in accordance with paragraph 2. 

Questions not arising out of the war should not be 
made the cause of stoppage during the war period. 

2. Subject to any existing agreements or methods 
now prevailing for the settlement of disputes, differ- 
ences of a purely individual or local character shall, 
unless mutually arranged, be the subject of s deputa- 
tion to the firm representing the workmen concerned, 
and differences of a general character affecting wages 
and conditions of employment arising out ot the war 
shall be the subject of conferences between the parties. 

In all cases of failure to reach a settlement of 
disputes by the parties directly concerned, or their 
representatives, or under existing agreements, the 
matter in dispute shall be dealt with under any one of 
the three following alternatives, as may be mutually 
agreed, or. in default of agreement, settled by the 
Board of Trade :— 

(a) The Committee on Production. 

(6) A single arbitrator 7 upon by the parties 
or appointed by the Board of Trade. 

(c) A Court of Arbitration upon which labour is 
represerted equally with t! e employers. 

3. An Advisory Committee representative of the 
organised workers engaged in production for Govern- 
ment requirements shall be appointed by the Govern- 
ment for the purpose of facilitating the carrying out 
of these recommendations and for consultation by the 
Government or by the workmen concerned. 

4. Provided that the conditions set out in para- 
graph 5 are accepted by the Government as applicable 
to all contracts for the execution of war munitions 
and equipments, the workmen’s representatives at the 
Conference are of opinion that during the war period 
the relaxation of the present trade practices is im- 
+perative, and that each union recommended to 
take into favourable consideration such changes in 
working conditions or trade customs as may be neces- 
sary with a view to accelerating the output of war 
a or equipment. 

5. Th 





e recommendations contained in paragraph 4 





are conditional on the Government requiring all con- 
tractors and sub-contractors engaged on munitions 
and equipments of war, or other work required for 
the satisfactory completion of the war, to give an 
undertaking to the following effect :— 

‘* Any departure during the war from the practice 
ruling in our workshops, shipyards, and other indus- 
tries prior to the war, shall only be for the period of 
the war. 

‘**No change in practice made during the war shall 
be allowed to prejudice the position of the work- 
people in our employment, or of their trade unions in 
regard to the resumption and maintenance after the 
war of any rules or customs existing prior to the 
war. 

‘In any readjustment of staff which may have to 
be effected after the war, priority of employment will 
be given to workmen in our employment at the 
beginning of the war who are serving with the Colours 
or who are now in our employment. 

** Where the custom of a shop is changed durirg 
the war by the introduction of semi-skilled men to 
perform work hitherto performed by a class of work- 
men of higher skill, the rates paid shall be the usual 
rates of the district for that class of work. 

“The relaxation of existing demarcation restric- 
tions, or admission of semi-skilled or female labour, 
shall not affect adversely the rates customarily paid 
for the job. In cases where men who ordinarily do 
the work are adversely affected thereby, the necessary 
readjustments shall be made so that they can main- 
tain their previous earnings. 

‘* A record of the nature of the departure from the 
conditions ros before the date of this under- 
taking shall be kept, and shall be open for inspection 
by the authorised representative of the Government. 

** Due notice s be given to the workmen con- 
cerned wherever practicable of any changes of work- 
ing conditions which it is desired to introduce as the 
result of this arrangement, and opportunity of local 
consultation with men or their representatives shall 
be given if desired. 

“ All differences with our workmen engaged on 
Government work arising out of changes so intro- 
duced, or with regard to wages or conditions of em- 
ployment arising out of the war, shall be settled 
without stoppage of work, in accordance with the 
procedure laid down in ph 2. 

‘**It is clearly understood that, except as exprersly 
provided in the fourth paragraph of Clause 5, nothing 
in this undertaking is to prejudice the position of 
employers or employees after the war.” 

he resolutions were signed by Mr. D. Lloyd 
George, Mr. Walter Runciman, Mr. Arthur Hender- 
son (chairman of workmen’s representatives), and 
Mr. William Mosses (secretary of workmen’s repre- 
sentatives). 





A conference with the executive council of the Amal- 
gamated Society of Engineers took place yesterday, 
to discuss further the situation on the basis of these 
resolutions. 





Referring to the above resolutions, Mr. J. H. 
Thomas, M.P., speaking at a meeting of railwaymen 
held at the Liberal Clab on Sunday last, said that 
‘the settlement arrived at between the representa- 
tives of the Government and the trade unions was a 
settlement not made in the interests of either capitalist 
or worker, but with the single-minded desire to do 
justice to all concerned. hilst it was true that it 
necessitated the relaxation of trade-union rules, never- 
theless every safeguard that was humanly possible had 
been made, so that when we reverted to normal con- 
ditions, trade-unionists would not be adversely affected 
in consequi nce of this change. On the contrary, he 
believed that if the workers accepted this agreement, 
as he felt sure that they would, it would be the means 
of placing trade-unionism on a stronger and surer 

lane than it ever attained before. It was therefore 
or everybody to ap h the issue—grave and im- 
portant as it was—with the sole desire that nothing 
should be lacking on our part to ensure victory. 

‘*Some of the German comments on our internal 
disputes gave Germany renewed hope and encourage- 
ment to do battle against our own brave fellows, and 
the responsibility of any English workman who by hie 
action was giving hope and encouragement to the 
eremy was & grave responsibility indeed. 

‘* He trusted that from now on not only shall we 
be determined to give of our best, but also that the 
Government will realise what was expected of them, 
and that all sections and classes uniting in one common 
interest, as they were united on the fields of battle, 
would be able to look back and say that, in spite of 
the difficulties, arising largely from ignorance of the 
true state of affairs, the nation, when once it was told 
the position, rose as one man to do justice to the 
occasion.” 





The Court of Arbitration announced on Wednesday 
evening its award in regard to the Clyde engineers’ 
dispute. It grants ld. per hour, or 4s. a week— 
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according to the customs of payment in the various 
shops—-on time rates, and 10 per cent. on piece rates, 
from the full-pay week after February 12, to be 
regarded as war wages, due to, aud dependent on, the 
abnormal conditions now prevailing owing to the war. 
A similar finding applies to the United Pattermakers’ 
Association, the Associated Blacksmiths’ and Workers’ 
Society, the West of Scotland Brassfinishers’ Society, 
and the United Brasstounders’ and Finishers’ Asso- 
ciation, but from the full-pay week after February 22. 


The Board of Trade issued last week the following 
statement dealing with the Government scheme for 
the employment of female labour in industrial con- 
cerns during the war :— 

The President of the Board of Trade wishes to 
call attention to the fact that in the present emer- 

ency, if the full fighting power of the nation is to 
be put forth on the field of battle, the full working 
power of the nation must be made available to carry 
on its essential trades at home. Already, in certain 
important occupations there are not enough men and 
women to do the work. This shortage will certainly 
spread to other occupations as more and more men join 
the fighting forces. 

In order to meet both the present and the future 
needs of national industry during the war, the Govern- 
ment wish to obtain particulars of the women avail- 
able, with or without previous training, for paid em- 
ployment. err“ they invite all women who 
are prepared, if needed, to take paid employment of 
any kind—industrial, agricultural, clerical, &c.—to 
enter themselves upon the Register of Women for 
War Service which is being prepared by the Board of 
Trade Labour Exchanges. 

Any woman living in a town where there is a Labour 
Exchange can register by going there in person. If 
she is not near a Labour Exchange, she can get a form 
of registration from the local agency of the Unem- 

‘ployment Fund. Forms will also be sent out through 
a number of women’s societies. 

The object of registration is to find out what 
reserve force of women’s labour, trained or untrained, 
can be made available if required. As from time to time 
actual openings for employment present themselves, 
notice will be given through the Labour Exchanges, 
with full details as to the nature of work, conditions, 
and pay, and, so far as a training is necessary, 
arrangements will, if possible, be made for the purpose. 

Any woman who by working helps to release a 
man or to equip a man for fighting does national war 
service. very woman should register who is able 
and willing to take employment. 

By setting up this ‘‘ Register of Women for War 
Service,” the Board of Trade hope, in the first place, 
to obtain a census of all the available femaie labour 
supply, and then, from this reserve, to make good in 
some measure both the existing shortage in specific 
trades and any future shor’ in the labour market 
that may be created by new demands on the manhood 
of the country. They will endeavour to ascertain as 
exhaustively as ible the occupations in which 
women have previously been engaged, and in which 
they could and would be ready to engage again, as 
well as those in which fresh volunteers could do very 
well with a little wo Having ascertained what 
the supply is, and classified it, they will be in a posi- 
tion to give reasonable assurances to employers in 
various trades and occupations that if patriotically 
they allow their men to go, women can be supplied to 
take their place. The 400 Labour Exchanges 
throughout the country have received instructions 
and registration forms. The total number of applica- 
tions sent by females has reached a high figure. 





The General Purposes Committee of the London 
County Council at a meeting held last week stated 
that they had decided to recommend the Council to 
make @ grant of an additions! sum of 3s. a week tu 
enable'those of its employees who are in receipt of a 
wage atastandard less than 30s. to meet, to some 
extent, the present increase in the cost of the neces- 
saries of life. This grant will not be subject to con- 
tribution to the superannuation and provident fund, 
as it is designed to meet special and temporary 
conditions. e cost of the measure will be at the 
rate of 78,000/. a year. 





A dispute which had arisen betwsen London steve- 
dores and shipping firms, involving about 1300 men, 
was settled’ last Saturday, when Mr. Runciman, 
President of the Board of Trade, to whom the matter 
had referred, decided in favour of the men. 

When the decision became known 100 men started 
work almost immediately at the urgent request of one 
of the companies ; they worked throughout the night, 
and were relieved on Sunday morning by another 
batch. The trouble had reference to an agreement 
which was entered into by the London Master Steve- 
dores’ Association and the Amalgamated Society of 
Stevedores, by which the masters conceded an advance 
of 1s. a day to the men, with pro rata advances for 
men not working by the day, and 2d. an hour over- 





time. This agreement came into force on the 15th 
inst., but on that day some of the shipping companies 
would only offer the old wages. The men thereupon 
struck work, and their stoppage affected several 
thousands of dock labourers, lightermen, and carmen, 
leaving twelve ships idle, and causing considerable 
congestion at most of the docks. 





On the other hand, the Liverpool dockers ignore the 
agreement recently arrived at with the employers ; 
they refuse to work overtime on Friday evenings, and 
stop away from work altogether on Saturdays. Last 
Saturday, Lord Kitchener addressed the following 
letter to Mr. J. Sexton, the general secretary of the 
Dockers’ Union :— 

‘I am very surprised to find that there is a section 
among the dechens of Liverpool who still refuse to 
work overtime during the week and on Saturdays. 
I feel sure these men can hardly realise that their 
action in thus congesting the docks and delaying the 
munitions uf war and food required by our men at 
the front is having a very serious and dangerous 
effect, and must be stopped. I hope that this meseage, 
if you communicate it to the men, will put things 
right for the future, 

‘* At this time we look to every British man, who- 
ever he may be, to do all in his power to help in 
carrying the war to a successful conclusion. In this 
your men can do their share, and thus help their 
comrades now fighting in France. If this appeal has 
no effect, I shall have to consider steps that will have 
to be taken to ensure what is required at Liverpool 
Docks being done.” 

According to the Manchester Guardian, Mr. Sexton 
commented as follows on Lord Kitchener’s letter :— 

‘* Tf this appeal does not stop this deliberate attempt 
of men to hold up ships, and if they continue to refuse 
to fall into line with the rest of the men in Liverpool, 
matters are going to be very serious fur everybody. 
They are not only damaging themselves, but the 
prestige of the union they belong to. Lord Kitchener 
had a long talk with us, and he told us what we ought 
to do as officials of the union.” 

It is stated that owing to the cessation of work on 
Friday night and Saturday the work of loading and 
unloading a number of ships was completely stopped, 
and that in consequence the congestion at the docks 
was increased. According to one estimate, as many as 
fifty vessels are now waiting for berths. The trouble 
is said to be connected with the subbing question, to 
which we referred on page 295 ante, and the stoppage 
on Saturday seems to have become part of a settled 
policy adopted by recalcitrant dock-workers. 





The report of the Ship-Constructors and Shipwrights’ 
Association for the quarter ending last mber 
states that their income during the quarter was 
20,416/., and their expenditure 16,957/. The total 
reserve funds at the end of December was 160,019/. 
The total membership was 28,266. 


The Commonwealth Statistician, Mr. J. H. Knibbs, 
in a recent report on prices, cost of living, and wages 
in Australia, gives the following as the relative pur- 
chasing power of money in the respective State capitals, 
based upon what 1/. would purchase in 1911 :— 





Foods. (| House 
Groceries. Rent. Together. 








s. d. | 8. d. s. d. 

Sydney - - as 23 1 8 2462 
Perth .. os és = 26 9 | 18 4 23 3 
PAS Se es ee 2 2 
Melbourne .. # 1 28 i Se 22 6 
Hobart wie ee wn 4 63 ~«6|CU«18 «(OCS 21 10 
Brisbane |. |. © & 8 | 17 10 20 1 
Average oe 23 0 22 il 23 0 


The result arrived at is that 20s. ld. in Brisbane goes 
as far as 24s. 2d. in Sydney, those being the cheapest 
and dearest capitals to live in. 

Mr. Knuibbs also makes the average weekly wage 
of adult males and females as under, at the end of 
April, 1914 :— 





Adult Adult 
—_: Males. Females. 

sa d. sa d. 

West Australia 6 2 87 «64 
Queensland 62 68 26 11 
Victoria so ee 6 8 w -.¢é 
Tasmania... ~ vd a 62 «6 25 10 
South Australia... “ ee 64 C4 4 «(1 
New South Wales .. oa oe 55 (9 26 9 
Average .. ee ee 65 1 @ 3 





Tue InsTITUTION OF WATER ENGIngERS.—The Council, 
in view of the probability that the attendance at the 
Belfast meeting arranged for June 15 to 18 next would 
be prejudicially affected by the war, have decided to 
postpone the meeting until the summer of 1916. A 
meeting will be held in London on Friday, June 18 next, 
for the pu of installing the President-elect, and the 
reading and discussion of papers, particulars of which 
will be announced later. @ annual dinner and visits 
to works will be abandoned this year, 





THE CHEMICAL AND MECHANICAL RELA- 
TIONS OF IRON, COBALT, AND CARBON.* 


By J. O. Arnoxp, D. Met., F.R S., Professor of Metal- 
u in the University of Sheffield, and A. A. Reap, 
D. Met., F.1.C., of Cardiff, Professor of Metallurgy 
in the University of Wales. 


Summary of the Work of Previous Investigators.—Sir 
Robert Hadfield, at the Engineering Congress of the 
Institution of Civil a, held in 1897, described 
some experiments made by him (in 1891) on the influence 
of cobalt on steel. His general conclusion was that its 
action resembled that of nickel in raising the elastic limit 
and maximum stress of the material. The cost of the 
cobalt used was about- 293. per pound. In 1904, in the 
first number of the The Iron and Steel Metallurgist ( 

10 to 12), he published his results in greater detail. They 
are embodied in a ones 363). 

Guillet} states that ranging up to 40 per cent. of 
cobalt are litic, even when a contain 0.8 per cent. 
of carbon. The presencé of cobalt slowly raises the tensile 
strength and the elastic limit, while the elongation and 
reduction of area are diminished. There is no sudden 
alteration in the mechanical properties, which are only 
gradually changed. 

G. Boeckert found that pure cobalt, at about 1700 deg. 
Cent. (3092 deg. Fahr.) is capable of dissolving 3.9 per 
cent. of carbon, which separates almost entirely as 
graphite on cooling. The eutectic point is at 1300 deg. 
Cent. (2372 deg. Fahr.) and 2.8 per cent. of carbon, and at 
this temperature cobalt retains 0.82 per cent. of carbon in 
solid solution. As the temperature falls, the solubility 
of carbon in solid cobalt diminishes, reaching about 0.3 
per cent. ab 1000 deg. Cent. The general form of the 
curve resembles closely that of the iron-carbon system. 


Fig. 1. HAMMERED BARS 


Proportion of Cobalt in the Carbide and 
tn the Steel (See Table 5) 
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A cobalt carbide has not yet been detected. The micro- 
sections show a well-developed eutectic structure, having 
as components graphite and the solid solution. 


METHOD OF MANUFACTURE OF THX COBALT STEELS 
USED FOR THIS RESEARCH. 


Five ingots were aoe coke in white crucibles 
from pure ‘‘ Thermit” cobait, Swedish bar iron and 
Swedish white iron, all charged together, and small 
quantities of pure metallic manganese and aluminium 
were added ten minutes before teeming. The steels were 
cast into moulds of about 2 in. square, each ingot weigh- 
ing about 36 lb. The ingots were reheated and ham- 
mered down into bars 1 in. round. 

Chemical Analysis of Turnings taken from the Ham- 
mered Bars.—The specimen turnings registered per cent. 
on analysis the figures recorded in Table II. (page 363). 

Turning Characteristics of the Five Stcels.—In the 
lathe, little or no difference could be detected whilst the 

were being turned. All were reported as ‘‘ tough,” 
which word has reference to the capabilities of the steels 
to curl off the turning tool in spirals. 

Static Mechanical Tests.—The static (tensile) tests were 
made on test-pieces turned down to 2 in. parallel with 
the diameter of 0.564, equivalent to } of a square inch in 
area. The results are embodied in Table III. (page 363). 
_ It isa little difficult exactly to summarise the results 
in Table ITI. owing to some irregularities in the carbon 
contents of the steels. But it may reasonably be deduced 
that, with equal carbons, the tenacity of the steels, as 
measured by the yield-points and maximum stresses, 
increases with the cobalt, while the ductility as measured 
by the elongation per cent. correspondingly falls. Steel 
No. 1492 is abnormal, the reduction of area being low—a 
fact the authors cannot explain except by an assumption 
that it was finished under the hammer at a lower tem- 
perature than the other steels. 

e authors refrained from normalising the steels for 
fear of precipitating graphite. The mechanical influence of 
the precipitation of the total carbon (0.93 cent.) pre- 
sent in steel No. 1495, Fig. 6, as graphite by the anneal- 
ing operation is very remarkable. 

y aman 5 Mechanical Tests.—These were made on the 
Arnold alternating stress-strain machine under standard 
conditions—namely, total length of test-piece, 6 in. ; 
length under test from zero of stress to plane of maximum 
stress, 3 in. ; diameter of test-piece, § in. ; deflection on 
each side at zero of stress, 2 in. ; rate of alternation, 650 
= — The results are set forth in Table 1V. 

+ rmination of the Carbides.—The method and treat- 
ment used for separating the carbides was the same as 








* Paper read before the Institution of Mechanical 
Engineers, Friday, March 19, 1915. 
+ Journal of the Iron and Steel Institute, 1906, No. 2, 


page 18. 
} Metallurgie, vol. ix., page 296, 
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described in the authors’ last on ng dilute Lydro-, volume. The iron and cobalt were estimated in separate cent. being alloyed with the iron and manganese 
chloric acid, specific gravity 1.02, y 362), 


: ng used with a low | portions. The results are given in Table V., 364. | 
current density of 0.18 ampere per square inch. The} A consideration of these shows that he? me ~d the | 


Fig. 1, page 
The ‘ect of Annealing Cobalt Stecls.—The bars were 


time allowed for electrolysis was from five to six hours. | total amount of carbon in each steel was accounted for, annealed by heating in a gas-fired furnace for a period of 
The analyses of the carbides were carried out as follow :— | the very small loss being to a considerable extent due to | ahout eight hours until an even temperature of about 
The carbon was estimated by direct combustion, the’ the difficulty of getting the Lars absolutely clean, and 780 deg. Cunt. (1436 deg. Fuabr.) was obtained, soaked a% 





Fic. 2. Carson, 0.64 per Cent. ; Copatt, 


Fie. 3. Carson, 0.62 per Cent. ; Copatt, 
2.68 peR CENT 


5 50 per Cent. 


Fic. 4. Carson, 0.84 per Cent. ; Coparr, 
11.18 per Cent. 





Fic. 5. Carsoy, 0.93 per Cent. ; Copatr, 
16 97 PER CENT. 


Fic.6 AnNneatep. Comptnep Carson, 0.00 PER 
Cent. ; Grapuits, 0.93 per Cent. ; CoBaLt, 
16.97 per Cent. 


CARBIDES OF COBALT. 


Fics. 2 to 7. PHoro-Microorapns or THE Five HamMerep-Sreet Bars as Received FROM 
ANNEALING. Mouttipiiep 300 Diameters. 


TABLE I.—Ssowine Resvuits or Haprieip’s PionreR KxPeRiMENTs ON CoBa.t STEEL. 
The ingots were forged down to bars 1} in. in diameter. The s‘ze of the test-pieces was 2 in parallel by 0.798 in. in diameter. 








MRCHANICAL Tests ON UNANNEALED Bars. 


MecuanicaL Tests ON ANNEALSD Bars. 
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Elastic Maximum =_ E'onga- Reduce | Elastic | Maximum Elonga- | Reduc 
Limi tion of tion of 
imit. Stress. | tion. Aves. Limit. Stress. tion- Area. 
Pc. p.c. p.cip.c pc pic tons pe tns per | per cent.| percent. tonsper tons per percent. | per cent. 
sq. in. sq. in. | sq in. eq. in. 
A 0.20 0.64 0.10/0.06 0.80) Abs: nt 27 87 24 28 20 31 35 i 46 
B 0.16 0.61 0.10/0.07 1.04; 0.53 27 838 | 29 43 22 81 34 47 
C 0.25 0.64 0.11 |0.07 1.04 80 25 41 19 24 23 85 29 89 
D 0.38'L.21 0.14|0.07 0.65, 2.50 38 52 | 15 15 | 27 43 14 24 
E 0.55 0.69 0.11|0.06 0.79) 446 37 67 } 15 17 26 46 19 2 
F 0.52 0.75 0.14/0.06 0.79! 691 | Not taken 55 } 14 } 13 30 44 22 } 25 
TABLE III. 
Dominatine CuemicaL Composrrion, Static (TENSILE) Tests ON Bars aS RECEIVED FROM 
Plate 1, Steel No Per CENT. Fores. 7 
Fig. . real oetled 4. ae Aaa — — Fractures. 
n | 6 
Combined Graphite. | Cobalt. | Yield-Point. | ee | ee 
| 
|tons per sq. in. tons p‘r sq. in. r cent. | r cent. 
2 1492 0.64 0.00 268 | th 48.4 -" 17.5 gi 26.7 Orystalline. 
8 1493 0.62 0.00 5.50 | 33.0 488 22.5 | 42.7 (Coarsely granular. 
4 15 0 0.84 000 11s | 32.6 65 0 1.5 | 215 (|Orystalline. 
3 1495 0.93 0.00 16.97 | 38.0 } 75.3 9.5 |} 127 * 
6 1495 0.00 0.93 16.97 189 | 29.2 23.0 | 419 Black graphitic. 
a (annealed) | 
‘ 1496 0.72 0.07 20.85 | 40.0 713 11.0 | 18.9 Finely crystalline. 


BM | 





carbides buraing quite readily. The oxides of iron and | thus obtaining the last traces of carbide. An inspec- 








cobalt remaining in the boat after combustion were dis- 
solved in hydrochloric acid, and made up to a known 





* Procsedings of the Institution of Mechanical Engi- 


neers. 1914, page 223 et seg. ENGINEERING, March 27 and 


April 3, 1914. 


tion of the figures set forth in Table V. also shows that 
with steels high in carbon, and containing up to 20.85 
per cent. of cobalt, the carbide Oo,0 exists in very 
small proportions, only about 5 to 6 per cent. of the 
total c»balt present in the steel being found in c»mbina- 
tion with the carbon as carbide. the remaining 94 to 95 





Fie. 7. Compivep Carson, 0.72 rer CENT. ; 
Grapuite, 0.07 per Cent. ; Copart, 20.85 
PER CENT. 


THE Force; Also THAT OF Fia. 6, AFTER 


Tasie II.—Analysis of Specimens of Steel. 
(Hammered bare.) 
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63> | é | § = 
3 Bz E§ Sia | @ 5 | 
sitlgseizZigi2g\/2)218 
& | @ ofc | S6|/a\|a|/a | & < 
2 |14920.64 0.c0 | 2.68 | 0.05 ais] 
3 |1498/0,62/000|) 6.50) 0.07 |0.18 
4 |1500|0.84 0.00| 11.18 | 0.09 |0.23 } | °.C2 oF | 0.04 oF | 0.08 o 
6 1495/0 98 0.00 16 97 | 0.10 or} er | under 
7 |1496)0.72 |0.07 | 20.85 | 0.11 |0 | 
Tasie LV. 
‘ Alternations Endured. 
(above) oon Cobalt. Oarbon. 
lst Test. | 2nd Test. | Mean. 
| p.c. .C. 
2 1492 | 272 212 242 2.68 .64 
3 1493 246 220 | 233 5.50 0.62 
4 1500 140 176 158 | 1118 0.84 
6 1495 164 184 17% | 1697 | 6.98 
7 1496 108 188 128 | 20.85 | 0,72 


| 


this heat for one hour, the furnace dampered down, and 
the steel allowed to coo) down over a peridd of about 
twenty-four hours. The influence of the annealing is 
shown in Table VI. These figures show that, on well- 
annealing a cobalt steel with 0.64 per cent. of carbon and 
2 68 cent. of cobalt, only a trace of graphite is found. 
As the percentage of cobalt increases in the next member 
of the series a large amount of graphite is precipitated, 
while in the three remaining steels, with still higher 
percentages of cobalt, the whole of the carbon is precipi- 
tated in the graphitic condition. 

ComPaRISON OF THE BEHAVIOUR OF COBALT WITH 

NICKEL IN STEet. 
The following comparison will be of interest, becavse 
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and security of steamships if transverse and longitudinal 
TABLE V.—Hammerep Bars. bulkheads, coal-bunkers, iron lower decks, and screw 
— am pen were + te or = — hull 3 ws ship and 
>, Percen ALYSIS OF r, with each o as tu form independent ular compart- 
3 , | 4 Poseeneng?| of Total Canuipe. - - 4, ee ments, water-tight, and having all their communications 
& git g He S3 Cobalt — x a | with the decks and each o' by water-tight doors 
2) 4 | § = a 3 Es | Obtained 6) ~ 3 Seodae: = s worked from the deck. In proportioning the compart- 
g | é Z ith D  ~iaF are Big sh d ial 
-| g z 3 F 3 as 2 w TY | with Dry = ¢ $s = g 2 ments of a ship (and especially of ships devoted to 
fi gis § &|\ sale Residue. | Residue. | & | £ | 8 & & | & | passengers), it is very desirable so to e them 
Ral Pl MEY MIB EM et | —— s -  — — — | that, if any two adjacent compartments be filled, or 
pc pc. | pe. | p-c. | p.c. | p.c. p.c.  p-c. | p-C. | placed in free communication with the sea, the remaini 
2 1492 | 0.61 0.00 268/{ AME) Otaas | 5:39 Bris | £38 Pues, Lee }50Fex0-+00;0 6.66 91.41/ 1.98 | compartments will float the ship. Iv is considered that 
5.4450 0.4486 5.39 91.13 | 7.28 90.90) 1.82 | | dite i 1 tructed unless 
a ee Ps ee { §.2060 0.4148) 4.75 92.19 | 7.48 | 8019| 342 Veep. os Ge0l 60s | snes) 290 |e Deemer chip well constrected & her 
68 | 0 6.8180 0.4359) 4.79 94.93 | 7.35 29.36, 229 } 2 PexO+Cox0 tae Se ae aga he ge — =“ 
| 5.3985, 0.5577 | 6.35 90.16 7.54 | 86.47 5.99 ely were m with water, or 
6 | toep | C88 | O40 | 118 { sai70 0.6648 | 5.67 4.07 | 748 | 96.49 6.08 } 15 FesI+Cox0 6.65 pay 6.13 | placed im free communication with the sea. Double 
5 1495 | 0.93 | 0.60 (16.97 | { Gaessl atone | Bee sass «| tan i|eaes| Ges bu Feg0-+Oo,0) 6.64 85.20| 8.16 hee wring radon Sag ag ye _o- —- bee of 
| no | oor |enss|f 58625) 0.6706! 5.28 99.06 | 7.00 82.20, 10.80 | ‘| wl ew Fire nit cand chien ae 
7 | 1496 | 0.72 | 0.07 | 20.85/41 '4190| 0.5490; 5.01 95.42 | 6.99 | 82.39) 10.62 s 8 FesO+Oo30) 6.68 | 82.50 | 10.87 These recommendations toshipownersand shipbuilders 
| ‘epee Z ; j ie | were only acted upon to a very limited extent, so that 
when, in 1875, the Admiralty investigated the subject 
Taste VI. In conclusion, the authors have to tender their sincere a view to determining the suitability of mercantile 
— —_——————== | thanks to Mr. F. Amory Ruddock for his able help in | vessels for certain Government purposes, it was found 
ei sg | Hammered Bars. | Annealed Bare, the chemical branch of the research; to Mr. F. K. | that not more than about thirty vessels complied with 
&.| = : |——_____——_ a Knowles, B.Met., for iti os in carrying ont the & crane pm ap ae ro | ae om —s in 1867, 
“| 2 l mechanical tests; to Mr. F. C. Thompson, M.Met., | whilst over 4000 were foun ow that minimum. 
Pk FS é | § — | Graphite. | —— | Graphite. | B Yo, , for taking the photo-micrographs ; and to Mr. J. The action of the Admiralty, however, led to distinct 
— — Harrison for his care in preparing the various test-| improvement in this respect, so that by 1883 some 400 
o | sere | Re cont, per cont. per aunt, poreent. pieces. vessels es - —— yw ae the a standard 
| . | o ‘ Finally, the authors would again respectfully thank the | mentioned above. Much information on this point is 
= | ats ba rd oa ren Council of the Institution of Mechanical Engineers for | contained in papers read by the late Mr. James Dunn 
5 | 1495|16897| 0.98 0.00 0.00 0.93 ~—«|: the “‘grant in aid ” which has rendered this research pos- | before this Institution in 1882 and 1883. He drew special 
7 | 1496 | 20.86 | 0.72 0.07 0.00 | 079 |sible. The research on the Carbides of Molybdenum | attention to the fact that many of the bulkheads then 


| 
nickel and cobalt have been commonly considered to be 
identical in their properties. 

Chemical and Krecha nical Comparisons —Cobalt is not 
nearly such a great graphite precipitator as nickel. 
Cobalt-steel ingots can be hammered down to 1-in. bars 
with onlya very small separation of graphite, 0.07 per cent. 
in the highest member of the series, containing 20.85 per 
cent. of cobalt. In the case of nickel-steel ingots treated 
in exactly the same way as the cobalt-steel ingots, a small 
separation of graphite began with only 3 per cent. of 
nickel, and when 7 per cent. of nickel was present the 
precipitation of graphite amounted to about 42 per cent. 
of the total carbon. Cobalt carbide appears, then, to be 
much more stale than nickel carbide, a conclu-ion which 
is also borne out 4 the analysis of the carbide residues 
obtained by electrolysis from cobalt and nickel s' 

Cobalt does not form a definite solid solution or cobalt- 
ide of iron like that formed by nickel, having a com- 
position corresponding to the formula Fe,Ni, which, with 
only 0.1 a cent. of carbon present, registers a maximum 
stress of about 90 tons per sq. in., associated with a 
reduction of area of 45 per cent. An alloy containing 
about 13 per cent of nickel, and, say, 0.6 per cent. carbon, 
is so hard that it is impossible to machine it,* whereas in 
the present series of cobalt steels, in which the carbon 
ranged from 0.62 to 0.93 per cent., and the cobalt from 
about 2.7 to 20.9 per cent., all the alloys, without an 
annealing, machined with the greatest ease. The - 
ness, as measured by maximum stress, seems with equal 
carbon to rise with the cobalt. 

Micrographic Analysis.—The micro-structures of the 
five hammered bars as received from the forge, also 
No, 1495 after annealing, are delineated in photo-micro- 
graphs Figs. 2 to 7, page 363. 

Photo-Micrograph Fig. 2.—Steel No. 1492, carbon 0.64 
per cent., cobalt 2.68 per cent. This structure consists of 
cells of slightly cobaltiferous dark-etching lite with 
thick cell-walls and irregular masses of yellowish-whive 
cobaltiferous ferrite. 

Photo-Micrograph Fig. 3.—Steel No. 1493, carbon 0.62 
per cent., cobals 5.50 per cent. The structure is very 
similar to that desoribed for photo-mi h Fig. 2. 

Photo-Micrograph Fig. 4.—Steel No. 1500, carbon 0.84 
per cent., cobalt 11.18 per cent. The structure is of the 
same type as that presented by photo-micrographs 
Figs. 2 and 3, —— that the carbon being higher, the 
proportion of dark - etching cobaltiferous lite is 
greater and the quantity o rr, cobaltiferous 
ferrite is portionately smaller. 

Photo-Micrograph Fig. 5.—Steel No. 1495, carbon 0.93 
per cent., cobalt 16.97 per cent. This structure consists 
almost entirely of dark-etching and highly cobaltiferous 
pearlite, with a few ill-formed meshes and patches of 
pale cobaltiferous ferrite. Thus the saturation point of 
— pearlite seems higher than that of pure iron 
pearlite. 

Photo-Micrograph Fig. 6.—Steel No. 1495 annealed. 
Combined carbon absent, graphite 0.93 per cent., cobalt 
16.97 per cent. This structure consists of a ground mass 

, ra of 


of cobaltiferous ferrite, aye~ | faintly the 
allotrimorphic crystals and masses of graphite. 
Photo-Micrograph Fig. 7.—Steel No. 1496. bined 


carbon 0.72 per cent., graphite 0.07 per cent., cobalt 
20.85 per vent. In this steel the graphite has separated 
in a few widely distant areas, one of which is shown in 
the F gee pe te oe The black graphite is embedded 
in the pale cobaltiferous ferrite. The main structure, in 
which no graphite was precipitated, consists of pale cell 
walls of cobaltiferous ferrite surrounding dark-etching 
cells of cobaltiferous pearlite. 

A ion and Recalescence Curves.—These will be 
dealt with in a separate paper, embodying the curves of 
all the steels used by the authors in their double-carbide 
researches. 





* See Proceedings of the Institution of Mechanical 
Engineers, March 14, 1914, Table 14, page 263, and 
Wnornerrina, April 3, 1914, page 470. 





may not be completed until the end of the war, use 
jem age” Read and Mr. Ruddock are engaged on military 
uties. 





THE WATER-TIGHT SUBDIVISION OF 
SHIPS.* 


By Professor J. J. Wetcn, M.Sc., Member of Council, 


Ir is intended to limit this paper to a discussion of the 
orderly subdivision of ships, particularly as effected by 
transverse water-tight bulkheads. The history of pre- 
vious attempts to deal with the subject will be outlined, 
and, by permission of the President of the Board of 
Trade, some account will be given of the work done in 
this connection by the Departmental Committee on Bulk- 
heads and Water-Tight Compartments, of which the 
author has the honour of being a member. The im- 
portant subject of the strength of the bulkheads and 
other divisional structures will, however, not be touched 
upon. 

HistoricaL SKetcu. 

The water-tight subdivision of ships has often claimed 
the attention of this Institution, as a glance at the Index 
of its Transactions will show. At the very first meeting 
Scott Russell, in particular, emphasised the advantages 
of bulkheads from a safety point of view, during the 
discussion following the ing of a paper by Mr. 
Grantham on ‘‘The Strength of Iron Ships.” t the 
ensuing meeting a paper was read on ‘‘ Unsinkable Iron 
Ships,” and although the optimism disclosed by that title 
has, perhaps, not been so apparent since then, interest in 
the subject has been continuous. 

In the Merchant Shipping Act of 1854 it was enacted 
that ‘‘every steamship built of iron, of 100 tons and 
upwards ... shall be divided by substantial transverse 
water-tight partitions, so that the fore part of the shi 
shall be separated from the engine-room by one of suc 
partitions, and so that the after part of such ship 
shall be separated from the engine-room by another of 
such partitions.” Further, “‘ every screw ship built of iron 
. . . Shall, in addition to the above partitions, be fitted 
with a small water-tight compartment, enclosing the after 
extremity of the shaft.” These bulkheads were to be in 
addition to the collision bulkhead which had to be fitted 
forward in all vessels. These laws were repealed by the 
Act of July, 1 and the reasons for this were explained 
by the Board of Trade in a letter sent to the Admiralty 
in the following year. The laws were repealed ‘‘not 
because of any doubts as to the necessity o! per and 
sufficient water-tight partitions, but because these enact- 
ments, which required only two of such partitions for all 
sizes and classes of ships, had become tically useless 
or mischievous. It was found that in vessels more 
partitions than the Act required were to secure 
the safety of the ship, and it was thought better to leave 
builders and designers unfettered in providing extra 
strength and security to meet the various forms, sizes, 
and descriptions of ships, than to tie them down by general 
statutory regulations, which could not be so framed as to 
meet the varying wants and circumstances of the ship- 
building trade.”+ 

The loss, in 1866, of 233 persons in the paca ship 
London, together with the foundering of the Amalia, 

ve rise to much comment. and the members of this 

nstitution invited its Council to consider the general 
question of safety of life at sea, and to make recommenda- 
tions thereupon. This course was the outcome of a reso- 
lution moved by Mr. (afterwards Sir) E. J. Reed, and 
seconded by Mr. Scott Russell, the mover observing that 
one of the things far from satisfactory at that time was 
the number, ition, and construction of bul in 
passenger ae ethane ocean steamers. The Council for- 
mulated their recommendations in 1867, the fifth of these 
reading as follows :—‘‘ It would add much to the strength 

*@ read before the Institution of Naval Architects, 
March 24, 1915. 

+ See article, ‘“‘Shipbuilding,” by Sir N. Barnaby, 
tenth edition, Encyclopedia Britannica. 








fitted were stopped at the height of the load water-line, 
and were therefore useless so far as safety of the ship after 
damage was concerned. They were, indeed, primarily 
fitted for purpuses of strength. 

It need scarcely be remarked that the influence of the 
classification societies has also been exerted to obtain 
increased subdivision, particularly since 1882. In that 
year the Rules of Lloyd’s Register of Shipping required, 
in ships 280 fo. and over in lengtb, more bulkheads than 
were called for by the repealed law of 1854, the exact 
increase in number in any particular case depending 
upon the length of the ship. The Rules of the British 
Corporation of Shipping also require for the larger 
vessels bulkheads in excess of the 1854 standard, and 
3 ify their approximate positions. The action of 
Lloyd 3 Register in this matter will be found referred to 
in the discussion on Mr. Dunn’s papers, and in the paper 
by Mr. Martell read here in 1892. 

In 1887 a Select Cummittee of the House of Commons 
was appointed, under the chairmanship of Lord Charles 
Beresford, to consider the laws relating to bouts and other 
life-saving appliances. In their report they stated that 
“the proper placing of bulkheads so as to enable a ship 
to keep afloat for some length of time after un accident 

occu is most important for saving life at sea, 
and a thing upon which the full efficiency of life-saving 
appliances largely depends.” This was the opinion 
of an Advisory Computes appointed shortly afterwards 
| the Board of Trade ; and in March, 1890, the President 
the Board of Trade — an important Committee, 
of which the late Sir Edward Harland was chairman, to 
consider and report upon ‘‘the manner in which ships 
shall be subdivided, so that they may float in moderate 
weather with any two”—evidently adjacent—‘‘ compart- 
ments in free communication with the sea.” Further, 
‘*what precautions are necessary as to openings in longi- 
tudinal bulkheads to enable the water to freely or 
under control from one side to the other in case of the 
ship showing signs of instability, as might readily be the 
case should she be struck on a transverse bulkhead and 
two compartments, both on one side, be in free communi- 
cation with the sea.” 

In reply the Committee recommended that the sug- 
gested standard should apply to all sea-going steam 
vessels, not less than 425 ft. in length, which had pas- 
senger certificates under the Merchant Shipping Act, and 
also to cross-Channel steamers, irrespective of their 
length, whose principal employment was the carriage of 
passengers or and mails. For smaller types of 
sea-going vessels somewhat less onerous conditions were 
proposed. They further recommended “‘ that a compart- 
ment subdivided by one or more longitudinal bulkheads 
should be treated as one compartment only, unless the 
owners satisfy the Board of Trade that the vessel will not 
have her stability seriously reduced, or list, so that any 

of the bulkhead deck at the side is under water, 
in the event of as between a longitudinal bulkhead 
and the vessel’s side, or of two such adjoining spaces on 
the same side of the vessel, being open to thesea. If the 
Board of Trade be not satisfied in this respect, trimmuing- 
valves should be fitted to such longitudinal bulkhead. 
Other details of this report will be mentioned later. 

After the Titanic disaster the President of the Board 
of Trade appointed, in May, 1912, a Committee, under 
the able chairmanship of Mr. (now Sir) Archibald Denny, 
to advise ‘‘as to what, in their opinion, would constitute 
efficient subdivision with regard to each of the classes 
of vessels included in the Rules for Life-Saving Appli- 
ances made by the Board of Trade under Sectiva of 
the Merchant Shipping Act, 1894, having due regard to 
the nature of the service in which they are respec.ively 

.” Also, “‘ whether, independently of the fore- 
going, the Committee desire to make any recommenda- 
tions with reference to the subdivision of vessels already 
built, or of new vessels, which could, in their opinion, 
contribute to the safety of life at sea.” Ib is interesting 
to note that all the members of the Committee are mem- 
bers of Council of this Institution, which is thus as 
closely concerned with this important matter as was 
the Council in 1866, The report of this Committee has 
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recently been issued so far as oversea passe vessels 
are concerned, and attention will be drawn in what follows 
to some of the main principles upon which that report 
is based. Reference will at the same time be made 
to corresponding features in the earlier Committee’s 
Report, and in that of the recent International Confer- 
ence on the Safety of Life at Sea. 
GENERAL PRINCIPLES. 

Types of Damage.—Serious dai to a vessel may be 
of Lad ber dimensions longitudinally whilst having 
considerable extension verti , or it may consist of a 
long rent with only moderate breadth. The firstis likely 
roy produced as the result of a direct blow from a 
colliding vessel, whilst if a ship scrapes along a submerged 
pinnacle of rock, or strikes with glancing blow a heavy 
floating mass, such as an iceberg, a long and comps 
tively narrow rent is the likely result. I» will be noticed 
that for the second type of aaa aoe of trans- 
verse subdivision is of less avail t for the first type, 
since all the compartments in way of the tear are opened 
to the sea; but even here the smaller the compartments 
in way of the ends of the damage the shorter is the total 
length which is opened to the sealikely tobe. = 

Floodable Length.—I is obvious that if subdivision is to 
be effective after any specified damage, the tops of the 
bulkheads in way of the bilged compartment must 
remain above water, otherwise water would flow from 
that compartment over the tops of the containing bulk- 
heads and fill other spaces in detail. It is also clear 
that the higher the tops of the bulkheads of the bilged 
compartments remain above water after specified damage, 
the greater is the likelihood of safety under these con- 
ditions. 

Let A B in Fig. 1 be any specified margin line, at or 
below the bulkhead deck, beyond which the ship may 
not sink after receiving injury below water ; le) W L 
be the load water-line before damage, and C D the water- 
line, touching A B, to which the vessel sinks when the 
compartment E is opened up to the sea. The weight of 
the ship, and the position, G, of its centre of gravity, 
remain unaltered, and the buoyancy after damage, there- 
fore, is the same as before, whilst the new centre of 
buoyancy must be in a line drawn through G at right 
poe toC D. Since the centre of buoyancy for bilged 
condition tends to approach G in a vertical direction, 
and the inclination of C D is always small, this inclina- 
tion may be neglected without material error, and the 
new centre of buoyancy may be assumed to be in the line 
through G at right angles to W L. Thus to determine 
the length and position of the compartment which must 
be open to the sea to sink the vessel to any tangent line 
as CD, we may proceed as follows :—Find the total dis- 
placement (W, tons) up to C D, supposing vessel un- 
damaged, and also the moment (M, foot-tons) of that 
displacement about, say, the midship section. Then, if 
W and M are the corresponding quantities for the dis- 
placement to W L, the volume in the required compart- 
ment to which water can find access after damage occurs 
is given by 35 (W,—W) = + cub. ft.; and the distance 
of the centre of gravity of this volume from the midship 


section, assuming M and M, are of the same sign, = 
7 “= 7 = h feet, say. Further, the length of compart- 
ae 


ment which, bounded by C D, will contain the calculated 
volume of water, must greatly depend upon the volume 
of cargo or other material sto in the compartment, 
since this determines the permeability of the space to 
water. The permeability of a compartment in free com- 
munication with the sea is exp by the percentage 
(u per cent., say) which the water-filled space bears to 
the total volume. Thus, if A is the mean sectional area 
of the compartment up to C D, the required length of 
compartment is given by— 


Vx 100 
feet. 
B.A 


For approximate calculations, A may be taken as the 
area up to C D measured at the distance h feet from the 
midship section ; but when greater accuracy is required, a 
process of trial and error must be adopted to determine 
the exact length of compartment which contains the 
desired volume v, and has its centre of on h feet from 
the midship section. The length of compartment is 
usually expressed as a percentage of length of ship. 
Similar calculations may be made for different positions 
of the tangent line C D, and the percentage lengths of 
compartments set off at’the middle of length of com- 
partment from a base line representing length of ship 
between nerpendiculars. In this way the well-known 
curve ef floodable length is produced: If the horizontal 
scale of the curve is the same as the vertical one, it is 
obvious that the ends of the curve will terminate on lines 
drawn at an angle tan— 2 from the endsof the base line. 
If, after determining the curve of floodable length for 
& given vessel, all the transverse dimensions of the ship 
are altered proportionately throughout, v and A will be 
alt-rad in the same ratio, and’ /, therefore, remains un- 
altered, as does also the position of the compartment. The 
same remaiks hold good for proportional variation of 
vertical dimensions; whilst for similar modifications in 
the direction of length, the length of compartment and 
1ts position will vary in strict accordance with the length 
variation of ship, and the percentages, therefore, remain 
‘be same. Thus similar vessels with similar free 
&°., have identical floodable length curves independent 


of size, 
From the foregoing it is clear that the proportion of 


i= 


length of given ship, floating at a given water-line, 
which is floodable at any pat of its length, depends 
upon the position of the margin line adopted an the 


permeability of the compartment. © assumptions 
made with reference to these vital matters, and the stan- 


para- | about six-tenths that for coal. 


dards of subdivision recommended for different vessels 
by the several authorities who have investigated the 
question, are referred to in what follows. 


Work or THe 1890 Commirrer. 


The margin line recommended was one drawn at 3 
cent. of the moulded depth of the vessel below the bulk- 
head deck admidships, and 14 per cent. of that depth at 
the ends. As to meability, the Committee clearly 
pointed out the difficulty which arises from the fact that 
the same vessel may very different types of cargo 
on different vor This was illustrated by givi 
curves of floodable length for a sailing vessel, loaded with 
coal and iron respectively to the same load-line. These 
showed tht, to attain the'same degree of safety, the 
8 of bulkbeade for the iron cargo should be only 
It being impossible, 
therefore, to make any vessel equally safe under all con- 
ditions of loading to a given water-line, the Committee 
recommended that for subdivision purposes the cargo 
= should be assumed to contain coal, occupying 
47 cub. ft. to the ton, sufficient, with the full complement 
of bunker coal, to immerse the vessel to the bulkhead 
load-line, and so distributed as a whole that the vessel 
would float on an even keel. Such cargo was assumed to 
admit water to 40 cub. ft. in every 100 cub. ft. of the 
space it occupiss—t.e., the permeability of the space was 
assumed to be 40 per cent. 

This Committee did not obtain curves of floodable 
jongth by calculation, but by the use of a floating model. 
The model was divided by thin transverse partitions into 
100 = lengths, with a removable plug near the bottom 
of each compartment. Coal was put in the cargo spaces, 
and materials inserted in the _——- positions to repre- 
sent engines and boilers. Thus the floodable length at 
any station could be obtained by removing plugs from 
compartments, equally on either side of that station, until 
the water-line touched the margin line marked on the 
model. When the model represented a low-powered 
vessel, coal usually filled the cargo spaces up to the height 
of the bulkhead deck ; but when the conditions of a high- 
powered vessel were simulated, the cargo spaces were 
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only partially filled with coal, these compartments then 
having, therefore, a permeability in excess of 40 per 
cent. 


By use of this model, curves of floodable length were 


obtained for high and low-powered vessels having different 
freeboards and sheers, and tables of floodable length were 


constructed therefrom. Then, as already indicated, for 


sea-going ger steamers of not less than 425 ft. in 
length, and cross-Channel passenger and mail steamers, 
i tive of length, the committee recommended that 


the floodable length at any point determined as above, 
should give the maximum length of two adjacent com- 
partments having their centre of length at the point 
in question. In sea-going passenger vessels less than 
425 ft. in length the floodable length gave the maximum 
length of one compartment, or of two adjacent compart- 
ments, according to the length of ship and position of 
compartments forward or aft. In all cases it will be 
noted that the Committee contemplated the sinking of 
the vessel to the margin line after damage of one or two 
compartments, as the case might be. They aleo pointed 
out that their tables could not be expected to apply 
rigorously to all vessels under all conditions. ey 
recommended that in ships such as cross-Channel steamers 
or vessels which had their machinery placed aft, or where 
there were any exceptional circumstances requiring to be 
taken cognisance of, the Board of Trade might require 
each owner to satisfy them by calculation or otherwise 
that his ship, when so laden, would not float at any 
deeper draught than that determined by the pro 
margin line, with one or two compartments, according to 
the grade to which the vessel belonged, in free communi- 
cation with the sea. hat results obtained from these 
tables may differ widely fron: those got by direct calcula- 
tion is exemplified by a statement made in a memorandum 
from the Board of Trade printed as an appendix to the 
(1912) Committee’s Report. r. Arc there states 
that ‘“‘in the case of one vessel at present 
under construction it has been found by a careful cal- 
culation that. with two boiler-rooms having a total 
length of 130 ft. flooded, the vessel would sink approxi- 
mately to the margin-of-safety line, while from the curves 
and tables” [of the 1890 Committee] “it would appear 
that the two compartments in question might havea total 
length of 172 ft.” 

As is well known, although the recommendations of 
the 1890 Committee as to subdivision were not made com- 
pulsory, their report exercised a most beneficial influence 
on ship construction by once more directing attention to 
the need for good water-tight subdivision in the interests 
of safety of life at sea. 


Work or THE ComMITTEE APPOINTED IN 1912. 


This committee realised at the outset the force of a 
remark made by Mr. W. D. Archer, in the memorandum 
already refi to, that ‘‘it is thought to be a matter of 
very great difficulty to emg | regulations which shall be 
equitable as between ship ship, and at the same time 





of application by the Board’s surveyors.” They 
ued arith his further remark that “‘ the time has 


posed | origi 
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arrived when an earnest endeavour should be made to 
devise regulations which could be considered satisfactory 
from the point of view of safety of life, and which would 
provide a reliable guide to the Board’s surveyors in the 
performance of the duties placed upon them by the law,” 
and they proceeded with their investigation with those 
objects in view. 

Permeability.—At the outset the Committee were faced 
with the seme difficulty as confronted the one presided 
over by Sir Edward Harland—namely, that on two 
different voyages the same ship, whilst loaded down to 
the same water-line, might carry cargo of very different 
density, so that with the same tof bulkheads 
different standards of safety would obtain on the two 
voyages. Unless, therefore, the load-line can be varied 
according to the type of cargo carried—a quite im i- 
cable suggestion—it is clear that whatever standard of 
floodability is laid down for a particular ship, it can only 
refer to average conditions; and the vessel will be more 
safe, or less safe, on a given voyage according as, with 
the same draught of water, the permeabilities are less, or 
greater, than those assumed for the average condition. 

The = as to what could be taken as the average 
permeabilities of (1) machinery spaces, (2) spaces, 
therefore early received consideration. Valuable infor- 
mation with reference to the volumes displaced by the 
materials of engines and boilers in eypienl vessels was 
furnished by shipbuilders who were members of the Com- 
mittee. It was found that mean bility of 
an = | spaces - to the bulkhead di including the 
associated coal-bunkers and double-bottom compartments, 
was in all cases about 80 cent., and this figure 
was recommended for adoption. On the second point 
information was obtained from shipowners as to the 
details of stowage of cargo spaces in typical ships, 
and in one case (that of the Orient Steam Navigation 
pone ml a valuable statement was forwarded giving a 
considered estimate of the permeability of spaces laden 
with typical cargoes. Thus, for example, a hold filled 
with butter packed in water-excluding boxes was esti- 
mated to have a permeability of about 20 to 25 per cent., 
allowing the usual loss of space in stowage; whilst 
holds fully loaded with mutton and beef respectively 
would have permeabilities in the neighbourhood of 70 per 
cent. and 60 per cent. respectively. From all the in- 
formation so obtained the conclusion was reached that a 
fair average permeability for cargo spaces was 60 per 
cent., and it is interesting to record that one of the 
foreign representatives at the recent International Con- 
ference on the Safety of Life at Sea stated that the same 


question had or two years under consideration in 
his own country, and that 61 per cent. had been decided 
upon. It will be seen that this is more severe than that 


recommended by the 1890 Committee, although it was 
probably approached in the case of their high-powered 
vessels, where the compartments forward and aft were 
only partly filled with coal. In passing, it may be noted 
that in the papers by Mr. Dunn, already mentioned, he 
stated that, in the Admiralty investigation, water was 
assumed » find access te, one-half 4 A of oe 
8 n very many modern vesse! ‘ge spaces below 
the bulkhead ‘tok are devoted to rs, and the 
present Committee have recommended that the per- 
meability of such spaces shall be taken at 95 per cent. 
In practice it may ha that each compartment has a 
permeability differing from that of all the others, but for 
subdivision pu it was recommended that the mean 
—_s of the vessel forward of the machinery 
space should be used for determining floodable lengths 
for that portion, the same method being adopted for the 
after end. As al y stated, the mean permeability 
throughout the machinery spaces was taken as 80 per 
cent. The mean permeabilities of end spaces can be calcu- 
lated as soon as the vclumes of the compartments assessed 
at 60 and 95 per cent. are known. 

Standards of Subdivision.—This Committee, following 
that of 1890, adopted the method of dividing the floodable 
length into one or more compartments, according to the 


length of the vessel ; but, unlike the earlier Committee, 
considered that within the ‘‘one-compartment” and 
‘*two-compartment” class there should be an increasing 
severity of subdivision with increase of } This was 


y pro to be obtained by using a variable 
margin line which, in any one class, was to be drawn at an 
increasing depth below the bulkhead deck as th 
of vessel increased. Thus the longer vessel, after damage 
under the assumed conditions, would float with the to 

of her bulkheads further out of the water than would a 
shorter one under the same conditions, and would have, 
therefore, increased chance of safety in moderate weather; 
or, alternatively, the larger margin of the longer ship 
permits wider variations between actual and assumed 
permeability of spaces without decrease of safety 
as com with the shorter versel. The same object 
is obtained by use of “‘ factors of subdivision” with a fixed 
margin line, as recommended by the International Con- 
vention, and this method was finally adopted by the Com- 


mittee. 

Having due regard to the nature of the services in 
which sea-going passenger vi are engaged, it was 
found possible to recommend more stringent rules for 
subdivision in vessels pri ily engaged in passenger- 
carrying than in those desi to transport large quan- 
tities of cargo, a conclusion also reached by the Inter- 
national Convention. Thus the curve of floodable 
is obtained by using a fixed margin line drawn 3 in. 
the bulkhead deck-at-side line, and the issible length 
of a compartment, having its centre of length at a given 
point in the ship’s hes ic is calculated by multiplying 
the corresponding floodable by the appropriate 
factor of subdivision. factors for two limiting 
t of vessel were determined for different lengths 
as Enlncnetionsl Convention, their values being princi- 
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y based upon the Rroctionl experience of Britain, | easy apgtiention by the Board’s surveyors as the case| were derived from the parent form by non-uniform 


rance, and G -rmany. values were adopted, with 
some modifications for the ings vessels, by the Bulk- 
head Committee; and, as ified, are given in the 
annexed table. The limiting types are (1) a - pri- 
marily engaged in the carriage of passengers, and (2) a 
ship en 1n & mixed cargo and service. In 
the table the maximum factors of subdivision recom- 
mended by the Bulkhead Committee for the two types 


Scale of Factors 





(43588) Length of Ship. 
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and for different lengths are given in column A, column B 
having reference to the mixed cargo and paseenger type, 
and column C to the higher “* passenger type.” 





: TABLE. ’ ae 
‘ B. ©. 
Factor of Sub- | Length of Vessel | Length of Vessel 
division. n Feet. in Feet. 

-_ | 295 259, 
0.90 874 285 
0.84 404 305 
0.65 489 $80 
0.50 671 | 489 
0.39 699 650 
0.38 99 800 


Curves marked B and C (Fig. 2) show these factors set off 
as ordinates on a base of length of ship. The factors of 
subdivision of ae for intermediate type were not 
directly dealt with by the Ccnvention, but it was decided 
that the ap iate factors were to be obtained by a 
suitable ‘‘ criterion of service,” to be determined after the 
close of the C: nvention by subsequent study and agree- 
ment. The Bulkhead Committee after much study 
arrived at the conclusion that as the two limiting cases 
were for vessels of low permeability and high permeability 
respectively, a convenient criterion of service would be 
the mean permeability of the whole vessel, including not 
only the » below the bulkhead-deck but also those 
os it which are measured oe aa. In = way 
a ship carrying a number o ngers above as 
well a below the ulithead. deck ill have a mean per- 
meability higher than that of a similar vessel without 
such passengers above the deck, and the severity of the 
subdivision called for will be negate increased. 
With mean permeability thus calculated, the Committee 
recommend that, in re case of — oe in length 
and upwards, where this permeability is cent. or 
lese, factors of subdivision thould be ene obtained 
from curve B ; and where the bility is 80 per cent. 
or more, the factors should be those obtained from curveO. 
The Committee further recommend that for a vessel of 
length L, having a bility (4, per cent.) between 
those just mentioned, the appropriate factor of subdivi- 
sion (F’) shall be given by— 


F=f - 5h - on - 70), 


where /, and f, are the factors obtained from the curves 
B and O respectively for a ship of the given len L. 
For ovo ges passenger s below 295 ft. in 

the subdivision recommended is on very sim 
principles. : : 

These factors provide the minimum subdivision con- 
sidered necessary ; but if an owner arranges in his vessel 
for a distinct increase above the stan laid down, the 
Committee , my with the conclusion of the International 
Conference that this fact, at the owner’s request, should 
be recorded on the vessel’s safety certificate. 

a imate Curves of Floodable Length.—A question 
which the Committee has kept in view from the beginning 
is that referred to in the Board of Trade’s Memorandum 
already quoted—viz., that any regulations drawn up 
should be equitable as between ship and ship, and of as 





admitted. This was especially borne in mind when de- 
vane methods of obtaining approximate curves of flood- 
able Jength. In the course of the Co 


proposed standards, and the 
floodable-l 


h curve for each by the usual method would 
have involv 


much time and labour. A calculating staff 


spacing of the original displacement sections, the 
being ie amidships; and greatest at the ends, whilet, cf 


mmittee’s work it | course, the total length of ship remained the same. With 
was necessary to examine the bulkhead ae of | this standard series of 
a very large number of existing vessels in the light of | floodable length were made for each, by th 


forms calculations for curves of 
e accurate 


accurate determination of the | method already mentioned, for 60 per cent. and 100 per 


cent. permeability respectively, and for different free- 
boards and varying sheers. It is clear that, on account 


Fic. 3 —Permrasitity (uz) = 60 per Cent. 


Fcoopaste Lenetus with Mrip-Station at AFTER TERMINUS. 


CONTINUED SCALE FOR FLOODABLE LENGTH 
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was engaged for the general 8 of the Committee’s | of the identity of curves of floodable length for similar 


work, and at an early stage an investigation was made 
of the influence of form of ship, as ex by block 
coefficient, upon curves of floodable length. For this 
purpose a standard form was selected having a block co- 
efficient =- 0.592, and from this was developed a series 
of forms of higher block coefficients up to 0.85 by the 
insertion A : erent len aa — dy, 
accom pani Y proportionate diminution spacing 
of ond castlens to keep the total | h of de = 
altered. For block coefficients below 0.592 the forms 





vessels of differing size, freeboard and sheer should be 
expreseed in terms of some vertical dimension. say, 
moulded depth or draught. It was found that the in- 
fluence of given sheer on a ship of given moulded depth 
varied with alteration of draught, and it was best, there- 
fore, to express sheer, and hence freeboard also, as a ratio 
of the draught of water. 

Much consideration was given to the question as to 
how best to record the results of the investigation as 
compendiously as possible, and they were ultimately 
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embodied in two sets of twelve cross-curve di one 
set for each permeability. Each diagram gives, for a 
station at a specified percentage of length of ship from 
the after perpendicular, the floodable lengths for vessels 
of differing block coefficients, freeboard rstios and sheer 
ratios. A specimen diagram is given in Fig 3. 

It at first appeared = that within moderate 
limits of freeboard and sheer ratios the percentage varia- 
tion of floodable length at any station due to alteration of 
sheer ratio from a normal value would be —_ 
constant for all floodable lengths, irrespective of freeboard 
ratio and block coefficient. In this case the corrections 
for different sheer ratios could have been re ted by 
straight lines on jagrams. Within wider limits of 
freeboard and sheer ratios, however, this was found not 
to be the case, and it became necessary to calculate these 
percentages for different floodable hs and block 
coefficients for the several sheer ratios, the mean results 
being shown on the diagrams by somewhat curved lines. 
These results in no case differ from those actually calcu- 
lated by more than about one-thicd of 1 per cent. of the 
vessel's length. To enable this standard to be attained it 
was Di to introduce a supplementary diagram for 
small sheer ratio values on the 45 per cent. and 50 per 
cent. cross-curve diagrams to correct for variations in posi- 
tion of mean centre of flotation with alteration of block 
coefficient in the standard forms. The several block coefii- 
cients were associated with definite positions of centre of 
flotation of mean water-planes, and these latter practicall 
define the point of maximum floodable length near pom 
ships. Forzerosheer the curve hasa cusp at this maximum 
point, and for specially low sheers the curves change shape 
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where 4 (™ - T) is knowa as the permeability factor. 

From the cross-curve Segue, therefore, a floodable- 
length curve can be got, for a vessel of standard form, 
for any block coeffisient, freeboard, and sheer ratios 
within the limits of the diagrams, and for any per- 
—. 

Bat what of forms differing from the standard? Two 
vessels having the sam; dimensions and block coefficient 
may have very different fore-and-aft distribution of 
volume and also different areas of water-planes and shape 
above load water-line. Distinct differences of curves 
of floodable length might therefore be expected with 
large variations of shape, and actual calculations show 
this to be the case. For example, curves A and B (Fig. 5) 
show curves of floodable length (60 per cent soneaility 
calculated for two vessels having the same block co- 
efficient, freeboard ratio, and sheer ratios. A is fora vessel 
of standard form, whilst B is for one having a distinctly 
larger coefficieat of water-plane area and very different 
longitudinal distribution of buoyancy. Thus to determine 
by means of the cross-curve di the floodable lengths 
for vessels of differing forms, it is to take the 
form coefficients into account, and this has done by 
the method indicated in the Appendix. The nature of 
the approximation to the true curves, even for cases of 
radical departure from standard form, can be seen by 
eelecengs 2 Fig. $; Se owes, 9 chowe the > nanan 
mation 6 true curve obtain applyi a) 

riate form coefficients to the peed nt ania ee. 
Gocreaponding curves D, EF of the same figure show 
the approximation in another case where the actual form 
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more or less abruptly in this region. If, therefore, the stan- 
dard form has a mean centre of flotation close to, say, the 45 
per cent. section of length, its cucve of floodable length for a 
small sheer ratio will fall, at the 50 per cent. station, very 
distinctly below that of a similar vessel with a normal 
amount of sheer ; whilst, if the centre of flotation is close 
to the last-mentioned station, the difference between the 
curves for low and normal sheer will be apy by at 
that station. Similar considerations apply to the differ- 
ences at the 45 per cent. station for variations in the 
position of centre of flotation. Thus, if the main dia- 
grams give the mean values at the 45 and 50 per cent. 
stations, there must be additions to these values in the 
case of the latter for standard ships having centres of 
flotation nearer to amidships than about 24 per cent. of 
the length, and deductions where the C.F. is more 
about 3h per cent. of the ~~ abaft amidships ; whilst 
the opposite rule applies for the 45 per cent. station. 
Anyone familiar with ship calculations will realise the 
tedious character of the work involved, and the Commit- 
tee wish mo to take this —— of thanking the staff 
engaged for the careful an gg me manner in which 
these diagrams were prepared. Special thanks are due to 
Mr. W. R. G. Whiting, M.A., who was in charge during 
the earlier portion of the work, and to Mr. D. A. Coskery, 
B. Sc., who held a similar position in the later stages. 

The cross-curve diagrams show t! an oe 
the floodable length at about one-fourth the v —— 
from either end is unaffected by block coefficient; that 
floodable length up to these points from the ends decreases, 
and between these points increases with increase of block 
coefficient. These di enable the effect of any pro- 
posed modifications of freeboard or sheer in the pre- 
liminary stages of design to be readily ined. 

From a floodable-length curve calculated for known 
permeability the corresponding curve for a slightly dif- 
ferent permeability can be closely approximated to by 
assuming the floodable lengths to vary inversely as the 
permeability. This, however, does not hold for 
distinct differences of permeability, and may be seriously in 
error near the ends. This is the reason for cons i 
two sets of diagrams, one for 60 and another for 100 per 
cent. permeability. Between these values it has been 
found that if ordinates of floodable lengths for different 
permeabilities at a given station are set off so that the 
abscisez represent inverse permeability, the tops of the 
ordinates will bey = NS a straight line. us, if J 
and /, (Fig. 4) are floodable lengths for 100 per cent. and 
60 per cent. respectively, that for any intermediate per- 
meability, per cent., say, is given by— 


ey 

re a: 3 a 
ith ik te 
60 100 


or 
Dh + (yh) x 3(-1), 


_ the standard form forward, but differs radi- 
| cally therefrom aft. Naturally, such a method will give 
more correct or less correct ts, according as 
assumptions made in the Appendix are more, or less, 
realised in the actual vessel under consideration. In no 
case can the departure from the truth be serious, even for 
extreme variations from the standard form, whilst the 
error is palpably less than would be made if based on 
block coefficient alone. 

It may be mentioned that the particular form adopted 
as the s generally gives a minimum floodable 
length, variations from this s being usually 
accompanied by an increase of such length. Thus, if an 
arrangement of bulkheads is based u the floodable- 

curve obtained ers from the cross-curves, it 
erally not need modification after taking account 
erence of form. 

Longitudinal Subdivision.—Such subdivision includes 
water-tight) decks or platforms, longitudinal wing or 
bunker bulkheads, double bottoms, inner skins. e 
usefulness of a »roperly-constructed water-tight deck in 
minimising the effect of a ripping blow, particularly when 
the damage occurs below that deck, is undoubted. If the 
deck is fitted low down in the ship and damage occurs 
above it, the transverse stability may be adversely 
affected, which would not be the case for damage below 
the deck; whilst in the latter case the loss of buoyancy is 
less than if no deck were fitted, and the value of the 
moment to change trim 1 in. is preserved. Tho best 
balance of advantages would appear to be obtained by 

lacing the water-tight deck at, or somewhat above, the 
foad water-line. This position makes it probable that any 
ripping blow will take effect below the deck without dis- 
turbing the latter ; and although this position does not 
reduce the loss of buoyancy due to damage, yet it does 
preserve the value of the moment necessary to change 
trim lin., and therefore minimises the change of trim 
after injury. In the case of a direct blow from another 
vessel, a water-tight deck will almost certainly be cut 
through and rendered ineffective, and the Committee 

‘ure felt it was only possible to recommend any 
relaxation of the requirements for transverse sub- 
division if a water-tight deck were fitted in vessels sub- 
divided so as to float with a certain margin w any two 
adjacent com ents were open to the sea. Thus they 
recommend that when the factor of subdivision for the 
vessel as prescribed in the curves or tables is less than 45, 
the permissible lengths for compartments in way of a 
water-tight deck may be obtained by a factor which 
exceeds the ibed factor by 0.05, subject, how- 
ever, bo the condition that this modified factor must in 
no case ex! 0.45. A similar allowance is recommended 
where an inner skin is fitted, or where unpierced longi- 
tudinal side bulkheads, such as those for oil-bunkers, are 
worked. Of course, the openings in water-tight decks 
must be fitted with water-tight hatehes or covers, or 
must be trunked water-tight to the bulkhead deck. __ 

In the case of longitudinal bulkheads and inner skins 


of di 





the | W, Ly, and theret 


possibility that a distinct list may be deve- 
one side, i ly if due toa 
hus the Committee recommend that i 


) _the direction of securing th 
water-tight subdivision of sea-going 
Whilst it must always remain true safety 
of life at sea is primarily dependent on careful navigation 
he vessel at all times, it is confidently belie thao 
the adoption of these recommendations will also conduce 
very ——y to the safety of all who go down to the 
ips. 





APPENDIX. 


\ chip mentioned in the taxs ang bo unde to attain 
the line C D, Fig. 1, page 365, as follows :—Suppose water 
of volume v placed on board the intact ship co as to sink 
the vessel without cl of trim to water-line 
W, 1). Its O.G. must, of course, be in the same vertical 
line as the centre of buo 
between W L and W, L,. 
syphoned into acompartment with adjustable bulkheads 
we may imagine these moved until the contained liquid 
just reaches the height of the water-line at the time 

If, -_ a 
le partment EK, no 
of conditions would result, the water inside being 
assumed of the same density as that outside. The 
tion thus obtained is that which would have resulted 
rom | the compartment E. Now, the total volume 
of ship below C D is equal to that below W, Ly, and 
therefore these two lines intersect very approximately at 
the centre of flotation of W, Ly. 

Let ¢ represent the change of trim of the vessel in 
feet ; M the moment in foot-tons to change trim 1 in. 
from W,L,; T the mean tons per inch immersion be- 
tween WI and W, L,; and « the distance the water in 
compartment was moved horizontally from the centre of 
buoyancy of the layer. Then 35 (M x ¢ x 12) is the 
moment in feet—cubic feet—producing change of trim, 
and therefore we have v x x= 420M.¢. Bubtif k is the 
thickness of the parallel layer in feet, 420T x k=v, so that 


wy 

= rT x i’ 
_ If, therefore, any line is drawn tangential to the margin 
line, it will cut the locus of the centres of flotation of 


water-planes at a point which determines the position of 
ore the value of k. Thus ¢ and k are 
known, Mand T can be obtained fiom the usual hydro- 
static diagram, and the values of x and v can be obtained 
as above. Then the floodable length can be calculated, 
as indicated in the text. 
_ We can use the f ing to approximate to the altera- 
tion of floodable length due to alteration of form. For 





purposes of comparison we may, without sensible error, 
assume throughout that the itudinal metacentric 
heightis = the distance between B and the longitudinal 
metacentre, so that— 
Ww 
one ae 
7. Vee ee, a 
T T 12LT ‘LT Vv" 
So that, as V = 35 W, we have— 
M 1 1 


YT” QTL "ALL 
where I is the moment of inersia of W, L; about a trans- 
verse axis through its centre of flotation, and A is the 
mean area of water-plane between W L and W, 





For « particular vessel we may write ery) 
er , is the area of W, L,, und L the length of the 
vesse. 

- Mi 2A. A; 

Ts. 


, A 
In a particular vessel n and the ratio a will vary 
slightly for the osent eonguate corresponding to the 
several compartments. ry is likely to be greatest near 


amidships, where ¢ is small, and least at the ends. As an 
quan, we can assume that A, = A, and that the 

ae of n is constant t, and equal to that 
of the mean water plane midway between WL and the 
line (called the ‘‘deep” water-line), parallel to it, touching 


the margin line. Thus we may write z =n. L x — 80 


that the ratio 7 varies asm. <-. Tf, therefor, we know 


exactly the floodable length at any station for a given 
standard form for any value of ¢, the position and length 
of the corres ing compartment for a different form, 
but of the same extreme external dimensions, and for the 
same value of ¢, can be ebtained as follows :— ; 
If the locus of the centres of flotation of water is 
the same in both forms, the value of k will be the same in 
each, so that if 2, represents the position of compartment 
in new form, and », the moment of inertia coefficient of 
mean water plane for that form, we have— 
=e. 
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Further, as the value of k is the same, the volumes of 
the corresponding compartments will vary as the areas of 
the mean water-planes ; and these volumes divided by the 
mean areas of the corresponding compartments up to the 
inclined water-line will give the required floodable \ 
In this case, therefore, if /, is the floodable length for new 
form, and / that of standard form— 

8 
8) 
where a and a, are coefficients of area of the respective 
mean water-planes between W L and W, L,—these 
coefficients being the ratios of the actual areas to the area 
(length of ship x breadth of ship) common to both—and 
5 and 8, the corresponding mean —- compartments 
tothe inclined water-line. The ratio s for correspond- 
1 
ing compartments will be sensibly the same as the ratios 
of the sectional areas at the points defined by z and z, 
respectively measured to the in line, so that if 8 ana 
8, are coefficients obtained by dividing these sectional 
areas by the area (breadth of ship x draught), which is 
commvn to both— 


ho=lx™ x 


4=tx 71 x B ° 
a By 

The values a, and a will differ somewhat for different 
tangents, but their ratio is assumed throughout to be that 
between areas of mean water-planes midway between the 
L.W.L. and the ‘‘ deep” water-line. The values of Sand 
8, will, of course, be distinctly greater than unity in the 
region of amidships. . 

Generally, however, the locus of centres of flotation 
will not be the same for the two forms, and where distinct 
differences occur this may be allowed for, as illustrated by 


Fig. 6. 

Su pose the locus of C . F for new form is abaft that 
for the standard ; then any particular tangent towards 
the fore end will cut the first-mentioned below that for 
the standard, and i, the height of the corresponding 
water-line above the load-line, will be less than &. In this 
case the length /,, determined above, must be multiplied by 


the ratio ; . Let m. L be the distance in feet between 


the centres of flotation, ¢, as before, being the trim of the 
vessel in feet; then— 
ab _ $s a@ab=m.t. 
m.L L 
From the preceding work we have— 
t 
z=n.L x ry 
so that— 
k.@ k x 
ub=m.” -=m.p. + wherep =~. 
tb=m a m.~p E p i 
Thus 
kymkomp.- =k(1 ths r) 
n n 


or 
hy ni~@,*. 
k 

For a tangent abaft the centre of flotation, k, would be 

greater than k, and the ratio 


palem.®. 


Had the locus of C.F. of new form been before that of 
the standard, the ratio 


hy would be 1 + m. ” 
k n 


for tangents forward, and 


i«m,. = 
n 


for tangents abaft the centre of flotation. Where x varies, 
the value of x varies inversely as k, and therefore we may 
write generally :— 


- n 
eo =ax — 


"i (1am. P) 


‘ 


(Lem. 4 
n 


the particular sign within the bracket being determ ned 
by the rules given above. ™ 4 

It will be noticed that the lengths z and x, should be 
set off from the centres of buoyancy of the respective 
layers between the load water-line and W, L, or W, Lo, 
as the case may be, and these may differ somewhat for 
each tangent. For comparative purposes it is assumed 
that the longitudinal positions of these centres of 
buoyancy coincide throughout with those of the centres 
of flotation of the respective mean water-planes between 
the load-line and the parallel tangent to in line. 

The process of obtaining the moment of inertia co- 
efficients n and n, involves division by the area of the 
corresponding mean water-plane; and if, for purposes 
of comparison betwien ships of different ferm, it is de- 
sirable to refer the moment of inertia of each mean water- 
plane to the area of the circumscribing rectangle common 
to both, these coefficients can be obtained from the pre- 
ceding by pone pm them by the corresponding co- 
efficient of area of mean water-plane. 


ha=tx% x By 
a 6B 


Meruop or Makino A Rapip APPROXIMATION TO A 
Curve or Fioopasie Leneru. 
For definiteness the description is limited to the for- 
ward end of vessel, but it applies equally well to the 
after end 


Assume the margin line to be an ordinary parabola ' 





with axis vertical and vertex amidships, and consider any 

nt line at the point (a: . y:) on the curve in Fig. 7. 
If the sheer at the fore end is S, the equation to the 
parabola is 


og SO, 
y= ™ 
where L is the length of vessel. Also— 
dy _ 8", My 
dz L4 
so that if ¢ represents the trim corresponding to (2; y:)— 
£ = 8S, ort = oe - 2% 


Let the distance abaft amidships of the centre of flota- 
tion of the horizontal water-line, W, L,, cutting off the 
same displacement as the tangent line, be 5. L; then— 

A B in the figure = 6. L x zoe 

For a common parabola O A = y%, and, if F is the 

freeboard, O ©, to the margin line, we have :— 


k=>F-y-56.t, 


where 5 may be positive or negative. It is negative 
when, as in the figure, the centre of flotation is abaft 
amidships, and the opposite rule obtains for floodable 
lengths aft of amidships. 

Thus for any selected value of x:, and assuming that 
6 is constant throughout and equ»! to that relating to 
the water-plane midway between L. W.L. and the ‘‘ deep” 
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line, the values of ¢ and k are known, and can be con- 
veniently arranged as in the table below :— 


| 
Values of oo 1h. 


— of Values of 
z, ues of ¥, t= 


1.2, | E=F-y,-8.¢ 





ue? 
oO oO Oo F 
L 8 s ; 
16 64 =. |e g- a4 
I. 8; s 
1 
. 16 Si | F-3y5- 8+ & 
Si 98, 38 98 3 
1 baad | 
16 a ~; Fi - 58- 
L S; on rr. eer 
4 4 Perey i 
5L 25 8; 5 258, 5 
16 64 35 F 64 - ~8.8) 
a1 98 s 
: 38) » 2. 88.8; 


58 16 | 


Of course, intermediate values of z; can be taken as 
desired, whilst the exact extent of table required will 
depend upon circumstances, the extreme actual limit 


being reached when 2; With low sheer values, 


the z correspording to #: = * may denote a compart- 
ment at some distance from the end of the flooding curve. 
In this case results may be obtained by taking values of 
x greater than 4 L, but it must be remembered that the 
corresponding tangent then falls below the margin line, 
within the limits of the ship’s length, and gives results 
distinctly on the safe side. aving the curve of areas of 
water-planes of the vessel, the mean area for any value of 
k can easily ascertained, and this, multiplied by the 
value of k, will give the required volume of the corre- 
sponding damaged compartment up to the inclined water- 
hne. Or, if preferred, this volume can be obtained from 
the displacement curve by finding the difference of dis- 
placement up to the two water-lines k feet apart. 


Further, the ratio 4 can be calculated from the pre- 


ceding table for any value of x ; and from previous 
work we know that the centre of gravity of water in the 
damaged compartment is at a distance 
z=aM,# 
, 5 
from the centre of buoyancy of corresponding layer, 
which may be taken to approximate throughout to the 
= of centre of flotation of the water-plane midway 
tween L.W.L. and ‘‘deep” water-line. is the 





moment to change trim 1 in. at the water-line passing 
through the upper extremity of k, whilst T is the tons 
per inch for the mean area of water-plane throughout the 
length k. Thus, having curves of moments to c 
trim 1 in. and tons per inch, these values can be easily 
obtained, and z determined for any value of x. Or the 
approximation referred to earlier may be used, viz.:— 

PE. 

L oe 
_ Knowing the volume of the compartment and the posi- 
tion of its centre of gravity, an approximation to the 
floodable length may be obtained from 

Z = volume + . A 

where u is the percentage permeability and A the area 
of the transverse section up to the margin line at the 


point defined by the len az. A second approxima- 
tion can then be obtained by finding the mean area 
throughout the length 7, and using this value instead of 
A in the foregoing formula. These assumptions are not 
quite correct, but give results generally on the safe side. 

It may further be pointed out that if d, and d. repre- 
sent respectively the increase of draught forward and 
decrease aft from the “‘deep” water-line or tangent line 
O X (Fig. 7), 

d, + d, = t, and d,+ye = dg—ye, or dz—d,=2 y. 

Thus 


t t 
dy = z + Yt, and d,= Zz a 


These are therefore known for any value of x. That is— 


d, = 4% ze (1-¢ 
L L 
d, = 45: xe (1+) 
If we write 7 = c. L, we have— 


dy = 4c.8,(1-¢ 
dg= 4c.8, (1 +c). 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


, WE give below a few data . several ota and 
ore engineering projects, en from the Board o 
Trade. Journal. Tae information concernin > ded 
Sees from the Commercial Intelligence 
oo Board of Trade, 73, Basinghall-street, London, 


Egypt: The Sp Journal Officiel announces that 
sealed tenders, on the proper forms, will be received u 

to noon on — 19 by the Director, Technical School, 
Bulac, Cairo, for the supply of 530 sets of workshop over- 
alls (jackets and trousers) required for students during 
the session 1915-16. The specification and form of tender, 
together with standard samples of the goods required, 
may be inspected at the school at Bulac. A provisional 
deposit equal to 2 per cent., or a bank guarantee of 10 per 
cent., of the value of the offer must accompany each 
tender. The tenderer must be a person residing in Egypt, 
or must have a representative in that country, and must 


= in his offer an address in Egypt at which notices may 


served upon him. 

Spain: The Gaceta de Madrid publishes a notice to the 
effect that tenders will be received at the Direccién General 
de Obras Piiblicas, Madrid, up to noon on May 19, for the 
construction and working, fora period of sixty years, of a 
steam tramway from Alcira to Carcagente. The mini- 
mum rolling-stock required tor the tramway is three loco- 
tives, ten passenger-coaches and eight goods wagons. 
Constructional work must be commenced within a 
period of two.months from the date of the award of the 
concession, and must be completed within a further two 

ears. An option on the concession is held by Don 

6n de Castro Artacho. Although the contract will 
probably be awarded to a Spanish firm, nevertheless the 
carrying out of the work may involve the purchase of 
material outsideSpain. The Gaceta also publishes a Royal 
Order notifying that projects will be received, within a 
period of ten months from March 7, at the Direccién 
General de Obras Publicas, Madrid, for the construction 
of a railway from Cuenca to Utiel. The line will consist 
of a single track of the normal Spanish gauge of 1.67 m. 
(5 ft. 54 in.). The minimum weight per lineal metre of 
the rails to be used will be 40 kg., and their minimum 
length 12 metres. The express trains must have a oe 
of not less than 50 km. (about 31 miles) per hour. With 
reference to the call for tenders for the construction and 
working of a secondary railway from Matico to Azbarren, 
the Gaceta de Madrid notifies that the concession has 
been awarded to the Compaiiia del Ferrocarril de San- 
tander 4 Bilbao. Work on the construction of the line 
must be commenced within three months, and completed 
in two years. 





AMERICAN MeTaLLurcy.—The production of pig in the 
United States in February was 1,674,771 tons, or 59,813 
tons per day, as compared with 1,601,421 tons, or 
51,659 tons per day, in January. The increase of 8154 
tons day observable in the F ncn ye of February 
was } se to the blowing-in of Steel Company furnaces. 
The number of furnaces in blast at the commencement of 
March was 176, a gain of 16 in February, and of 30 in 
January and February combined. The present rate of 
American pig-iron production is 23,000,000 tons per 
annum in round figures, as compared with 18,000,000 tons 
per annum two months ago. 
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X RAYS AND CRYSTALS. 

Tue peculiar rays which Roéntgen discovered in 
1895 remained a mystery to the scientist for a long 
while after their remarkable property of pene- 
trating thin layers of opaque matter had been 
utilised in several ways, chiefly by the medical 
fession. The rays behaved somewhat like light and 
produced photographs ; but they could not be 
reflected or refracted, and they did not show inter- 
ference phenomena. Diffraction and polarisation 
would not affect them, and for these reasons it 
had appeared hopeless to attempt to determine 
the velocity of these X rays. E. Marx, indeed, 
succeeded, after many failures, in demonstrati 
that the X rays travelled with the peewee Ay 
light ; but his experiments involved too many diffi- 
culties to be accepted as settling the nature of the 
rays. Yet slowly evidence accumulated that the 
radiations must electromagnetic in nature, 
though of extremely small wave-length, and really 
due to transversal, not longitudinal, vibrations, as 
A. Schuster pointed out. Notable among these 
new facts was the discovery, by Barkla, of a polari- 
sation of X rays. At present it is generally con- 
ceded that they are essentially light rays, though 
the problem of the — still offers 
difficulties. Within the last few years a line of 
study has been developed which, indeed, lays the 
foundations to a new science, as it sheds a 
new light on the nature of the X ray, and sti 
more upon the obscure internal structure of 
crystals. : 

It occurred to M. Laue, of Munich, now at 
Zurich, that since an ordinary grating, even of the 
finest ruling, was manifestly far too coarse to pro- 
duce diffraction of the X rays, the internal — 
ing of the atoms or molecules in a crystal might 
furnish a suitable grating. He sent a beam of X 


rays through a thin crystal slab, and found that po sy 


the cen spot on the photographic plate was 
surrounded by groups of spots marking the inter- 
sections of ellipses, all — through the central 
spot. He interpreted each of these spots as produced 
by the reflection of the X rays from some plane 
within the crystal structure. Taking uP. this line 
of research, Professor W. H. Bragg, F.R.S., of 
Leeds—soon joined in these studies by his son, 
Mr. W. Lawrence Bragg, B.A., working in the 
Cavendish Laboratory at Cambridge—developed a 
new method, which, though not less complex 
apparently than that of Laue, has within barely two 
ears led to results of astounding importance. 
ar teen B made ‘‘ X Rays and Grystale F 
the subject of the Bakerian 
delivered at the Royal Socie 
what we have now to say on 
is based upon that lecture. 
Imagine a set of monochromatic waves entering 
a medium of a certain scattering power, this power 
not to be uniform, but to possess a certain periodi- 
city ; in other words, suppose the icles of the 
matter in the medium to + distributed in successive 
layers arranged at equal distances apart. If there 
were no successive layers or planes, the whole 
medium would be scattering without any definite 
reflection. But when there is a periodicity, the 
waves will be strongly reflec in a certain 
direction, provided the relation nA = 2d sin 6 
be fulfilled, in which n is any integer, A the 
wave-length of the incident (glancing) beam, 6 
the angle made by the beam with the successive 
planes, and d the distance (spacing) between two 
successive planes. For if that condition be fulfilled, 
the reflections from successive planes will all be in 
the same phase; whilst if the condition be not 
fulfilled, the successive reflections will be out of 
phase and will destroy or weaken one another. If 
the atoms in crystals were situated on successive 
planes, they might be able to act as reflectors, and 
that supposition has been proved to be justified. 
The apparatus of Professor Bragg is a kind of 
spectrometer. He makes use of a pencil of soft 
-\ rays as homogeneous as possible, emitted by an 
anti-cathode of rhodium, a &c.; other 
metals answer less well. ese rays fall on a 
crystal (rock-salt, diamond, calcite, &c.), and the 
reflected rays are directed to enter the slit of an 
lane an which takes the place of the 
clescope of an ordi spectrometer, whilst the 
collimator is a lead block pierced with a hole. The 
chamber (15 em. long, 5 em. wide) is ¢ with 
sulphur dioxide (in check experiments with air or 
methyl-iodide), and the ionisation produced by the 
reflected ray is measured. The crystal and chamber 


ture which he 
en March 18, and 
is fascinating study 





are so mounted on a revolving table that they may 
both be turned together or independently of one 
another, while the angles are ed. At first 
Professor Bragg measured his angle only toa degree; 
but he found that the method admitted of the highest 
accuracy, to measurements within a minute of arc, 


Pro-| although he does not obtain permanent photo- 


graphic records like Laue, who makes use of ordi- 
nary ‘‘ white” X rays, not a rays. The 
chamber now is revolved step by step through a 
series of angles 26, and the ionisation is measured 
each time. this way points of a curve are found 
on which the intensity of the ionisation is plotted 
against the angles, and if the intensity is maxi- 


ng/ mum, e¢.g., for an angle of 16.6 deg., then the 


glancing angle @ is half that—8.3 deg. Short 
ex of a few seconds, sometimes of 0.1 second, 
only are sufficient, whilst Laue required long expo- 
sures. 

When the rays of preferential reflection and 
(i.e., of maximum) ionisation are more closely and 
carefully examined by the same method, they are 
found to form a kind of spectrum, or Pm of 
spectra of different orders, the order depending 
upon the n in the formula nA = 2d sin 6, for 
n=1,2,3, &. The ——_ consists of the 
characteristic X rays of the respective anti- 
cathode; mostly two lines are observed, some of 
which are close doublets, however. The wave-lengths 
of the X rays are very small, of course, ——— 
with those of visible light, being of the order of 
10-* cm.; or say about ,,\,,th the wave-length 
of ordinary light. Thus, whilst the D line of sodium 
has a wave-length of 5895 Angstrém units (1 unit 
= 10-” m. or 10-* cm.), the X rays measured by 
Professor Bragg in one case were of 0.619 and 
0.540 Angstrém units. The X-ray wave-length 
now, which is independeet of the nature of the 
tal, is also known from other researches, and 
the relation n \ = 2 d sin @ can thus be utilised in 
two ways. When the wave-lengths A are known, the 
d, the spacings, can be deduced; and when the 
spacings d are known, conclusions can be drawn as 
to the wave-length. How is that possible in the 
case of Is ? 

All crystalline structures conform to patterns in 
space. When a wall-paper is examined, the posi- 
tion of each point of the pattern may be fixed with 
regard to two arbitrary systems o lel lines 
crossing one another. Similarly, the atoms of 
crystals can be referred to a ‘“‘ space lattice.” Let 
us imagine a scaffolding of vertical poles, crossed 


» | at intervals by horizontal poles ; the atoms 
may lie at the points of intersection or at inter- 
mediate points. Now take a “‘ unit” pattern, or cell, 


contai as few atoms as is consistent with the 
rules of the structure. That unit will be a parallelo- 
piped, a cube, if all angles are right angles and all 
sides are equal, or oblique prism in 
other cases. The unit need not necessarily present 
the same shape as a real crystal, though it will 
often do so. Such a space lattice pt looked 
at in different directions, and plan and elevation 
will alter with the way in which we look at the 
crystal. Professor Bragg ——. this by hold- 
ing space lattices of wires, with ball-atoms stuck on 
the ares 4 b dlc Bye of the lantern. ye = 
be gh various groups of atoms, and the 
spacings between two parallel planes of the same 
type will bear definite relations to one another. In 
crystallography faces, or planes el to them, 
are designated by figures indicating the distances 
at which they are imagined to cut the three prin- 
cipal axes—which would be at right angles to one 
another in the regular system, but at other angles 
in the other systems. Thus cubical or diagonal 
oe of a cube, or planes parallel to the tri lar 
aces of a octahedron, are designated respectively 
(100), (110), (111), and the spacings between any 
two successive planes of the same type are marked 
dio» &e. The ratio of the reciprocals of d for 
the three principal series of planes would be 
1: V2: V3, and when the values of sin 6 are 
determined for the reflections from these planes, 
they are found to be in the same ratio. us it 
appears that the atoms of cubical crystals are 
really oriented on planes of these types. With 
other crystals similar though different relations are 
established. Absolute measurements can, in the 
case of copper crystals, for instance, be based 
on the equations: d’ . 8.96 = 63.57 . 1.64. 10-* 
gramme ; the d refers to the d_,, spacings, 8.96 is 
the density of copper, 63.57 its atomic weight, and 
1.64 . 10-* the mass of the hydrogen atom. 





But even with a simple, perfectly symmetrical 
orientation many different groupi are possible, 
and it is not known at once whether the unit should 
be assumed to be represented by one cell, or, 
perhaps, by a cell of double the dimensions 
and, aiden eight times the volume. The 
observations have to be interpreted to suit some 
assumptions, and to be checked by further tests. 
When this was done on the natural cubical crystals 
of the alkali halides, the chlorides, bromides and 
iodides of potassium and sodium, which all resem- 
bled one another very closely, sodium chloride 
(rock salt) stood apart from sylvin, KCl, as to 
X-ray ection, and this was explained by the 
assumption that the Na atoms in NaCl are at the 
centres of the cubical edges, and the chlorine atoms 
atthe corners. In other cases (face-centre lattices 
atoms were also at the face-centres. In octahed 
diamond the carbon atoms were all arranged in 
parallel planes ; the distance between the first two 


planes at right angles to d. was d, between 


(ul) 
planes 2 and 3 it was 3d, between planes 3 and 4 
again 1d,and so on. Some crystal structures could 
be derived from others by imaging the crystal unit 
slid along an edge or a diagonal ; the crystals of 
zinc-blende and of iron pyrites are to 
diamond in this way. These features lead to another 
important ent. So far we have only con- 
idered the wave-length of the radiation, not its in- 
tensity. The A itself depends merely on the nature 
of the X rays and on the crystal spacings, but not 
upon the nature of the — nor upon the 
grouping of the atoms around a centre. The inten- 
sity of the radiation and the relative intensities of 
the different order spectra are decided by these latter 
factors, and by the atomic weight of the atoms in 
the first instance. The study of calcite (carbonate 
of calcium) and of its isomorphs, the natural car- 
bonates < magnesium, sagt iron, &c., = mp 
particularly instructive in this respect. ey al 
copstaliien Ya regular rhombohedra. All the sides 
and angles of the calcite rhombohedron are 
equal, and the calcite crystals are perfectly 
symmetrical as to three planes, which differ in their 
ey chap wae The X-ray examination showed 
that should be half-a-molecule (Ca CO,) in 
each unit cell (rhombohedron). A lattice of twice 
the unit dimensions, giving eight cells to the new 
unit, was therefore Fase having four molecules 
in the unit, and it resulted that the (111) planes 
containing the CO, groups were evenly spaced 
within the planes containing the Ca atom ; as re- 
gards the (100) planes, oF contain Ca CO, and 
at distances of 4d and $d the two other atoms 
of Fe The atomic weight of calcium is 
Ca = 40, the molecular weight CO, = 12 + (16 x 3) 
= 60. In the likewise isomorphous Na NO, the 
difference between the atomic weights, of the metal 
and acid group, Na = 23, NO, = 62, is greater ; 
in FeCO,, Fe = 56, CO, = 60, the atomic weights 
of the metal and of acid group are almost equal. 
With the assumed spaci now the reflections 
from the metal planes and the acid-group planes 
should be in opposite phase, and should therefore 
destroy one another if the planes exerted equal 
power (case of FeCO,), but they should less 
influence one another if of an unequal power, 
because of the unequal atomic weights (Ga CO, 
and still more Na NO,); this was, in fact, ob- 
served. The study of calcium fluoride and other 

tals having given similar results, the conclusion 
is that the intensity of the reflection is ppepettenns 
to the atomic weight. The above-quoted case of 
Na Cland K Cl was likewise ‘affected by the same 
consideration. The atomic weights of chlorine, 
35.5, and potassium, K 39, are nearly equal, and 
planes alternately of K and of Cl atoms would 
therefore have the same reflective power ; whilet 
the atomic weights of sodium, 23, and of chlorine 
differ strongly ; hence also the difference between 
the two crystals. 

It is fortunate for the determination of the in- 
tensities that the ionisation effect is powerful, 
though the measurements are not anything like so 
accurate as these of the wave-lengths. e study 
of = infected by = eae is, of course, 

ely ea ion of the rays by the 
wees —, used as anti-cathodes el a the 
" e less energy is tina ion, 

the more is available for smthesiog: By the pe 
absorption coefficient of an X-ray pencil, Pro- 
fessor Bragg understands that energy which is 
absorbed in crossing a surface on which lies 
one atom to every square centimetre. In general, 
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the intensity of the radiation is, as stated, pro- 
portional to the atomic weight of the reflecting 
substance. As regards the spectra of different 
orders, the intensities decrease with increasing 
squares of the sin 6, or rather more rapidly accord- 
ing to the actual observations. This holds when 
all the planes are parallel and equal. When they 
are dissimilar, the intensities may seem to be 
quite irregular, as already indicated. But when 
all the effects of the various atoms of a plane 
are added together by integrating the ionisations, | 
the combined curves follow the inverse-square law. 

For the exact study of the intensities good | 
crystals are essential. Observations can sometimes | 
be made with crystals as found or with cleavages, | 
ground down, if necessary. But crystals are often 
distorted or in steps, and in the case of an appa- | 
rently fine copper crystal etching with nitric acid 
had to be resorted to. On the whole, rock-salt | 
crystals are not good, but are inferior to calcite and | 
diamond. Of the anti-cathode metals, rhodium | 
(giving about half the wave-length of platinum), | 
palladium and silver answer better than nickel, 
tungsten and iridium. 

In his corcluding remarks Professor — 
referred to the effect of temperature on these 
phenomena. His observations in this respect, 
made in small electric ovens, confirm the predic 
tions of Debije, of Utrecht. Heating the crystals 
does not impair the sharpness of the spectra, but | 
it affects their position and intensities, particularly | 
in the spectra of higher orders. As the heated | 
crystal expands, the spacings increase, and the 
intensity and wave-length decrease. Professor 
Bragg concluded his lecture with some speculative 
suggestions. Analysing the spectra of various orders 
produced by a grating—of opaque bars with trans- 
parent intervals—by means of the Fourier theorem, 
A. B. Porter found, ten years ago, that when the 
edges of the bars were not sharply defined, the 
spectra of higher orders vanished. Now the rapid 
decrease of the intensities of the higher orders sug- 
gested a varying reflecting power of the planes, Pro- | 
fessor Bragg submitted, and if the electrons were 
the centres of the reflection, the further study of | 
the intensities might give some clue as to the| 
distribution of the electron in the atom. Thus this | 

roblem, like almost every modern scientific pro- | 
on would be traced back to the electrons. 
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Swepisu E.gecrriciry TO DENMARK.—The arrangements | the question recommends the grant of a concession 
for the transmission of Swedish electricity to Denmark by | extending over forty years to the syndicate, subject to a 
means of submarine cables under the Sound in the vicinity | tax of 7f per cent. of the value, which tax cannot be 
of Elsinore on the Danish, and Helsingborg on the | raised during the time the concession is in force. This is 
Swedish, side are progressing satisfactorily. The Danish | probably the first instance of electricity being exported 
Parliamentary Committee which has been considering | from one country to another. 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 


In our issue of last week we gave an account 
of the earlier proceedings of the meeting of the 
Institution of Naval Architects, held in the Hall of 
the Royal Society of Arts, on March 24 and 25. We 
continue below the report of the meeting in the 
afternoon of the 24th, and also deal with the meet- 
ing held in the morning of Thursday, March 25. 


**ScanTLInGs OF LiGHT SUPERSTRUCTURES.” 


The second paper taken at the afternoon meeting 
of Wednesday, the 24th, was by Mr. J. Mont- 
gomerie, on the subject of ‘‘The Scantlings of 
Light Superstructures.” This paper we’ reprint 
on page 376 of this issue, and we therefore pro- 
ceed at once to the discussion. This was opened 
with a lengthy criticism by Mr. J. Foster King, 
who remarked that Mr. Montgomerie’s paper had 
caused him to refer to his own paper of 1913, 
which had been intended to provide food for 
thought and concentrated the various aspects of 
a problem on which he held strong views. His 
paper was incomplete in that it did not include 
equations, neither did it give a definite reply 
to any of the questions needing answers. Mr. 
Montgomerie’s paper formed a sequel and remedied 
to some extent the lack of discussion the subject 
had received. 

_ The author's proposition, that it was imprac- 
ticable to make long deck-houses of sufficient 
strength to carry superimposed weights, and 
yet so flexible as not to take any share of the 
straining action from the hull, was rather too 
sweeping. He knew of an instance of a steamer 
100 ft. longer than that shown in Fig, 3, having 
two tiers of long houses and similar dispositions of 
material, where doors, windows, plating, &c., had 
found relief by fracture or stretch, while a judi- 
cious arrangement of drip-trays and scuppers had 
enabled the ship to do very well on the Atlantic, to 
everybody's satisfaction. He thought that if a long 
superstructure was made stiff enough and strong 
enough to support the superimposed weights of 
modern practice, it was exceedingly difficult, if not 
practically impossible, in large ships to provide 
initial relief from greater strains consequent upon 
more or less effective incorporation with the hull 
structure. 

The expansion joint was a very old idea, 
and was obnoxious to him mechanically, just 
4s much so, in fact, as that any kind of fin 
tack on top of the designed top member of the 
ull girder was an effective contribution to the 
strength of that girder. It had, however, to be 


allowed that upon occasion expansion joints and | 


over-strained coamings, &., had 
The practical resuk gs ’ to be accepted. 





and troublesome ; but if the owner put up with 
this, who was tosay nay? Their real trouble arose 
when the owner or designer, while unwilling to 
put up with these results, would not consent to 
conditions which gave some promise of structural 
efficiency. He had been ti ying for years to evolve 
deck-house structures which approximated to 


J equality with the main hull, which would over- 


come the disadvantage of discontinuous sides, secure 
effective longitudinal and transverse anchorage, and 
provide sufficient material and riveting to meet 
the shear stress. He turned for a solution to the 
extension of the ship’s side-plating to the top mid- 
ship superstructure. Dozens of ships had demon- 
strated the advantage of attacking the problem on 
these lines, while the Alsatian had proved an un- 
qualified success. That ship represented the most 
thorough endeavour to incorporate long deck-houses 
in the main-hull girder. 

He would ask the author if the lines of stress 
shown in Fig. 1 would not tend to mass more 
together at the corner of the bridge-end and to 
widen out more where parallel to the bridge-deck. 
It should not be assumed that the probable form 
of the stress-lines indicated absence of stress along 
the line ‘‘1” of the bridge-deck. Experience 
showed that the greater the ‘mass of material 
which was moved to the bridge-deck level in order 
to obtain the economy and efficiency due to re- 
distribution of material, the greater the need for 
extra riveting in that neighbourhood—a fact which 
had a bearing on deck-house design. The type of 
damage illustrated by Mr. Montgomerie in Figs. 2 
to 6 of his paper was easily accounted for when 
the side scantlings were considered in relation to 
the shear stresses, and the area of door-sills, as 
usually fitted, in relation to the bending stresses, 
as exemplified in his own paper. 

A curious case of shear stress was one in which 
just forward of a large doorway having effective 
door-sill and frieze, the sides split vertically 
through the solid plating. He was interested 
in the curves given in Figs. 7 to 12 for deck- 


plating, derived from the value of Lloyd’s 


scantling sections. He found on plotting the 
areas given in his paper, in Fig. 7 of the pre- 
sent paper, that the curves for the second and 
third deck areas in combination with side plating, 
had a strong resemblance to each other. He was 
puzzled by the difference in area, in Fig. 7, between 
the first and second deck-curves at the upper end, 





‘second and third decks. 


being practically twice as great as that between the 
His own results seemed 
to harmonise better with the expectations based on 


; ; j his own paper and on Mr. Montgomerie’s formula. 
ts might be unsightly, noisy, |The resemblance in quantitative results between 








their second deck areas was interesting, because his 
own areas were erected on astress basis, while Mr. 


Montgomerie’s were on a I basis. The practical ex- 
y 


pediency of suggesting that each of two or more 
superstructure decks should have the same area for 
economic reasons seemed a little‘doubtful. With 
each additional storey discontinuity became more 
marked, over-all lengths became shorter, house 
sides became less effective, and the break in their 
vertical line became greater. This all militated 
against the proposal. He hoped that greater eco- 
nomy and efficiency, incidental to the superstructure 
side being in the same plane as the + ~ sides, 
might yet be realised. One owner, Mr. King said, 
had told him that he wished he had carried the 
ship's side up to the promenade-deck in his last big 


ship. 

The author had made a courageous effort to 
standardise transverse deck anchorages on the 
basis of direct calculation. He was a strong advo- 
cate of ample transverse structural stability, but 
he feared that the author’s proposals were subject 
to criticism unless the transverse members were 
solidly founded on something which stood upon the 
bottom of the ship. If that were done, it looked as 
if the proposals were much in excess of what would 
be regarded as sufficient for the sides of the ship. 
He preferred as aneherage the extension of the main 
bulkheads to the top of the superstructure in com- 
bination with good stringers, bracket attachments, 
and knees throughout the house. There did not 
seem much to be gained from the proposal to fit 
heavy beams extending from the open sides and 
connecting the partial bulkheads. If the deck- 
plating and beams were effective, the local strut 
should not be necessary, nor did he grasp the 
source of economy in weight of beams which was 
claimed. The deck longitudinals would probably 
be fitted in any case; the large beams would 
most likely be heavier than the stanchions would 
be, and the ordinary deck-beams did not appear 
to be relieved of their work as load-carriers, 
because an extra heavy beam was fitted at intervals. 
He would like to know why load was not the deter- 
mining factor in the size of beams under these con- 
ditions, and why the moduli of the beams should 
vary as the span, and not with the square of the 
span. 

Pio would like to hear what means the author 
would take to restrain fore-and-aft movement in 
house structures, as well as those for making the 
seantlings and riveting Fy ae a) to the load 
and shear stresses at the ends of the houses. 
These were points of importance in any system 
which aimed at uniformity of strees under bending. 
The paper was an admirable expression of one 
method of dealing with the problem, and, short of 
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what he considered the really effective design, was 
sound. The author did not claim absolute success 
for his method, or for any method standing on an 
unstable foundation. 

Mr. King was followed by Mr. A. M. Gordon, 
who said this subject had been under his conside- 
ration for a long time, but especially during the 
last two years. He had latterly been —— 
interested in two ships, both of 600 ft. length, an 
sister vessels in all respects, ex that one had 
rigid superstructures, and the other had super- 
structures embodying expansion joints. The rigid 
superstructures of the one vessel had been efli- 
ciently arranged for by the British Corporation 
Registry of Shipping. He had had it impressed 
upon him by Mr. King at a very early stage that 
only incompetence necessitated the employment of 
some deviee like the expansion B ry. and that 
properly the superstructures should take part of 
the stresses on the main structure. The vessel 
he referred to, built on this principle, was the 
Alsatian,* which had proved quite successful. The 
Alsatian had left Liverpool on March 23, and he 
had had a message stating that everything appeared 
to be all right. There were no visible signs of 
strain in the deck-houses. The scantlings were 
—_ os — given b mae Ne ae in 

is paper ; but having regard to the frame spacing 
adopted on the Alsatian and in the paper, the 
Alsatian houses were relatively lighter. There 
was, however, no indication of weakness. 
King had impressed upon them the necessity of 
anchoring the deck-houses at the ends. He thought 
that was at least part of the secret of the successful 
solution. He thought that many cases of fractures 
in deck-houses been the result of bad end- 
connections. 

Mr. W. S. Abell continued the discussion. He 
thought that the first point to settle was whether 
the straining action on the main structure was 
likely to be transmitted to the superstructure. 
As far as his experience went, he did not think 
that there was any doubt that this was the case, 
seeing that the connection of the superstructure to 
the main structure must be of a substantial nature. 

As regards the author’s conclusions arrived at 
from an inspection of damage, it had alwa 
seemed to him thatat a break or a discontinuity the 
stresses outside the erection were very rapidly 
transmitted to the material in the region of the 
erection, and the examples given by the author 
certainly seemed to support that view. His second 
ce melusion seemed to necessarily follow, and he 
thought expansion joints could only free the mate- 
rial in their very immediate neighbourhood from 
stress. The third conclusion, to incorporate the 
superstructure with the main structure, so that the 
resulting stress on the material was the same as for 
a vessel without superstructures, would certainly 
provide against considerable damage in such super- 
structures, but he did not think that they had yet 
reached such scantlings as this conclusion would 
require, and they could only for the present regard it 
as more or less desirable. He thought the author did 
not sufficiently emphasise the second part of that 
conclusion. The important fact to realise in light 
superstructures was the minimisation of discon- 
tinuity in the longitudinal material. 

The s tions of the paper appeared to amount 
to this, that all decks should be plated and sup- 
ported primarily on widely-spaced webs and deep 
frames in association with smaller beams between 
the — irders. By that means the loads on the 
deck, both static and dynamic, were transmitted 
to certain fixed points, which could thus be specially 
considered. The author had not raised a point 
which appeared to be worthy of consideration— 
viz , whether some support to these webs was not 
necessary below what was termed the strength 
deck. He thought that something of that nature 
was desirable, but whatever was done, the question 
of rigidity in the transvorse direction was of great 
importance. 

he ment of widely s beams in con- 
junction with as few longitudinal girders as pos- 
sible appealed to him in the artistic sense. He 
thought such an arrangement could be made of 
considerable value in arranging the decorations and 
— architectural effect of the public rooms. 
ven with beams of uniform depth it was necessary 
for architectural effect to break uptheceiling byorna 
mental devices, and the division of the ceiling into 
large pwnels in which the suggestion would result 





* See ENGINRZERING, vol. xcv., page 451, 


seemed to be in the right direction. Moreover, it 
prevented undue obstruction in the accommodation 
space by localising the webs at large intervals. He 
would like to ask whether the author considered 
it practicable to take the deck-house sides into 
account for longitudinal strength where there were 
large windows, or what might be termed discon- 
tinuous openings. It might be as well in such 


djcases to follow out the author’s suggestion to 


break up the longitudinal by fitting, say, 
wood sills and coamings at. the top and bottom of 
such openings, and to leave the vertical material 
to take the shear stress only. He did not quite 
follow the reasons which induced Mr. Montgomerie 
to carry the main webs and strengthend beams out 
to the ship’s sides, as shown in Fig. 23; but if 
there was the necessity for such an ne, 
he did not think that the question of unsightliness 
could be raised against it. It appeared to be a 
distinct improvement as regards appearance. With 
regard to the small thickness of the vertical super- 
structure plating under compressive stress, that, he 
thought, largely depended on the spacing of the stif- 
feners behind the plating. The method of dealing 
with the strength of web frames, in order to form 
some rational guide to the strength, although not 
new, was decidedly interesting when applied to 
that particular problem. The publication of this 
paper would, he hoped, lead to a better under- 
standing of the difficulties of the question, and 


Mr. | indicate to some extent the manner in which those 


difficulties might be overcome. 

Mr. W. J. Luke, on being called upon by the 
President, said he did not think he could add much 
information on the subject. The question of 
stresses in light superstructures had long puzzled 
him and others, and he was inclined to wonder 
whether ex ion joints were any good at all. 
He knew of a case of a ship about ten years old, 
with one house on the quarter-deck of not more 
than 7 per cent. of the length of the ship, in which 
cracks iad developed at every window opening. 
Another interesting case was of two large trans- 
Atlantic liners, both constructed with expansion 
joints. One of these ships suffered no harm at all, 
while the other had developed a very large number 
of cracks. He did not mean to say that the latter 
was dangerously damaged, but there was, never- 
theless, a very large number of places where these 
cracks had shown themselves. Any information 
on this subject was therefore welcome, and would 
be useful to those interested in the building of 
large vessels in the future. He only ho that 
the registration societies would not hastily decide 
on a lot of stereotyped rules, but would recognise 
the fact that no single course could be adopted as 
a complete cure for the trouble which arose under a 
variety of conditions. 

Sir A. Denny said he had often brought forward 
the subject of expansion joints at meetings of the 
Institution, and Rad been one of the first to adopt 
them. Now it appeared that Mr. King and the 
author of the paper wanted to prove that he had 
been wrong all the time in doing so. He certainly 
thought that the end anchorages should be very 
strong. Plating should be cut away gradually 
without introducing abrupt changes, and it should 
be carried away gradually down to the main struc- 
ture. It was certainly obscure why these troubles 
arose in the case of short houses, as in the instance 
cited by Mr. Luke. 

The author, in mg | to the discussion, said that 
he was glad that Mr. Foster King agreed with him 
in a general way, and regretted that Mr. King’s 
contribution to the discussion was too long for him 
to deal with it adequately then. One of the ques- 
tions raised had to do with the relief which 
expinsion joints did or did not effect. They did 
not effect relief when fitted as at present. If they 
were inserted about 20 ft. apart, the superstructure 
would be relieved of stresses which would then be 
concentrated in the main structure. But they were 
commonly fitted 100 ft. or 120 ft. a and there 
was then a replica in the centre of the structure 
of the stresses as if the joints were not there. If 
merely from the professional point of view, the de- 
signer was anxious to uce superstructures 
which would not fail. He would point out that 
the lines of stress depicted in Fig. 1 and the hy- 
draulic analogy taken in the paper, had no quantita- 
tive value w ver. No one had, so far as he 
knew, any idea of the value of these stresses and the 
true disposition of the lines, with the possible ex- 
ception of Professor Coker. The was found 





damage 
both in small and large houses, In fact, the length 





of the house did not seem to make much difference 
under some circumstances. It had been suggested 
that the bulkheads might be extended to the top 
of the structure. That, he thought, was rather 
heroic and not quite necessary. The object might 
be attained by other means. There was with his 
method a saving in the weight of beams; the 
pillars were, however, taken out because they were 
considered objectionable from the obstruction 
— of view, and not on account of their weight. 

modern passenger vessels large doors were 
already fitted with practically no sills, for 
the convenience of lady passengers. That system 
of eonstruction was not necessarily unsound. 
There was certainly discontinuity in the shear 
stress, but that was not necessarily critical. He 
thought the fore-and-aft movement a little exag- 
gerated. When it was considered that the side of 
a house 400 ft. long was anchored by about 400 ft. 
of riveting to the deck, how was it possible for 
there to be much fore-and-aft movement? He was 
glad to hear that the design of the Alsatian had 
proved satisfactory. Mr. Abell said that discon- 
tinuity should be avoided. That was so, but the 
modern passenger was endowed with such a highly 
resthetic sense, as soon as he got on a steamer, 
where he required bay windows and other large 
openings, that it was not always found to be possible 
to allow for that point in design. He knew of one 
case in which it was found to be necessary to renew 
the connections of the deck-houses to the strength 
deck no less than three times. He considered that 
discontinuity in large openings in deck-houses 
would be successfully dealt with if treated to the 
same precautions as openings in the side of the 
ship’s structure. 


‘SSTRENGTH AND SPACING OF TRANSVERSE 
FRAMEs.” 


The next paper to be taken was one by Mr. 
C. F. Holt, and was on ‘‘ The Strength and Spacing 
of Transverse Frames.” This was read in abstract 
by the author. It will be reprinted in a future 
issue of ENGINEERING. The paper was the result 
of the first part of work carried out at Liverpool 
University, which had for its object the determina- 
tion of the criterion of strength adopted in modern 
merchant vessel:. The author first attempted to 
estimate from theoretical considerations the forces 
the structure of a vessel had to resist, and then 
compared the results with the power of resistance 
actually offered by the structure. The paper dealt 
with the strength of side-frames, and with the rela- 
tion existing between the unsupported area of the 
shell. plating and its thickness. 

By way of opening the discussion, a communi- 
cation was read by the Secretary from Sir Philip 
Watts, from which we extract the following :— 

Sir Philip thought the subject very important. 
It depended largely on experience, but that experi- 
ence could be utilised most advantageously if 
associated with well-thought-out scientific investi- 
gations. For large ships the spacing of transverse 
framing in vessels of the Royal Navy had been 
greater than in the mercantile marine. As regards 
structural strength, that had been rendered prac- 
ticable in a by the large amount of 
transverse subdivision adopted for warlike pur- 
poses, due to the need of storing articles in separate 
compartments, and to the fact that a warship was 
exposed to great risk of destruction. Thus acorre- 
spondingly greater amount of transverse strength 
existed in large war vessels, in the shape of transverre 
bulkheads, than in mercantile = Asa corollary 
there were parts of a large warship in which the 
spacing of transverse frames might be determined 
entirely from consideration of the local strength of 
the plating to resist buckling between the frames 
when the plating was under compressive forces. A 
notable case of the need of closely considering the 
local strength of plating to resist buckling in this 
way occurred many years ago when a departure 
was made from the design of the old Ajax and 
Agamemnon, central-citadel shi of the old 
Inflexible type. built of iron, for the design of the 
Colossus and Edinburgh, also central-citadel type 
vessels, and the first British battleships built 
of steel. The thinning down of the iron bottom 
plating of the Ajax class to the steel bottom plat- 
ing of the Colossus class had to be very carefully 
considered. A paper dealing with the subject was 

sented to the Institution in 1891 by Mr. J. A. 
ates. In 1882 a eral paper on transverse 
strains of iron merchant atm had been pre- 
sented by Messrs. Read and Jenkins. The present 
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paper was one of the results of the liberality of 
the Commissioners of the 1851 Exhibition. e 
author’s pa made a distinct advance in the 
study of a difficult subject. The methods adopted 
were ingenious, and profit was sure to follow. He 
had not had time to closely criticise all Mr. Holt’s 
investigations, and it was not to be assumed that 
he agreed with all his conclusions, but the work 
contained in the paper promised to be very useful 
in the future. 

Mr. W. S. Abell followed. He said that the 
whole of the work in the paper was valuable, and 
some of the conclusions, although, of course, open 
to criticism, certainly presented new points of 
view, which, after all, was what was required of 
research students. He was much interested to 
find an approximate solution to a question of the 
relation between the area of material in the frame- 
girder and the modulus of resistance of that girder. 
Would not it have been better to say that the area 
varied as the square root of the modulus, and to 
remodel the constant to take account of the very 
slight variation in the power-factor? That would 
have suited all practical requirements to which such 
a formula could be applied. 

In a of stress =e the ee 
had found it necessary to introduce an empiri 
term OC, which, he said, might probably be cngieined 
by the necessity of taking note of the dynamical 
forces. He presumed that the author had no direct 
reason for this statement, but rather had found 
it necessary to introduce some empirical factor 
which would meet the case of frames found in prac- 
tice. That formula might with advantage be used 
to extend the question of transverse strength to 
composite types of framing. As regards the rela- 
tion between the unsupported area of shell-platin: 
and its thickness, the question had been trea 
on a statical basis only. He thought that it was 
necessary in some portions of a ship’s structure to 
take account of dynamic stress, but presumably 
that problem did not lend itself to analytical treat- 
ment. 

In the expression for the maximum stress, the 
values of the constants in a necessarily elaborate 
formula were expressed with rather undue refine- 
ment. If the formula were modified to be accu- 
rate to 1 per cent., its applicability to practical 
problems would be greatly incr . It was in- 
teresting to note in the same formula that the 
relation of the frame spacing to longitudinal 
spacing occurred in an inverse form, and of tho 
fourth degree ; consequently, for all values used in 
practice that ratio did not seem to be of great import- 
ance. If, however, special types of framing were 
arranged, with more longitudinal girders, it was 
obviously necessary to take it into account. The 
main formule, Nos. 3 and 4 of the paper, which were 
given in terms of a ratio of transverse spacing to 
thickness of plating, were of a very reasonable 
form. Paragraph 25, as to the compensation 
necessary for increase of frame-spacing, deserved 
considerable attention. As far as hecould see, the 
statements made there were perfectly true. 

Professor T. B Abell continued the discussion. 
He thought the paper should be of interest to the 
registration societies. There was little guidance 
for any naval architect at the present time on such 
questions of service in ing out alterations in 
scantlings. With regard to the relation of thick- 
ness to shell-plating and frame-spacing, could not 
the representatives of these registration societies 
be prevailed upon to give the relations they 
assumed. .The question was of great importance 
now that there was a tendency to increase frame- 
spacing. The author was to be congratulated on 
his paper, in which he (the speaker) had taken 
much interest. 

Mr. Foster King said that it would be difficult 
to accept Mr. Holt’s fifth assumption—namely, 
that the frame was rigidly fixed at some point in 
the tank bracket and at the upper deck, while it 
was freely supported at the intermediate decks. 
it was probably never safe to assume rigid fixture 
at any position in any of the flexible parts of a 
(exible whole, nor to assume ect freedom at 
‘ny point of support where there were connec- 
tions. Even in the case of a frame to which no 
beam was fitted in way of an intermediate deck, 
the surrounding attachment of stringer and shell- 
plating tended to preclude the idea of free 
of the frame past the point of su If Mr. 
Holt really meant that no criterion of strength for 
shell-plating was used in ordinary merchant ship 
design, he could assure him that the British Cor- 





poration, at least, had always had a definite 
standard of stress, which, he thought, had been 
used with some measure of success. The author's 
statement of stresses in Table V. prompted him to 
suggest that it might forward investigations of 
this kind if a modification of Mr. John’s well- 


known formula for bending moment were used. 


The modification was a coro! of the view he had | will 


often expressed, that vessels of form were on the 
average subject to longitudinal stresses as great as 
those of full form, and that even under static con- 
ditions reduction of displacement did not mean 
reduced stress in ships of the same length, breadth, 
and draught. For all ordinary vessels it had been 
found that a close approximation to the greatest 
bending moment obtained from calculations was 


obtained from the formula at td 0.8 where L 


x 
— - length, B the breadth, D the winter draught 
eet. 
The next speaker was Mr. J. E. Steele, who drew 
attention to the fact that the author had taken the 
draught up to the summer load-line. He thought 





it ought to be taken up to the upper deck on| 


account of the wave action. There was a variation 
in wave pressure caused by the rise and fall of the 
wave, which had the effect of loading and unloadi 
the frame. This amounted to the application o 
a live load, the effect of which was severe. If 
there were deck-loads, as shown in the paper, 
there would also be cargo inthe hold. That would 
tly support the frame against the water pressure. 

t also kept the frames up to their work when sub- 
jected to end thrust, and assisted the outward 
deflection due to bending moment applied by the 
deck-load. Further, it prevented deflection when 
the frame was subjected to secondary stresses due 
to hogging. Under hogging the frames tended to go 
in. is secondary-stress effect offered a good 
subject for post-graduate research. The frame was 
taken to be vertical ; that was not perhaps the 
most critical case. The frame with a tumble-home 
would give a non-axial thrust due to the deck- 
load. e midship frame might not be the critical 
frame. The most critical section was a curved 
frame, which occurred before the panting arrange- 
ment, and it had the same deck-load, as one beam 
was omitted owing to the narrowing-in. The 
assumption as to the fixing of the end was correct 
in the case of vessels of two or three decks, as the 
deck below assisted in holding the frame. He could 
not accept this assumption, however, in the case of 
single-decked vessels, in which a slight slipping of 
the rivets due to excessive stress would cause loss 
of direction. He would like to know how the 
sudden 50 per cent. drop of strength in the 
reverse at the second deck had been allowed for. 
He thought the registration societies might be 
induced to give them the assumptions upon which 
their scantlings were ® 

As the time for the adjournment had by this 
time arrived, Mr. Holt only replied briefly to the 
discussion, reserving a more detailed reply for 
publication in the Proceedings. The meeting then 
adjourned till 11 a.m. on Thursday morning. 

Screw-PRoPpeLLERs. 

The adjourned meeting of the Institution of Naval 
Architects on Thursday, the 25th ult., was opened 
with two papers on screw- llers. The first paper 
to be read was by Mr. F. W. Lanchester, and was 
entitled ‘‘ A Contribution to the Theory of Propul- 


sion and the Screw-Propeller.” The second was| >Y 


by Mr. A. W. Johns, and was entitled ‘*A Com- 
parison between the Results of Propeller Experi- 
ments in Air and Water.” In the absence of Mr. 
Lanchester, the former paper was read in abstract 
by the Secretary, and the latter was read by Mr. 
Johns. The two papers were taken together for 
ian oe of discussion. As wereprint them in this 
week’s issue, we need not enlarge here upon their 
contents. 

In opening the discussion, the President an- 
noun that Dr. Froude had sent in a communi- 
cation on both papers. He to read that 
on Mr. Lanchester’s paper, the other, on Mr. 
Johns’s paper, not being read to the meeting. We 
subjoin Br Froude’s contribution which was read 
to the meeting, and follow it bya brief summary of 
his remarks on Mr. Johns’s paper :— 

Dr. Froude wrote :—I should need more time than 
have had a for the —- Mr. ~~ -y * in- 
it adequately, or even to assure myself how far I am in 











perfect accord with it. I must therefore be content to 
notice one or two points where he seems to misconceive 
"Deo ot these i the i) xpansion ” of the sl 
is quasi) “‘ re-e: ion ” i 
stream column ; and I confess I am rather cahee 
aback to find myself seemingly viewed as in any way 
responsible for importing this (in truth) irrelevant phe- 
problem. If Mr. Lanchester will 


nomenon into the ped 4 
me the compliment of re-reading sections 9, 10 20 
of my 191] paper, and the asterisk footnote, I think he 

‘that my view of this on does not 


: 


expendi or the communication 

of momentum to the column of faid which passes through 

the actuator. This objection, I consider, is clearly met 

by what is said in section 15 of the 1889 paper and 

seotion 7 of the 1911 . We are su to be 

of thes uid, those streanre which pase throegh 

% flu w 

ire (artifelalty) an exguent of 
receive an 

of w by their general 


ten’ 

ex hypothest the column which has passed 
actuator is not only the sole recipient of energy, 
but is the only of the entire flow which, when 
all the streams have recovered a purely axial direo- 
tion, can embody momentum im . It is just this 
assumed augment of pressure without change of speed, 
received by the column from the actuator in passing 
through it, which alone raises the total energy of that 
column, and qualifies it to satisfy thrust by its momentum. 
As for the gradients of pressure difference, which radiate, 
so to speak, from the actuator in all directions, they 
indeed operate impartially on all the fluid within their 
scope, imparting movement to it everywhere ; but the 
movements which they so impart to the fluid outside the 
column cannot add to its energy or satisfy thrust. Such 
movements outside the column are. in fact, those by which 
the outside flow tes itself to the curved outline 
of the column, and would bo there just the same if we 
were to substitute for the column of fluid and the actuator 
a solid column of the same outline. 

This system of pressure gradients and fluid movements, 
both within and without the column, is rather minutely 
discussed in the Appendix to my 1911 paper (sections 28 
and 29), where also there is incidental reference to the 
awkward conditions arising at the actuator edge. I call 


— attention here to these because the 
ynamic system which they describe seems to have an 
important bearing on the ion of propulsion by 
successive vortex-ring impulses, just in proportion as we 
assume those impulses to be crowded together in space 
and made correspondingly momentary in individual 
duration. In point of fact, as is plain) gested by the 


‘ sug 

introductory passages of my 1889 sections 5 to 7), the 
ideal “ oe - u ie may be treated as te limit- 
Ing case of su ing up o impulses—a limiting 
case which is pa he de in order that the pro- 
peller ma hom column of the type 


generate a ogeneous 

dealt with by earlier investigators, and that by means 
of impulses purely of fluid acceleration, as contrasted 
with i motion. At the other extreme of the 
scale, we may contemplate propulsion by a succession of 
individual vortex-ring impulses, so separated as to be 
without sensible effect on one another ; a condition which 
is realised very closely in propulsion by oars. And, 
finally, we may contemplate an intermediate case, where 
the successive impulses are delivered far enough apart 
for the vortices to be separately yet near 
enough together for each impulse to be delivered on fluid 
already largely set in motion by its This 
I , is conception Mr. 

I fully agree that it mimics the real screw- con- 
ditions much more nearly than any other I know of. If 
this conception can be brought effectively within reach 
of algebraic treatment, I think a great advance will have 


favours, and 


remarks contributed 
:—Dr. Froude was 

inclined to question whether the data were really equal 

to the weight which some ht be led to 

upor them. SS owever, seemed to 

be that as there was + be the experiments 

referred yy WAH to concentrate not so 


ich all this work wiey Supenetes. If that were so, 
the importance lay pe tee fare dpe ny Such 
differences might be incidental to the conditions of the 
experiments. For nna, | could only measure 
the forces reacted by the together with the frame 
or arm which held it in position, and although the 
attempt was made to eliminate the effect of the latter, it 
was not possible to do so absolutely. Again, neither the 
could be relied on as absolutel 
rigid. Such effects involved sli ratio and speed, and 
general law correspondence. 
make use of empirical values purporting 
to indicate genuine deviations from the theoretical laws 
of it was necessary to have some theo- 
retical explanation of the deviations in question. 
Sir Charles A. Parsons, who spoke first on these 
two papers, said they large and in. 


The following is a summary of the 
Dr. Froude on Mr. Johns’s 
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tricate questions. He had not been able to study 
them minutely. The object of Mr. Johns’s paper, 
he took it, was to lay before them the results 
of experimental work with propellers in air. The 
br difference between work in air and water 
was due to the difference in the viscosity of the 
two elements. There would also be found to be 
slight differences of efficiencies in the two elements 
with different blades ; but these would be small 
and were practically negligible. Years ago an 
experiment had been made by him to ascertain 
what the loss was by flow over the tip of the 
blade. This experiment had been carried out in 
the vacuum tank. It was found that the water 
flowed over the tip of the blade, forming a small 
vortex. Those vortices were permanent and resulted 
in spirals which lasted for several convolutions 
before they disappeared. A small wing perpen- 
dicular to the blade-face was soldered on to the 
propeller at a uniform radius not far from the 
tip. With this wing no spirals were formed, but 
the skin friction of the wing was found to result 
in greater loss than did the formation of the 
spirals. The loss in any case was therefore small. 
He considered the question whether acceleration 
took place before or after the blade to be a purely 
academic one. Each blade as it went through the 
water drove a spiral sheet of water and impressed 
velocity on it. These all soon coalesced in the 
wake stream and there formed an average velocity. 
The velocity with which the water was thrown bac 
from the blades was not the actual velocity of the 
wake. The first part of Mr. Lanchester’s paper 
quoted well-known laws of hydrodynamics. A 
velocity of 2800 ft. per minute was about 47 ft. per 
second, and only produced a condensation of the 
air equivalent to a 36-ft. head, or ,4 in. of the 
barometer. In the region of these experiments, 
therefore, the air might be taken as incompres- 
sible. Dr. Froude’s experiments dealt with low 
8 . What naval architects were concerned 
with was chiefly the question of cavitation. Mr. 
Barnaby and Sir John Thornycroft were the firat 
to point out the disadvantages of cavitation. That 
had caused them to turn to big propellers. With 
turbines the screws were subject to other limita- 
tions, the speed being high, but with gearing it 
was possible to revert to the big propeller and low 
speeds again. Mr. Lanchester had said that Pro- 
fessor Flamm had been the first to demonstrate 
photographically the vortices produced by a pro- 
peller. e Germans got too much credit. That 
work had been —_ ae ao | before in this 
country, by his (the speaker’s) nephew. 

Mr. 8. W. Barnaby said it was very difficult to 
discuss such a paper as Mr. Lanchester’s in an 
interesting manner. Theoretical papers of that 
class were of advantage to them for private study. 
He was sorry that Mr. Lanchester had not taken 
part in previous discussions on the subject. 
Froude’s actuator was discussed many years ago at 
the Institution of Civil Engineers by Sir J 
Thornycroft, and it had been shown that if the 
column of water was rotated as the screw was 
rotated, a greater part of the acceleration occurred 
in front. Those points, however, were academical. 
Mr. Johns’s paper brought before them an important 
set of experiments. He had not until then thought 
that they were going to get much help from experi- 
ments in air, but he now thought otherwise. The 
efficiency, as far as he could see, was not affected 
by eel in water, that was so far as cavitation did 
not come in. Cavitation did not occur with air 
except at very high s . They all knew that 
the crack of a whip and the effect of lightning were 
the results of cavitation, but with propellers the 
— would have to be very high for it to form. 

he analogy between the experiments in air and 
water must not be carried so far that cavitation 
came into the question. 

Commander Boris, on being invited to join in 
the discussion, said he felt greatly indebted to the 
kindness of the President in introducing him. The 
kind feeling of the meeting was, he took it, partly 
directed towards his country. He had had the 
honour of being present at the Jubilee Meeting 
some years ago, and had also been in a position to 
admire the work of Professor Welch and Sir A.’ 
Denny in connection with the Bulkhead Report, 
as he had been at the International Conference. 
He had gone into the subject of the vom some 
years ago. He remembered Mr. Johns’s paper 
of about ten years ago. He had written a 


k | that 


. | speeds was any change of efficiency noticeable. 


flowing through pipes might be used advantageously 
in connection with air in pipes. The conclusions he 
reached, based on many experiments, were in accord 
with those drawn by Mr. Johns. The calculations 
adopted for water flowing through pipes, as for 
instance, for the flooding of magazines, could be 
adopted for air ventilation. He thought a refer- 
ence to this work might perhaps be added to the 
papers. Of course, comparisons between work in 
air and water were influenced by questions of speed. 
With very high speed thermodynamic questions 
might also come in in the case of air. Air was 
homogeneous, and there was no variation of density 
in the neighbourhood of the screw. That was not 
so with water. The pressure was less on the upper 
part of the blade. Water also was mixed with 
air ; air was mixed with nothing. These points had 
to be considered. Had he been in the country in 
another capacity he might have been able to add 
more information with regard to research done in 
his country. 

Professor Henderson followed, and stated that 
Mr. Lanchester prefaced his paper with 4 definition 
of his object, after which he reviewed the work of 
Dr. Froude, dealing with it in the light of Dr. 
Froude’s definitions. He (Professor Henderson) 
a with that part of the paper. Subsequently, 

r. Lanchester gave a summary, in which he 
stated that Professor Henderson was in error. 
Anyone reading that part of the paper would think 
Mr. Lanchester hed arrived at that con- 
clusion from scientific reasoning, and had contro- 
verted the theories he had put forward; as a 
matter of fact, the author had not discussed one of 
them. He had not, as far as that, discussed what 
ge behind the propeller. Mr. Lanchester 

discussed a form of propulsion typical, as 
Dr. Froude had pointed out, of propulsion by oars. 
If the strokes were infinitesimal, the next stroke 
took place in water which was moving, i.c., in the 
centre of an energy system. He advanced no 
arguments metry A conclusions of the first part 
of Mr. Lanchester’s paper, but objected to the pre- 
mises on which they were based. The differences 
involved were questions of fact, and were funda- 
mental, and could only be determined by experi- 
ments. He hoped that work which was now pro- 
ceeding would render possible before long a dis- 
cussion on the subject. 

Dr. L_ Bairstow said he was interested in Mr. 
Johns’s paper, which dealt with results obtained at 
the National Physical Laboratory, with which he 
was connected. The agreement between the results 
obtained in air and water was regarded at the 
National Physical Laboratory more from the point 
of view of theory than of practice. In water the 
propeller did not work deep below the surface. For 
exact agreement there would have to be no cavita- 
tion in the case of water, and the propeller would 
have to be so deeply immersed as not to make 
surface waves. He thought that only at very low 
He 
would refer to the use of the terms ‘‘ drift coeffi- 
cient” and ‘‘ lift coefficient,” in the appendix to 
Mr. Johns’s paper. Those terms had been used in 
the sense applied by Continental writers, and not 
in the sense adopted in English literature, which 
he thought a pity. 

Mr. Johns made a few remarks in reply to the 
discussion, but reserved a detailed treatment of 
the points raised for the Proceedings. 


Mercantite Suir Forms. 


The last paper to be taken at the morning meet- 
ing was one by Mr. J. L. Kent, entitled ‘‘ Further 
Model Experiments on the Resistance of Mercan- 
tile Ship Forms, and the Influence of Length and 
Prismatic Coefficient on the Resistance of Ships.” 
This — was in part a continuation of that read 
before the Institution by Mr. G. S. Baker in 1914, 
and recorded a further set of model experiments 
made on the effect of shape of area curve on 
resistance. The remainder of the paper gave a 
general idea of the manner in which the resistance 
ofa ship changed with alterations in form and 
length. An attempt was made in it to define some 
of the conditions which would promote heavy or 
light wave-making. 

Sir A. Denny said the paper was full of excel- 
‘lent work which confirmed previous predictions of 
Mr. Baker. Such work as that could only be done 
in a tank like that at the National Physical Labora- 
tory. The work was extensive, and had to be 
conducted in an orderly fashion, and even at 





paper dealing with the ventilation of ships, 
soa chewing how the results of work on water 


tion. It was interesting to note that recently 
comparative tests had been carried out on similar 
model forms at Bushey and at their own tank. 
He was very pleased to be able to state that the 
results of the work in two such different tanks had 
been found to agree within 1 per cent. 
Mr. G. S. Baker added to Sir A. Denny’s remarks, 
stating that the model tested at Sir A. Denny’s 
tank was of the form which had been tested at the 
Bushey tank, and in Dr. Froude’s tank and at 
Washington. The results of those tests over a 
reasonable range of speed all agreed within 1 per 
cent., the National Physicil Laboratory and Sir 
A. Denny’s tests being in closer agreement. That, 
he thought, was a pretty good test of the model 
theory. Mr. Kent's paper was one for study 
rather than discussion. He would take the oppor- 
tunity of stating that although it might be regarded 
as an official publication of the Tank, 99 per cent. 
of the work contained in it was Mr. Kent’s own. 

In reply, Mr. Kent said the paper really con- 
tained very little to discuss. It was a record of a 
methodical series of experiments, though the work 
had often been interrupted by other work which 
had to be got through. If that had not been the 
case, some of the information in the paper would 
have been more complete. The paper had only 
been possible through the enthusiasm with which 
everybody connected with the Tank had followed 
up the experiments. 

The meeting then adjourned until 3 p.m. 

(To be continued.) 
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8-TON ELECTRIC WINDING-GEAR. 
(Concluded from page 320.) 

Havine dealt with the mechanical portions of the 
winding - gear constructed by Messrs. Fullerton, 
Hodgart, and Barclay for the Hercules shaft of the 
East Rand Proprietasy Mines, we may now turn to 
its electrical features. This part of the plant, as we 
have already stated, was supplied by the British 
Westinghouse Electric and Manufacturing Company, 
Limited, of Trafford Park, Manchester, and we illus- 
trate it on pages 370, 371, and the present page. 

The twe main winding-motors, which are direct 
coupled to the main drum-shaft, are together capable 
of giving an output of 3800 brake horse-power at 
33.4 revolutions per minute when supplied with direct 
current at 500 volts. The normal heating rating of 
each motor is 750 brake horse-power, at which load 
the motors would develop a continuous steady out- 
put, with a temperature rise not exceeding 40 deg. 
Cent., with the temperature of the surrounding air 
32 deg. Cent., and when fixed at an altitude of 
5700 ft. above sea-level. This latter factor comes in 
Owing to the conditions on the Rand, the country, 
as is well known, being at a high altitude. The 
guaranteed efficiencies are: at one and a half times 
tull load 90 per cent., at full load 91 per cent., at 
three-quarters load 90 per cent., and at half load 
59.5 per cent, 

Parts of the motors are illustrated in Figs. 8 and 
%, on page 370. The armatures are of the slotted 
drum type, with former-wound cores. The armature 
snd commutator frames are keyed to shafts supplied 
by Messrs. Fullerton, Hodgart, and Barclay, as part of 
tne mechanical equipment. This firm also supplied 
the pedestals and bearings, the latter being of the 
same spherical-seated type employed for the main 
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drum-shaft bearings. The yoke is shown in Fig. 9. 
As will be seen, it is divided horizontally. Com- 
mutating poles are fitted as part of the field system, 
the motor being required to carry very heavy over- 
loads with sparkless commutation. 

The Ward-Leonard motor-generator set, which sup- 
plies the main motors, is illustrated in Fig. 10, on 
page 371. It consiste of s slip-ring induction-motor 
driving two Ward-Leonard generators, and an exciter. 
The induction motor is rated at 1500 to 8900 brake 
horse-power at 490 revolutions per minute, when sup- 
ey with three-phase, 25-period and 3000-volt current. 

e temperature rise is the same as that given for the 
winding-motors, and the test pressure for the stator 
winding is 6000 volts for half-an-hour, after the 
machine has run ten hours under full-load conditions. 
The Ward-Leonard generators are rated at 675-1375 
kw. each. They have commutating poles and com- 
gente winding. The temperature rise is as above. 

he machines are of the self-ventilated type, a fan 
being fitted at the rear end of each armature to draw 
air in from the front, and so across the commutator. 
The warm air is expelled upwards through a chimney, 
which can be seen in Fig. 10. The bearings are all 
arranged for both ring and flow lubrication, a chain- 
driven oil-pump with oil-cooler and strainer being 
provided. The maximum voltage of each generator 
is 500, the two generators and two motors being con- 
nected in series, giving a total pressure of 1000 volts. 
A link-board is provided to enable any one of these 
machines to be cut out of circuit. 

The electrical connections for the whole plant are 
shown in Fig. 1l, annexed. On the 3000-volt side 
there is a switch-panel for controlling the induction 
motor. This, as shown at the top right-hand corner 
of Fig. 11, contains an oil circuit-breaker, with isolating 
switches, no-volt, and overhead trip-coils, ammeter, 
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Fic. 12. Warp-Leonarp ConTROLLER. 


voltmeter, and integrating and graphic recording watt- 
meters. The motor is ‘atarted up by means of a 
liquid starter on the rotor circuit, having a capacity 
of 6000 horse-power minutes. The motor is fitted 
with brush-lifting and short-circuiting gear. The 
exciter generates at 220 volts, and is of sufficient 
capacity to supply the excitation of the two gene- 
rators and the two winding motors, and the necessary 
energy for the brake magnet. Its control- » a8 
shown in Fig. 11, consists of ammeter and voltmeter, 
rheostat and field-switch. A centrifugal switch, 
forming an over-speed device, is fitted on an exten- 
sion of the motor-generator shaft. This interrupts 
the brake-magnet circuit in the event of the syn- 
chronous speed of the set being exceeded by more 
than 10 per cent. 

With the be near taper nee stem of a the whole 
of the lation is effec y varying the excitation 
of oo on tas , the 2 being perma- 
nently excited. By this - heavy starting losses 
are eliminated. Another feature of the system is 
that the speed of the winder motors is directly depen- 
dent on the voltage of the generators. This is taken 
advantage of to control the rate of acceleration and 
time of retardation by means of the disc-cams driven 
from the depth-indicator shafts, which we have 
already referred to. The cams prevent the driver 
from moving his control-lever over too quickly at 
starting, pom | automatically bring the lever beck to 
the off position at the end of wind. The con- 
troller is arranged to counteract the voltage due to 
the residual magnetism of the generators, and to re- 
duce the field current of the winder motors when in 
the off position. 

The controller is of the Westinghouse Company’s 
standard type for Ward-Leonard control. Ite face- 
plate position is shown in Fig. 12, above. It com- 
prises the field- ator and resistances, a solenoid- 
operated field-breaking switch and resistance for the 
field current of the generators, and a hand-operated 
field-switch discharge resistance. It is operated 
by the drivet’s‘control-lever. 

To provide a means of automatically bringing the 
winder to re#tim case of emergency, a stands 
Westinghouee aniaty device is provided. This is 
arranged to red the voltage of the Ward- 
Leonard generators, and the excitation of the winder 
motors to zero, and to apply the brakes in case 
of over-wind, excessive current passing between the 
generators and winder-motors, failure of excitation 
voltage, or failure of the high-tension supply voltage. 
It may also be operated ty the driver in case of 
emergency. The apparatus includes a rheostat which 
is norma: W short-circuited, arranged so that on « 
weighted lever being tri the full resistance is 
ineerted in the fields of Ward-Leonard machine. 
mane the apparatus breaks the field-circuits and 
so cute off the supply of power to the winder-motors. 
The trip-gear for this rheostat comprises a solenoid 
which normally holds a trigger in such a way that 
failure of current supply to the solenoid allows the 
cone to fall and the r to release the weighted 
lever mentioned above, Automatic a 
to open the circuit of this solenoid by relays the 
alternating-current supply should the voltage fail, 





from the main direct-current circuit between the Ward- 
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Leonard generators and the motors in case of overload, 
or in case of failure of excitation voltage. The 
solenoid is energised from the excitation current. The 
device is also operatei mechanically from the depth- 
indicator in case of overwind, and, as mentioned 
above, may be op2rated by the driver in case of 
emergency. A special emergency lever for control- 
ling the device and epplying the brakes is provided 
ou the platform. Oa the platform there are also an 
illuminated dial ammeter and voltmeter c ted 
in the main circuit, as shown in Fig. 11. This 
figure also shows the gear consisting of an auto- 
matic s»lenoid-operated starter and switch-panel fitted 
for the control of the 15-brake-hors3-power auxiliary 
air-compressor motor. 








, THE SCANTLINGS OF LIGHT SUPER- 
STRUCTURES.* 


By J. Montcomeniz, B.Sc., Member. 
Tue subject of suparstructures, by which is meant th» 


light steel deck-house erections now commouiy fisted | 


above the strength deck in passenger steamers, has nod 

received, in the Proceedings of this and other kindred 

Institutions, that amount of attention which is commen- 

surate with its importance. After an examination of all 
sochnical 





is by cutting the structure at several places, and fitting 
ex on joints. 
he ex ion joint is no new idea. So far back as 
1878 the late Mr. John told the members of this Insti- 
tation that if a light superstructure were desired, “‘it 
was infinitely better that the superstructure should be 
severed at different ts of its length to prevent it 
taking the longitudinal strain in an undue degree than to 
carry it right fore and aft.” In spite of the practical in- 
conveniences involved, these joints are now to be found 
in very many pas:enger steamers having long erections. 
| The whole efficiency of the joints, however, in respect of 
| the relief from stress which they afford to a long house, 
depends on the distance between them, and that in turn 
| states a problem in shipbuilding which has never been 
satisfactorily solved—viz., the determination of the dis- 
tribution of stress in way of an abrupt discontinuity, such 
as a bridge or other erection. If there is a bridge, for 
example, such as that shown in Fig. 1 (below), built on 
the continuous ship structure, the material being so dis- 
as to give the same stress at C as at A, the ques- 
tion is, what variation in stress takes place at B, and at 
what distance / from the end of the erection will be 
found the same principal stress as at A? This distance 
will evidently be some function of the height H, and will 
be affected also by the length of the erection. 
has deduced from some experiments made with india- 








to represent discontinuities, that at a distance 4H from 


Dr. Bruhn | 
rubber sheets, having openings or corners cut in them | 


is drawn to the amount of plating fitted on the super- 
structure decks, to the stiffening of the deck-house sides, 
and to the spacing and — of the webs. The principle 
of flexibility appears to have been given a trial here. 
The result was a costly repair in a foreign port and the 
addition of considerable material, since which no trouble 
has been experienced. 

(ii.) Fig. 3 shows the arrangement of the deck-houses 
in a vessel 550 ft. in length. The length of the super- 
structure is comparatively small, one tier only being 
fitted. Doors are fitted at the ends, one 18 ft. from the 
after end, and one 8 ft. from the forward end. No exces- 
sive weight is carried above. has taken place as 
shown. In this case thesignificant feature is the position 
of the doors in relation to the ends of the erections. 

(iii.) In_ Fig. 4 is another illustration of the same 
nature. The length of the vessel is 520 ft., and two tiers 
of erectioas are fitted. Damage took place as shown, in 
this case the door being 22 ft. from the end of the house. 
It may be asked why damage did not take place in way 
of the opening mmediately above. The probable reason 
is that the stress distribution, in proceeding from the 
bridge to the boat-deck, was such as to produce a greater 
stress in way of the lower door than above. This was 
perhaps emphasised by the discontinuity in way of the 
lower door. Further along the maximum stress would 
be found at the boat-deck (see the door marked A”). 

(iv.) Fig. 5 shows the effect of discontinuity in the line 
' of the su tructure, and also that damage may occur in 





































































































































the available literature, the only attempt to| the ends of the bridge ‘‘the pull on the upper edge the proximity of an expansion joint. The sketch shows 
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deal with the matter which can be found is a paper on | approaches the mean which it would be if distributed 
tan in ALB by Mc, ‘Foster King. With this exception, | wish « material having ovusi-olaatic proportion Ive vettoer 
the Transactions of this Institution are entirely barren do not form a safe guide to a knowledge of the behaviour 
of any references, except the most casual and incidental, of an almost perfectly elastic material like steel. But, 
soutgliy than Gatoch, uk; by pocins cies Galigion’ pre-teen SI to Ua caneasive* "in thn-shuseas of feur theses 
t t \- absence Of any theor 

posals before you, to secure some discussion of the prin- | to which complete, assent can be given, we aead tule to 
Fo need which ought to regulate the construction of these the om see of expe! — by this ) eae = yer ee 

ouses, an analysis as ible has m made of the cases o 

It is evident that, at present, no general principle | damage which have come under observation, and some 
| saya the designer in -~ work, —— _ which finds notes - ro —— a of ah war age ons | are 
its expression in an endeavour to save the greatest pos- | mn ere as being not only valuable in themselves, 
sible amount of material. The subject does not lend Pas because it is possible to draw certain deductions 





itself to mathematical treatment, and scantlings are found 
to vary widely amongst different builders to such an 
extent as to make the deduction of any common denomi- 
nator almost impossible. In these circumstances it will 
be convenient to initiate the consideration of this subject 
by presenting two alternatives to the designer responsible 
for the structural design of long superstructures. 

1. The structure may be made so flexible that it can- 
not take any share in the straining action to which the 
vessel is exposed as a whole, or 

2. It may be made strong and rigid enough to share 
that general straining action without damage. 

A little consideration will show thatthe former of these 
two methods is impracticable. It is to be remembered 
that the deck-house carries many heavy weights, such as 
boats, casings and funnels, and that the structure must be 
sufficiently substantial to sup 
moving in a seaway. It will be recognised that if the 
superstructure is so flexible that it takes no share in the 
general straining action, it will certainly not be stiff 
enough to support the superimposed weights, and the 
only method by which both these ends may be attained 


* Paper read before the Institution of Naval Architect, 
March 24, 1915. ita 

+ Transactions of the Institution of Naval Architects, 
vol. lv. (Part I.), page 148. ENGinrerine, March 28, 1913. 








these when the ship is | 


from them. 

(i.) Fig. 2 shows the extent, arrangement, and scant- 
lings of the superstructures fitted on a passenger steamer 
470 ft. in length. A complete promenade-deck is fitted 
above the shelter-deck, extended to the side, where it is 
supported by stanchions in the usual manner, and forming 
the top of a deck-house 275 ft. in length. Above the 
| may meee ny is a boat-deck, which forms the top of a 

eck-house 170 ft. in length. This vessel, after encoun- 
tering heavy weather in the North Atlantic, sustained 
very severe and general damage to the superstructures. 
The sides of the long deck-house were cracked for their 
entire depth at the point marked A. Damage existed 
elsewhere in the deck-house sides in the s of cracked 
doors and windows. The end connections of the stringer- 
plates and tie-plates on the promenade-deck had all given 
way, and these plates everywhere had suffered great 
deformation between the beams. The main structure of 
the vessel was absolutely sound. In this case attention 


| 





* In this connection see Professor Coker’s work on 
variation of stress in the vicinity of discontinuities, ‘‘ The 
Determination, by Photo-Elastic Methods, of the Dis- 
tribution of Stress in Plates of Variable Section, with 
some Application to Ships’ Plating.” Transactions of the 
Institution of Naval Architects (1911), vol. liii. (Part I.), 
page 265 


the middle tier of deck-houses, and the joint is only 6 ft. 
aft of the damage sustained. The corners of the windows 
shown in the sketch had been cracked, and in the bevelled 
part of the house marked ‘‘ A,” where longitudinal dis- 
continuity occurred, the damage was such as to render it 
advisable to renew the plate, making it of increased 
thickness, without windows. I might mention that this 
is a common feature of superstructure damage, and, as 
might be expected, wherever discontinuity of the line of 
the house exists, there is to be found evidence of a concen- 
tration of stress. In some cases where there are no 
openings in the side of the deck-house, the deck connec- 
tions to the strength deck give trouble and require to be 
renewed and increased in way of such discontinuity. _ 

(v.) Fig. 6 illustrates the state of stress which can exist 
in close proximity to an expansion joint. In this case the 
joint was cut in the top tier of superstructures, but not 
through that below. The probable distribution of stress 
is shown in the sketch. It =< added that the practice 
of fitting an expansion joint through part of the depth of 
the superstructures should be avoided, as the discon- 
tinuity at the joint induces severe stress conditions on the 
house below. In one case which came under observation, 
the deck of the lower tier had accommodated itself to 
these conditions by cracking across. ; 5 

An analysis of the dam observed supports certain 
| conclusions which can be drawn from a consideration of 
} os whole question of superstructures. These are as 
follow :— 

1. That in way of a discontinuity in the structure of a 
ship—for example, in way of a bridge or superstructure— 
stresses outside the erection will be transmitted to the 
material of the dee irder in way of the erection much 

| more rapidly than has thought to be the case. 
That consequently the fitting of expansion joints, 
as in the present practice, does not appreciably 
relieve the superstructures of stress or obviate damage. 
It may be observed that various explanations of this 
damage, more or less vague, are advanced from time 
to time. For example, the ship is spoken of as ‘‘shoulder- 
ing her way through a sea”—a combined action of twisting 
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and beading being implied—and it is a well-known fact 
that the maximum stress resulting from such a combina- 
tion is greater than that due to either of its components 
taken singly. But the straining actions to which a super- 
structure is ex do not differ in their nature from 
those sustained by the ship itself. In the latter case it 
has been the custom to divide the straining action into its 
component parts, and to deal with each separately. There 
does rob appear to be any reason why the satisfactory 
results obtained by this method in the case of sbips’ 
structures should not also be obtained when applied to 
the superstructures. It follows, therefore, that— , 

3. The best method of providing against damage in 
deck-house superstructures is to adopt the latter of the 
two alternatives mentioned above, and to dispose the 
material so as to make these capable of taking part in the 
straining action of the hull, following as far as possible 
the general law that all discontinuity of longitudinal 
material should be miuimised. 

The second part of this paper is an attempt to deter- 
mine, over a sufficiently wide range, the scantlings of 
devk-houses, so that they shall be able to take their 
share in the general straining action of the hull. So far 
as the longitudinal material is concerned, the principle 
adopted is the common one that the stress for which the 


Fig.2. 





immediately above the strength deck. In these circum- 
stances, no great error will be made by placing the same 
“Was chs of dentine & of length 
effect of changing the proportion to 
depth has been investigated, and it is found that any 


alteration between the limits & = 10 and / = 13 makes 


D D 
very little difference in the amount of material as given 
in Fig. 8. The height of deck-house, however, which, as 
is well known, varies considerably in practice, has an 
appreciable effect in altering the amount of material 
required. The effect has been investigated, and the 
result is shown by the curves given in Figs. 9, 10, and 11. 
Fig. 12 continues this information in a series of curves 
lotted isometrically, showing height of superstructures, 
length of ship, and amount of material required, the 

effect of the deck-house sides being neglected. 

The determination of the amount of transverse material 
to be —— is much more complicated than that of 
the longitudinal material. The transverse stiffening 
must be efficient to transmit the superimposed weights 
to the hull, it must also be rigid enough to transmit to 
the strength deck the impulsive forces set up by the 
motion of the vessel in a seaway, and it must be such 
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For small values of @, 
@O_g.l.0 
d2 ~~ —*K? 
where K is the radius of gyration about the same axis. 


And, since the time of a single roll T = wh/ oi 
», OS « He, 
a? 18 
Take any element of the erection of mass m at a die- 
tance x from the centre of gravity which is supposed to 


be contained in the axis of oscillation, then the linear 
acceleration of the mess m at the end of a roll is 


w? 

42 
where a is the mean angle of roll. Therefore the force on 
m is 


a. « ft./sec.?, 


32 x 
@. ax 
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If this expression be integrated over a definite length, 
it is possible for a given period and angle of roll to obtain 


nm — 
T? 
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ship was designed shall not be exceeded at each tier of 
houses. Certain -typical cases were taken, ranging in 
length from 300 fb. to 750 ft., their scantlings determined 
as required by the rules of Lloya’s Register, and the 
modulus of the section calculated. Then, trom the funda- 


mental equation, 


pM 
I 
we have of 
log p — log y = log M - log I, 
and 
l 
~.dp- |» dy=- | aI, sincs M is constant, 
p y I 


and dp is negative, if te is greater than dy, 


Then, if a square inches of plating, placed at a distance 
h feet above the top of the girder, is such as to secure 
if section as calculated for the typical 


the same modulus o 
cases mentioned above, it can be shown that 


K.h. A 


=z... -z, 
A(y+hyP+I 


where . 
K = Modulus of section ( ie r) in square feet. 
y 


A = Sectional area of material in square inches. 
I and » are values for original section. 


On this basis Fig. 7, page 378, shows the amount of 
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as will make the longitudinal material stable under com- 
pressive stress. Under these conditions, to attempt any 
detailed analysis is impossible. It seems reasonable, 


by the series of deep webs now commonly fitted at more 
or less frequent interva)s, whilst the stiffeners should be 
designed simply for local work. If this proposition 
be assented to, there appears to be an additional reason 


material required, calculated on the assumption that first | ¢5, fitting a substantial amount of plating on each deck, 


one superstructure is added, and the material required 


for it be by means of this plating that the impulsive 


determined, then another superstructure added, and the | forces will be transmitted to the webs. In much of the 
material again determined, allowance being made in present practice this is done by means of a narrow flexible 


each case for the material already fitted. 


is involves : ; : adeer 
rather an wnecomcunioal wee of the saaterial, and rd. | stringer plate, not at all a suitable means of distributing 


forces to the webs. 


ingly Fig. 8 shows the amount of muterial necessary on | Tf the webs be assumed to take all the impulsive forces, 


the assumption that the sectional area on all super- 
Structure decks be made the same. This secures some 
Saving in the material which would give the same 
modulus of section when taken to the top of the super- 
Structure as when taken to the strength deck. This is a 
compromise which does not appear to be unreasonable. 
A consideration of longitudinal strength alone would 
necessitate the material being concentrated on the to 

tier, while a consideration of the transverse strengt 

alone would require it to be a maximum on the tier 


— idea of the necessary spacing may be obtained as 
ollows :— 
From the general and well known equation, 


1Tl+M.g.1. sind=0, 





where I is the moment of inertia of the vessel about an 
| axis passing through the centre of oscillation, and / = the 
' metacentric height. 


however, to suggest that the impulsive forces, due to| tudinal strength, the stiffeners may 
the motion of the vessel, should be entirely taken up widely apart. In regard to the beams, the element of 
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an idea of the forces acting on that length. The trans- 
mission of these to the hull proper implies bending 
moment and shear forces in the material of the webs 
and shear and ay forces in the rivet material attachin 

the webs to the deck. From certain actual cases, an 

assuming @ mean maximum roll of 25 deg. and a time of 
single roll of 6 seconds, Fig. 13 shows the spacing and 


will give a principal stress not pes mapas | 9 tons per 
square inch in the rivets in the double angles connecting 
the webs to the strength deck peepee, The remainder of 
the transverse material—i.e., the vertical supports to the 
sides of the house and the beams—should be dealt with on 
the assumption that they are local stiffeners only. When 
the sides of the house are included for longitudinal 
strength, the mange function of the stiffeners is to 
support the plating under compressive stress. In that 
cace their spacing ould be the same as that of the main 
frames, and on Fig. 14 are suggested the moduli of various 
sections which have been based on what has proved satis- 
factory in superstructures and on experience of topside 
material ——— y ight scantling frames. Fig. 14 
also shows the mean thickness of deck-house side plating 
adopted in conjunction with these stiffeners. When the 
sides of the superstructure are not considered for longi- 
be spaced more 


load should not, of course, be the determining factor. 
Their spacing will depend on the arrangements adopted, 
the thickness of the deck-plat ng, the fitting of a wood 
deck, the fitting of girders. &. In ral, for ehips 
below 550 ft. in length, the beams could be fitted to alter- 
nate frames, and Fig. 15 shows the moduli of beam of 
su, scantlings for an unsupported length of 18 ft. 
The moduli of the beams may be taken to vary directly as 
the unsupported length. It does not appear to be difficult 
to design @ more economical arrangement of the material 
in the beams than has been adopted hitherto for use in 
large public rooms where a minimum number of pillars is 
\ . If strong beams be fitted uniting the webs on the 
sides of the house, it is possible to have between them a 
combination of light girders and beams of reduced scapt- 
lings. The beams could be uniform in scantlings through- 
out the superstructuree for the same unsupported ~~“ 

The scantlings of superstructures based on the fore- 
going considerations have been determined for some 
cases, and these are shown in Figs. 16 to 20 inclusive. 
These give a clearer idea of the amount and arrangement 


depth of webs plotted on a base of length of ship which ~ 
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the effect of discontinuity produced by openings for 
windows in the sides of the houses. In cases where more 

onounced discontinuity exists special measures should 
Pe adopted to provide against ib. 

The sketches in Figs. 16 to 20 show a s' beam fitted 
in the superstructure uniting the webs at the sides and 
forming one continuous transverse girder. In view of 
the fairly wide spacing of the webs, the presence of these 
beams will not be inconsistent with an artistic effect in 
the interior. Their value as a structural element is 
obvious. In conjunction with them is a light but strong 
———— girder su apertns the deck plating and inter- 
mediate beams, and allowing a wide spacing of pillara, 
and consequently securing public rooms which shall be 
free from those obstructions which operate so strongly 
against the obtaining of an artistic effect. ‘ 

It shoald be noted that the me:hod of supporting the 
decks at the sides of the ship does not in present practice 
appear to be a very fficientone. The supports, which 
are usually apaced about 8 ft. apart, are connected toa 
thin bulwark-plate and have no direct attachment to the 
deck. It is suggested that these supports should be of 
stronger section, s further apart and attached to 
the deck. In larger vessels these could be spaced the 
same as the webs on the deck-house sides and could really 
be a continuation of the strong beams. The intermediate 
length of bulkwark could stiffened locally. The 
arrangement of stringer-plate and curtain plate on the 
deck should be sufficiently strong, having in view the in- 
creased span between the supports. ig. 22 shows in 
outline a proposed arrangement ¢ mbodying these ideas. 

It is novclaimed that if superstruc‘ures be constructed 
in accordance with the foregoing all damage will he 
avoided. Doubtless defects in design in the future as in | 
the past will be followed by damage. Ib is claimed, how. | 
ever, that if the principles which govern the designing | 
of the general ship structure be applied to the construc- 
tion of long deck-houses, as has been attempted in this 
paper, damage on a general scale will not occur more 
often in the case of the superstructure than it has been 
found to do in the case of the hull. I desire to acknow- 
ledge the great assistance I have received from my col- 
league, Mr. G. Webster, B Sc., in preparing the material 
for this pauper. 





SPRING PRESSURES ON CAMS. 
To THE Epitor oF ENGINEERING. : 

Srr,—May I point a method for finding the acceleration 
of the cantra of roller, as stated in the issue of Enat- 
NEEKING of March 19? 

In re‘erence to the notations of the above-mentioned 
article, let O A = r; the radius of curvature of the path 
at Ais given by the formula :— 

(7 ° d 2) 


A wip 
“dt? "alve 


/ dr 
()) AM=p= 
r? + 
We have 
(2) 


dr 


dé =r tan a, 


The acceleration of roller at A is evidently given by 
the expression 
no @r 
luo ' de@- 
Now, combining (1) and (2), we find :— 
«@r 
d t* 


reeca 


= r[tertatenta(t - r 


As rsec a = A B, and p = A M, we fiud the expres- 
sion of the acceleration, after multiplying by es 
to be accelerativn of roller at A = 


n2 ° me 
1095 -OA [ ta a+sotans |: 


Yours truly, 
F. 


Cherbourg, March 26, 1915. N.C R. 








THE COLLAPSING PRESSURE OF TUBES. 
To THe Evitor oF ENGINEERING. 

Srr,—Page 204 of your current volume contains a 
review of a paper recently published by me in the Philo- 
sophical Magazine, on the subject of tube collapse. I am 
very glad that you should have thought this paper 
worthy of notice in your journal, but I should like, if I 
may, to forestall certain objections which might be raised 
against its conclusions, as these are stated in your review. 

In the first place, the theoretical expression for the 
collapsing pressure is not 


‘ * | ha 
sks 


(1) 
bub 


; (2) 


o- wu 
where o is Pvissoa’s ratio. My reason for taking (1) 
instead of (2) is that the error tous introduced is on the | 
side of safety, and nod large, while o is a quantity very | 
difficult to estimate with certainty in the case of actual 
materials. 
The assumption of the formula 
t 

D 

P=23 a ¥ (3) 
(where y- is the yield-point of the material in compres- 
sion), 88 approximately accurate in the case of fairl 
thick tubes, is ave oa an analysis of Professor Carman’s 


| capacity of about 600 tons and a combined sail and motor- 


| motors of 3300 horse-power. 
| Panama, 


results, published by me in the Philosophical Magazine 
for September, 1913, and upon analogous results obtained 
by Mr. Robertson and others. For practical purpose 
ye may be taken as equal to the yield-point in tension, an 
easily determinable quantity. 

ion of a formula for tube collapse analogous 
to the Rankine-Gordon formula for columns is due to Dr. 
Lilly. Based on equations (!) and (3) above, the required 
formula will be 


P= 2 we 


(4) 





d , ve Be 
t*k’ e 

which is the general equation proposed by me. For mild 

steel it 68 :— 

p= _ 74000 


i @ “7 


sw eB 


d 
t 


which is the equation quoted in your review ; but this is 
only a special example of the general formula (4). 

Dr. Lilly’s theoretical discussion would lead to the 
substitution of f-, the ultimate compressive stress, for 
Yc in equation (4). But when the constants of his for- 
mula have been given values which bring it into 
ment with practice, it is almost exactly equivalent to (5). 
This, I have argued, supports the reasoning which leads 
to equation (4). 


Yours oy, 
Flanders, March 24, 1915. R. V. SouTHWELL. 





Tue Royat Institution.—There will be day lectures 
afver Easter as follows at the Royal Institution :— 
Mr. Banister Fletcher, three lectures: ‘*The War on 
Architecture :” (1) ‘‘ The War on French Architecture ;” 
(2) ‘‘The War on Rheims Architecture ;” (3) ‘*The 
War on Belgian Architecture.” Professor Charles 8. 
Sherrington, two lectures: ‘‘ The Animal Spirits.” Pro- 
fessor Frederick Scddy, two lectures: ‘‘ Advances in the 
Study of Radioactive Bodies.” Professor J. O. Arnold, 
two lectures: ‘‘The Evolution of Steel: Influence on 
Civilisation.” Professor A. S. Eddington, two lectures : 
“The System of the Stars:” (1) ‘‘ Star Colour and its 
Significance ;” (2) ‘‘ The Stellar System in Motion.” Dr. 
A. W. Porter, two lectures: ‘‘ Advances in General 
Physics” Professor V. H. Blackman, two lectures: 
** The Movements and Activities of Plants.” Mr. Wilfrid 
Ward, three lectures: ‘‘ Method of Presenting Character 
in Biography and Fiction.” Lieut.-Colonel A. G. Hadcock, 
two lectures: ‘‘ Modern Artillery.” Professor J. A. 
Fleming, two lectures : ‘‘ Photo- Electricity ” (the Tyndall 
Lectures). Dr. Martin O. Forster, two lectures : ‘*Colour- 
ing Matters of the Organic World:” (1) ‘Colouring 
Matters of Nature; ” (2) ‘‘Dyes, the Creation of the 
Chemist.” Professor Robert 8. Rait, three lectures: 
**Mary, Queen of Scots”: (1 and 2) ‘‘ Mary Stuart and 
Elizabeth ;” (5) ‘‘Mary Stuart and HerSon.” The Friday 
evening discourses will begin on April 16 with lectures 
by Mr. Stepnen Graham on “ The Russian Idea ;’ Major 
P.S. Lelan : ‘‘ Military Hygiene at the War”; followed 
hy others by Canon Pearce, Sir John Jackson, Sir Ernest 
Rutherford, Dr. H. Walford Davies, Professors F. G. 
— and O. W. Richardson, and Mr. Edward Heron- 

en. 





Tae East Asratic Company’s Moror-Saips.—The 
report of the East Asiatic Company, Limited, is always 
interesting to engineers, as this shipping concern has 
shown such a preference for vessels driven by Diesel 
oil engines. In the report for the past year it is stated 
that the ying wo he fleet has been increased by three new 
motor-ships, having a total carrying capacity of about 
27,000 tons — viz., Fionia, 4100 horse-power, Malakka and 
Tongking, 3300 horse-power, delivered in March, Sept- 
ember, and October respectively—also three new steamers 
with a total we dor a J of about 22,000 tons—viz., 
Transvaal, Rhodesia, and Natal—which were put into 
service in April, June, and July respectively. In addition 
the Bandon was put on the Bangkok Line in November, 
after having Diesel motors of 1600 horse-power substituted 
for steam-engines. Towards the end of the year the 
company purchased a coast motor-ship with a carrying 


ship of about 500 tons, both for the West Indian coast 
service. The motor-ship Malakka on ber first voyage 
homeward from San Francisco to Copenhagen stranded 
on Cerros Island, south of California, on December 18 ; 
she has since become a total wreck and been abandoned. 
The ship was fully insured. The average age of the ships 
now in service is 4.12 years, and the average price 
8. 83. 9d. - ton dead-weight. The motor-ships have 
fulfilled all expectations indicated in previous reports. 
The ay has contracted during the past year with 
Messrs. Burmeister and Wain Maskin and Skibsbyggeri 
for the building of four new motor-ships of the Siam class, 
each having a carrying capacity of about 10,000 tons, with 
he vessels will be named 
Australien, Columbia, and Chile, and are 
expected to be ready for delivery in March, July, Sept- 
ember, and December, 1915, respectively. e two new 
motor-sbips Falstria and Lalandia, of 7000 tons dead- 
weight capacity, and 2500 horse-power, have been delayed 
|about ten months. The motor-ships Bandon, Pangan, 
|and Chumpon, of 4900 tons dead-weight capacity, and 
1600 horse-power motors, were delayed six months beyond 
| the time mentioned in the last report. The five-masted 
sailing-ship mentioned in the report for 1913 will be 
named Kobenhavn, of 580% tons capacity, and with 600- 
| horse-power motors, and is expected to be delivered in 


NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.— Last Thursday morning the 
pig-iron market opened firmly, but business was quiet, 
and consisted of one lot of Cleveland warrants at 
63s. 74d. twenty days. The closing quotations were 
63s. 6d. cash, 63s. 1ld. one month, and 9d. three 
months sellers. In the afternoon the tone was strong, 
and 1000 tons of Cieveland warrants were done at 63s. 7d. 
cash, and 64s. one month, with closing sellers naming 
63s. 10d. 3d. one month, and 65s. three 
months. On Friday morning an upward move began, 
and Cleveland warrants advanced about 1s. 6d. per 
ton. The turnover was 4500 tons, at 64s. 44d. twenty- 
three days, 64s. 6d. six days, 65s. 3d. twenty-one days, 
f om 65s. to 65s. 6:1. one munth, and at 66s. 3d. June 12, 
and at the close sel’ers quoted 65s. 3d. cash, 653. 74d. 
one month, and 663. 6d. three months. A further 
rse t ok place in the afternoon, when 2000 tons of 
Cleveland warrants chung.d hands at 65s. 74d. cash, 
and fiom 66s. 9d. to 66s. 104d. three months. The 
closing quotations were 66s. cash, 66s. 6d. one month, 
and 67s. 3d. three months. On Monday morning there 
was a renewal of activity, and the speculative demand 
was responsible fur another bound upwards in Cleveland 
warrants. Business amounted to 6000 tons at fi6s. 1d. 
cash, from 67s. 3d. to 67s. 7d. one month, at 67s. 6d. 
May 26, and 67s. 104d. — 20, with closing cash sellers 
at 67s. 74d. For the other positions no prices were 
quoted, except 67s. 10d. one month buyers. The upward 
movement made further progress in the afternoon, and a 
turnover of 5000 tons of Cleveland warrants was 
one at 68s. 3d. and 68s. 4d. cash, 683. 44d. fourteen 
days, 68s. 1ld. twenty-one days, frcm 68s. 6d. to 
68s. 104d. one month, at 68s. 6d. May 26, and 69s. 3d. 
June 18. Closing sellers quoted 68=. 6d. cash and 68s. 104d. 
one month, with buyers naming 6d lets in tach case. 
On Tuesday morning a reaction took place, and Cleveland 
warrants fell away in value alout 1s. 6d. per ton. The 
turnover was 5500 tons at 67s. cash, from 67s. 9d. to 
67s. 3d. twenty-seven days, and at 67s. 44d. cne month, 
with sellers over at 67s. 1d. cash and 67s. 6d. one month. 
In the afternoon the market was a little stronger, and a 
slight recovery took place. The business amounted to 
1500 tons of Cleveland warrants at 67s. 3d. cash and 
67s. 6d. one month, and at the close sellers quoted 
67s. 44d. cash and 67s. 9}d. one month, with buyers at 

2d. less in each case, and at 68s. 4d. three months. 

Scotch Steel Trade.—Little that is fresh falls to be 
recorded in the state of the Scotch steel industry, and 
very brisk conditions still rule. The general trade is 
somewhat dull, but the reverse is the case in the matter 
of war material, as there would seem to be no satisfying 
the Government demands for shells, mines, guns, &c. 
Plant is kept going night and day, and the large out- 
put of the various kinds of material is going rapidly into 
consumption. The high costs are the serious item, and as 
there seems little sign of almost anything easing off 
in velue, the price of steel continues to show an upward 
tendency. The following are the prices current :—Ship- 
plates, 9/. 10s. per ton; boiler-plates, 10/. per ton ; and 
angles, 9/. 15s. per ton, all less the usual 5 per cent. for 
Clyde or equal delivery. Export business bas not im- 
proved to any appreciable extent, but a fair amount is 

tting away to some markets which aie in urgent want. 

n the other hand, the high prices are just a trifle too 
high for some buyers who are holding back meantime, 
but the scarcity of shipping business is allowing all the 
more time to be devoted to munitions of war. 

Sulphate of Ammonia.—A fair demand exists for sul- 

hate of ammonia, but the position has vasied very 
ittle and prices show no change. The current quotation 
for prompt lots is round 13/. 12s. 6d. per ton, Glatgow 
or Leith. 

Malleable-Iron Trade.— Quite a large amount of busi- 
ness is being put through by the malleable-iron makers in 
the West of Scotland. as the demand is good both for 
steel and iron bars. Nominally, the minimum price of 
“crown” bars is 8. 2s. 6d. per ton, less 5 per cent., but 
the actual selling price is about 1/. per ton more for home 
delivery. Raw material is still scarce and very dear. 


Scotch Pig-Iron Trade.—The local demand for Scotch 
pig-iron has been very good of late, and the prospect of 
prices being increased still further has bad the effect of 
drawing out a fair amount of business. The high prices 
of ore and fuel have been very serious matters to the 
makers, and enhan values are still needed by 
makers. Shipping has been moderately good, but the 
attendant risks are militating against any revival in that 
direction. Hematite iron is one of the strong features 
at the moment, and sellers name from 100s. to 102s. 6d. 
per ton for prompt lots. The following are the market 

uotations for makers’ (No. 1) iron:—Clyde, 83s. ; Calder, 
Geatchensie, Summerlee and Langloan, 83s. 6d. (all shipped 
at Glasgow); Eglinton, 77s. 6d and Glengarnock, 84s. 
(both at Ardrossan); Shotts, 83s. 6d. and Oarron, 84°. 
(both at Leith). 





TRANSVAAL GoLp-Mintnc.—The fact does not appear 
to be generally recognised that since September last year 
the production of gold in the Transvaal has on the 
whole shown a greater output than in the correspo:.ding 
months of the previous year. Theoutput in October was 
valued at 3,116,754/., as compared with 3,051,701/. in 
October, 1913; in November at 3,040,677/., as compared 
with 2,860,788/.; in December at 2,952,755/., as compared 
with 2,857,958/. ; in January at 3,057,058/., as compared 
with 2,768,470/. ; and in February at 2,372,466/., as com- 
pared with 2,650,186. Transvaal gold-mining is, how- 
ever, threatened with-a special war tax by the South 





the summer of 1915. 
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g-m.b., but there are sellers now at 67s. 3d. The other | 
qualities have moved in proportion, and thus No. 1 is 
now 69s. 6d.; No. 4 foundry, 66s. 9d.; No. 4 forge, 
66s. 3d.; and mottled and white iron, each 65s. 9d. Nos. 1, 
2, and 3 East Coast hematite pig now stands at 105s., 
which is the highest quotation in the history of the trade. 
Hematite is thus very dear as compared with Cleveland 
pig. Time was when the recognised difference between have realised 2is. 
mixed numbers of hematite and No. 3 Cleveland pig | 188. to 18s. 6d. per 
was 8s. to 10s., whereas to-day it is 37s. 9d. Foreign | been maki: 

ore is very ane, but not quotably advanced. Market 
rates remain on the basis of 30s. ex-ship Tees for Rubio of | realised 
50 per cent. quality. Freights have somewhat firmed up 
again. Steamers have been fixed at 14s, Bilbao-Middles- 
brough, but the freight is now quite 14s. 3d. Supplies of 
foreign ore are coming to hand well, and are, in fact, well 
above the anes the imports for March | Ru 
170,000 tons. ke is scarce and dear. Local deman upon a basis of 50 
is heavy and is not easily satisfied. Quotations vary | including freight, insurance, &c., 


very considerably and are difficult to fix. For Durham Housing at Swansea.—The Swansea Town Council has 


beehive blast-furnace coke, of avera uality, 27s. 6d. is : 
named by buyers, and sellers ask > e 35s. Foundry heme By tes sharp rebuff from the Local 


coke for shipment is quoted up to 40s. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 128,866 tons, all 
of which is No. 3 quality. Since the beginning of March 
the stock has been increased by 4920 tons. Shipments of 
pig-iron from the Tees to date this month are on only a 
very small scale, averaging 385 tons per working day, the 
total despatches being returned ab 10,010 tons, all of 
which have gone from iddlesbrough. Last month the 






































































during the next few weeks. Best bunker smalis have 
been making as much as 2ls. 6d. ton, and smalls 
have also shown a tendency to advance. There been 
little change in house coal ; patent fuel and coke have been 
Scarce and as strong as ever. The best Admiralty large 
steam-coal has made 34s. 6d. to 35s. 6d. per ton ; secondary 
qualities have been quoted at 32s. to 33s. 3 bunker 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade. — The uncertainty of 
securing supplies during the Easter holiday t pen is 
causing some concern among steel-makers wi: urgent 
work on band for the Government and the Allied Powers. 
Derbyshire and Nottinghamshire miners have agreed to 
confine their holidays to the week-end, which means that 
coal-getting should be in full swing by Monday. In the 
South Yorkshire coalfield, however, t ere is to be no uni- 
form holiday. Most of the pits will be inactive on Friday 
and Saturday, and many on Monday as well. Hence manu- 
facturers have ordered bigger supplies to supplement con- 
tract deliveries than they would have done they been 
sure what the position during the holidays would be. _ The 
tendency of the steam + rep den! to a oe 
occupy & very strong ition, are able to main 
pricaean the highest level = reached. Shipments are 
not on @ large scale, but there is prospect of improve- 
ment. The demand for house is smaller from all 
quarters ; but, at the same time, output is constantly 
diminishing, and prices are no easier. Representatives 
of the leading colliery companies say that the supply 
available will be much smaller im the course of the 
next few weeks if recruiting operations continue 
as at present. London consumers are still taking an 
active interest in the market, but are not competing 
as during the Christmas season. Gas companies are 
striving hard to obtain extra supplies. Slacks are an 
upward market. Some of the largest users report great 
difficulty in obtaining adequate supplies. Coke values 
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applied to the Local Government Board to authorise a 
loan for that amount. The Board has, however, refused 
the application. 





INDIAN SHIPBUILDING.—There were 1284 ships built in 
British India during the ten years ended with 1913 in- 
clusive, the yearly totals being as follows :— 





also are strong, there being @ scarcity of coking mate- | loadings were given at 16,888 tons, or a daily average of 10084 ge cites “ 19085 25 re 
rials. Quotations :—Best branch hand - picked, 21s. ; | 649 tons, and for the corresponding part of h a year 1904-5 |. 4 1900-10 5 |. 8 
Barnsley best Silkstone, 17s. to 18s. ; Derbyshire best > Se clearances reached 104,125 tons, or an average of ee bes > ex” “a 
brights, 17s. 6d. to 18s. ; Derbyshire house, 16s. to 17s. ; tons per working day. apd oe Medes os ase 2. 190 = 
best large nuts, 15s. to 16s.; small nuts. 13s. 6d. to 14s. 6d.; Manufactured Iron and Steel.—There are few new : 


Yorkshire hards, 17s. 6d. to 203; Derbyshire hards, The vessels thus built were of small size, the average dis- 
17s. 6d. to 19s, 6d.; best slacke, 93. to 10s. 6d. ; seconds. 


8s. to 9s. 6d. ; smalls, 6s. to 7s. 


Iron and Steel.—The advent of the Easter holiday 
period is regarded by employers anxious to press on 
with war work as a nuisance. There is an almost over- 
whelming amount of work to be done in all the engi- 
neering departments, and little time to do it in, but the 
opportunity of a holiday to men who are receiving record 
wages is a thing not to be lightly passed by, even during 
a world crisis. Beyond this the stress and strain of the 
last eight months will necessitate many repairs. But in 
every case the shut-down is to be restri to the shortest 

ible period, and work will in be resumed at the 
Pighest pressure cn oe at the latest. Prices of all 
kinds of raw and semi-finished materials are again on the 
incline. Foundry and basic iron command special atten- 
tion, and though consumers jib at the high prices asked, 
they are compelled, in order to keep pace with contracts, 
to support the open market. Quotations for this class of 
iron show an advance from 1s. to 2s. Hematite is a pro- 
gressive market, and though many of the prices asked are 
beyond realisation, sales are being registered at excep 
tionally high figures. The lowest quotation for East 
Coast mixed numbers, 97s. 6d., is 2s. 6d. higher than a 
week ago. In the armament branches smooth working 
and revised schemes of labour application are resulting 
in a marked expansion in output. The places of a large 
number of men who enlisted at the outbreak of war have 
been filled by workers from other districts, who have 
been attracted to South Yorkshire by the high wages 
paid, but there is still a dearth of skilled labour, which is 
acting as a brake on operations. The activity at ship- 
building centres is reflected in the amount of work which 
certain Sheffield firms have on hand, principally for 
heavy forgings and castings. Engineers’ requirements, 
in fact, are very heavy, and are keeping constantly 
busy smaller concerns which might otherwise have 
difficulty in maintaining regular working. Heavy ton- 
neges of steel of all kinds are being made for ship- 
ment to neutral countries, but the great drawback where 
orders of this kind are concerned is how to get the 
goods to the coast, the railways being so congested 
with Government material. Hardware, springs, files, 
saws and sheep shears are being made for mbay, 
Calcutta, Madras, Melbourne, New York, Chicago an 
Cape Town. Most of the file works, which, up to a short 
time ago, were running on short time. are now working 
regularly either directly for thé War Office or for 
Government contractors. Steel billet prices are steady. 
Siemens acid are quoted at 10/., Bessemer acid at 91. 10s., 
basie hard at8/., and basic soft at 7l. 10s. 


features of moment to report with to the manv- 
factured iron and steel industries. In all departments 
works are going at full pressure, chiefly on Government 
work. There are some good ordinar inquiries in the 
market, and prices are very strong. Further advances in 
quotations are announced. Iron and steel bars, packing- 
iron, and steel boiler-plates have each been put up 
= Rom ~g-hyy al teen 8 ITe oa ~ —_ at ion tima, the German Navy has taken over the four destrovers 
101. Ba. : packing-iron, 71.108. ; iron ship- lates, 92. 10s, ;| Which had been ordered from the Germania Yard, Kiel, 
_ rth...  rirom ahie bam. he ; iron girder. by the Argentine Republic. The principal characteristics 

tes, 91. ; steel bars (basic), 92. 10s. ; steel bars Siemens), | ° these units were the following :—Normal displace- 

10s. ; steel ship-plates, 9. 10s. ; steel shi = 91. Be. ; | Ment, 1250 tons ; maximum displacement, 1450 tons ; con- 
steel boiler-plates, 10/. 10s. ; steel joists, 9/.; steel hoops, | ‘act s 32 knote ; armament, three 4-in. guns and 
91.; steel strip, 82. 10s.—all less the customary 2h per cent. eight mm, (21 in.) torpedo launching-tubes in four 
discount ; cast-iron columns, 7/. 7s. 6d. ; cast-iron railway | P®!T8; contract power, 30.000 horse-power, _ by 
chairs, 4/. 7s. 6d. ; heavy steel rails, 71. 15s. ; steel railway turbines ; maximum quantity of fuel carried, 345 tons of 
sleepers, all net at works ; galvanised corrugated | nephtha ; dimensions of ‘BOft Win by Sie win) tes 

a a yi ; De y m. t. Sin. t. 10 in. by 8 ft. 10 in. ). 

ao 24 gauge, in bundles, 14/. 10s., f.0.b.—less 4 = order was given to the Germania Yard in Jul , 1913, and 

F herd W, Th ee eae eae the time for delivery was twenty months for the first two 

ronworkers’ Wages.—The report of the auditors e 


Wag rt of units and twenty-four months for the remaining two. 
Board of Conciliation and Arbitration for the manu-} For the sake of uniformity with the other units of the 
factured iron and steel trade of the North of England for Argentine Navy, the armament was to have been su 
the two months ended February 28 last, announces that plied by the Bethlehem Steel Company. It is probable 
the wages for April and Ma ‘next will be the same as those | that now the guns will be 105 mm. (4.134 in.) and the 
prevailing during the p ing two months. The ave torpedo-tubes 500 mm. (19.685 in.) in calibre, to meet the 
net selling price of manufactured iron for the two months | German Navy's requirements. The boilers are to be of 
was 7/. 1s. 11.80d., as compared with 7/. 1s. 1.38d. in the Schultz type, to burn oil fuel exclusively, The 
the preceding two months. engine-room is to contain also two Diesel engines for 

Cleveland Miners’ Wages.—A meeting was held at 


cruising. 
Middlesbrough this week between the Cleveland iron. 
stone mine-owners and the Cleveland Miners’ Associa-| OFrrictaL Garman Merau Qvorations.—On Febru- 
tion to consider an application by the miners for an in- | ®ty 23 the Board of the Berlin Exchange (section metal 
crease in wages. Sir Hugh Bell, Bart., who presided, | €xchange) passed a resolution to fix official cash prices for 
announced that the owners had decided to advance the | “inc, lead, tin, aluminium and antimony after the resump- 
wages of boys under sixteen years of age by 3d. per day ;| tion of business in the exchange and to confer with 
youths between sixteen and eighteen years, by 4d. per | Tepresentatives for the respective trades as to zinc, lead 
day; and workers over eighteen years, by 6d. During | ®0d tin being admitted to “termini” business cn the 
the discussion it was made clear that if better terms| xchange. The above decision is the outcome of endea- 
were obtained in a national settlement through the | Yours which have pees going cn for some time, the pur- 
Federation, the miners’ executive could make an applica. | Portof which was to make the German business in metals 
tion to the emplovers for the difference involved by the | #0d Germany’s supply of metals independent of English 
concession. Mr. H. Dach, President and agent of the | 4¥0tations and of English middlemen. Similar considera. 
Miners’ Association, accepted the offer on behalf of the | tions led to the esta hment of the Berlin “ termini 
men, and thanked the mine-owners for their satisfactory | business in copper, of which im t metal the Gerrhan 
offers. consumption exceeded that of England some years ago. 
‘ : , | The Germans hold that there is still leas reason for them 

Tees-side Dockers’ Wages.—The Tees Wharf-Owners to depend upon London quotations as regards zine, lead, 
Association and the Dockers’ Union held a conference at} ajuminium and antimony, inasmuch as not only the 
Middlesbrough this week to consider an a ication for | German consumption, but also Germany’s production of 
an Increase in wages. The —- ag to increase | these metals materially exceeds England’s consumption 
the wages of the men by 6d. per shift for day work, and and production. Thus Germany’s production of the most 
9d. per shift for night work, and also a 10 per cent. important of these metals, zinc, for the year 19'3 amounted 
increase on tonnage rates other than iron ore, to be to 283,113 tons, against England’s 59,146 tons, and 
operative from March 22 last for six months. In the case Belgium’s 197,708 tons. Germany’s consumption was 
of iron-ore discharges it was agreed that the rates be | 932.000 tons, against Kngland’s 194,600 tons. The 
increased $d. per ton, and jd. per ton for “grab” work, somewhat important export of zinc from Upper 
to take effect from April 1. Silesia has hitherto been ruled by English quotations. 
The German uction of lead in 1913 amcunted to 
181,100 tons, whilst England’s was insi ificant, that of 
Spain being the only one in Europe which was of some 
moment. The Prussian State is greatly interested in 
the production of lead, and naturally much prefers to 
sell its uction on the basis of German in preference 
to English quotations, being much better able to control 
the former. The position of aluminium and antimony 
is similar to the former, though the whole is on a 1educed 
scale, and they may be said to complete the arrange- 
ment. The extended metal exchange, especially if it 
be extended so as to comprise “termini” bu: iness, will 
no doubt lead to the keeping of larger stce«s, which ig 
also absolutely necessary from a military point of view, 
It will be for the German hanks to find t. capital for 
such sufficiently large stocks, and th: icby remove the 
only factor which so far has constitutsd the superiority of 
the London Metal Exchange. 


placement having been only 45 tons in 1908-4, and 37 tons 
in 1912-13. Only one steamer was built in 1903-4 ; the 
corresponding number in 1907-8 was six. Indian ship- 
building, such as it is, has made the most progress in the 
Bombay Presidency, Madras ranking second. 





Tur GeRMan Navy.—According to the Rivista Marit. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mipp.LesBroves, Wednesday. 
. The Cleveland Iron Trade.—There are some disturbing 
influences in the pig-iron trade, but on the whole the 
Situation is satisfactory, and promises to still further 
improve. As is usual in a rising market, speculators 
“re Operating in warrants, and thus causing unsteadiness 
in quotations for makers’ Cleveland pig, but in other 
branches such facilities for gambling no longer exist. 
All descriptions of pig promise to be dearer. Cost of 
production is increasing, and supplies of raw material, 
“lready barely adequate, threaten to be shorter. It 





NOTES FROM THE SOUTH-WEST. 

Cardsf.—The pressure on the Cardiff steam-coal trade 
has become greater than ever in consequence of a con- 
tinued demand for the British, Franch. and Russian 
navies, as well as for French railways. The occupation 
of the departments of the Nord end the Pas-de-Calais by 
the Germans has, of course, greatly affected French coal 
production ; hence the exceptionally strong demand for 
Welsh combustible. Welsh colliery owners have been 
declaring that they will be unable to meet some of their 
contract obligations, and that they will have nothing to 
spare before the middle of April; under these circum- 
stances, there has been no weakening of the exceptionally 
high prices now current. Both buyers and sellers have 
shewn hesitation in connection with forward bnsiness, 
being, of course, unable to foresee what may happen 


'ronstone, have put out a furnace that has been running 
on Cleveland pig. This reduces the total number of 
»ast-furnaces in operation on the north-esst coast to 
Oa We have to go nae to eg. 1913, to find 
le Pig, Prices as high as those now ruling. 
Up to 68, 6d. has this week been asked for No. 3 
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EVENING CLASSES, 


ENGINEERS of a past generation owed much to 
the evening classes which, under the auspices of 
the Science and Art Department, were es‘ablished 
in every industrial centre of the country. The 
classes dealing with what are now known as the 
mechanical sciences were very commonly under the 
direction of the leading draughtsmen in one or 
other of the local factories ; the standard aimed 
at was not high, but, in the | r towns at any 
rate, the ambitious student could find instruction 
in the more elementary portions of every division 
of physical and scientific inquiry. o obtain 
a Whitworth scholarship, for example, the candi- 
date was, in practice, compelled to know something 
not merely of applied and theoretical mechanics, 
drawing, and the theory of heat, but also of 
chemistry, light, sound and metallurgy. So far 
as the abler of the students are concerned, it may 
be doubted whether the changes made during the 
past quarter of a century have been wholly advan- 
tageous. -There is, indeed, much to be said for 
the view that in the earlier stages of training 
breadth is more necessary than depth. It is more 
important to have as a basis for further work a 
fair knowledge of elementary science generally than 


|a@ more thorough grounding in one or two selected 
'subjects. Specialisation will inevitably impose 


itself on the student quite early enough by the 
pressure of circumstances, so there is not a little 
reason for holding that many of the changes and 
reforms made have not been wholly for the better. 
So far as the cleverer lad is concerned, there is, 
indeed, some reason for believing that the changes 
made have been to his disadvantage. It was a 
very experienced schoolmaster’ who expressed the 
opinion that the relative intelligence of students 
was, on the whole, much better by a long 
and easy paper than by a shorter and more difficult 
one. In the latter case, results may easily in- 
volve a large element of luck. 

The candidate who may chanced to have selected 
for recent revision the particular kind of problem 
chosen by the examiner for the year, may easily 
show up better than an abler but less fortunate stu- 
dent. Moreover, under the old system, Whitworth 
scholarships were regularly obtained by students 
the whole of whose knowledge had been acquired 
at evening classes and by private study. Theoretic- 
ally, this is still possible, but tically training 
in a well-equip technical college is now almost 
indispensable. 

For good or evil, however, the whole system of 
evening classes of the old type, with their wide 
choice of subjects, and the principle of payment 
for results, has been discredited by the newer lights 
of the educational world. The completeness of 
the changes made are very clearly b ht out in 
the new memorandum on the teaching of engineer- 
ing in evening technical schools, just issued by the 
Board of Education.* 

Whilst declaring that there is no intention of 
laying down rigid rules and regulations, the sug- 
gestions made by the Board seem to be of a ve 


389 | ambitious character, and propose standards whic. 


will prove far higher than can be attained by the 


330 majority of the students attending. The usual 


experience at institutions where the evening classes 
cover both elementary and more advanced work, 
is that there is a good attendance for the first 
session of the elementary course, but the numbers 


392 | gradually diminish as the standard rises, until, in 


the more advanced courses, the professor is at times 
found to be lecturing to but a ry 44 student. 
From the purely financial aspect of the question, 
it may be queried if it would not be economically 
better to provide such solitary survivals with scholar- 








ITALIAN STATE RAILWAYS. 


ships, enabling them to take up the advanced 
course under more favourable conditions. 

Evening courses in Engineering are classed by the 
a under three heads, as junior, senior, 
and advanced courses, and these are in certain cases 
further subdivided into major and minor courses. 
The junior courses are intended for boys leaving the 
public elementary schools at the age of fourteen, 
and the course is devised to extend over two years, 
after which the students should take the senior 
course, which will occupy another two years, 
and be followed by theadvanced, extending over at 
least two years more. The major courses are, it is 
stated, intended for those who are ambitious to 
become heads of departments, whilst the minor 
courses are designed to-meet the needs of the ordi- 
— mechanic, and to kelp him toa more intelligent 
understanding of his craft. The teacher in these 
minor courses must therefore have an intimate 
knowledge of the trade in which he is giving 
instruction. 

In the miajor courses students are to be com- 
pelled to select either mechanical or electrical 
engineering on entering the senior course. If 
their choice falls on the former, the instruction 
received will be confined’ to practical mathematics, 
engineering drawing, and engineering science, 
which is to be understood as including mechanics, 
p paronar and heat. He will thus learn nothing 
of general physics, and, what is worse, nothin 

about electricity ; and some general knowledge o 
electrical principles is certainly nowadays neces- 
sary to even a mechanical engineer. In the 
advanced course specialisation is carried further, 
the student having to choose between structural 
and motive- power engineering. Whether such 
specialisation is really advisable in evening-class 
work is open to very serious doubt. The doctrine 
that it is best to learn one thing, and learn it 
thoroughly, is subject to some very severe limita- 
tions. 

At the best, evening classes can hardly provide a 
—_ training in engineering, as the time 
available is too short, but what they can do is to 
give the more ambitious a general knowledge of the 
more elementary portions of the various sciences, 
whilst the more promising of their students should, 
by means of scholarships, be sent to complete their 
studies under more favourable conditions. 

A noteworthy feature is the great insistence laid 
on laboratory work. In: this it may be fairly sus- 

that the Board of Education have been 
influenced by certain enthusiastic reformers, who 
contend that genius is remarkably common, though 
it must be admitted that few of their geese, educated 
under their own eyes, have turned out to be veritable 
swans. The laboratory is, as a matter of fact, the 
more useful the less intelligent the student. Even 
such a great experimenter as Lord Rayleigh had, 
we believe, very little laboratory experience before 
taking his degree. In fact, our great investigators 
are born, not made, and the supply will y be 
affected one way or the other by a great insistence 
on laboratory work during the earlier stages of 
training. What we have lacked, and still lack, 
in this country, however, is trained observers 
of more mediocre abilities who can be relied 
upon to execute accurately experimental routine. 
hether these will be supplied by the heuristic 
methods advocated in the circular under discussion 
is very open to doubt. 

It is laid down asa principle that the students 
are not to be set to confirm known ay vo laws, 
but are to be hel to discover these laws for 
themselves. In short, without any preliminary 
training, the students are at once to be.entered on 
‘*research.” They are not to be given an estab- 
lished principle, and then asked to see how closely 
they can verify this with the rough-and-ready 
apparatus at their service, but with these imper- 
fect appliances are to be asked to establish these 
generalisations for themselves. We do not know 
whether it is a question of cause and effect, but 
certain it is that since the a tion of the 
heuristic methods, advocated by a few enthusiastic 
professors, there has been a great prevalence of 
young students and demonstrators ge in 
technical laboratories attempting to found great 

neralisations on very imperfect experimental 

ta. 

In physics, excellent and careful work has been 
done in America, but much of the experimental 
work turned out from their engineering labora- 
tories is as bad as anything that has been published 





* Board of Education. Circular 894. Price 6d. 


here. At about the most successful experimental 
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school in physics now in existence, the very reverse 
of the heuristic method is followed in the training 
of the undergraduate. He is not gradually led up 
to establish physical laws for himself, but is given 
the task of repeating measurements already made 
by experimenters of established rank in this 
country or elsewhere, and has very soon impressed 
on him that much thought and much labour 
are all essential to accurate experimental work. 
Unless these difficulties are learnt by sad experi- 
ence, the always self-confident and frequently con- 
ceited product of the heuristic method is apt to 
assume that any discrepancies between his own 
work and that which he is asked to verify originate 
anywhere but in his own carelessness or ignorance. 
If, on the other hand, the student is taught the 
recognised laws of Nature in the first instance, and 
then set to verify them, he soon i that 
this is by no means so easy a matter as it looks at 
first sight, and that infinite care and patience are 
necessary if material errors are to be eliminated. 
If, in future work, he meets with an anomaly, he 
does not then immediately rush to the conclusion 
that he has discovered a new Jaw of Nature, as the 
heuristic disciple is apt to do, but begins a 
painstaking investigation as to where he can 
possibly have gone wrong. 

Another t disadvantage of the heuristic 
method is the time taken to acquire but a very 
little knowledge. The theory that it teaches the 
student to think is falsified by experience. Insight 
is innate, not acquired, and, indeed, it not infre- 
quently happens that even careful and accurate 
experimenters prove very indifferent interpreters of 
their own results. The laboratory method may, 
perhaps, be the best with the dullards, there — 
in somesort an analogy between the heuristic meth 
and the Montessori system, which has proved so 
effective with idiot children. Such success has, how- 
ever, been found to be very closely connected with 
the personality of the teacher. Again, the memo- 
randum recommends that laboratory instruetion 
sheets should be abolished. This proposal seems 
absurd on the face of it, as it of necessity implies 
that the teacher has to replace the missing sheet by 
verbal instructions. This must involve great loss 
of time. It is admitted in the memorandum that 
in the conditions premised the teacher cannot deal 
with more than 20 to 25 students, and we are only 
surprised that the number has been fixed even as 
high as this. As matters stand, the present difficulty 
is to get competent teachers not merely in the even- 
ing schools, but in the more pretentious technical 
colleges. Corporations and other authorities will 
provide fairly readily bricks and mortar and labora- 
tory plant, but greatly grudge the expense of an 
adequate teaching staff. as matters are, they 
will be infinitely worse if the emolument now 
received by the teacher of, say, 40 or 50 evening- 
class students has to be shared with another, owing 
to the cutting down of the class necessitated by the 
adoption of heuristic methods. 

So far as the foregoing is concerned, it is pretty 
obvious that the Board has been ‘got at” by 
certain influential faddists, but there are other 
matters in which the advice given appears to be 
sound. It is recommended, for instance, that 
instruction should not be by lecture. This is a 
curious inversion of the views of the educational 
faddist of a quarter of a century ago. Then the 
use of text-books was denounced, and the teacher 
informed that his own lectures should form the 
text-book for his class, and the plan was very 
faithfully and very generally adopted, even when 
the instructor had little originality either of 
thought or expression. To have this procedure 
denounced in its turn is another of the curious 
revenges brought in by the whirligig of time. 
Nevertheless, where instruction of a more or less 
elementary character is to be imparted, we believe 
one is quite right in this return to the methods 
of the schoolmaster of half a century ago. The 
home-work should be set from a text-book, and 
the time in class utilised to clear up difficulties, and 
in the working of very numerous illustrative 
examples. 








THE MINERS’ WAGE CRISIS. 


A serious crisis is threatened in the coal trade. 
Not only is the Miners’ Federation moving for new 
agreements in all districts, to come into force on 
July 1, carrying with them substantially higher 
minimum and maximum wage rates—negotiatious 
for these being already well advanced—but a 








demand is being made for a special, war-time 
advance of 20 per cent. to cover the prevailing 
abnormal food prices. The demand for these new 
agreements is a most difficult one for the owners to 
meet in view of the present excessive costs of pro- 
duction and the great uncertainty regarding the 
conditions that may exist after the war. Now the 
difficulty is intensified by the demand for this 
special advance. The owners will certainly refuse 
to concede both demands, and the Government 
may be called upon to deal with one of the biggest 
industrial disputes ever experienced. 

The situation is ve. It is quite true that 
some of the higher officials of the Miners’ Fede- 
ration are declaring their intention to maintain 
peace, but many of the local officials, who exercise 
great influence, are talking in another strain. In 
the miners’ lodges up and down the country the 
** peace talk ” of the Lies members of the execu- 
tive committee of the Federation is being derided, 
and it is being said that if the Clyde engineers had 
not struck they would not have obtained any conces- 
sion such as they have got out of the award of the 
Arbitration Court the Government set up specially 
to deal with the Glasgow trouble. In Durham, for 
instance, there is a threat to dismiss the Federa- 
tion officials if they fail to obtain the special war 
advance of 20 per cent. in addition to the pro- 
posed concessions in the new agreements. Smart- 
re under high food prices, roused by stories of 
fabulous profits made by coal ‘‘rings” and food 
‘* trusts,” encouraged by theorists to exploit the 
law of ‘‘supply and demand” in their own in- 
terests now that there is a scarcity of labour, and 
railway men, shipyard men, and others are obtain- 
ing large advances of wages, the miners are in a 
very determined mood to enforce higher pay. On 
the other hand, the coal-owners, feeling that they 
are going to the uttermost limits of concession in 
either consenting to the proposed new agreements, 
or in offering a war bonus of 10 per cent., con- 
ditional upon the men observing the old agree- 
ments until the end of the war, are equally deter- 
mined not to meet a demand for anything like a 
special 20 per cent. advance in addition to the 
forthcoming advances under the new agreements. 

Briefly, the owners’ contention is that this is no 
time to be pledging themselves to pay much higher 
wages than the current rates for three years after 
June next, when they are unable to forecast the 
competitive conditions that will come into exist- 
ence after the war, when the Continental mines 
get working again, and when the Americans have 
completed the arrangements they are now making 
to capture coal export business. Besides this the 
owners argue that they are paying something like 
famine prices for horse fod jae | timber, that many 
of their best men are away ou military service, 
leaving on their hands an undue proportion of more 
or less inefficient men, and that, although it is true 
they are getting high prices for their ‘‘ free ” coal, 
by far the greater part of their outputs are being de- 
livered at low contract figures fixed before the war 
broke out. It is said, indeed, that it would be as 
reasonable for the owners to ask for wage reductions 
as it is for the men to demand advances. Certainly 
there will be the strongest possible opposition to the 
demands now put forward. The special demand is 
not only formidable in itself—it has been shown 
that in the case of a typical colliery company its 
concession would cost in a year four times as much 
as is being paid in dividends—but its bare con- 
sideration seriously prejudices negotiations for the 
new agreements. 

In the great South Wales district the proposals 
of the Miners’ Federation for a new Conciliation 
Board agreement are that the old standard rates of 
1877 and 1879 be abolished; that a new standard, 
called the 1915 standard, be set up; that the new 
standard for coal-getters be 35 per cent. higher 
than the 1877 standard, and 50 per cent. higher 
than the 1879 standard; that the standard for 
underground day-wage men be 50 per cent. higher 
than the nants rates at present paid under the 
Minimum Wage Act; that immediately the new 
agreement comes into force an additional 10 per 
cent. on these new standards be granted to all 
grades ; that all workmen employed on after- 
noon and night shifts be paid six turns’ wages 
for five turns’ work, each shift being separately 
credited to the men as a turn and one-fifth ; and 
that for surface-men the standard minimum be not 
less than 5s. per day. Upon receiving intimation 
of these demand:, the South Wales coal-owners 


| offered a special war-time advance of 10 per cent., 





on condition that the men withdrew uheir demand 
for a new agreement until after the war. This 
offer was unceremoniously rejected, the men de- 
manding not less than 20 per cent. as a war bonus, 
and insisting upon a new agreement in the above 
terms when their three months’ notice, to be 
tendered on April 1, expires. As the Miners’ 
Federation of Great Britain is moving for almost 
identical terms in all the districts, it will be seen 
that the situation is full of danger. 





SLOW CATHODE AND SOFT RONTGEN 
RAYS. 


Discoursine upon ‘‘Experiments on Slow 
Cathode Rays,” at the Royal Institution on Friday, 
March 26, Sir J. J Thomson spoke of the dis- 
coveries of electric waves and of Réntgen rays as 
two of the most important events in physics. The 
two kinds of radiations appeared widely different 
in properties and as to the methods of their 
investigation, and yet both seemed to be vibrations 
of the same nature as visible light waves. Though 
electric waves might be of alength to reach across 
London, whilst Rontgen waves were of the order of 
the radius of an atom, they were all members of the 
same family. The question naturally arose whether 
the continuity was uninterrupted, or whether there 
were any gaps in this long series. Electric 
radiations had been produced of so small a wave- 
length as a few millimetres, and that length might 
be further reduced to a fraction of a millimetre ; on 
the other hand, Rubens had isolated light (infra- 
red) waves of mm. ; there was thus no gap between 
light and electric waves Was that so likewise—Sir 
Joseph asked—on the other side of the spectrum, 
between light and Réntgen rays? The shortest ultra- 
violet known light rays were the waves discovered 
by Lyman in the Schumann region ; they had a wave 


mm., whilst the longest Réntgen 
] 
1,000,000 
There was thus a gap of about seven octaves ; 
this gap had not so far been systematically investi- 
gated, but its study promised to be of special 
interest. The extreme ultra-violet and Réntgen 
rays certainly approached one another in their 
properties. Both kinds of rays ionised gases which 
ordinary light did not ; unfortunately, both were un- 
able to penetrate even very thin layers of air, so that 
experimenting with them was very difficult. Both 
again had strong chemical and physiological effects, 
as they gave up all their energy to obstacles ; they 
produced ozone in the air (which was shown by 
holding starch paper impregnated with iodide close 
to the bulb, the paper becoming blue in a few 
minutes), and were disastrous to living creatures ; 
some low organisms, in fact, underwent the most 
awful predicament that could befall them, since 
they simply dissolved in the water in which they 
were living when exposed to the rays. The study 
of this gap might hence become of high biological 

and medical importance. 

One of the methods of producing slow Réntgen 
rays, the lecturer proceeded, was the ordinary 
method of allowing cathode rays to impinge against a 
solid target, which then became the originof Réntgen 
rays ; the slower the former, the longer would be 
the waves of the resulting Réntgen rays. In his first 
experiment he had used a vertical bulb, provided 
with a floating cathode disc below and an anode 
disc above, and an electrometer box, fitted with an 
aluminium window between the two; the gas in 
that box became ionised. In further experiments 
he had made use of a Coolidge bulb, which we 
described on another occasion. The essential feature 
of this bulb was the cathode, a tungsten spiral, 
which, independently heated by the current from 
a storage battery up to 2000 or 3000 volts (in the 
demonstrations an induction apparatus was used in 
the place of the battery), gave out cathode rays 
which had no independent velocity. The velocity 
was put on the rays by external force. The rays 
pre the anti-cathode, a stout rod or block of tung- 
sten, at high speed ; this block was cut off obliquely 
to emit the Rontgen rays produced in a convenient 
direction. The vacuum in the bulb was extremely 
high, so high that there was no general green glow in 
the worked bulb. The number of cathode particles 
produced depended only on the temperature of the 
spiral, their speed on the potential in the tube ; 
and it was shown that as the particles were speeded 
up, the phosphorescent screen held in front of the 
bulb (in the dark room) became more and more 
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rays measured were of the order of mm. 
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bright green, even at a distance of several feet or 
yards from the tube. 

Various apparatus had been used in other experi- 
ments when it was necessary first to make sure 
that the new radiations were not due to any pre- 
viously known reflected or stray rays. In the one 
apparatus the positive rays passed down a tube 
against a platinum target, which then emitted 
Rontgen rays up a side tube, pairs of parallel 
charged plates being inserted in both these tubes 
to deflect any other radiations by strong electric 
fields. At the end of the side tube was a special 
photographic plate, which was covered by exceed- 
ingly fine windows of collodion, paraffin paper, 
white fluorspar, &c. These windows, of 4 p» 
thickness, did not allow any radiations to pass 
through when the vultage was beluw 40; with up to 
200 and 300 volts more and more rays got through, 
as was shown by exhibiting pairs of eee hs 
in which the sensitised plates had been either 
covered or uncovered. 

This photographic method did not admit of quan- 
titative measurements, however. For this purpose, 
a special form of Coolidge bulb or double bulb was 
used. The rays from the hot cathode passed down 
a brass tube to a gauze screen and a target, and 
then, in some experiments, te a second target ; 
the uliar target was attached to a long rod, 
which could be turned like a tap from outside in 
its ground-glass joint in the bulb, and consisted 
of two metals, back to back, so that the same 
pencil of rays could be made to strike first, say, 
aluminium, and then copper or carbon. The rays 
emitted by the target entered through a neck, 
either an ionisation vessel char with sulphur 
dioxide, or another bulb in which the total num- 
ber of electrons emitted was determined. Thus 
two methods of quantitative examination were 
available. In both the Coolidge bulb had to be 
kept at a very high vacuum, whilst the SO, (in the 
first method) had, of course, a certain small gas 
pressure ; the bulb and vessel had therefore 
to be separated from one another, and that had 
been an exceedingly difficult matter. because the 
window would stop the radiation. The difficulty 
had been solved by preparing films of celluloid ; the 
celluloid was dissolved in amy] acetate and the 
solution poured on liquid mercury; otherwise 
the film bad cracked in drying. This expedient was 
due to Mr. Everett, Sir Joseph’s Cambridge assis- 
tant, who conducted the demonstrations. The film 
was so thin that it showed the colours of soap- 
bubbles. By altering the gas pressure in the 
ionisation vessel (which contained pairs of metal 
plates joined to an electrometer to ire the 
ionisation) it had been found that there was, of 
course, no ionisation when there was no SQ,, and 
no ionisation either when the pressure was too 
great; the explanation was that in the latter case 
the rays were stopped in the connecting neck (in 
which the celluloid film was mounted) before 
reaching the metal plates. For intermediate pres- 
sures the curve rose first steeply, and fell off rapidly 
then to an asymptotic value. 

In the second method the two vessels were main- 
tained at the same high vacuum. There was no 
window in the neck, but two plates were inserted 
in it, so that a potential difference of 600 volts 
could be established across the gap. The Réntgen 
rays passing through the gap fell upon a second 
target of the kind mentioned (two metals, back to 
back); the rays emitted by this target struck the 
silvered internal surface of the second bulb, the 
silver being connected with a Dolezalek electro- 
meter. Thus a relation could be found between 
the emission of negative particles and the volts of 
the cathode rays, and it resulted that a potential 
of at least 15 volts was required to produce an 
appreciable radiation. The curve then rose steeply 

with increasing potential and fell off slowly, and 
the curve agreed with other experiments on the 
emission of negative particles from plates struck by 
cathode rays. Thus, Sir Joseph said, a view he had 
expressed s°me years ago had been confirmed—viz., 
the emission of characteristic Réntgen radiation by 
an atom depended upon the ionisation of the atom, 
each atom ionised giving one unit of radiation ; 
the kind of radiation depended upon the position 
of the electrons in the atom; near the nucleus or 
further outside, and he believed that it was the 
return of the electrons to the atom (not their 
emission) which was responsible for the radiation. 

_The last-mentioned curve, Sir Joseph continued, 
did not indicate the total energy of the rays, which 





curve rose continuously, more rapidly with in- 


creasing voltages. The next point to investigate 
had hon whether the paces by of the elements 
contained lines in this gap which was now being 
filled up. The known characteristic lines were of 
the K and L types, and belonged to hard radia- 
tions. Were there also lines of the soft radiation 
p Ladi When the emission was increased a hump 
should appear on the curve, as a characteristic 
radiation was approached. For this study the 
double-metal targets referred to were convenient. 
The first target struck was, e.g., aluminium, and 
the second target struck was again aluminium. 
Then the second target was turned, so that the 
same bundle of Réntgen rays now impinged against 
a copper plate (instead of aluminium) ; the ratio 
of the two effrcts (total numbers of electrons 
emitted) was 38:21. Aluminium hence gave nearly 
twice the effect of copper, indicating that there was 
a characteristic soft aluminium radiation, whilst the 
hard radiation of copper was nearly four times as 
strong as that of aluminium. These lines were 
very important for the study of the structure of the 
atom. For the soft radiations were given out by 
the outer (surface) electrons, which decided the 
chemical behaviour of the atom. Chemically the 
outside electrons were, indeed, much more im- 
portant than the deep-seated electrons, which gave 
the hard K and L radiations. Former researches 
had already suggested the existence of several 
rings of inner electrons. 





THE SUPPLY OF THE NETHERLANDS 

WITH ELECTRIC ENERGY. 
A Spscrat Commission, which was appointed 
some three years ago in order to investigate the 
question of the rational supply and use of electric 
current in the N yr wart has recently com- 
pleted its report. This report is very exhaustive, 
and deals in a clear and comprehensive manner 
with the question, at the same time throwing a 
considerable amount of light upon the use of elec- 
tric energy generally. Thus a table deals with the 
electric installations in several of the smaller coun- 
tries :— 


: Area in Number of 
Countries. Sq. Miles. Inhabitants. 

Holland 12,200 6,114,000 
Denmark 15,000 2,172,000 
Wurtemburg 7,500 2,505,000 
Switzerland . 15,500 3,753,000 
Belgium 11,200 7,490,000 
Bavaria 29,200 6,887,000 


If the number of installed kilowatts is taken at 
1 per 1000 inhabitants as a unit, the figures for 
the following countries are :— 


Bavaria 0.8 
Denmark 0.9 
Wurtemburg 1.5 
Belgium _... 2.7 
Switzerland 6.4 


The average consumption of electric energy per 
inhabitant in seventy-five European municipalities 
is respectively : for municipalities with up to 
50,000 inhabitants, 29.9 kw.-hours; municipalities 
with up to 100,000 inhabitants, 56.3 kw.-hours ; 
municipalities with more than 100,000 inhabitants, 
68 9kw.-hours. In Holland the figures for respec- 
tively 9, 6, and 3 municipalities are respectively 
16.1 kw.-hours, 30.9 kw.-hours and 42.1 kw.-hours 
per inhabitant. In Germany the average con- 
sumption per inhabitant was 30 kw.-hours in the 

ear 1911, against an average of 16.2 kw.-hours in 

olland. 

In Holland there were in 1913 altogether 82 
electric stations for public supply of current—viz , 
24 town stations, of which 10 alsv supplied current 
to tramways, 40 private stations, 4 private tramway 
stations, and 14 stations or auxiliaries at industrial 
undertakings. The aggregate capacity of the 
generators was 87,500 kw. Some of the more 
important plants were those of the State mines and 
the water department, &c. The capacity of the 
above-mentioned 82 stations at January 1, 1913, 
was respectively :— 


Less than 50 kw. ... 22 stations 
From 50 to 100 kw.... 10 a 
» 101 to 200 kw. 10 eo 
» 201 to 500 kw. 13 ie 
» 501 to 1000 kw. 7 99 
., 1001 to 2000 kw. Bes te 
» 2001to5000kw.... 5 mn 
» 5001 to 10,000 kw. ... 2 o 
Above 10,000 kw. ... 2 





could be deduced from their absorption; this 





amounted to 2,760,0001. The energy supplied in 
1912 was :— 
Kilowatt- Hours. 


For lighting pu 32,231,446 
oo» power... ide 32,772,792 
» tramways 31,365,946 

Total... 97,370,184 


The number of factories with an electricity 
supply of their own was on January 1, 1913, 1360, 
with a capacity of 129,500 kw., and with these 
were connected 7057 motors, with a capacity of 
62,984 kw., whilst 11,049 motors, with an aggregate 
capacity of 36,606 kw., were fed from the above- 
mentioned 82 stations. 

As regards the future probable consumption for 
lighting purposes, the increase appears to be fairly 
regular, on similar lines to that of gas. The con- 
sumption of electric current for lighting is expected 
shortly, or within the next few years, to amount 
to, respectively, 20, 15, and 8 kw.-hours 
inhabitant in tewns of more than 100,000 inhabi- 
tants, in towns with from 10,000 to 100,000 inhabi- 
tants, and in the country, making an annual con- 
sumption for the whole country of 84,787,000 
kw.-hours. 

The question as to whether industrial concerns 
might be disposed to discard their own supply of 
electric energy, and draw their r quirements of 
current from the existing or new central stations, 
has also been fully gone into. A number of con- 
cerns were of opinion that the most advantageous 
arrangement for them would be to run their own 
stations regularly at their maximum yield, and 
only take any additional requirements from public 
supplies. The price for current for various branches 
ranged from 0.4 to 1.2d. per kilowatt-hour. Fac- 
tories with a large consumption of steam were 
somewhat differently situa’ The result of the 


investigation shows that the larger industries should 
not pay more than 0.4d. to 0.6d. per kilowatt-hour 
(and at this price some of the large stations are 


already able to supply current), whilst the smaller 
industries probably would use electric energy even 
at a price of 16d to 2d. per kilowatt-hour. 
The annual consumption to be expected is calcu- 
lated at 170,858, kw.-hours for the larger 
industries and 12,151,000 kw.-hours for the smaller 
industries. 

The amount of electric energy likely to be 
wanted for agricultural purp~ses is estimated at 
3,690,000 kw.-hours, but a considerably larger 
amount is calculated for the many pumping- 
stations, locks, &c., peculiar to Holland. These 
installations require a considerable amount of 
power, which is at present supplied by windmills, 
age ee age. motors, and several electric stations. 

e former represent an aggregate capacity of 
6700 kw. ; the steam-engines, &c., of 18/740 hens 
and the likely annual requirement of electric 
energy is calculated at 13,500,000 kw.-hours. 
This figure would be more than trebled should 
electric power also be used for the contemplated 
laying dry of the Zuyder-Zee, inasmuch as this is 
expected to demand an annual aggregate of energy 
of about 34,000,000 kw.-hours. At present there 
is electric traction on the Hague-Rotterdam rail- 
way and on eight tramways, but there is a question 
of electrifying, perhaps, half-a-dozen other lines 
where steam traction-is used at present. 

The future consumption of electric energy from 
central stations in Holland is specified as follows:— 


Kw. -hours. 
Industry 183,009,000 
Lighting iin a 84,787,000 
Agriculture ... — 3,690,000 
Laying dry of land... 13,394,000 
Traction va ua 36,605,000 

321,485,000 


Dutch municipal electric stations often develop 
into power supply plants, but the area is not, as a 
rule, larger than what is covered by a radius of 
10 miles ; with a maximum voltage of 10,000 volts 
underground cables can be used without hesitation. 
The area can be extended by means of feeding 
lines and distributing stations, either with the 
former voltage of 10,000 volts or with a much 
higher voltage, say, 30,000 to 40,000 volts, which 
would make it possible to supply an area within a 
— of, say, 35 miles on a financially satisfactory 

is. 
Steam is mostly used in Holland for generating 
electric energy, especially with turbo-dynamos ; 
coal is the usual fuel, peat is used at one pinee, but 





The capital invested in the above undertakings 


does not, as a rule, answer. Diesel motors are 
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used at some stations, but steam is the cheapest in 
working ; wind-power is also used at some places, 
anid with accumulator reserve it may be used to 
some advantage in places which have difficulty in 
being connected with other distribution systems. 
There have also been schemes put forward for the 
exploitation of the tide. 

Several of the existing central stations, for one 
reason or another, cannot with advantage be applied 
to the extended supply of electric energy; but 
twenty-one stations would be able to lend themselves 
to this purpose ; in fact, some of them o in this 
way already. In addition to these a couple of new 
stations may be expected. Allowing for an opeiat- 
ing area of 31 miles radius, these stations would 
cover almost the whole of Holland ; some of these 
plants, however, are located so close to one another 
that the areas would greatly overlap one another, 
and several of, them, in consequence, could be 
abandoned or their areas of distribution limited. 
Under these circumstances there does not appear 
much necessity for building new stations, except 
in a few out-of-the-way places, but an extended 
co-operation between the pps tape is recom- 
mended as the best means generally of obtaining 
an economic supply of electric energy. 

It is pro that the domain of electric supply 
to some extent should be placed under State 
control, under a department above the muni- 
cipal and provincial authorities, although the latter 
should co-operate in the labour for extending 
the use of electric energy. It would be for the 
State to providé the larger lines, which go through 
the provinces, whilst the provincial and municipal 
authorities each should have their own work. e 
report recommends a system of State concessions, 
such concessions to comprise certain districts, 
which the concession-holder will have to supply 
with electric current, subject to fixed rules ; thus 
the price coul | not be arbitrarily raised. The con- 
cession would comprise either generation, transmis- 
sion, transforming or supply of electric energy, or 
work in connection with one or more of there 
branches. The concessions would have the nature 
of monopolies, so as to exclude undue competition. 

A measure embodying the sundry views and 
desires expressed in the above has been placed 
before the Leghictene. 








NOTES. 


Tue Port or Sypney, N.S.W. 

Great efforts are being made to place the port of 
Sydney thoroughly abreast of the requirements of 
the times. The war has naturally had the effect 
of delaying the work, but a summary of the expen- 
diture on capital account for the year ended with 
June 30, 1914, shows that every endeavour was 
then bhe'ng made to carry out the Commissioner’s 
programme. In the year 1913 14 expenditure on 
capital account amounted to 458,186). Of this 
amount, over 278,000/. was expended on wharves, 
jetties, and such accommodation. The piles driven 
in the twelve months in connection with new work 
aggregated 105,139 lineal feet. At Woolloomooloo 
a single-deck cargo shed, 560 ft. by 80 ft., was 
completed, and a double decked shed, 570 ft. by 
120 ft., well advanced. At other berths at the 
same place two double-decked sheds, 530 ft. by 
40 ft., were completed, and the 53-ft.-wide centre 
roadway roofed in. Electrical equipment, including 
goods lifts, travelling cranes, freight conveyors, 
&c., is being installed. At the ferry premises, 
Circular Quay, buildings were rebuilt, and a new 
reinforced-concrete pontoon installed. This pontoon 
is 110 ft long, 67 ft. 7 in. in width at one end, and 
53 ft. 3 in. at th other, with a depth of 7 ft. 9 in. 
It is divided inte forty-four water-tight compart- 
ments, and is said to be the largest of its kind in 
the world. At Dawe’s Point a wharf shed, 421 ft. 
by 70 ft., has been completed, and a good deal of 
submarine rock excavation done. Between Dawe’s 


Point and Miller’s Point, jetties are being built, | th 


but some difficulty has been experienced in obtain- 
ing suitable piles for splicing. Piles of various 
lengths up to 130 ft. are being used. The high- 
level jetty, at the time of the report, had been 
carried a distance of 260 ft., with piling a further 
40 ft. ahead. The low-level jetty had been run 
out 160 ft., and the piles, &c., a further 80 ft. A 


jetty, 600 ft. by 130 ft., had also been commenced, 
and carried out 120 ft., while piling had been 
carried a further 50 ft. At berths near by a large 
three-storied shed, 343 ft. by 70 ft., was completed 


ling cranes, &c. At Darling Harbour one wharf 
4 been widened, and awning-roofs erected. A 
jetty, 600 ft. by 100 ft., has been completed, and a 
double-decked cargo-shed, 535 ft. by 61 ft., was 

ractically complete at the time of the report. At 
bi ones Bay a large wharfage scheme is also in hand. 
Other work carried out consisted in making im- 
provements in approaches to the wharves, &c , so 
that the business of the port may be conducted 
more expeditiously. 


Wiretess TetecRapHy in Norway. 


Pending the completion of the large radio station 
at Stavanger, which is expected to be ready in the 
cousse of next summer or autumn, a comprehensive 
plan of minor stations-is being prepared, designed, 
praétically speaking, to establish an unbroken chain 
of wireless communication along the entire and 
very long Norwegian coast. The plan comprises 
some thirty stations divided into three classes. One 
of the first undertakings is the completion of the 
Utsire radio station, which was commenced last 
year, and the pole of which has already been 
erected. The Utsire wireless station is intended 
to work in close connection with the Bergen radio 
station, though somewhat its inferior in capacity. 
It has been ascertained that wireless connection 
between vessels on the Norwegian coast and the 
wireless stations is much more difficult than when 
the vessels are out at sea. The power of the 
stations is much impeded and interfered with by 
the intervening mountains, their height, form, and 
metallic contents, and much dependent upon the 
weather, the seasons, and the time of the day. 
The worst is that there are perfectly dead regions, 
the so-called electric shadows, as, for instance, 
south of the Bergen wireless station. This station 
en ag perfectly satisfactorily with vessels in the 

orth Sea and the Atlantic, but vessels within the 
Skargard have difficulty in obtaining connection, 
and on the we ne age ne and Lister 
speaking is practically irtpossible, on account of 
er tadenvecine mountains. The electric shadow 
appears to be complete there. Also between 
Drontheim and Bergen there are places presenting 
serious difficulties for wireless er and this 
is why the Utsire station is being erected ; another 
similar station will later be built at Grip, in the sea 
outside Christiansund. This will enable all fairly 
good-sized vessels with wireless installations to 
obtain connection with the shore on the whole of 
the long and much-frequented coast, which is 
often dangerous te shipping, from Lister to the 
Drontheim Firth. The Utsire wireless station, 
which is also under construction, will control 
the entire Stavanger section as far as Lister, in 
addition to which it will have to assist the Bergen 
station in the matter of the ever-increasing North 
Sea traffic. The Utsire station, which is some 
10 miles out at sea, in addition to the connection 
with the Bergen station to the west, will also be able 
to correspond with the Flekkeré station to the 
east. This will establish connection between the 
more important stations of the wireless system from 


portant Norwegian fishing industry the wireless tele- 
graph will be a great boon, and satisfactory results 
have already been obtained from the stations at Sér- 
vaagen and Rést, in Lofoten, and most of the larger 
fishing craft will in all likelihood go in for small 
wireless installations. These are now made at a 
small cost, and they are quite efficient within their 
own proper radius of action. The energy required 
can be taken from batteries carried on the boats. 
The Government intend to have some small port- 
able stations, which can be moved from place to 
place as the fishing changes, and which are very 
simple to transport and put in operation. 


Locomotive Borter with Frire-Box WateER- 
BES. 


Although locomotive designers fully recognise 
e value of fire-box heating surface, and one 
might expect fire-box water-tubes to be adopted 
as the most natural method of increasing that 
surface, this means has not been applied to any 
great extent. It has been hindered in its develop- 
ment by practical difficulties. In spite of the fact 
that the late Mr. Drummond’s solution, of ——s 
two groups of tubes diagonally across the box from 
one side to the other, was s 
simple, it has not commended i to the general 
run of engineers. The complete water-tube box 


Bergen to the Christiania Firth. Also for the im- | | 


ightforward and | Eo 


such lines, and we trust that ultimately they may 
attain to some degree of success. An interesting trial 
of this kind is being made on the Delaware, Lacka- 
wanna and Western Railroad, with a boiler built to 
the designs of their mechanical engineer, Mr. S. S. 
Reigel. The boiler is fitted with a wide fire-box, 
extending over the frames, having a grate 111} in. 
long by 89 in. wide. The outside width of the box 
at the foundstion-ring is 1034 in., but the greatest 
width is 1138 in. From this it may be gathered 
that the sides of the box slope down from the crown 
much in the ordinary manner of the wide American 
box, but are then brought in with an ogee to the 
foundation-ring. From the crown of the fire-box to 
low down the sides on this ogee there extend two 
sets of three rows of tubes. There are sixty-six 
tubes, 24 in. in outside diameter and spaced 4 in. 
centre to centre, on each side of the centre line, 
extending from the crown on the right or left- 
hand side of the centre line to the right and 
left-hand sides of the box. The tubes are straight, 
except for bends at either end, struck with a 
12-in. radius. The straight letigths are inclined 
to the horizontal at about 65 deg. -The bends 
at each end enable the tube to enter the fire- box 
plate fair at right angles. In this box, therefore, 
the usual 6-in. + ese are preserved, somewhat 
modified as to s , the tubes putting the lower 
parts of the legs ‘into direct water communication 
with the over the crown. Circulation in 
such tubes should, of course, be very rapid, and 
the flow of water from the barrel to the fire- 
box sides should be improved. The tubes them- 
selves add 471 sq. ft. of heating surface in the 
most effective region. The tubes are welded into 
the crown, but at the lower end are belled and 
beaded, with a ferrule on the outside. Plugs 
are provided in the shell opposite the ends of 
the tubes. The fire-box is further provided with 
a combustion-chamber and a brick arch. The 
latter has had to be modified considerably to make 
it fit under the inverted VY formed by the sets of 
water-tubes. The arch is supported on four tubes 
extending diagonally from the throat to the back- 
plate ; in the throat they are spaced about 18 in. 
a but are gradually brought ether until 
they are only about 7 in. apart at the back. Such 
an arch, while unavoidably adding to the obstruc- 
tion in the fire-box in case of repairs, would be 
most effective in compelling the hot gases to pass 
among the water-tubes. The engine on which this 
boiler is being used is of the 4-6-2 type, the boiler 
having a total heating surface of 3960 eq. ft., and 
superhcating surface of 740 sq. ft. The former is 
made up of fire-box and combustion-chamber sur- 
face of 288 sq. ft.; water-tubes, 471 sq. ft.; tube- 
heating surface, 3177 sq. ft.; and arch tubes, 
24 sq. ft. 





Macuing-Toot FOR THE Base.—Messrs. Dean, Smith 
and Grace (1908), Limited, Keighley, state that they have 
recently presented to @he British Red Cross Society, for 
@ new workshop at , **somewhere in France,” 
which has been put down for the repair of motor ambu- 
lances, one of their 10-in. centres, high-s lathes, on 
an 8-ft. gap bed, as described on their t No.1 Y 
gap,” with the cquipment shown on the list, with a 17-in. 
diameter, four-jaw, independent chuck, and twelve high- 
speed turning tools. 





THe LATE Prorgsson Henry Ropinson.—We regret 
to have to announce the dcath, which occurred at his 





is equally far from general aduption. Doubtless from 





and equipped with bale-elevators, jib and travel- 


time to time efforts will continue to be made along 





residence, Abbey - road, London, N.W., of Professor 
Henry Robinson. Professor Robinson was seventy-eight 
years of age. After mp ed for three = down to 
1855, in the engineering department of King’s College, 
of which College he became a schclar and an associate, 
he was for one year in the offices of Mr. F. W. Sheilds 
Mr. George Buehanan, after which he joined the 
staff of Messrs. Arme§rong, Elswick, where he remained 
for five years, acting first as outdoor superintendent, and 
subsequently as assistant at the works. He #hen for a 
short time assisted Mr. Charles de and in 1863 
he started practice on his own account as a civil 
consulting ineer in Victoria-street, Westminster. In 
this capacity he was engaged for about cm | years in the 
ign and construction of numerous civil engineering 
works throughout the country for the distribution of 
hydraulic power, compressed air, and electricity. For 
twenty-two renee, ore to _— he was iy my _ 
Engineering at 's College ; he retired in 
year, when the dietinction of Emeritus Professor was 
conferred wu him. He was a Member of the Institu- 
tion of Civil Engineers, of the Institution of Mechanical 
ineers, of the Institution of Electrical Engineers, 
of several other bodies. He was also a Past-Presi- 
se ee apn Pang Bee oe 
was au 7 wage Disposal,” 
“Hydraulic Power and hinery,” and of numerous 
papers read before different London institutions. 
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cessful previous appliance of this kind was;>he 
believed, that of teau, who, by means of adjust- 
able resistances to his electric furnace, had secured 
nearly straight-line cooling curves. Plateau’s appa- 
ratus was, however, somewhat complicated, whilst 
Dr. Rosenhain’s apparatus was so simple that it 
could be assembled in nearly any laboratory. e 
plotting chronograph was remarkably ingenious, 
and the specimens of its work given were beautiful. 
The only objection to it was that it must neces- 
sarily be expensive. It was, no doubt, excellent 
for the National Physical Laboratory, but in Scdt- 
land they could not afford such luxuries. 

Mr. RK. Whipple, of the Cambridge. Scientific 
Instrument Company, who followed, said that his 
firm had been asked many times for appliances to 
control rates of heating and cooling, and had 
evolved to this end all kinds of complicated 
mechanism, but had not achieved anything like so 
simple a plan as Dr. Rosenhain’s. He would ask, 
however, how long the furnace took to ans a 
steady state. He would suggest that in regylating 
the motion of the specimen an hydraulic cylinder 
should be substituted for the motor now used, as 
in some spectrographic work they had found an 
arrangement of this kind to work with incredible 
smoothness, 3 in. being traversed in an hour at an 
absolutely uniform rate. As for the chronograph, 
he much appreciated the author’s kind references 
to his firm. The original idea was wholly due to 
Dr. Rosenhain, but Mr. Horage Darwin and Mr. 
Mason had worked out some of détails, 

Mr. Hudson said they were indebted to Dr. 
Rosenhain for devising the instruments described, 
which would go far im increasing the accuracy 
attainable. There was, however, the objection of 
expense, and he asked whether, by the use of two 
pencils in place of one on the plotting chrono- 

raph, the machine could not be simplified and made 
ess expensive. 

Professor A. K. Huntington thought that the 
furnace described was particularly interesting as 
being within the reach of them all. The “ plotting” 
chronograph was a luxury few could attain to. The 
principle employed in the furnace was, he might 
add, already used industrially in the roasting of 
ores which were entered at the cool end of a furnace, 
and ually, as the sulphur burnt away, traversed 
into hotter regions. 

ssa Fh ewe _ he had bee 3 some ex- 
perience with chronographs of the usual type. One 
used in his laboratory had three pencils side by 
side, one of which recorded lengths, the second 
temperatures, and the third intervals of time. 
With this instrument it took far Jonger to analyse 
the records than to make the experiments. He 
suggested that if the new instrument were made 
in quantity, it might be supplied at a price within 
the range of a number of laboratories. 

Mr. J. L. Haughton, who followed, said that, 
having used the new chronograph on several occa- 
sions, he could testify that the relief it afforded had 
to be experienced to be properly appreciated. It 
saved the enormous strain and the great length of 
time required in counting out hundreds of seconds 
and estimating them to the nearest tenth. Such 
work one had to do one’s self, as it could not be safely 
left to an assistant. The levelling device he had 
also found very useful, but Dr. Rosenhain had 
over-estimated the time taken to effect the opera- 
tion, which, with the new instrumetit, averagéd only 
a quarter of a minute. It was particularly valuable 
when very soft specimens of metals, such as lead, 
had to be examined, as these would scratch almost 
if they were merely looked at. 

Mr. Smith, as an old user of photographic 
methods, asked whether, if proportionate time and 
energy had been expended in improving these, 
a cheaper form of plotting chronograph could not 
have been devised than that described by the author. 

Mr. Archbutt asked whether the furnaces could 
be purchased, as it was not every laboratory’ that 
could conveniently assemble them. The chrono- 
graph, of course, was another matter, and could 
not, on account of the cost, be extensively used. 
He asked whether the difficulty said to be met with 
in mounting large ———- by means of the ring 
arose from the difficulty of preparing such speci- 
mens with truly flat surfaces, or in getting the 
surface, as prepared, truly level. 

Professor Carpenter, before calling on the author 
to reply, said that all the instruments described 
were valuable, and the only doubt which arose was 
in the matter of expense. As to the furnace, one 
advantage which the author had not claimed was 






































































that the specimens did not touch the furnace-wall. 
If they did, at high temperatures there was a leak 
to the walls, which u the potentiometer read- 
ings. He might add that, at Washington, Messrs. 
Burgess and Crow had in operation a furnace in 
which the same object as the author’s was attained 
by heating the furnace with alternating current, 
and using a salt-water rheostat. With this furnace 
a curve could be taken in ten minutes, and the 
rate of heat loss was wonderfully constant. 

In reply, Dr. Rosenhain said that there were 
difficulties in all cases, but that of expense was 
only serious in regard to the plotting chrono- 
graph; the other two instruments were quite 
cheap. The furnace was a home-made affair, takin 
about a ar oy of hours to construct, and he though 
there would be no difficulty in getting makers: 
to supply them. The other t6‘-instruments 
were e by outside firms, and were their pro- 
perty. As far as the chronograph was con- 
cerned, however, he thought Mr. Whipple would be 
quite ready—even glad—to see somebody else try 
to make one. He doubted whether it could be 
supplied for less than 50/. It might at this price 
sound somewhat of a luxury, but all depended on 
the conditions. At the National Physical Labora- 
tory they were taking such curves all day and 
every day, and here the use of the instrument 
saved both time and money. If, however, only a 
few curves were to be taken annually, it would be 
worse than a luxury, as it would not in such case 
be kept in order. “The use of two pencils instead of 
one, as had been suggested, would have complicated 
the instrument considerably. As to the Burgess 
and Crow furnace, he knew of this, and had meant to 
refer to it in his paper, having teen it himself. It 
was, of course, much more complicated than his own, 
and took much power to operate, since, if the rate 
of heat loss was to be reasonable at both high and 
low temperatures, it was necessary that at high 
temperatures the cooling should be checked by an 
expenditure of energy. Quite as good results were 
obtained with the new furnace, but in another way. 
At Teddington they quite appreciated the advan- 
tage of the specimen being out of con with the 
furnace walls. The development of a phic 
method wasa matter to which he had dev much 
attention, but there was no easy way of getting an 
inverse rate curve photographically. Apart from 
that the scale necessary for the curves rendered 
the working cost prohibitive. Professor Huntington 
had s' ted to him that the human factor might 
be entirely eliminated and a complete research 
effected by a penny in the slot. This sounded 
too Continental, but he thought it might be pos- 
sible to make the instrument automatic. As to 
Mr. Archbutt’s question, there was no difficulty in 
getting specimens sufficiently flat, but by the 
ring method such specimens could not, be mounted 
accurately enough to avoid the ey yf of con- 
tinual re-focussing. With res to Mr. ‘Whipple’s 
suggestion to use an hydraulic cylinder, there was 
one under construction now at Teddington, and 
he had no doubt it would give still better results 
than had been already attained. 


Ercuine ReaGents, 


The next paper, by Mr. O. F. Hudson, M.Sc., 
dealt with ‘‘ Etching Reagents and Their 
Application.”” The paper had, the author stated, 
been undertaken at the request of the Publi- 
cations Committee, and a number of well-known 
metallurgists had kindly placed their experiences 
at his d 1. This involved a certain amount 
of contradiction in different ‘ortag of his paper, 
as different workers had their own favourite 
methods. The author’s own preference was;* ed 
far as possible, to avoid the use of staining agents 
and to identify a constituent by some’ ti ic 
property, making use of stains simply to cotifirm 
— deductions or to facilitate photography. 

e considered, therefore, the method of polish 
attack the most valuable, whether in the form 
_— by light etehing in — form a ae 
of very light etching and very le ishing. 
The difficulty of attaining a surface sultable for 
etching was greater the softer the alloy. In most 
cases, ‘‘ Globe” eyed men for the last stages gave 
a surface that was good enough for all practical pur- 
poses. The polish might be used on chamois lk: ather 
or a little rubbed lightly on the specimen with the 
end of the finger, this being the best method in 
the final stages. The contained a list of suit- 
able etching agents and iled notes on their use. 

In the discussion which followed, Professor A, K. 


THE INSTITUTE OF METALS. 


In our last week’s issue we reported the proceed- 
ings of the Institute of Metals during the earlier 
part of the sitting on Thursday, March 18, and we 
now proceed to report the remainder of the discus- 
sions during the meeting, commencing with the 
paper by Dr. W. Rosenhain, F.R.S., entitled ‘* Some 
Appliances for Metallographic Research.” 


APPLIANCES FOR METALLOGRAPHY. 


Three new instruments were described, the first 
being intended for accurately levelling specimens for 
use in the microscope. A. common plan for doing 
this is to’employ a brass ripg having parallel ends. 
This is placed on a level plate, and the specimen is 
laid face down on this plate, and then packed into 
position with plasticine or some similar material. 
With large specimens this form of mounting is 
said to be insufficiently accurate, necessitating con- 
stant re-focussing of the microscope when different 
parts of the area are under observation. More- 
over, soft specimens are liable to be injured in the 
mounting, whether they are e or small. The 
mounting instrument described by Dr. Rosenhaiu 
consists of a telescope mounted rigidly at right 
angles to a flat glass surface. A side aperture 
admits to the tube of the telescope light, which, 
by means of a piece of glass placed at 45 deg, 
is reflected down through the object-glass on to the 
glass below. The focal length of the object-glass is 
such that the rays from the side aperture are ren- 
dered parallel on leaving the telescope-tube. On 
being reflected back, through the object-glass, these 
rays are brought to focus in the plane of the cross- 
hairs with which the eye-piece is provided, showing 
there as a spot of light. In using the instrument, 
the specimen is adjusted until this spot, formed 
by the light retlected from its surface, is central 
with the cross-hairs. It was made for Dr. Rosen- 
hain by Messrs. R. and J. Beck, Limited. 

The second instrument described was a furnace 
for thermal analysis, designed in such a way that the 
rate of loss or gain of heat by the specimen is practi- 
cally constant. This cannot be achieved by merely 
lagginga furnace, since if the heat loss is to bereason- 
ably slow at high temperatures, it will then be ex- 

tremely slow at low temperatures. The new furnace 
consists of a fire-clay tube wound near the top with 
a close coil of nichrome wire and externally 
with magnesia sectional covering. The total length 
of the furnace is about 2 ft., and the coil covers the 
upper 6in. With the coil in operation a uniform 
temperature gradient is established -between the 
bottom aad top of the tube, and the rate of heat 
loss is adjpsted by causing the specimen under test 
to traverse the tube at am appropriate rate. The 
third instrument described was made for the author 
by the Cambridge Scientific Instrument Com- 
pany, and was of a more complicated character, 
being designed to obviate the necessity of read- 
ing ‘*‘by hand” the numerous time records re- 
corded on the tape of the chronograph ordinarily 
used in taking temperature-time curves. These 
records are made by the observer tapping a key as 
each temperature is attained. The curve is finally 
plotted by measuring the time intervals recorded 
on the tape, which may number hundreds. The 
new Yap | ” chronograph produces the curve 
direct to a scale of 2 mm. per 2 deg. Cent. In its 
essential elements the instrument consists of a pen 

which moves at a uniform rate over a drum on 

which the record-paper is mounted. When the 
galvanometer gives the desired reading the ob- 
server closes a circuit, which in the first instance 
depresses the pen so as to make a mark on the 
paper, and, secondly, causes the pen to fly back to 
its starting-place. The, drum at the same tim 

makes a step-round. After the lapse of a certain 
interval the pen begins another outward travel, 
and the operation is repeated. If the rate of heat 
loss is uniform, the pencil will at each step trave! 
out through the same distance; whilst if the tem- 
perature fall is checked by any cause, it will travel 
out further before being arrested. The distance 
moved out at each stroke by the pencil is thus 
inversely proportional to the rate at which the 
~— is falling. 

The discussion was opened by Dr. Desch, who 
said that they had all reason to be grateful to the 
author for many improvements in the instruments 
used for stud ing metals. The second of the instru- 
ments descri should be particularly useful, as 
the securing of an even rise or fall of temperature 
was of fundamental importance. The only suc- 
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Huntington said that the paper would be particularly 
valuable to young workers, My or if, as was 
intended by the author, it was kept up to date by 
further additions. Thus a description of vacuum 
etching might be added. Again, in America the 
oxide eutectic in copper had been etched up with 
hydrogen, and this was said to show up the struc- 
ture well, and to be a quick and useful method 
for works use. 

Sir T. Rose, who followed, said that polish attack 
had always seemed to him to be too heroic a 
method for ordivary use, and few busy men would 
adopt it if they could get out of it. Nevertheless 
in the case of the silver-cadmium alloys he had had 
no success until he adopted polish attack, a dilute 
solution of cyanide being employed as the etching 
agent. What was wanted for ordinary use was 
some liquid in which the specimen could be left 
whilst the etching slowly proceeded, such as Dr. 
Rosenhain had adopted for etching lead. Mr. 
Archbutt claimed to have etched with nitric acid 
in 10 seconds, but the speaker thought such rapid 
work was to be i What was wanted was 
something that proceeded so slowly that it could 
be watched and stopped at the right moment. 

Dr. Rosenhain, who spoke next, said that polish 
attack was excellent in expert hands, but his 
own first attempts had failed, as he could not 
avoid scratching the surface. Even if scratches 
could be avoided, the method was apt, if grease 
were about, to give streaks on the specimens, which 
might be mistaken for a most wonderful consti- 
tuent. If one stuck at it, however, the method 
generally gave satisfactory results, but not always 
at the first trial. In fact, the first etching was very 
often useless ; with steel, indeed, it was never any 
good. No doubt the surface was smeared in its pre- 
paration, the disturbance extended below, upsetting 
the pattern. The only way out was to get below the 
disturbance by half a dozen repetitions of the pro- 
cess. Asa warning, he might mention that he had 
found a remarkable structure in boiler steel, which 
anges on re-polishing and re-etching. He 
thought the sub-surface had been disturbed by the 

inding though slow-running carborundum discs 
fad been used, yet he still got this amazin 
pattern. This, indeed, was one objection to al 
surface staining. Heat- tinting was ae ger nd 
dangerous. ith steel he had found that etching 
reagents might have a selective action. Some 
reagents would show the coring of solid solutions, 
whilst others would not. Hence it was conceivable 
that in ternary alloys there might be independent 
systems of coring, one of which would be shown 
up by one ent, whilst another reagent might be 
necessary to disclose the other. This, in fact, was 
what occurred with the iron-carbon-phosphorus 
series. Hence, when contradictory results were 
obtained with a new reagent, the latter should not 
be thrown away, but rather be investigated. Work 
of this kind was carried out best under the 
microscope. In such case he had used as a 
reagent a solution of 1 or 2 per cent. of 
nitric acid in glycerine, which was less explosive 
than might be imagined. This was painted on 
with a brush, and the etching watched under 
a _— of 50 or 100. The action was slow, 
and could be checked at the right moment by 
watching the specimen. The method was very 
certain and very interesting. In certain ternary 
steels homogeneous solid solutions decomposed 
under strain, and if the slip-bands were watched, 
martensite could be seen forming along them. 
Vacuum etching was a very aoe. but laborious, 
process. Another — t might be men- 
tioned was heat-relief etching. He could not give 
the cause, but certain polished surfaces, when 
heated in a neutral atmosphere, produced in relief 
a pattern of the crystalline structure of the metal. 
Both the y and the a 8 crystals were shown, 
and the relation of one to the other. This 
method would, in fact, reveal structures which the 
ordinary reagents would not, and he thought it 
was well at times to get outside the ring of reagents 
stored in bottles. Another form was strain etch- 
ing, by which the structure could be developed 
beautifully by plastic straining after polishing even 

. with metals as brittle as bismuth. 

Professor Turner asked if polish attack could be 
effected by a gentle sand-blast action, the ordinary 
sand- blast being an extremely simple way of clean- 
ing surfaces and of developing to some extent their 
structure. 

Professor Huntington said that he had tried 
something of the kind suggested by Professor 





Turner, using emery suspended in various viscous 
liquids in which the specimens were rotated, and 
only the previous day he had started a fresh 
attempt, using paraflin wax as the medium, and 
varying its viscosity by heat. 

. Rosenhain said that in his turn he had been 
experimenting with a similar idea, being impressed 
with the beautiful polish attained by the inner 
surfaces of a centrifugal pump raising muddy 
water. His apparatus consisted of a casing with 
an opening for the insertion of the specimen, 
means being provided for bringing it down within 
ious in. of the periphery of a toothed impeller. 
The appliance was fed with polishing paste, the 
impeller being run at 3000 to 4000 revolutions per 
minute. So far the experiment had failed owing to 
the paste getting into the spindle bearings. This 
machine was intended not to etch, but to polish. 
For etching it would be unsuitable, as the sharp 
edges of the pattern would be rounded off. 

Dr. Desch said he wished to speak a word in 
favour of an old method commonly regarded as 
obsolete—viz, that of polish in relief. He had 
found it the best method for light aluminium alloys 
such as duralumin, where the eutectic was got much 
more perfectly by polish in relief than by etching 
The specimens were ground down on carborundum 
discs, and finished with liquid polish on selvyt. 
Then cleaned on quite clean selvyt, after which 
the eutectic came out with extraordi sharp- 
ness. For most materials, however, the method 
was a bad one, giving rounded outlines. Reversal 
of etching was sometimes a puzzle, particularly to 
students, who sometimes found that on etching a 8 
brasses containing much a, the 8 came out bright 
and the a dark, oe to the normal. e 
believed that this reversal had not yet been fully 
explained. Like Dr. Rosenhain, he had also had 
experience with abnormal surfaces. In one case 
he was brought a nickel-steel specimen showing 
a very abnormal structure, so perfectly definite that 
it was difficult to believe it fictitious, yet on re- 
polishing and re-etching the whole » a Famees 

Professor mter asked if the electrolytic 
method recommended for etching nickel-copper 
alloys was applicable to pure nickel, with which it 
was very difficult to get sound castings. 

In reply, Mr. Hudson said that the one criticism 
made of the method of polish attack had relation to 
its lengthiness, but personally he considered it 
rapid in comparison with most, and certainly more 
rapid than the pure nt methods. The results 
were more under control. The point was to keep a 
thin film of liquid between the specimen and the 
parchment, and not to press hard, using a circular 
ha we movement, po not a to-and-fro grinding. 
He not met with streaks in his own ex- 
perience, which, indeed, led him ‘to believe that 
polish attack was the very way to avoid these. 
As to relief polishing, this was very valuable under 
certain conditions and might well be dealt with 
in detail. In reply to Professor Carpenter, he 
had no experience in the electrolytic etching of 
pure nickel. 


Tae Coprer-Tin Equitisrium DiacRraM. 


The wy read was by Mr. J. L. Haughton, 
M.Sc., and dealt with ‘‘The Constitution of the 
Alloys of Copper with Tin.” In the paper the 
existing equilibrium diagrams were criticised, and 
an account given of new work in the » or ¢ region. 
This showed that the work done by Messrs. 
Heycock and Neville was very accurate, more so 
than that of their successors, although their work 
had been of a pioneering character, and they were 
—— to rely solely on the microscope, the 
method of thermal analysis having not at that 
time been devised. 

The discussion was opened by Dr. Rosenhain, 
who said the author’s work was v rfect, and 
cleared up certain points left doubtful S Heycock 
and Neville. 

Dr. Desch, who followed, expressed the hope 
that the author would extend his research to other 
regions of the diagram. He was struck by the 
remarkable quality of the work of Heycock and 
Neville. Considering how they had to work, that 
their diagram was so near the truth was extra- 
ordi . If their diagram were compared with 
its ri and successors, it was by no means clear 
that the modifications proposed were in the right 
direction. 
least as accurate, and probably more so, and there 
was no com 
work had been carried out. 


Heycock and Neville’s work was at 
parison in the care with which their | The 





Professor Turner said that three years ago the 
author had called attention to certain discrepancies 
in the diagram which could not be explained with- 
out further experiments, and he hoped that the 
present work would be continued. 

Professor Carpenter, in closing the discussion, 
was glad that attention had been drawn to the 
remarkable accuracy, both absolutely, and rela- 
tively to the appliances at their disposal, which 
characterised the work of Heycock and Neville. 
It was a pity that Colonel Neville could not 
have been present. In the reaction between « and 
tin, the author was no doubt quite right in holding 
that truer results were obtained on the heating- 
curve, when one phase broke down into two, than 
on the cooling-curve, where two phases reacted to 
form one, this one then forming a film, through 
which the change could only proceed by diffusion 
from the solid on one side to the liquid on the other. 
He could not agree, however, that heating-curves 
were always more reliable than cooling curves, as he 
had found superheating to occur, although not so 
readily as supercooling. It was, he said, peculiar 
that the binary alloys of tin gave the most compli- 
cated diagrams, and of these the tin-copper diagram 
was the worst. 

In reply, Mr. Haughton said that he had never 
met with superheating on heating-curves. 


ConcLUDING PROCEEDINGS. 


Papers on ‘‘ The Quantitative Effect of Rapid 
Cooling on the Constitution of Binary Alloys,” by 
Dr. G. H. Gulliver, and on ‘‘Some Experiments 
upon Copper-Aluminium Alloys,” by Mr. J. H. 
Andrew, M.Sc., were taken as read, and after the 
usual votes of thanks the proceedings terminated. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 17. 

Tue steel trade is feeling the « ffeots of the spring 
revival, especially in shipyard orders, bridge-building, 
and in general house, factory, and like construction. 
Since January 1 twenty-three ships for coastwise and 
ocean traffic have been contracted fee. Five merchant- 
men have just been contracted for, and the 20,000 tons 
required have been ordered from the Carnegie Steel 
Company. Among recent reported European orders are 
40,000 t tons light steel rails. divided between Carnegie 
and Cambria companies, and 20,000 tons barbed 
wire, divided among the Pittsburg mills. During 
the week a dozen large western Pennsylvania mills 
resumed closely to full time under a rush of 
orders. 

It is, perhaps, overconfidently asserted that the mills 
of the country will soon be on to maximum capacity. 
In consequence, forward orders will not be accepted 
at present quotations. Tin-plate made a sensational 
advance last Friday of 3 dols. a ton, making base 
price 3.50 dols. per box, due to the advance in pig- 
tin, but as most mills are largely sold out for six 
months, the higher price will affect only later deli- 
veries. 

Welsh plate has been excluded from the country 
entirely. A reduction in wa, has been made. 
Considerable sales of billets have been made to 
England and Italy at 20 dols. to 21 dols. An 


‘Eastern Pennsylvania maker will send 7500 tons to 


Italy. Pig-iron has been inactive, but no change has 
been made in prices. An improving demand may set 
in at any time. Two furnaces have blown in. Stocks 
are fair. More inquiries are in for cast pipe. At 
resent writing the entire steel outlook is better. 
oney is exceptionally abundant, and bankers view 
with a friendly eye new outlays of capital. 





PrRsonaL. — Messrs. Petters, Limited, engineers, 
Yeovil, state that in order to meet the requirements of 
their increasing business in Scotland, and for the con- 
venience of customers, they have opened a branch office 
at 52, St. Enoch-square, Glasgow, at which address full 
information relating to all their manufactures can be 
obtained.—Mr. R. H. Longbotham has become interested 
in the Grange Iron Company, Limited, Durham, and 
has been appointed sole agent for the cuunties of 
Durham, Northumberland, Yorkshire, Nottinghamshire, 
and Derbyshire. 





THe Mancuester AssociATiION oF ENGINEERS.—In 
its fifty-ninth annual report of Council, 1914, the Man- 
chester Association of Engineers states that in the early 
a of the year, under the auspices of Sir Thomas 

. Holland, a movement was made to consider the 
desirability of having a large General a Hall in 
Manchester for the holding of the meetings of the various 
societies, and an influential committee was appointed to 
consider the question. Considerable progress was made 
and valuable information gathered on the question, but 
owing to the war its consideration had been deferred. 
il have contributed a donation of 5/. towards 
the preliminary expenses. 
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THE LATE MR. H. J. BAKEWELL. 


Tue many friends of the late Mr. H. J. Bakewell, 
for a long time Engineer-Iuspector at the Admiralty, 
will regret to learn of his death, at his residence at 
Hampstead on Saturday, the 27th ult. Mr. Bakewell 
was largely associated with what may not inappro- 
priately be termed *‘ the old Navy.” He was born on 
May 11, 1833, and was employed as a draughtsman at 
Woolwich Dockyard from December 17, 1855, serving 
there in that capacity until April 18, 1857. He was 
then transferred to the Dsvonport Dockyard, where he 
served as a draughtsman up till October 26, 1860, and 
from then up to August, 1869, as leading draughtsman 
at that dockyard. He was then transferred to the 
Admiralty, and was made an Assistant Engineer- 
Inspector in January, 1877, and an Engineer-Inspector 
in July, 1883, in which capacity he served up to the date 
of his retirement from the Service, on May 11, 1898. 

Mr. Bakewell’s unassumiog manner won him many 
friends, and the soundness of his judgment on ail 
matters connected with his profession was ised 
by the respective Engineers-in-Chief of the Fleet 
under whom he served. It is interesting to recall 
that among the last vessels with which Mr. Bakewell 
was intimately associated were the Canopus and 
Ocean, both of which vessels have recently been 
prominently before the public, the latter having been 
lost in the recent operations in the Dardanelles. 





THE LATE FLEET ENGINEER 
W. J. HARDING. 

WE regret to learn of the death of Fleet Engineer 
W. J. Harding, at his residence, 42, Kempshott-road, 
Streatham, on the 25th ult., after a short illness. 
For forty-one years he was identified with the engi- 
neering branch of the ~~ ae entered upon his 
training at Portsmouth Dockyard in 1862, when 
fourteen years of age, the date of his birth being 
February 4, 1848. Having served three years, he 
proceeded, in November, 1865, as an Admiralty 
student to the Royal School of Naval Architecture 
and Marine Engineering at South Kensington, taking 
the special course of mathematical and technical study 
laid down for candidates for service in the Royal 
Navy, including the design and construction of marine 
engines. 

e entered the Service as a second-class assistant 
engineer in July, 1867. He first served in H.M.S. In- 
constant, in the Channel Squadron, as assistant engineer 
(second-class), and remained in that ship 01 advance- 
ment to assistant engineer (first class) in July, 1870, 
and engineer, August, 1872. He was appointed as 
Instructor of the Japanese Navy in May, 1873, holdin 
this position for three years. On his return to Englan 
he was appointed to H.M.S. Shannon, in which ship 
he remained till July, 1881. His next appointment 
was to H.M.S. Inflexible, on the Mediterranean station. 
While in this ship he was advanced to acting chief 
engineer (July, 1884). He returned to England in 
August of that year, and was appointed to H.M.S. 
Cormorant, remaining on that vessel when she was 
commissioned for the Pacific station in May, 1885. 
While in this ship he was confirmed as chief engineer, 
and subsequently advanced to staff engineer (July, 
1888). 

He was next chosen in March, 1890, for service with 
the gun and torpedo-boats in the reserve at Ports- 
mouth. He was advanced to Fleet Engineer in July, 
1892. In 1893 he was appointed as Engineer Overseer 
on the Tyne, and later to the London district as Over- 


seer of Machinery of torpedo-boats and torpedo-boat 
destroyers under construction, and continued in this profits will be limited, with a view to securing that 


work during several years of great activity in the 
building of this type of craft. He was placed on the 


retired list on February 4, 1903, and since that date 
has been in business as a consulting engineer. He was 
elected a member of the Institution of Civil Engineers 


in 1902. 





Tur ILrorp Co.tision.—There is little to discuss in | period, the class of workmen to be employed on this 
rade Inspector’s report of the collision | work after the war should be determined according to 


. astern Railway, on/| the practice prevailing before the war in the case of 
January 1, at Ilford Station. . There seems little doubt | the class of work most nearly analogous. 


the Board of T 
which occurred on the Great 


from the evidence brought out at Lieut.-Colonel P. G. 


von Donop’s inquiry that the collision was xr’ to the 
a “distant” : : : 

signal wrong, or missing it altogether. Evidence seems whether the work in question is needed for war 
to support the latter. There was insufficient time on | P™ 
; gnal, also against him, for the; : , 
driver to check the train to avoid collision with the | ite influence to secure the restoration of previous con- 
Gidea Park train, which was moving out on to the | ditions in every case after the war.” ~ 
through line. The case undoubtedly supports the argu- 


driver of the fast Clacton train either reading 


reaching the ‘‘home” si 


ments in favour of some form of cab- 
would ensure a driver’s knowledge of t 


probably as far as Py einaltins 
least at the start. Whether t 


von Donop 


his suggestio: 


——- Runciman, Jas. T. crac of 
“di ” oe ‘ nwon Council of the Amalgama' iety of Engineers), 
Bhan ‘ signals. It will be remembered that in our! Wm. Harold Hutchinson (Member of Executive 
abit wuuary § we took up the gee ae Nee Council), George Ryder (Organising District Dele- 
i attitude of Colonel | Ste): and Robert Young (General Secretary). 

D =_— with this we cannot gather from the 
remarks in this particular report, but it is evident that : 
ns would be complied with by the adoption | Of the General Federation of T 


INDUSTRIAL NOTES. 


Last Monday a deputation from the Shipbuilding 
Employers’ Federation had an interview, at the 
Treasury, with the Chancellor of the Exchequer and 
other members of the Government, and with the 
Naval and Military Authorities, to urge the total pro- 
hibition of all sale of intoxicating drink during the time 
the war lasts. They stated that it would be insuffi- 
cient simply to restrict the hours for the sale of such 
drink, or even to enact total prohibition within certain 
war-work areas. The measure should be total, and 
should apply to public-houses, private clubs and other 
licensed premises, thus operating equally for all classes 
of the community. The representatives of the Federa- 
tion stated that there was a general consensus of 
opinion on the part of the workers favourable to the 
total prohibition thus advocated. They believed that 
80 per cent. of the present avoidable loss of time could 
be ascribed to no other cause than drink. They 
called attention to the example given by Russia and 
France, and = upon the Chancellor of the Ex- 
chequer the need of strong and immediate action. 

In the course of his reply, the Chancellor of the 
Exchequer said :— 

** Having gone into this matter a great deal more 
closely during the last few weeks, I must say that I 
have @ growing conviction, based on accumulating 
evidence, that nothing but root-and-branch methods 
will be of the slightest avail in dealing with this 
evil. I believe that to be the general feeling. The 
feeling is that if we are to settle German militarism 
we must first of all settle with the drink. We are 
fighting Germany, Austria, and Drink ; and, as far 
as I can see, the greatest of these three deadly foes 
is Drink. 

**Success in the war is now purely a question of 
munitions. I say that, not only on my own authority, 
but on the authority of our great General, Sir John 
French. He has made it quite clear what his convic- 
tion is on the subject. I think I can venture to say 
that that is also the conviction of the Secre of 
State for War, and it is also the conviction of all those 
who know anything about the military problem—that 
in order to enable us to win, all we require is an 
increase, aud an enormous increase, in the shells, 
rifles, and all the other munitions and equipment 
which are necessary to carry through a great war. 
You have proved to us to-day quite clearly that the 
excessive drinking in the works connected with these 
operations is interfering seriously with that output. 
*T can only promise you this at the present 
moment, that the words which you have addressed to 
my colleagues and myself will be taken into the most 
careful consideration when we come to our final deci- 
sion on this question. Coming as they do from those 
who know what the facts are, and have spoken with a 
due sense of their responsibility, they will, I am 
certain, carry very great weight in these quarters.” 





As reported in our last issue, a conference took 
place, on March 25, between the Chancellor of the 
Kxchequer, the President of the Board of Trade, and 
the executive council of the Amalgamated Society of 
Engineers. In view of the explanations put forward 
by the Government, the Society decided to accept the 
ment, the following statements made by the 
Chancellor of the Exchequer, in reply to questions 
asked him, being placed on record :— 

**]. That it is the intention of the Government to 
conclude arrangements with all important firms 
en, wholly or mainly upon engineering and ship- 
building work for war purposes, under which their 


enefit resulting from the relaxation of trade réstric- 
tions or practices shall accrue to the State. 
**2. That the relaxation of trade practices contem- 
plated in the agreement relates solely to work done 
for war purposes during the war period. 
<3, t in the case of the introduction of new 
inventions which were not in existence in the pre-war 


‘*4. That, on demand by the workmen, the Govern- 
ment Department concerned will be prepared to certify 
rposes. : 

**5. That the Government will undertake to use 


The record is si by D. Lloyd George, Walter 


rownlie (Chairman of Executive 





We are informed that the Man ent Committee 


e Unions met in 





of some such system as that in use on the Greatb Western | London on Thursday, March 25, under the presidency 


Railway. 


Mr. A. Wilkie, M.P., and others attended the 
meeting. At its close, the following resolution was 
unanimously carried :— 

‘* Having read the terms of agreement reached at 
the Treasury and having heard the report of the chair- 
man and secretary on the discussion which took place, 
the Management Commitee desires to associate iteelf 
with the conclusions and recommendations of the 
conference and to reiterate the request issued at the 
beginning of the war, that every eflurt should be made 
to avoid industrial disputes during the war period. 
‘*The Committee also desire to impress upon the 
Government the need for restoring the economic 
balance by dealing immediately with artificially- 
inflated food prices, with the improvement of housing 
accommodation near factories engaged on Government 
brn | the provision B —— means < transit for 
workpeople engaged in this work. The Management 
Committee also strongly advises the abolition where- 
ever possible of all Sunday work. The Committee 
has evidence of serious physical and mental overstrain 
and increasing sickness rates, and it believes that the 
aggregate output of munitions of war would be in- 
creased if labour and facilities were properly organised 
and proper rest periods provided.’ 





Mr. Ernest Moon, K.C., the arbitrator appointed by 
the Board of Trade in connection with the demand of 
the Amalgamated Society of Watermen and Lighter- 
men of the River Thames for an increase in wages to 
meet the extra cost of living, has communicated the 
terms of his award to the parties concerned. Mr. 
Moon awards the following increases :—To lightermen, 
8d. a day ; to watchmen, +d. a day ; to six and seven- 
year apprentices, 6d; to three, four, and five-year 
apprentices, 4d.; and to other apprentices, 3d. The 
award takes effect as from March 

The men had asked for 20 per cent. advances. The 
advances granted are 33 per cent. above those offered 
by the employers, but are under those demanded by 
the men. 





The Government approved and issued at the close 
of last week the finding of the Committee on Produc- 
tion in the matter of advance on the wages paid to the 
men employed in the Government dockyards. The 
same document deals with the rate of payment for 
night work and overtime. In regard to the various 
points the document states the following :— 

** Our finding is that the following additions should 
be made to the existing rates of pay of employees in 
His Majesty’s deaktyerts at home :— 


1. Shipwrights, fitters, boiler-makers, 
smiths, and other classes of me- 
chanics, skilled labourers, and all 
adult ary hm any of su _ 
grades to rers, but excluding 
clerical staff... Sip a Pees 

2. a other employees of 

3. Adult femaleemployees_.... o we a 

4. Apprentices and boysand girls ... Is. rae 

Picce Work: 
Increase of 74 per cent. on existing rates. 


‘* These increases should come into force on and from 
Sunday, March 28, 1915, and be independent of the in- 
creases approved by Admiralty letter of yon? 23, 
1915, to take effect as from September 28, 1914. 
They should apply to persons in receipt of allowances 
in respect of special or extra duties, but not to those 
in receipt of temporary augmentations of wages. 
The increases should be regarded as war wages, and 
ised as due to and dependent on the existence 
of the abnormal conditions now prevailing in conse- 
quence of the war. 
Overtime : 

** It was stated to us most strongly by the represen- 
tatives of the men that the present scale of overtime 
payment in the dockyards is a source of constant dis- 
satisfaction on the part of the employees. We think 
that the reference to this Committee may not entitle 
us to give a finding on this matter, but we consider it 
necessary to state the opinion that it is desirable in 
the interests of the smooth and efficient working of 
the dockyards—particularly at this time when there 
is such active competition for labour between the 
Government establishments and the private yards— 
that this grievance should be removed. 

‘*In our view the substitution of a revised scale of 
overtime payment would add more to the satisfaction 
of the men and to the relative attractiveness of em- 
ployment in His Majesty’s dockyards, than a decision 
oa a ay rgee db 2 ~{ 

private shipyards, we appen 
a ate a8 eoestians payment which has been arranged 
by, and is acceptable to, the Admiralty. 

** Tf our suggestion on this matter is adopted, the 
revised scale of overtime payment should come into 
force on and from. the same date as our finding in 

to increased wages—i.¢., Sunday, March 28. 


3s, per week 


3. ” 





of Mr. James O’Grady, M.P. Mr. John Ward, M.P., 








‘The rates of payment for overtime during the 
period of the war should be those shown in the revised 
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scale under the heading of ‘ Temporary’ or ‘ Casual ’ 


overtime.” 
The finding is signed by G. R. Askwith, Francis J. 8. 
Hopwood, rge S. Gibb, and H. J. Wilson, secre- 


tary. 
1t ends with the following schedule :— 


Scale of Payment for Overtime, Night Shifts, &c.: 

Proportion of ordinary time rates to be paid. 

For ‘‘ temporary ” or ‘‘ casual” overtime (i.¢., over- 
time of an occasional nature and not regularly worked 
by the same men under normal conditions), for 
** permanent ” overtime as defined below. 

On ordinary working days (a) for all time worked 
between the ordinary time for commencing work and 
the ordinary time for ceasing work—i.e., for the time 
constituting the ordinary working day—1—1. 

(6) For all time worked within two hours before and 
two hours after, and exclusive of the ordinary working 
hours, as stated at (a)—1}—1}. 

(c) For all time not i ded in (a) and (b)—14—1}. 

On Sundays (d) for all time worked within the limits 
stated at (a) above—14—1}. 

(e) For all time worked outside the limits stated at 
eRe ineel 

in holidays or days on which general leave with 

ted for special a. mr _ 
J) For all time worked as at (a)—1—1. 
As at (b)—1}—1}. 
As poh Peary 
In ition to the payment of an ordi day’s 
“wuz. ro 
or night shifts— 

(g) Throughout for time worked—1—1 }. 

‘** Permanent” overtime includes regular, unavoid- 
able, and necessary ai out of the normal 
working hours of particular workmen whose duties 





ordinarily involve their entering the yard early or 
remaining late for lighting fires, raising steam in 
boilers, preparing steam-boats for taking workmen 
afloat, attending caissons at change of tide, sanitary 
requirements, and kindred duties, which are indis- 
pensable to the working of the establishment. 

Note.—The foregoing scale applies to the general 
body of the employees employed under the ordinary 
conditions and working during the oe working 
hours of the dockyard or establishment. It does not 
apply in cases where special instructions have been 
given, or the employees do not work under conditions 
commonly applicable—e.g., in cases where inclusive 
weekly wages are paid, and in cases where work is 
arranged in regular shifts. 





The Salford Tramways Committee have been con- 
sidering the question of employing women as tram 
conductors, and have decided that as yet the scarcity 
of male labour is aes 80 By a as to render the 
measure necessary. Mr. Ho ,» the — 
has stated that the employment of women in this 
capacity is not probable for some time, but it may 
come. In view of this ibility, the Committee 
asked Alderman G. T. Jackson, the eral secretary 
of the Amalgamated Association of Tramway and 
Vehicle Workers, what would be the attitude of the 
union on the subject. Mr. Jackson replied that the 
union would not object to the employment of women 
ay Rag war only, but would insist that they be 
paid same rates of wages as the men whom they 
re 


the other hand, the London tramwaymen 
threaten to strike if the London County Council 
introduces women conductors on the London tramway 
tem, in furtherance of the Government scheme of 
liberating more men for enlistment. At a meeting of 














the North-East London branch of the Amalgamated 
Association of Tramway and Vehicle Workers, held a 
few days ago, it was unanimously resolved : ‘* That 
this meeting does not agree with the suggested intro- 
duction of female labour on the London County Council 
tramways system, and asks the Executive Council's 
permission to withdraw our labour in the event of 
such a course being adopted.” 

It was decided to communicate with all the other 
branches, asking them to take similar action. 





Tue Late Mr. Gruserre Zara.—We regret to find in 
the Italian technical journals the announcement of the 
death, which occurred towards the end of February last, 
at San Remo, of Cavaliere Giuseppe Zara, chief of the 
a otive Designing Department of the Italian State 

ways. 





MECHANICAL TRANSPORT COLUMN OF THE.~NATIONAL 
Guarp.—The quarters of the nical-Trans- 

rt Column of the City of London National Guard 

olunteer Corps have been transferred to the offices 
of the Commercial Motor-Users’ Association, 83, Pall 
Mall, London, 8.W. Colonel R. E. Crom C.B., 
has been appointed Hon. Commandant, Mr. E 8. Shrap- 
nell-Smith, Commandant, and Mr. F. G. Bristow, 
F.O.LS. (Secretary of the O.M.U.A.), Adjutant of the 
Mechanical Column. A composite convoy of the 
column has conveyed a number of members of the Guard 
to Brighton in connection with the Easter parades. 
convoy left the Guildhall Yard on Wednesday last, at 


2.30 p.m., under the —- of the Adjutant, and put 
down at the A.S.C., M.T. arage, North-road, ghton, 
iley, Officer Commanding. 


by permission of Major W. Bre } 
Owners of lorries who are willing to assist with the loan 
of their vehicles for subeequent Sunday parades are re- 
oo —) make application to the Adjutant at 83, Pall 
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CONSTRUCTED BY THE SOCIETA ITALIANA ERNESTO BREDA, ENGINEERS, MILAN. 


WE illustrate on Plate XXVI., and on pages 382 
and 390, and the present page, one of the 2-8-0 
locomotives of the featian State Railways, built by 
the Societa Italiana Ernesto Breda, Milan. The con- 
siderations which led to the construction of this type 
of engine—known as class 745—were the following :— 

The southern lines of the Italian State Railways, 
which follow both the Mediterranean and the Adriatic 
coasts, are such that they do not allow of an axle- 
load exceeding 14.5 tons. On the other hand, the 
supply of agricultural produce from Sicily to the 
Italian continent, and its distribution over the 
southern provinces and from thence to North Italy 
and to the Italian shipping ports, has developed 
to such an extent during recent years that trains of 
over 400 tons on the southern sea-coast lines, and of 
over 500 tons on the more northern lines “of the 
country, are now required for dealing adequately with 
the traffic available. Moreover, owing to the perish- 
able nature of the goods in question, it was desirable 
to increase the train speed, with a view to shorten as 
much as ible the time taken in the transport of 
such goods. The problem was further complicated by 
the fact that the lines on the Adriatic coast have 
gradients of from 1 in 77 to 1 in 62, and in some parts 
4s much as | in 45; some portions of these lines, more- 
over, have curves of 985 ft. radius. When the type of 
engine now under notice was proposed, attention was 
also given to the increasing passenger traffic between 
Sicily and the Italian continent, and to the desirability 
of establishing more rapid railway communications 
throughout the country for the rs and goods 
destined for, or coming from, the Italian colonies in 
Atrica, 
vs ae alas soquissenante Hy not canlly be met 

vy the existing types of engines ; those of the a 
6830, 685, and 690* py, om heavy ; those of the 
groups 730 and 740, although of sufficient power to 





Fig. 6. 


haul the train-loads above referred to, were not able 
to do so at the speed aimed at—namely, a speed of 
75 km. (46.5 miles) per hour. It was therefore decided 
to design a special type of engine, and the type 
adopted is that shown in our illustrations. 

In different circumstances, the most- suitable -—— 
to adopt in to the speed required would 
undoubtedly have been either an ‘eight-coupled engine 
with leading bogie, or an oe engine with 
leading and trailing pony-trucks, both of which types 
would have dowel of 2 boiler of suitable dimensions. 
Moreover, owing to the tractive power to be developed, 
a four-cylinder engine would have been — 
advantage. These types, however, would have n 
too heavy, and it was decided, therefore, to build 
a two-cylinder simple 2-8-0 engine, having eight- 
coupled wheels and a leading Zara truck, of which we 
shall give a description later. The principal dimen- 
sions of the engine are the following :— 

Engine: 

Diameter of cylinders 


° 680 mm, (22}% in.) 

Stroke os os on os 

Diameter of driving and coupled 
wheels ° 


720 ” (28, ») 


7 ae - 1630 mm, (65 ft. :* 
Diameter of leading truck wheels 90 (|, «© (8,12, 
Diameter of boiler shell .. os " 
Length over the tube plates .. 


Grate area .. “~ oo m, (87.67 eq 
Heating surface of tubes. . 179.76 sq. m. (1935.33 sq. ft.) 
oe oo fire-box 12 eq. m. (129.17 aq. ft.) 
Total heating surface 191 76 eq. m. (2065.50 aq. ft.) 


Surface of superheater a i 50.47 sq. m. (543 sq. ft.) 
Working pressure .. ‘ .. 12 kg. per sq. cm, (170.6 Ib. 


r sq. 
3540 on. ft. 7 in.) 








* See ENGINEERING, vol. xcii., pages 192 and 258. 


Rigid wheel-base .. 
Total wheel-base .. 8190 = p40 10} in.) 
Weight, em 7 A 
ed (60 tons 8 owt. 2 qr.) 

Weight available for adhesi 57,500 kg. 

(56 tons 11 cwt. 3 qr.) 
Weight in working order ,000 kg. 

(67 tons 18 cwt. 1 qr.) 

Tender ; 

Diameter of wheels e 1095 mm. (3 ft. 7 in.) 
Rigid wheel-base of bogies 1700 ,, (6575) 








Length between axles of bogies... 4500 mm, (14 ft. 9 in.) 
Total wheel-base .. “ 5a 6% «» (20,, 4,, 
Capacity of water-tanks .. 22 cub. m. (4840 gals.) 


a coal-bunkers 
Weight empty . ee 
Weight in working drder.. 

Engine with Tender : 
Total length over the buffers 


6 tonnes (5 tons 18 cwt.) 
21,400 kg. (21 tons) 
49,400 kg. 

(48 tons 12 ewt. 2 qr.) 


20,485 mm. (67 ft. 2 in.) 
17,670 ,, (58,, 
118,400 kg. 

(116 tons 10 ewt. 3 qr.) 
The general design of the engine is shown clearly 
by the longitudinal section and plan, Figs. 1 and 2, 
on Plate XXVI , and the four cross-sections, Figs. 3 
to 6, on the opposite and present pages, while Fig. 7, 
on page 382, reproduced from a photograph, shows 
the engine and tender combined. As will be seen, the 
engine is of the inside-cylinder type, the cylinders 
being inclined, and the connecting-rods driving on to 
the second coupled axle. The two cylinders are in one 
casting, and this ae | also includes the two cylin- 
drical valve-chambers, these chambers projecting out- 
side the engine-frames, as shown in the cross-section, 
Fig. 3. A photograph showing the pair of cylinders 
and valve-chambers complete is reproduced in Fig. 8, 
on page 382. On the same e, in Fig. 9, is also 
given a view of the second pair of coupled wheels with 
the crank-axle. This axle is made of 5 per cent. 
nickel steel and has disc-cranks provided with the 
Frémont openin 

The boiler fire-box is similar to that of the engines 
of classes 470 to 680 and 685, but has a wide grate, 
the latter being carried over the frames rear 
coupled wheels, as shown in Fig. 5. In addition to 
giving a wider grate, this arrangement enables the 
centre of gravity of the boiler to be carried forward, 
and secures the required distribution of the load over 
the engine-axles, with a decrease of overhang to the 
back of the rear axle. 

The fire-box is made of arsenical tes ; the 


» _Wwheel- ; da 
Weight in working order 





pla 
crown is directly connected to the shell by stay-bolte, 
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in the front rows of which provision is made for expan- 
sion. The outside fire-box shell is made cylindrical 
at top, and is strengthened by a row of transverse 
stays placed just above the fire-box crown. The hori- 
zontal stay-bolts joining the sides of the fire-box to the 
outside shell are of pure copper. ; 

The boiler is provided with the Schmidt superheater. 
The boiler-tubes are of Siemens-Martin steel. The 
larger ones, containing the superheater tubes, are 
133 mm. (5,4 in.) in outside diameter, and 125 mm. 
(43 in.) in inside diameter ; the other boiler tub:s have 
outside and inside diameters of 52 mm. and 47 mm. 
(2 in. and 1}% in.). These smaller tubes are fitted with 
copper sleeves, 5 mm. (,’, in.) thick at the fire-box end. 
an the tubes are smooth. The usual dampers which 
regulate the flow of hot pe through the large 
tubes containing the superheater tubes, and their 
operating devices, have been omitted in the engines of 
the type under notice, since, on the basis of the experi- 
ence gained with the engines of a former type using 
superheated steam, they were found superfluous. 
The bottom of the boiler shell, over two-fifths of its 
periphery, is protected against corrosion by copper 
sheets 2 mm. (,’, in.) in thickness. 

We shall in an early issue publish additional illus- 
trations of this engine and its tender, and shall then 
describe its special features further. 


(To be continued.) 





A CONTRIBUTION TO THE THEORY OF 
PROPULSION AND THE SCREW - PRO- 
PELLER.* 


By F. W. Lancuesrer, Associate. 


§ 1. Introductory.—The present investigation takes for 
its starting-point the simplified or idealised conception 
of propeller due to Dr. R. E. Froude, in which the fluid 
is assu to upon by forces distributed over a 
defined surface normal to the axis of motion, representing 
in sum the magnitude of the total thrust, the said forces 
being parallel to and opposite in sense to the directi 
motion. In section 9 of Dr. Froude’s papert 
Part Played in Propulsion by Differences of Fluid Pres- 
sure” (1889), the result is stated that in such a theo- 
retical propeller, one half the acceleration must take 
place before the propeller, and the other half behind it; 
this result being given as following directly from the pre- 
viously well-known ition that the tical work 
wasted in slip equals the thrust —s 7 half the 


opeed i tothe column. On pages 581 and 582 of 

ir William White’s ‘‘ Naval Architecture” at edition), 
a mathematical analysis (attributed to Dr. R. E, Froude) 
is given, culminating in the same result. analysis 


qué analysis was old ; it is familiar as a method of investi- 
gation in connection with efflux theory, as an application 
to the theory of propulsion it was new, and author of 
the present paper has found the further study of its 
———- (and limitations) leads to results of consider- 
able interest. The whole subject is one of a controversi 

© ter. Dr. Froude’s work has been violently attacked 
by Professor Henderson in his paper,t ‘‘ Some idera- 
tions Regarding the Phenomena of ropulsion * (1910), 
the controversy being continued in Dr. Froude’s paper,§ 
“*The Acceleration in Front of a Propeller” (1911), and in 
the discussion and the reply. Without definitely entering 
or taking part in the dispute in question, the present 
contributor proposes to review the theory from its 
foundation, in order to make sure of his own ground ; 
in the past there a to have been insufficient atten- 
tion to the initial definition of the problem, with cor- 
responding uncertainty as to the ultimate interpretation 
of results. 

§ 2. Efflux Theory.—The theory of the efflux of fluid 
from an orifice under pressure is of particular interest as 
bearing on the erm of propulsion. In the case of 
the perfect fluid of mathematical theory, in which dis- 
continuous motion is excluded, the flow in passing through 
an orifice is reversible ; the stream-lines are of the same 
configuration whichever way the flow takes place. This 
type of flow gives rise to no resistance, ond bease no re- 
semblance to that which takes place in actuality ; it does 
not interest us. The t flow with which we are 
concerned closely resembles that studied by Helmholtz, 
i.e, the flow of a frictionless fluid from an orifice in 
which the flow is of the discontinuous type, and after 
efflux the stream is bounded by a free su Taking 
the case al eS water of ~~ diameter with a 
comparatively s' ole in its base, momentum 
second of the efflux stream is a measure of the solution 
in the total pressure force on the base of the vessel as 
due to the aperture, and the opens of 
is that due t»> the hydrostatic , according to the 
theorem of Torricelli. By equating the two we obtain 
the coefficient of contraction of the jet. The only diffi- 
culty is to determine the extent .o which the force on the 
base of the vessel is relieved by the aperture. This 
consists of two parts: the direov loss of pressure due to 
the removal the area of the aperture itself, and the 
reduction in the pressure in the region surrounding the 
aperture due to the conv « stream. There is one 
form of aperture in which reduction of pressure from this 


* Paper read before the Institution of Naval Architects, | i 


March 25, 1915. 
+ Transactions of the Institution of Naval Architects, 


« 


Ewnorngenine, March 25, 1910. 
I.), page 139. 
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rsia] | @nergy condition) move through a distance per second 


latter cause is negligible, the Borda or re-entrant nozzle 
Wie. 1). In this the nozzle area a may be regarded as 


pressure loss. 
Let the ultimate area* of the efflux jet be A; let s 


be 

the “head” of liquid whose density isp; and let V be 
the efflux velocity, Then == 
V=VJ298 


and mass of fluid passing out per second is 
pAV=pAv2gs 
or, momentum per second, 
Vx pAV2gs=2pAgs. 
And pressure per unit areat of vessel at level of aperture 
is py 8 or a being area of aperture 
= 2PA98 Loa; 

pgs 
that is to say, the aperture in the wall of the vessel is 
equal to twice the area of the resulting jet. This is the 
well-known result. If the f is examined closely, it 
will be seen that it definitely de nds, firstly, upon the 
assumption that the whole of the work done by the 
descent of the fluid is conserved as kinetic in the 
efflux jet ; that is to say, nothing must be dissipated in 
friction or otherwise lost (this being the basis of the 
theorem of Torricelli); and, secondly, that the momentum 
of the efflux jet is not obstructed by external agency, in 
which case it may no longer re t a force equal to 
that resulting from the absence of pressure on the nozzle 


Fig. 2. 














(43474) 








= 


area ; thus, if either of these conditions ceases to apply, 
= pee, to a corresponding degree, no longer represents 
6 truth. 
The proof may be put in another form. which perhaps 
is more direct. Let m=the mass of fluid per second 
issuing from the nozzle, and V its ultimate velocity ; then 


mV; the energy or work done per second in main- 


is 
taining the flow (absolute units). And the momentum 
ng oy of the stream = m V, which is also the force 
y which the flow is impelled ; i.¢., the pressure on the 
nozzle area. And this force must (to comply with the 

;in 


other words, act with a velocity U such that 
Unv=""¥" ov = ©, 
2 2 


In other words, the mean velocity over the area of the 
nozzle (where the force must be conceived to be applied) 
is half the ultimate jet velocity, which agrees with the 
previous proof in which the areas were shown to be related 
in like ratio. The above corresponds very closely to the 
conditions of the stationary propeller, as exemplified 
went in the ordinary ventilating fan or the 
peller driven from a stationary mounting; however, this 
1s & matter di in a later section of the paper. 

We may extend the foregoing proof to the case of the 
Borda nozzle arran in the terminal wall of a pipe or 
conduit,t and in which the fluid has an initial velocity 
Vv (Fig. 2). Here we have, energy or work done per 
second in maintaining the flow through the nozzle 


= &(V* - 0%) 


and the force acting on the fluid = momentum per 

second = m(V—v,), and, therefore, velocity U where 

force acts a : 
«en ee 


2(V - v,) (1) 


Let v, be the added velocity, such that V = v, + v2, then 
equation (1) becomes 
2% + _ Ug 
2 aty 
so that we find that the force considered as atten ore 
the nozzle area operates on fluid having a mean ity 
half-way between that in the body of the conduit and the 
ultimate velocity of the jet.§ 

3. Comparison with the Froude Hypothesis.—If we 
were able to define any particular normal section of the 
nozzle at which we could conceive the motive power 
applied, we should be able to say that the momentum 
communicated to the stream in order to raise its velocity 





"3B By ey ae, this yy jet 
ignore contin operation gravity on 
after efflux. It is extraneous to the problem. 
+ Absolute units. A 
i This problem has previously been dealt with (on 
somewhat different lines) by Lord Rayleigh ; Scientific 


> 


screw pro- | tha’ 


from v, to V would be half communicated to the fluid 
before 1t reached that section, and half after. Indeed, the 


analysis is identical with that given in Sir William 
White’s ‘‘ Naval Architecture,” and the problem is in its 
essence strictly analogous. In point fact, it is not 


possible to transform the efflux system of flow into a 
propulsion system as conceived by Dr. Froude, owing to 
the fact that there is no region within the length of the 
nozzle where a normal section would be everywhere filled 
with the fluid, since in the Borda nozzle the free surface 
leaves the inwardly projecting lip of the nozzle in an 
u direction curves over upon itself before enter- 
ing within the nozz'e. Beyond this a propulsion sur- 
face, or “‘actuator,” as it is customarily termed, if it is to 
be capable of substitution for the pressure system, will 
require to coincide with one of the equal ure surfaces 
of the system of flow, and thus can now join or cut 
the surface of discontinuity. This does not in any sense 
mean that the Froude conception is impossible, but rather 
that the resulting system differs in some essential respects 
from the efflux system, to which it has been shown the 
same fundamental analysis applies. 
It is @ point u which it has not been sufficiently 
insisted that the de actuator must bea plane surface 
normal to the axis of propulsion ; if it is curved or reticu- 
lated, the analysis ceases to be applicable, since the forces 
by which the energy is im to the fluid are not uni- 
directional, and the sum of the total force distribution as 
communicating a vector quantity (momentum) to the 
fluid is not the same as the sum as communicati) g energy, 
and this is an essential condition of the applicability of 
the equation, Dr. Froude’s own diagrams (Figs. 1 and 2 
of his 1911* Paper) are somewhat misleading in this 
respect. If, in the case of the efflux jet, we take some 
one of the equal pressure surfaces (Fig. 3), and treat it as 


od 





an actuator, substituting a uniform distribution of forces 
at that surface for the hydrostatic pressure or “head,” 
we shall have a case in point ; thus, arguing as before, we 


ehall have work done per second = pa 


and momentum 
communicated second normal to the surface = m V; 
but this is no longer the force by which the flow is im- 
pelled ; the latter acts in all directions and largely cancels 
out so far as its resultant is concerned. Let the total 
force distributed over the surface defining the actuator 
be F and its directional resultant be /, then 





CmaVadUF a SY a LV 

2 2 
or f Vv 
~ oe 5 


that is to say, when the actuator is other than a normal 
plane, U is less than x, and the velocity communicated 


to the fluid before traversing the actuator is less than 
communicated subsequently, and the deficiency will 
be the greater the more cupped or reticulated the surface 
defining the actuator becomes. 

§ 4. . Froude’s Treatment Discussed.—The above 
may be fairly construed as on the whole a confirmation 
of the doctrine propounded by Dr. Froude ; although his 
actuator differs (as already pointed out) from anything 
here evolved from efflux theory, there is complete iden- 
tity as to the oe involved, and there would seem 
to be no doubt whatever that the communication of 
momentum which precedes the propeller (in front of the 
actuator) is rly to be taken into account as contri- 
buting to avguhden, and that Professor Henderson is in 
error in his statement to the contrary. As it is under- 
stood by the present writer, Professor Henderson’s view 
is that the precedent motions of the fluid are by way of 

ing @ conservative system, after the manner of a vortex 
motion or wave, and, therefore, not to be taken into 
account. usion to be drawn from the preceding 
section is that, on the contrary, this ent motion is 
actually a of the acceleration of the fluid to which 
the om al «vd reaction is due, just as is the case in 
efflux theory, its energy is not conserved in any degree ; 
there is, so to speak, a certain stock in trade of energy in 
the system of flow studied, but it is all on its way to the 
slaughter-house. It is of interest now to take up the 

idy of the eee as put ee Dr. — 
quite a; from the foregoing efflux theory. a 
pee, wad pointed out that the mathematical analysis 
is identical in the two problems, so that this may now be 
taken for es repetition is unnecessary. e may 
conceive actuator as defined by a circle, whose centre 
is situated on the line of thrus 
normal to the direction of motion. 
that the bound of the imagi 
the “actuator” ld be ci 

* Transactions of the Institution of Naval Architects, 


t and whose plane is 
Sa re 
cons' ng 

, but it is better to 
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§ See Appendix I. 
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think of some definite form ; also it is tacitly understood 
that the actuator is a hypothetical simplification, and, as 
such, is a stepping-stone to the study of the screw-pro- 


poller. 

Speaking academically, the weak point of the whole 
conception is that cheno bo up guest offered that either the 
work done (s.¢., 7 oa or the momentum 
communicated is — ned at the column of fluid 
passing through actuator, there is, in a 
nothing to restrict or confine the fiuid as in the case 
the efflux theory, by which the problem is = 
definite. It is, as I 1t, quite candidly admi 
by Dr. Froude that the régime contemplated by his 
theory is not capable of exact expression. This, how- 
—' Aad obstacle o the application = wy Ae: in 

y ynamics ; if it were necessary for the engineer 
to await the pleasure of the pure mathematician in these 
matters, the subject would have made scarcely perceptible 
progress since the time of Noah. In such a case as the 
present, if the method of treatment contains 80 or 90 per 
cent. of truth, it may demand acceptance. i 

Roughly speaking, the form of motion resulting from 
the distribution of the forces of propulsion over the 
surface constituting the actuator afc id will comprise 
a local contraction of the stream prior to passing through 
the actuator, but without break of continuity between 
the stream destined to become the race and that 
constituting the outer flow ; followed by a continued but 
pa soy Kn ee ee the actuator, Fa with a 
surface of discontinuity having its origin in unding 
circle, and approaching asymptotically to a cylinder 





whose diameter represents the ultimate contraction of the | the 


wake-stream (Fig. 4). 

A great deal been said at one time and another as 
to a supposed re-expansion of the sli ab some 
point or in some region remote in the wake —_ 
peller ; the present writer is unable to see the for 
any such supposed re-expansion, and, in fact, believes it 
is @ conception that cannot in ry be justified.* COon- 
sidered as an example of discontinuous motion, 
seems no reason to assume that the wake will do other 
than extend indefinitely astern, with an external counter- 
wake current in the surrounding region, representing an 
equal and opposite quantity of momentum. The hypc 
thesis, involving as it does forces applied to the fluid 
particles from without, suggests that there is nothing im- 














possible in the generation of a surface of discontinuity in 
even an inviscid fluid.t Ifthe problem be that of the 
inviscid fluid, the surface of discontinuity is (according to 
the teaching of Helmholtz) a vortex sheet, or surface of 
gyration, and is unstable, tending to form convolutions of 
indefinitely increasing complexity. In a real fluid we 
know that the same is true, but that owing to viscosity 
the vortex sheet rapidly degenerates into a number of 
finite vortices—in the present case vortex rings— 
these intermingle and eventually decay ; it is thus that 
any re-expansion of the wake, if it may beso called, takes 
place as due to the intermingling and eventual loss of 
identity of the wake and counterwake currents. 

§ 5. A Modified Hypothesis.—Considerable light can be 


* In Dr. Froude’s paper of 1911, in Figs. 2 and 5, dia- 
grams are given showing a re-expansion of thesli 
In these the motion is depi as symmetrical about a 
normal plane some about ‘‘ one diameter” abaft the 
propeller. For such a system to be maintained, or for 
anything approximately resembling it, a second actuator 
would be n aS the opposite sense to the 
main actuator. If we the flow to be strictly sym- 
metrical, the second actuator would require to be an exact 
reflection of the first, the plane of symmetry being con- 
sidered as a mirror, and this second actuator would con- 
tinuously receive energy from the fluid at the same rate 
as the primary actuator transmits to the fluid. 





Evidently the my ry of a re-expansion as a hydro- | Pf° 


dynamic feature of the slip-stream is an entire miscon- 
ception; any ‘‘re expansion” which in practice takes 
place must be considered as an interdiffusion or mingling 
tween th ete Ly. ‘and tt aoa ele "anid, “Vader 
. e 8 su ing fluid. 

real conditions, where the propeller acts by the tion 
of vortices, it is the decay of vortices their con- 


tinually involving in their system greater and greater | d 


masses of fluid that is the main factor in this direction. 

+ This problem has previously been dealt with (on 
somewhat different lines) by Lord Rayleigh ; Scientific 
Papers, vol. i., page 297. 








thrown on the present subje.t by so modifying the 
actuator that, instead of acting « satinoonaly end smoothly 
u oe Stee pats Se Sule e jerks or impulses. 
Sn Gong , that each jerk or impulse 

ee SS ee will ey 
energy imparted by im represent a definite 
uantity of momentam of which it is the equivalent.* 
When the surface of di inui 


vortex the terwake is, i 
pe epee coun is, in effect, 


wake is the tant of the inner we see 
crvandpapeemeed te dnceeamininstaeinnn 
y represen in 
of it appearsin the outward, ward, and inward 
of the individual vortex. ri or, in the case of the 
continuously ing actuator, in the forward counter- 
wake current; to ver extent the energy is thus 
distributed, the conditions of thesis are invalidated. 
On the other the existence of negative momentum 


in the counterwake renders it, on the face of thinga, 
uncertain whether the momentum quantity in the equa- 
tion itself is to be relied upon as a measure of the thrust 
reaction. If this negative momentum, or any part of it, 
were traceable to the direct action of the means of pro- 
pulsion—+.¢., the actuator (as in the case of the reticulated 
fotugtor), then the analysis on which the equation is 
would undoubtedly be rendered invalid; in the 
writer’ - r) — nowever, this is not the case. i 
nativ ve is negative momentum, or any part of it, 
be due br traceable to the reaction of the body 
it would denote an added resistance, and an addition to 
force of propulsion, and in turn an equal increase in 
the positive momentum to be transmitted by the actuator. 
It is in this manner that extra resistan pte iring addi- 
tional thrust may arise in the case of vi s with bluff 
stern lines, at least, it is one way of viewing the problem. 
mie be +- of easy - lines 5, effect | — is 
é n any case, this partic e subject 
is not a matter of the theory of a aanenanentn $ x is 
rather a question of the relation of the means of pro- 
pulsion to the body propelled. 
_ In the opinion of the writer, the counterwake current 
is best studied by considering the case of the fluid as 
contained within a finite enclosure ; we may then suppose 
the enclosure to be as large as we please—in the limit 
infinite. Let us imagine a rigid box containing (filled with) 
incompressible fluid (Fig. 5), within which the actuator is 
presumed to operate: let us conceive the box to be sus- 
pended freely in space. Then the box and its contents con- 
stitute a self-contained system, and forces brought to bear 
on the actuator from without will (at the same time 
as causing a stir in the fluid contents) uce an 
acceleration of the system—the box and its fluid content 
—of precisely the same magnitude as if it were to act 
upon the box itself. Let us now prescribe an equal and 
opposite force to act upon the box itself ; then there will 
be no | r any motion impressed on the system asa 
w we have a clear demonstration of the origin of 
the counterwake current ; we have a mass of fluid acted 
upon by two equal and opposite forces, each communi- 
cating equal and opposite momentum to the fluid, the 
wake current produced by the actuator reckoned 
positive, the counterwake current due to the forces acting 
from the confines of the fluid region being negative. The 
above applies with quantitative accuracy, however large 
the enclosure, the algebraic sum of the + and — momenta 
is zero, and so we may rd it as true in the purely 
academic case when the ure is considered as infinite. 
Thus the existence of the counterwake current does not 
affect the momentum quantity in Dr. Froude’s analysis. 
The modified conception of the actuator in which it is 
presumed to operate intermittently, and to give rise to a 
succession of vortex rings, may considered as more 
directly applying to real means of propulsion as at pre- 
sent known ;+ in the case of the screw-propeller, for 
example, it is to-day well understood that there is actuall 
a spiral vortex continuously generated by each blade, 
and, so far as its axial component is concerned, any such 
spiral vortex may be ed as a series of vortex rings. 
Thus in a four-bladed propeller the conditions simulate 


and | ®n actuator emitting vortex rings at a spacing of about 


one-third to one-quarter of its own diameter. It is more 
than probable that in the propeller theory of the future 
the solution of the many, at present unsolved, or partially 
solved, points will be found in the mathematical study of 
this vortex emission. The rati of this vortex genera- 
tion has been studied theoretically by the t writer, t 
and has been demonstrated photographically by Professor 
Flamm and others ; of its truth there is no question what- 
ever, its full meaning is still a matter open to controversy. 
§6. Difficulties of Régime.—In the continuously-operating 
actuator, as conceived by Dr. Froude, it has y been 
stated there are certain difficulties in framing a complete 
régime which is consistent with established hydrodynamic 
principles ; these difficulties present ves whether 
we su’ the enclosure finite or infinite. In any case, 
the diliesenee between considering an enclosure which is 
sufficiently large fairly to represent the conditions and 
one of infinite magnitude does not appear to affect the 
problem in its essence. If, as is customary in consi 
blems in fluid dynamics involving discontinuity, we 
initially ignore = — instability oe b. as} 
we may imagine i or 
wae, to teatinns inkoaitaly, and tho vertex chest 





* The whole motion associated with the ring contains 


, the i be regard: ortex : 
ay ‘Aerodynamics (Constable and Co.), } omen iv., 


an eeaen ot Senatinaity 0 spqmach cemmpheie to 
a right cylinder in a manner to vurface of 
Se re & cline Seeez he. ©. if we trace the body of 
fi forward by its stream-lines in the in front 
of the aotustor, we find again that is approaches asymtoti- 
cally to a cylinder in form, the relation of the areas of 
the initial to the final ing evidently in the 
inverse ratio of the initial and final velocities of the fluid 
ogee ans Seine 00 einen in De. Zocntes pageret St) 


inversely as their respective cross-sectional areas, and 
} of stream) is in like 
ratio. The meaning of this is in 


any 
‘ Sn ope dy A PLL i- 
nation be considered to represent real conditions, the 
r abandoned in the counterwake is infinitesimally 

mall in terms of that in the wake itself, and is negli- 
gible ; in the case of the infinite fluid it is definitely zero, 

The foregoing, h far from constituting so rigid 
Gemensientin £0 080 Seale desire, io ot Teast © pages 
argumen ing to justify one in re i Froude 
method as sound, at least for a basis Pangea. bes devel 
ment. In brief, the deductions we have reached may 
formulated as follow :—1. The momentum communi- 
cated to the fluid by the actuator is quantitatively that 
bey = eae in the slip-stream. 2, work done on 
the fi by the actuator is quantitatively that which 
ultimately remains as kinetic energy in the slip-stream. 
3. The kinetic energy in the counterwake system due to 
the disturbance in the stream in the region of the 
actuator is constant in distribution in space relatively to 
the actuator, and, therefore, may be considered as a con- 
servative system. 4. Both the kinetic energy and the 
momentum im to the fluid in the inner system 
forward of the actuator form part of the total energy and 
momentum of the ultimate slip-stream, and represent 
respectively part of the work done continuo’ by the 
actuator and part of the momentum which in Dr. Froude’s 
ana'ysis is made accountable for the thrust. 

Having said this m the writer would like to add 
that there remain many difficulties in the theory of Dr. 
Froude’s actuator of a detail kind. The admittd diffi- 
culty relating to the edge of the actuator is probably 
more apparent than real ; it ie mainly due to attempti 
to le with infinities. Thus the actuator is su 
to zero thickness ; it is, in fact, a surface. In epite 
of this, it is presumed to impart a uniform of 
acceleration to the fluid right up to itsedge. Now, at 
the edge it is manifestly impossible to maintain any 
finite pressure difference between the front and rear 
faces; hence, even if the actuator have ixfinitesimal 
thickness in its central part, it must run to a finite thick- 
ness at the edge ; or, if it is finite in the middle, its thick- 
ness must become infinite at the edge. Obviously, with 
the conditions given, difficulties of régime are bound to 
arise: the rate of communication of acceleration (if one 
really must visualise the scheme in detail) requires to 
fade away at the edges of the actuator, and the vortex 
sheet will become a stratum containing rotation. 

§ 7. Propulsion by Voriix Emission: Extension of Theory. 
—Asa matter of fact, the difficulties largely disappear, 
and at the same time we more nearly approach the con- 
ditions of practice, if we modify the ori conception 
in the manner already indicated—namely, if we substi- 
tute an intermittently actuator for the con- 
tinuously operating version, substitute for the uni- 
formly-moving slipstream a wake consisting of a series 
of vortex rings. e action of an impulse distributed 
uniformly over an area of circular form is well under- 
stood ; it gives rise to a vortex ring, the stream-lines of 
which have been ascertained a the unimpeachable 

of mathematical analysis. However, as in the case 
of Dr. Froude’s device, there is the same little difficulty 
relating to the edge of the area over which the impulse 
is given, we bave to suppose in rigid theory that the 
impulse region is cut off at its periphery by a filament or 
core of some kind. Strictly speaking, there must be a 
boundary surface rendering the region one of double con- 
nectivity. This difficulty is overcome in yop Ap: 
pet than (usd ap in Che procetang Seeman) Se of 
the actuator becomes the seat of rotation, and the vortex 
motion proper is built up around the core so produced. 

Now it may be at once observed, as already stated, that 
the conditions proper to the original Froude actuator no 


heet, — BJ» ly yf y 


representing the work done by the actuator is in 
outer portions of the vortex rings emitted ; only part of 
the energy, in fact, remains in the fluid whose rearward 
momentum represents the thrust reaction. Thus, in our 
fundamental equation, we have :— 





Work done per second greater than ave) 

and momentum per second as before, m(V* — ;), 
: aid v2 — v;? 

and velocity U, where force acte > Tiv=»,) 





eee We ne ee 























394 ENGINEERING. [ApriL 2, rgrs. 
Viv ventilating-fan, since economically to uce a given ~ V2-2r 
* a ae ono the propellr i of necomity also economically alee 2) 
Bubstituting for V ss before, wehave U >», +.%. |thecketeun ®t pene oe @) 
: The second problem is that of the windmill, also founded | or by (2) and (3) 
That is to say, more than half the acceleration under | on the slip-stream theory, in which certain results are V2 — 2 V+ 


Sees ——— ee J the Kons yng) = 
ront of the propeller, , as may be ex |, we fin 
this accords with actual observation; the Hon. C. A. 
Parsons, in the discussion of Dr. Froude’s paper of 1911, 
says :—‘‘In representing the action of the screw, I think 
it should be placed at the narrowest and fastest-moving 
cross-section of the water-column. . . .” 
The above is tantamount to suggesting that the whole 
of the acceleration is precedent to the propeller, and that 
there is no subsequent contraction of the stream; prob- 
ably this is an exaggeration, since- most observers note a 
distinct after-contraction; certainly so in the extreme 
case of the stationary propeller. The absence of any 
after-contraction in the slip-stream would mean that the 
work done by the propeller in slip will bs twice that 
required according to the hypothesis of Froude ; in brief, 
an amount of energy would have to be lost in eddies and 
otherwise in other than rearward motion equal to that 
essential to propulsion—the amount in the original 
investigation entering into the dynamic equation. Thus 
(in absolute units) :— ; 
mv," 


Energy per second = 2 =mv;2 
Momentum per second =m 
2 
Velocity of applied force doing work = ™ °! = », 
1 
instead of + in the ideal conditions of no energy loss.* 


In any actual propeller we thus see that the acceleration 
produ in the slip-stream antecedent to its —- 
through the ee may be greater than half the 
total (as deduced by Dr. Froude), and under the worst 
conditions the whole acceleration may be regarded as 
antecedent, as might be inferred from the remarks of the 
Hon. C. A. Parsons. 

In considering the actuator as the seat of vortex motion, 
we have in a previous section 4-7 that in detail it 
acts in an intermittent manner, but that its results may 
be discussed by average, as if, in fact, its action were 
continuous. This procedure, though apparently some- 
what | is actually justified by the fact that the screw 
propeller does comply with both conditions ; its action in 
the generation of vortices on any supposed channel of flow 
is intermittent, but owing to the spiral form of the vortices 
their production is ectly continuous. We will now 
examine more critically the conditions of the tion 
of a vortex-ring by an actuator acting definitely by a 
series of impulses. We will first sup) the individeal 
rings so far apart that their mutual influence may be neg- 
lected—i.¢., the impulses are few and far between. The 
area on which the actuator is presumed to work must, in 
order to comply with the essential conditions, be the seat 
of a uniform pressure difference, and the applied forces 
represetiting this pressure difference act to accelerate the 
fluid along certain definite paths—stream-lines whose 
configuration is well known to the mathematician. Now 
the acceleration along these stream-lines is just as definite 
as the acceleration of the fluid through a pipe system, 
and is subject to the ordinary law of a force applied to a 
rigid body, and the rate of doing work will be equal to 
the applied force acting at every point over the disc area 
at half the final velocity locally impressed by the actuator 
on the finid. Although it is always supposed in theory 
that the action of an impulse is instantaneous, it is neces- 
sary thus to imagine it to take a finite time, however 
brief, otherwise it would appear superficially as though 
the actuator (in the case under consideration) were 
acting on fluid at its maximum velocity, which is con- 
trary to the truth. : 

It is evident from the foregoing that if by any mecha- 
nical device or art we can contrive to generate vortices 
continuously instead of pene and we postulate 
some undefined kind of actuator to do this, the actuator 
will need to operate at each and every point on fluid 
moving at the mean velocity—that is to say, halfway 
between the velocity of the general stream and that of 
the maximum imparted to the vortices. Otherwise 
ex , we have it that the ion produced on 
the fluid before passing through the actuator will be half 
the total. Once more Dr. Froude’s result is quite a new 
and unexpected place.t The result here given is of im- 
portance in connection with the actual machinery by 
which the vortex motion is set up by a screw propeller 
in axtion.t 

§ 8. Typical Applications of Theory.—In conclusion, a 
few examples of the useful appligation of slip-stream 
theory will not be out of place. In the first of these the 
problem is that of sustaining a load by the action of a 
stationary propeller acting downward. It is shown that 
Dr. Froude’s theory gives the key to the solution. This 
problem may be described in lar terms as that of the 
** helicopter,” the direct-life »machine, which so far 
has not even been made a workable success, from 
its otherwise remote prospects of ultimate utility. The 
problem, asa problem, however, is not without interest ; 
it must be considered as closely allied to that of the 


* Lomp. Appendix I. 
+ The question may be asked, why, sane a large pro- 


portion of the energy is not represen as rearward 
motion, the result comes out the same as given by the 
dynamic equation? The answer is that result is 


not the same in its application ; the velocity of the wake, 
as a whole, is far lower than at those points where the 
vortex motion is maximum, 
t See Appendix IT. 


obtained which the writer believes to be both new and of 
interest. It is shown that condition of maximum 
power is that the residual velocity after ‘‘engagement” 
shall be one-third of the velocity of the free wind. The 
proportion of energy expended in the fluid, otherwise in 
the sli m proper, isan unknown quantity; it 
ably is not the same in every case, but may be looked 
—— constant whose value depends upon the me- 
chanism of propulsion. In the following examples this 
constant is defined by the symbol, Q = — wart Gone, 
energy in Wake 


Thus Q will lie between the limits > 1, < 2. 


Prostem I.—Srationary Screw (THE PROBLEM OF THE 
** HELICOPTER ”). 
Absolute Units :—Let 
Q = Total energv/sec. expended 
nergy/sec. in wake 
energy expended per second. 
mass ait per ‘second traversing 
actuator. 
velocity through actuator. 
fipal_ velocity. ~ 





2 = 


(or total reaction 


(2) 


(2a) 





(3 


(4) 
By (24)— 


or Qu 
2Ap 
By (4) and (5) 


KE, — 24° _,, Qw 


uw=w: 


(5) 


Q 2Ap 
F, _ Qw (6) 
w 2Ap 
in the converse 
w _a/2Ap 
KB * QW (7) 


In engineering units, les W = pounds, and let E. be 
expressed in H.P. (7) becomes 


wo z2Ap 
hp 32.2 (QW 
or approximately— - 
97 2Ap 
QW 
“*HevicopTeR” EXAMPLE. 
Let weight sustained = 1 ton = 2240 Ib. 
Lot diameter of disc = 42 fr. 
or A = 1400 sq. fo. 
p = 0.078. 
Wi. fst 
es. zw ~*~ /Q- JQ 


=, = Q = 1, the weight sustained per horse-power 
If Q = 2, the weight sustained per horse-power 
= 21.2 Ib. 


The first corresponds to Mr. Froude’a condition. The 
latter to that of no contraction, as onqgueted by the ob- 
servation of the Hon. C. A. Parsons. e truth must lie 
between limits. . 

The actual problem, of course, also involves ory eee 
7 other kinds than taken into the present hypo- 

esis. 

It is worthy of remark that, if we take the most favour- 
able assumption—s.¢e., Q = 1, then, for 1 ton sustained, 
the weight per horse-power is given almost exactly by the 


diameter of the contracted jet in feet; that is : (ap- 
proximately 0.7) of the propeller diameter. 

Prosiew I1.—Tue WINDMILL. 
energy per second in wind-stream engaged. 


mass second of air — 
velesierel wind (a constant). 
i velocity. 


velop when passing through actuator. 

f on actuator. 

— Wind energy o¢ -§ __™ _ 
work done p wer developed 


Bea . 


puunu 


© se¢<3p 


2 . . . 


(l 





“ivy aq © 
If p = work done per unit mass/-ec. (per unit m, ):— 


_ 
p= 2™, or by (2)= yO" (5) 
By (4) :— ‘ : 
u — 
dv ~ 2Q° (6) 
By (5) :— ‘ 
Pi 
se” (7) 
By (6) and (7) :— y 
apa -2Q"=—26 (8) 
And when p u is maximum— 
dp vee 
du u 
or by (4), (5) and (8)— 
V-# 2Q =3v 
2Q °‘Ve+v 
or— 
V-v=2v 
¥ = de. (9) 


Thus the maximum work is got out of the wind when its 
residuary velocity is one-third of its initial velocity, and 
this ratio is independent of the value of Q. 


Assuming best relation + = fe By (4) 
_V+v_4 Be 
“=3q “3° 2073 'G (10) 
The limiting conditions— 
Q=1 u=iv 
Q@=3 s= ; Ts 


The first corresponds to the Froude condition, the 











Q-1 Fig.6 Q- 2. 
vege Fee vy egy awe 
© a 
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second is analogous to (but in a sense the reverse of) the 
condition attributed to Parsons, thus (Fig. 6)— 
Q=1. Q=2 
Prosiem II. § 8. 

We will now find an expression to represent the avail- 
able power, expressing this in terms of a standard repre- 
sented by the energy of the free wind passing per second 
across an area equal to that of the actuator. We will 


denote the available power expressed so by the symbol ¢. 
Assuming best condition—i.e., V = 3 v. 





By (2) :— 
Power developed = wu = ae (11) 
where 
m, = Aw pby (10)= aa 
(11) becomes :— 
8A V3p (12) 
27 Q 
Power represented by ‘‘free wind ” on area A 
- pe (13) 
or— is 
f=7Fe 


For the limiting values— 


Qzi1, f= > = 0.6 approximately 


=2 ¢=4=015 . 
Q , 27 ’ 

Taking as an example six windmills* of American type, 
we may express their efficiency as power actually gene- 
rated in terms of that calculated from coefficient ¢, with 
the following result :— - 


Efficiency. 

No. Q=1. = 2 
1 v.180 0.720 
2 0.224 0.896 
3 0.187 0.548 
4 300 1,200 
5 0.135 0.640 
6 0.175 0.700 


Taking into ‘account the fact that losses, both as to 
rotational wake and skin friction, have to be accounted 
for, it is doubtful whether Q is higher than 1.5 or there- 


From particulars given in the ‘‘ Encyclopzdia Britan- 
nica,” 11th Edition, vol. xxviii., page 712 ; orsee paper by 
J. A. Griffiths, Proceedings of the Institution of Civil 
Engineers, CX1IX, page $21, 
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abouts. Case 4 at least shows that it must be considerably | amount of information resulting from the experimental 


less than its upper limit. 


—- the writer is-aware this information is not familiar to 


APPENDIX I. 


The problem is exactly the same whether the fluid be 
name to possess initial velocity, or whether the 
actuator’ be operating in fluid relatively at rest ; a little 
consideration shows that in the former case the super- 

velocity really affects nothing that is essen in 
the — The proof of the first case of the Borda 
nozzle given in the text carries the second and more 
general condition as a corollary. Also the short proof 
given in § 7 is just as pusitive as if a superposed velocity 
v, had been included. : me : 

Thus, in —_ 7, in which the various quantities are in- 
indicatéd by their symbols, the energy is equal to half 
the difference between the squares on V and r; (the area 
shown shaded in the figure), multiplied by mass, which 




















Fig 7. 
—————— $7 
! 
Yesara aS Lp i. 


we will take as representing a certain thickness normal to 
the paper. Momentum is equal to v. multiplied by the 
same mass quantity; hence _°™°°FY (= velocity of 

momentum 
actuation) is 7 + > and a glance at the diagram will 


show that we may take the value of , as large or as 
small as we please, from zero to infinity, without affect- 
ing the essential problem in the least. 


APPENDIX II. 


In the author’s “* Aerod ics” it is shown that the 
source of sustentation in flight is to be sought in the 
vortex system, with which the supporting member—the 
aerofoil isassociated. Similarly, it isshown that the blade 
of a screw-propeller is surrounded by motion of the type 
knownas cyclic in the mathematical hydrodynamic theory. 
It is this cyclic system thatin the author’s view is the actual 
means by which the ye me ny portione of the fluid— 
namely, that furthest from the track of the blades, is 

to take of the general rearward acceleration ; 
without this cyclic or vortex system the action of the 
blades would be far more local. The author has found in 
some recent investigations that the depth of the layer 
affected is in effect ap yr | equal to the s 
of the aerofoil, or, in the case of the screw-propeller, 
to the effective portion of the blade length—roughly, 
three-quarters of the total. It is this which limits 
number of blades which may be advantageously oupugee 
It is probably this extended field of action of the b! 
which gives rise to the distribution of the period of 
acceleration over a considerable distance in front and 
behind the propeller itself. The vortices continuously 
generated both at the blade tips and in the central 
tion of the propeller are definitely part of the same 
vortex which surrounds the blades themselves ; ~~ are 
in electromagnetic th analogous to the lines of force 
constituting a magnetic field extending from the termi- 
nations of a magnetised bar, and, like such lines of force, 
they virtually complete their external circuit by trailing 
off and blending together in the wake; in this manner 
the — connectivity of the cyclic region is deter- 
mined. The analogy is, of course, not complete; it is 
given here more as an explanatory illustration, than as a 
definite argument. 





A COMPARISON ‘BETWEEN THE RESULTS 
OF PROPELLER EXPERIMENTS IN AIR 
AND WATER.* 

By A. W. Jouns, Member. 

Some years ago, in a rt read by the writer before 
this Institution, it was pamted out that, in the case of 
bodies moving through air at practicable velocities, the 
alteration of pressure is relatively so small that the com- 

Pressibility of air—the quality in which it differs so 

materially from water—can be neglected: The coefficients 

of resistance for the same body moving in the two media— 
air and water—would thus be in the ratio of the densities. 

Theoretically this is not correct, but actually it appears 

to be sufficiently so for all practical The curves 

of normal pressure obtained from inclined square plates, 

moving in air and water, were included in the M 

These were exactly similar, and the coefficients for codue. 

ing the pressures were in the ratios of the densities. The 

results of experiments since published fully confirm this. 
If the foregoing is accepted, it follows that the results 
of experiments in air are of some interest to naval archi- 
foot, The rapid progress in aviation during recent 
as been accompanied by the publication of a 





* Pa; read ition . * N, ja ig? 
March oo oan ore the Institution of Naval Architects, 


work of the various aeronautical laboratories. So far as 


naval architects, and has not been made use of to the 
extent it deserved. 

It is with the object of emphasising the _eetene of a 
knowledge and study of such results that this paper has 
been prepared. The behaviour of thin plates in their move- 
ment through air or water is perhaps more of academic 
than practical interest. The performances of propellers 
are, however, of practical importance, and in this paper 
the results of experiments with them in air have been 
compared with those obtained in water by Messrs. 
Froude and Taylor. In addition, one of two points in 
connection with propellers are treated from the point of 
view adopted in aeronautical work. s 
The p lers whose results are dealt with are five in 
number, all two-bladed, and lettered B, O, D, E, and F 
in the report of the Advisory Committee on Aeronautics 
for 1911-12, 144-163. The diameter is in all cases 
2 ft., and the blade widths are respectively 68 in., 58 io., 
48 m., 38 in., and 28 in. The shape is elliptical, the 
ellipse having a major axis of 10 in, with its centre at 
7 in. from the axis of the propeller. The shape of the 
— nearest the boss is obtained by drawing tangente 
rom the root of the blade to the elli Dr. Froude’s 
model propellers are elliptical, with the major axis equal 
to the radius. The air propellers are therefore slightly 
fuller for the outer 5 in. of the blade, and finer for the 
remainder, than Dr. Froude’s. The shapes of the two, 
and also Mr. Taylor’s, are shown in Fig. 1. 
The narrower are derived from the widest blade by 
successive reduction of the minor axisof the ellipse. The 


These results are y in accordance with Mr. 
Taylor's. His book on “Propulsion” states that for 
narrow blades the thrust varies at a greater power than 
the square of the speed, whilst for wide blades it varies 
at a smaller power than the square. The powers for 
different width ratios are not stated. Dr. Froude gives 
no information on this point. His experiments were 
made at only one speed of translation, and the smallest 
width ratio tried was 0.4. This variation, with a different 
power from the second, would appear to be of some 
practical importance. The increase of the thrust coeffi- 
cient with speed for narrow blades is quite in accord with 
the results of experiments on aerofoils. Both M. E'ffel’s 
and the National Physical Laboratory experiments have 
shown that for aerofoils of aspect ratio,” 5 to 6 corre- 
sponding to blade-width ratios of 0.2 to 0.17, the lift cot fii- 
cient (see Appendix) either remains constant or increases 
as the speed increases, whilst the driftcoefficient decreases. 
The thrust coefficient is ee to the difference 
between these two (see Appendix), and consequently 
increases, or the thrust increases at a greater power than 
the square of the speed. For aspect ratios corresponding 
to the wider blades no similar experimental results are 
available. 
Passing now to a comparison of the actual thrusts with 
those obtained from peep in water, a detailed com- 
i for B and can be made with Dr. Froude’s 
results. D hasa blade-width ratio of 0.39, which com- 
with 0.4, the smallest blade-width ratio tried by 
r. Froude. The thrusts have been calculated from the 
figures given in the 1908 paper, and there have been divided 
by 832, the ratio of the densities of salt water and air. 
r. Froude’s results are for three-bladed propellers. 





edges are fined down by cutting away and rounding the 


—_— 


So far as can be ascertained, Dr. Froude has published 














back for a distance of 4 in. from the ed The maxi- 
mum thickness is thus the same in all, the blade-thick- 
ness factor being +, as compared with 4, and , in 
Messrs. Froude and Taylor’s model propellers. ‘Che 
maximum diameter of boss is 18 in., or %,; of the dia- 
meter, compared with ,’), and 4. 

The sections of the blades of the five propellers are not 
geometrically similar, but the five form a fairly re 
sentative group whose qualities should vary in a ual 
manner. @ ratio of pitch to diameter of the widest 
varies from 0.70 at the ieading to 0.766 at the trailing 
edge, the pitch being constant along a radius. In the 
narrowest it varies from 0.72 to 0.746, the mean ratio in 


por- | 311 being 0.733. This is the nominal face-pitch ratio. In 


Messrs. Froude and Taylor’s model propellers the pitch 
for the whole face was constant. 

The published results give the thrusts and efficiencies 
at 10, 20, 30, 40, 50, and 60 per cent. slip, and at speeds 
of translation of 1200, 1600, 2000, 2400, and 2800 ft. per 
minute for the first four slips, 1200, 1600, and 2000 ft. 
per minute for 50 per cent., and 1200 and 1600 for 60 
per cent. slip. The slips are calculated from the effective or 
virtual pitch—t.e., the speed and revolutions for no thrust. 
This is the slip used in Dr. Froude’s 1908 paper* and in 
Mr. T. B. Abell’s paper} of 1910 on Mr. Taylor’s results. 
The thrust and horse-power required to rotate the 
pellers are also given for various speeds of revolution, 
and no advance. In the report from which the figures 
are taken the results are compared in a general way with 
those obtained by Professor Durand with four-bladed 
propellers in water, and found to agree. The published 
results are apparently as measured. The writer has 
cross-faired the figures in the manner familiar to naval 
architects, but lack of time has prevented this being done 
as thoroughly as it should have been. Nevertheless, the 


fairing has useful in eliminating inconsistencies 
which were apparent in the unfaired results. 

Thrusts.— ublished results for thrust are given 
in Table A. ey show, when faired 


and plotted 
logarithmically for coftétant slip and on speed of transla- 
tion base, that the thrust does not increase in all cases 
with the second power of the speed. The index varies 
slightly at different slips, but the mean value for slips up 
to 40 per cent. is approximately as below :— 
Propeller B .... width ratio 0.55 thrust varies as V1 
Faas > 0.47 v2 


” ’ ” 


” DP sss ” 0.39 eo V2 08 
” idee ” 0.30 - V2.0 
” ae wes 0.22 * 2.13 





* Transactions of the Institution of Naval Architects, 
vol. L, page-185 ; Encingerina, vol. lxxxv., pages 546, 
593, and 


602. 
+ Transactions of the Institution of Naval Architects, 








vol. xlvi., cael —_ the Institution of Naval Architects, 





vol. lii., page 71 EnoGrngerine, vol. lxxxix., page 492. 
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no results for two-bladed screws; but his 1908 paper 
shows that four-bladed propellers of the width ratios of B 
and D give 18 and 19 per cent. greater thrust than three- 
bladed. Judging by this, the increase of 13 per cent. for 
three-bladed over two-bladed propellers appears fairly 
reasonable. 

TaBLe A.—Thrusts in Pounds. 


1200 Ft. 1600 Ft. 2000 Fo. 2400 Fc.'2800 Ft. 
Propeller. r r per r per 
= Kin. Kin. Min. kin. Min. 





10 per cent. slip B 0.24 0.41 0.65 0.96 1.28 
0 0.24 0.42 | 0.61 0.76 1.07 
D 0.21 0.39 0.64 0.91 1.38 
E C.21 0.36 0.55 0.78 1.12 
F 0.19 0.36 0.54 0.78 1.01 

20 per cent. slip B 0.58 1.02 1.66 2.42 3.42 
oO 0.59 1.02 1.61 2.28 3.27 
D 0 53 1.02 1.63 241 3.36 
E 0.51 0.90 1.48 2.22 3.19 
F 0.44 0.81 1.31 2.00 2.83 

80 per cent. slip B 1.17 2.08 | 8.22 4.67 6.15 
Co 1.12 2.00 3.14 4.48 6.03 
D 1,00 1.90 | 8.06 4.46 5.99 
E 0+9 1.£0 3.04 4.38 6.75 
F 0.88 1.60 2.65 3.06 5.30 

40 per cent. slip B  =_.2.05 3.68 5.55 7.61 —_ 
Cc 1,92 3.47 5.30 7.20 9.89 
D 1.84 3.25 5.22 7.36 9.54 
E 1.78 3.26 5.18 71 9.09 
F 1.54 2.96 4.61 6.51 8.61 

50 per cent. slip B 3.54 6.05 9.18 a 
Cc 3.26 5.72 8.68 — _ 
D 3.12 5.64 8.55 — 
E 8.05 5.49 ®.15 _ _ 
F 2.77 4.96 7.62 

60 per cent. slip B 6.15 | 10.85 _ - _ 

- Cc 56.90 9.98 _ . ~~ 

DD 5.70 9.84 _ — _ 
E, 644 8.88 = - _ 
F 4.82 8.16 — - — 


Curves given in Mr. Taylor’s book show that three- 
bladed propellers of width ratio 0.55 give 15 per cent. 
—_ thrust a Fae my and for a wy 0.39 

corresponding figure is 19 per cent. e latter figure 
is 6 per cent. more than is found above, but is probably 
within the limit of experimental error. For the smaller 
width ratios—i.c., those of E ard F—which are 0.30 and 
0.22, the only results available are those of Mr. Taylor. 
With these a detailed comparison is difficult, since the 
results are given on a base of nominal slip, and the effec- 





mum ratio” for an aeroplane is the ratio of the 
8 of the wing—1.¢., the dimension perpendicular to the 
direction of motion to the dimension parallel to that 
directivn. 











eee 


— a. 








ENGINEERING. 





[APRIL 2, 1915. 








Prope.ttek B.—Biape-Wipts Ratio, 0.55. Errgcrive-Prron Ratio, 0.75. 
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2000 Ft. per Min. 






































































































Effective 1200 Ft. per Min. 1600 Ft. per Min. | 2400 Ft. per Min. 2800 Ft. per Min. 
Slip per | acoori-| From | | Expert-| Prom |__| Expori-| From |_| Sxpert-| Brom | Experi-| From 
Cont, etal| “Ms. |Ratio.|mectal | “Me. |Ratio.| searal| Mere |Ratio.| mestal| Mee |Ratio| meeeal| “he” |matte, 
Results. Froude. | Results. Froude. |Results.| Froude.’ Resulte. le. Results. Froude. 
10240 0.264 1.08 0.42) O47 | LIL) 065 | O78 1.13, O92 | 1.06 | 110) 193 | Le Lie 
20 0.680 | 0664 1.05 107 | 118 | 110) L738 | 184 1.06) 253 | 266 | 1.10) 842 861 | 1.06 
30 1.170! 1290, 110 208 | 229 | 110) 322 | 359 | 111) 460 | 5.16 | 111] 615 | 7.08 1.14 
40 2.040 | 2.820 | L138 «68.62 | 413 1.14, 56.53 | 6.45 1.16 7.60 9.29 | 1.22) 10.38 12.64 122 
50 3.470 | 4.160! 1.17) 600 | 7.80 | 1.98| 904 | 1L82 6197; — | — | — — _ _ 
Proretier D.—Biape Wints Ratio, 0.39. Errecrive-Pitcu Ratio, 0.75. 
10 0.22 ) 0243) L12) 0.986) 0.43 | 112) O61 | 067 LIL, 088 | O97 | 110) 119 | 188 | 1.16 
20 064 | 061 | 113) 0.96 108 | Lis | 1.58 | 169 | 107' 285 | 244 (104) 826 | 3.32 | 1.02 
30 1.04 119 | Lit) 190 | 211 | 111) 806 | 329 108 446 | 4.74 | 1.06) 5.90 46 | 118 
40 186 | 213 | Lis) 825 | 8.78 | 1.10, 5.19 6.92 111/ 7.28 | 852 | 117) 9.64 | 11.60 | 1 
50 $16 | 881 Let | Ges | Grr] 299) ae | m8 1s); — _ om ey SE Gee a 
a = om & anal 
Mean ratio = 1.13. 
tive slip is 22 and 25 per cent. more respectively. The| sons the greatest disagreement is at the hi and 
curves ex to zero nominal slip, which corresponds to | lowest slips, but even there the difference is fos crore 
about 20 per cent effective, and results for effective slip | more than that between the water propeller results. 
below this are guesswork. A comparison can, Propeller B. 
however, be made by using the curves in Mr. Abell’s| _ ea ’ 
1910 paper, which show the a values obtained from Mr. | et 
Taylor’s results. For the same diameter, effective slip, Efficiency per Cent. 
and speed of translation these « values are proportional | j 
tothe thrust. The values show that for three-bladed pro- | % | Three-Bladed | Te : bs 
pellers of width and pitch ratios equal to Band E, the| » | =p ean | wo-Bladed Propeller B in Air. 
some will gino It pars cout, mone ee yy — For $0 en = 
© air propel! ; thrust ormer at) 3 + 1200 Ft.|1600 Ft.|2000 Ft.|2400 Ft. 2800 Ft. 
sar annie pt dd Se a at 2800 ft. | z Taylor. Froude. jer Min. per Min. |per Min. |per Min. per Min. 
For three-bladed propellers of width and pitch ratios| 10| 48 51 | 42 | 45 | 49 | 58 | 55 
equal to B and F, the former gives 31 per cent. more| 22 | 6 64 57 62 | 66 7 71 
thrust in water compared with § per cent. more for the| 3) | {& 4 = i Ss pas 
two-bladed at 1200 ft. per minute in air and 23 per cent.| 5) | 53 a 53 | 51 = ss 
more at 2800 ft. per minute. The decreases in yy 4 | 
at the highest speed is explained by the fact that 
thrust for E and F increases at a greater rate than the Propeller D. 
— arene agg oy ena opted “ys mam — sea 2e SAT, tee ig a ae 
t is interesting to plot thrusts unit area for the 
various propellers at the same dip ond speed to a base aa ee wcrc 
of aspect ratio. For these five propellers the former is| & | Three-Bladed 
proportional to sires divided by breadth and the latter/@2z) Propellers Two-Bladed Propeller D in Air. 
is equal to "*UUS If this is done for each slip and 4 Te A A 
h 2 | 1200 Ft. |1600 Ft.'2000 Ft.|2400 Ft |2800 Ft. 
spots #0 obtained, the curves will be found to be sfraighe |_| 22.0% |"*0%4* per Min. per Min. |per Min. per Min. per Min, 
lines which pass through the spots for B, C, D, and E,| 10; 46 52 
but which lie slightly above the results for F. Unfortu.) 20| 61 65 at ee | 70 3 7 
nately, these do not pass through the origin or through| 30 | 64 65 66 69 71 71 69 
a fixed point. If the same is ied out for Dr.| #9; 6 61 64 65 63 60 
Froude’s “‘B” values, these lie on a curve which isslightly| © °7 55 57 57 55 See 
concave to the base at the values for the smallest width -———— ——_ —_—_— 
ratios. Such results might be —- since for small | Propiller E. 
angles of attack the cients of normal pressures for) — — a ee ee 
plates or aerofoils increase uniformly with the aspect 
ratio. Ourves for some of the propeller results are given ae, 
in Fig. 2. | Effective | Water ! Aerial Propeller E. 
Sli lier. 
Fig.2 SE ata amees 
| Mr. 1200 Ft, |1600 Ft. | 2000 Ft. | 2400 Ft. |2800 Ft. 
Taylor. per Min. |per Min. per Min. per Min. |per Min. 
¢- 3600 1 | « | | 47 | 52 87 | 60 
50%. 20 57 60 65 69 72 74 
° 30 63 66 eo | 7 73 71 
, |e |e is|sis|s|s 
~ 30% * | | , | ita Ae 
5-300 | Propeller F. 
5. 20%.0, 240 a 
Three 
e Effective| Water Aerial Propeller F. 
= r | Propeller. 
- Ld in | 
B vc D Mr. _|1200 Ft.|1600 t.|2000 Ft.|2400 Ft |2800 Fr. 
rr 28 re oa : 4657 Taylor. per Min.|per Miu.)per Min. per Min.|per Min. 
Aspect Ratio fiadiiys 10 40 47 51 |. 62 58 
sir 2 56 59 6 |" 65 | 67 eo 
Efficiencies.—The efficiencies of the five are 40 60 oe ee | 67 4 eo 
given in Table B. At the smaller slips—10 and 20 per 50 57 58 o |; 6 {| — - 
| 


cent.—the efficiency of all the propellers increases with 
the speed, but as the slip is increased the speed at which 
maximum efficiency for particular slip occurs gradu- 
ally decreases. For the smaller slips the maximum 
efficiency is generally obtained with 
of blade—i.e., D—but as the slip i 
blades become the more efficient. Some remarks in con- 
nection with the variation of efficiency have been included 
in the Appendix. The tables annsxed show the efficiencies 
as com with those found by Messrs. Froude and 
Taylor” for three-bladed propeliers of the same width 
and effective-pitch ratios in water. 

From curves given in Mr. Taylor’s book the two-bladed 
propeller of width ratio 0.55 should give 2} per cent. more 


efficiency than a three-bladed. If cent. is added 
to Messrs. Taylor’s and Froude’s ts above the best 
agreement with the former is at 1600 fo. minute, and 
with the latter at 2000 ft. per minute. In both compari- 


* The results for Mr. Taylor’s 


medium width | than 





ha 
obtained from the tables given in Mr. T. B. A 
Transactions of the Institution 
lxxxix., page 
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been 
hell's paper, 

of Naval Architect, 1010}, apeed at which the agreemen 
492. ‘decreases. The increasing pitch of the aerial propellers 

















From Mr. Taylor’s curves a two-bladed propeller of | 94 
have 2 percent. more efficienc 


this width ratio should 
a three- > 


With this correction, Mr. Ta 
| results agree very well with those at 1200 ft. F minute, 


or better still perhaps at a speed between 1200 ft. 


1600 ft. minute, while 


Mr. Froude’s agree best with 


those at 1600 ft. per minute. Thedifference between the 
water propellers at 10 and 20 per cent. slip is worthy 


of note. 
For the E and F, whose blade-width ratios 
are respecti 0.30 and 0.22, no results of Dr. Froude’s 


are available i com 
only Mr. Taylor’s results. 


The tables above show 


bladed ponytiens of these blade-width ratios 


'wo- 
should have about 


tol cent. greater efficiency than 
three-bladed. With a Radition it would open 
Say ie for a speed just below ft. per 
minute 


that 


agree more nearly with Mr. Taylor's 
results. Itis noteworthy that as the width decreases the 
i best t is obtained also 











may have some effect on efficiency, but in what directic 

this will modify results as compared with constant itch, 
it is difficult to say, since no information is available on 
the point. The increase of efficiency with speed is note- 
wary and may be of some importance if the 
same holds good for water. is no reason so far as 
one can see why it should not. Dr. Froude employed 
only one speed of translation in his experiments, and 
thus gives no information on the point, Mr. Taylor 
experimented at speeds of 3, 4,5, 6, and 7 knots, but 
mentions no differences in the efficiencies as the speed 


varied. 
TasLe B.—Efficiencies per Cent. 


| Speed of Translation. 








2800 Ft. 








| 1 
diisiae 1200 Ft. | 1600 Ft. 2000 Ft. 2400 Ft. 
} r per | r 
\m | mlm || 
| 

10 per cent. slip B| 420 | 452 | 493 526 | 55.0 
C| 45.7 | 490 | 498 | 605 | 61.7 

Di 445 602 | 540 57.7 | 623 

E| 426 | 466 524 6568 | 60.0 

F| 47.1 | 611 619 529 | 564 

20 per cent. slip B) 57.6 62.4 66.3 69.6 71.2 
C| 60.3 | 64.0 | 6.8 67.3 | 70.3 

D| 607 | 665 | 705 | 732 | 748 

E| 602 65.0 693 719 | 745 

F| 50.5 | 684 | 651 | 669 | 63.7 

30 per cent. slip B| 627 66.6 67.9 67.8 64.8 
C| 65.0 | 67.8 | 692 | 69.9 | 67.2 

D| 664 | 69.5 | 714 | 714 | 69.1 

E| 6.0 | 69.5 | 722 | 727 | 71.2 

F| 64.6 | 67.7 | 624 | 703 | 69.5 

4 percent. slip B| 60.0 | 620 614 | 589 - 
GC} 628 | 640 641 | 609 | 57.4 

D| 639 | 65.3 65.4 | 628 | 59.6 

E| 632 | 662 67.38 | 645 | 59.6 

F| 641 | 65.9 67.2 652 | 59.8 

{ per cent. slip B’ 533 | 53.3 51.2 ~ _ 
C! 56.5 | 564 | 523 _ “ 

D, 67.2 | 57.2 56.5 _ ia 

E| 57.7 | 59.0 | 56.7 _ - 

F| 683 | 60.0 | 581 ~ - 

per cent. slip B 44.1 42.1 _ _ _ 

C| 56.7 | 420 _ = _ 

D| 481 | 46.1 — _ _ 

E| 49.1 47.0 — —- | — 

F\ 50.3 | 49.4 _ -j|- 


Results of experiments on aerofoils would lead one to 
expect an increased efficiency with The expres- 
sion for the efficiency of a propeller element is 





__tan 0 
tan (@ + a) 
where a 
— V_dnift 
oi pak 
(see A ix). Both the National Physical Laboratory 
and M. Eiffel’s experiments on aerofoils show conclusively 


that as the speed is increased the value of r at small 


angles of inclination decreases. On this point the 
results of experiments on an aerofoil very similar in 
section to a propeller-blade section are worth quoting. 
The _— was 15 in., the width 24 in., and the maxi- 
mum thickness about ;j, of the width. The back was 
cambered, and the face was very slightly concave. It 
was therefore somewhat similar in size and section 
to a blade of propeller F. The speed of experiment 
was increased by successive steps from ft. to 
3000 ft. per minute. At 2 deg. inclination of chord of 
face P decreased from } at 600 ft. per minute to 7; at 
3000 ft. per minute, and at 8 deg. from y; to 7. The 
minimum value of + at 600 ft. per minute was ;4, at 7 deg. 


inclination, and at 3000 ft. per minute ;; at 3deg. Now, 
2 deg. inclination corresponds to the mean angle of incli- 
nation of the face of these propellers at 10 per cent. slip, 
and 8 deg. that at 40 per cent. clip. If these results are 
plied to , it would be expected that a fairly 

increase in efficiency would be experienced at the 
lower slips‘as the speed increased, and a much smaller 
increase at the higher slips, which is actually the case 


As a result of the minimum value of L occurring at 


smaller angles as the increases, one would also 
expect the maximum cflcency to occur at smaller slips 
the speed increased, which is again the case (see 
ay hg Some further remarks on this point are offered 
in \ 
In pl = wr with the comparisons of efficiency, it is 
Seeeeeecd by Leet Heriish.* te epplicd, the apeod of 
o! 
cabin = of Mr. 


leigh,* is ap 
tion at which pen results 





* This law states that similar results should be obtained 
when Y 7 — 9 constant. V =speed, L =a dimension, 
and v = coefficient of kinematical viscosity. v for water 
is Jy that for air, thence V.. Li. = jy Vu La, where the 
suffixes refer to air and water. In Mr. Tay experi- 
ments V,. = 3 knots = 304 ft. per minute, L. = 16 in., 
La = 24in., hence V, = 2626. 
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would appear to be small chances of agreement at 4400 
EF Keto enguiena ed out 

r. Froude’s experiments were carried out on pro- 

ers of 0.8 ft. diameter at a speed of translation of 

ft. per minute. By Lord Rayleigh’s law the corre- 
sponding speed of an aerial propeller of 2 ft. diameter is 
1580 ft. per minute. The results at 1600 ft. per minute 
for propellers B and D, the only ones compsred with 
Dr. Froude’s, are in og Re agreement with the 
water results. It would interesting to have more 
experimental information on this point. 


Pig. 3. 


EFFICIENCIES & SPEED. 


3 


1200fpm. 


§ 





wz 202 30%. OX 
(4sssc) Effecave Sup. 
Efjcctive or Virtual Pitch.—The only other point to be 
noticed in connection with these aerial propellers is the 
relation between the effective or virtual pitch and the 
nominal pitch. The latter has the same mean value in 
the five propellers—viz, 0.733 of the diameter. The 
values of the effective-pitch ratios are :—B 0.75, C 0.762, 
D 0.753, E0.739, and F' 0.715. The general tendency is 
for the value to decrease as the blade width decreases. 
The value for C appears to be too great, since on plotting 
the thrusts the results for this propeller are y too 
small to fall in with the fair curves through the four 
others. For this reason no comparative results for pro- 
peller C have been given. In all cases except F, the 
virtual-pitch ratio is greater than the mean nominal face- 
pitch. The mtage difference is not, however, so 
great as in the three-bladed poapiion of Mr. Taylor, 
whose results for the same nom pitch and blade-width 
ratios are as follow:—B 12 per cent. greater, C 14 per 
cent., D 17 per cent., E 22 per cent., and F 25 per cent 
That is, the virtual pitch is greater than the nominal 
pitch by these amounts. The differences for the aerial 
aoe apy are much less, and become smaller instead of 
rger as the width is decreased. 
n the appendix is given an investigation into the ratio 
of the effective to the nominal pitch for an element of a 
oes blade. From this it would appear that the 
ifference between the two depends almost entirely upon 
what is termed in aeronautics the angle of no lift. If 
this increases negatively, the difference increases, and 
conversely. Experiments on aerofoils with sections 
similar to propeller blades show that as the aspect ratio 
increases—that is, as the blade-width decreases—the 


50X COX 


angle of no-lift becomes larger,* and the difference be- | n 


tween virtual and nominal pitch thus increases. This, 
however, su the thickness to be proportionately 
decreased. the thickness remains the same, the angle 
of no-lift increases, and the difference between virtual 
and nominal pitch also. Increase of aspect ratio and 
increase in relative thickness thus both increase the 
difference between effective and nominal —. Hence, 
one would ex the effect shown in Mr. Taylor’s results, 
that, as the e-width decreases the difference between 
nominal and virtual pitch increases. The fact that another 
propeller, practically similar in all respects to F, except 
that the thickness was reduced, gave a greater difference 
between the virtual and nominal pitch than F, whereas, 
judging by all experimental results o aerofoils, it should 
give less, seems to throw some doubt on the pitch ratio 
given for F, 

_The report states that in all propellers so far tested the 
virtual pitch is inde lent of the speed within the 
limits of experimental accuracy. Experimental results 
on aerofoils show that there should be a slight increase 
as the speed increases. As, however, the observed differ- 
ence between the virtual and nominal pitch in these five 
propellers is only about 4 per cent., and the change with 
‘peed may be only about 10 per cent. of this difference, 
it would appear that this is within range of experimental 
errors. Excepton this matter of effective pitch, the aerial 
propeller results compare extremely well with those of 
water propellers. The thrusts are in agreement, and can 

_* One set of experiments on aerofoils carried out at 
the National Physical Laboratory shows that as the 
“spect ratio increased the angle of no lift became smaller 
(National Physical Laboratory Report No. 60, Aero- 
nautical Report, 1911-12). Experiments carried out by 
M. Kiffel on three different types of cross-section show 
that as the aspect ratio increased, the angle of no-lift 
also increased | Nowvelles Recherches sur la Résistance de 


be obtained by dividi 
The off 
lower speeds, and the results 


that more experiments on 


element of an aerial pro 


viz.:—One in a direction 
and the other in a direction opposite to that of motion. 
The first is the lift, and the other the drift. The lift is 
pressed by K, A V® where K, is the lift coefficient, A 
is the area, and V is the velocity. Similar drif 
by Kz A V2 where Kz is the drift coefficient. 
or an aerofoil whose cross-section is similar to that of 
eller blade, the variations of Ky and K: as the angle 
ination alters are as shown by the curves in 


various aeronau 

concerned with the perfection of the 

in its simple form is, after all, only an 

1 che pith to colin, ont teguaiak conn ee 

and w is varia and de u 

qugle ch wildy tho thane ase ined. y 

ever, other points of interest to the naval architect in the 

shed ho laboratories. 

the behaviour of rudders are two 

In conclusion, I must apologise for presen 
I am, unfortunately, ~~ the positi 


paper. Is 
an expert in the matter of pro 
Possibly this ma: 





APPENDIX. 


(A) Lirt anp Darirt. 


In experiments on aerofoils two forces are measured— 
icular to that of motion, 





by the ratio of the densities of 
ciencies are in agreement at the 
generally point to the fact 

on propellers are required 
up some important points. The increase of efficiency 
with speed, the departure of the thrust from the law of 
the square of the speed, the applicabili 
I de of Lord Rayleigh, and the 
slip at which maximum efficiency occurs as the speed is 
increased, are all of great practical importance. For 

this reason it is important and necessary 

of all results as they become avail- 
tical laboratories. These 


There are, how- 


as are many of my 

c y have one advantage, si 

it prevents the employment of those special techn 
used by the experts. For this reason it will, 

perhaps, be more easily understood b 

those who trouble to read it, and who can be placed 

without offence in the same category as the writer. 


DIRECTION OF MOTION 


re 








figure. The angle of inclination is measured between 
the direction of motion and the fiat face, or the chord, if 


is a minimum at zero inclination, and increases 
as the inclination is increased positively or 
tively. For a few degrees on either side of zero 
inclination it remains practically constant. The curve 
of K, is a straight line for inclinations up to 8 deg. or 
It cuts the base line at a point A, the angle O A 
being termed the angle of no lift. 


For small angles, therefore, XK = K.°, the value at 


zero inclination, and K, = Es” (c + ¢), where c is the 
le of no lift, ¢ is a positive angle of inclination, and 
Ke is the lift coefficient at 0 deg. 
B.—ErFrectTivE OR VIRTUAL AND NOMINAL PiTcu. 


Suppose an element of a ller-blade with plane 
nal pitch p ob cdiaenen © trom te i 
It is required-to find the relation between 


Fig.6. 





) 
ANGLES OF INCLINATION 





icular toO E. EF is =np. Produce EF to G, and 
et EG= Vp, the velocity for zero thrust. V) =np’ 
where p’ is the virtual pitch. Let angle G OE = 6, and 
GOF=¢. OGre ats in magnitude and direction 
the velocity of the » considered. The lift (L) acts 
in a direction ——— to OG, and drift (D) in a 
direction G O. thrust of the element is perpendicular 
to OE, and is equal to 


Leos@-Dsiné@ . ° « (i) 
For this to be zero 

L F - 

p =tae= P-. ° » (ii) 


¢ is the angle of inclination of the direction of motion 
to the face of the element, and, since it is small, 


K. = Kz °and K, = **~ (c + 4) 
as stated above. Hence 
L =a v?S*" (¢ + 9) and D = AV? Ke°, 


and for no thrust from (ii.) 


K, °  ; _ 
oa O +O" 23 mes 
¢ is negative and in degrees 
= 180 , G F cos? _ 180 , n(p'—p) wd 
T OG 7 p? + ea’ 


and hence by substitution in (iii.) :— 
1-189 (p'-p)d Ke? pt 
c pt+eid@ K,°' «rd 
which gives the relation between p’ and p when K, °, 
Kz °, ¢(m di 6), and d are known. 

The equation (iv.) gives the relation between p’ and p 
for an element. For the whole blade there is no thrust 
when = L cos 6= = D ain @. These expressions are 
impossible to integrate, since in the t state of our 
knowledge the variation of c, K, °, and Kz ° as one passes 
from one element to another is unknown. , 

It is, however, useful and instructive to consider the 
oa for an element. The right-hand side of equa- 

ion (iv. 


)  peniy igible compared with the re- 
mainder, , if it is fos vm- the quien becomes 


a 
p c 


ra | = 180 . . (v.) 
pd P 

From which it is seen that for the particular element 

the ratio ; depends almost entirely on the value of the 


angle of no lift. 

Example.—Taking wing No.7 of M. Eiffel (‘* Resist- 
ance of the Air and Aviation”), the section is very 
similar to that of a propeller blade. The breadth is 
149 mm. and thickness 10 mm., the face is plane, and the 
back a circular arc. For this sectione = — 3 deg. Kx ° 
= 0.001 and K, ° = 0.012 in French units. 

For a propeller blade whose Pitch = 1 

diameter 


The value of ?. at the tip is 1,19. 
” ” radius is 1.13. 
12. 


That is, the value x decreases as the element is taken 
nearer the axis of the —— 
pm 
For a propeller blade = 
the value of 4 at the tip is 1.35. 
” ” radius is 1.19. 


(iv.) 


= 0.5 


” ” ” 1,12, 

or as sPiteh of propeller decreases the virtual pitch 
increases, a result quite in agreement with Taylor's 
results. (See Mr. T. B. Abell’s paper, Transactions of 

the Institution of Naval Architects, 1910.) 
These numerical results su the section of the 
-blade to be similar throughout—that is, as the 
th alters the pony my phere mg . This 
may be roughly the case for the portion of Trom tip 
to widest part; but as the axis is approached, the thick- 
ness increases relatively. The effect is (see further on) 


that the value of c increases, and the ratio? also in- 


creases beyond that shown above, and thus the ratio ¥ 


becomes more nearly constant for the whole blade. 
It is interesting to note the variation of the le of 
no lift, as various features of the aerofoil are al . 
i le of no lift 
Laboratory 


i ncreased from ‘ 
to one-tenth the breadth, the angle of no lift increased 
from -0.5 deg. to - 36 deg. Hence, as thickness of blade 








U Air cl Aviation, M. Eiffel, 1914). 






the virtual and nominal pitch of the element. 
centre O of the face set off O E = 7 nd at right angles 

, where n = number of revolutions, 
tinue the face to F, where E F is per- 








. algo increases. This is confirmed by Taylor's 
results. (See Figs. 12 and 13 of Mr. T. B. Abell’s 

by ‘As the aspect ratio increases, the value of c increases. 
Hence, if all the sections of two propeller were 





exactly geometrically similar, the value of ”” for the 
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narrower blade would he greater than for the wider blade, 
a result borne out by Mr. Taylor’s results. 

(c) As the maximum thickness is moved nearer the 
leading edge, the value of c inereases negatively. The 
National Physical Laboratory Report No. 72 shows that, 
with the maximum thickness at the middle of section, 
cis — 2.7 deg., and when at 0.22 breadth from leading 
edge c is — 3.7 deg. ; 

(a) As the speed is increased, the valueof cincreases nega- 
tively. National Physical Laboratory Report No. 72 shows 
that, with an aerofoil whose section had a flat face and 
curved back, the value of c for aspeed of 600 ft. per minute 
was —2 deg., and for 3000 ft. per minute — 2.2deg. From 
this result one would expect that, as the speed increased, 


the value of - + in a propeller would increase. 
(C) Genera Expression ror THRusT ON AN ELEMENT. 


With a similar construction, EF =np and EG = 
speed of translation = V = np (1 — s), where s = effec- 


Fig.7. 








t-———- <———->} 





tiveslip,. OG=V,. Lift = L=K, A V,’, and drift = 
D 2, 


Thrust = tT = Locos @ — Dsin@. 
of rnd np’ (tl — a) 
= Ave Ky. v. ~ Ke. "Ey ] 


=nAV,[Ky. rd - Ke.p'(1-9)] 
Now 
K, =K,°(1 +? 


 ) and K, = Kz° +09, 
where a is a small coefficient. 
¢ in degrees = 180[p — » + p' s}d 
p+ wd? 
Hence on substitution 


T= nav,| dK, (1 + 180 [p - p+ gle) 


c (p? + 32d?) 
, ro 180 [p— p' + p’ ie] 
-. > (Lt = 8) . Ky +a p? > wd 
7 189 (p’ — p)d 
T=nA v,[ ra Ky, ‘(1 at po (pe + tt) 
(- ‘ 180 x’ sd 
- p K.° + wd. Ky’. o(p? + #2 d2) 
, > ’ 180 (p — p' + p’'s)d 
+p’.s.Kzx°— ap’ (1 — 8) p+ wd? ] 


The first three terms inside the bracket are the terms of 
equation (iv ), except that p? in the denominator is 
replaced by p?. For ship propellers of usual proportions 
the difference between p? and p” is small in compari 
with #? d?, and if p? is substituted in the above, the first 
three terms become zero by (iv.). If p is put equal to 

y in the last term of the equation, the expression for T 
mes 


T=nAV, (= . 180 r? d?, p — ats. K, 
- 189 p'sd 
-ap (1- ) ot + wia? 
and 
: a/ mw d? r'2 8 
V,;=np 1+ yp’ (1 - Pai oy) 
hence—- 


—_— 2 d3\h 1-p?s 
= ntp?.s.A.( 147-5 ) ( } ) 
. the inge ( . p? mw? p2+p'2 
y 180 1? — pda | 
ec pt+nrtd ao (t=) p+nwd 
which can be put in the form :— 


T=K.V2%s.A.a? (1-08) aero K and b are co- 


efficients, 6 being small, which is of the same form as 
that given by Mr. R. E. Froude in his 1908 paper. 


(D) Erricizncy or AN ELEMENT. 
Thrust of an ele} - A V;2[K, cos @ - Kz sin 0) 


Work done — = AV,*. V[K, cos @ — Kz sin 6] 
as ~~ “paaremane } “ A V®(K, sin 0 + K; cos 0] 
Energy exerted = rnd.AV,?(K, sin @ + Kz cos @] 
Efficiency of om) a Ben J K, cos 0 — Kz sin @ 
element rnd” Ky, sin 0 + K. 0280 

If 

Ke . oz tan @ 

rr" tana, efficiency = ian (0 + 6) 


an expression given by Mr. Froude in hie 1908 % 
The efficiency of the cm, Gente oe is toa 
, « _ drift coe ent. 
great extent on the value of K, = lift cocflicient. To 
is interesting to trace the alteration in value of ze 
various features are altered in aerofoils. : 


ENGINEERING. 
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(1) As the thickness increases the value of K, first 


decreases slightly, but afterwards increases. The angle 
at which the minimum value occurs increases slightly as 
the thickness is increased. The following is taken from 
the National Physical Laboratory Report No. 60; the 
aerofoil was 15 in. x 24 in. in plan, with a plane face and 
cambered back. 


Camber IN TERMS OF SMALLER DIMENSION. 
ax tw & wk i & & 


ih one ete ote ot ot 8 

. Ky 13.8149 14.212.7117 11 10.2 

Hence, as thickness increases efficiency should decrease. 

A propeller similar in all respects to F, but thinner, 
shows greater efficiency than the latter. x 

> de- 


(2) As the aspect ratio increases the value of K 
‘ y 


creases. National Physical Laboratory Report No. 60, 
on aerofoils with cambered face and Be shows that, 
as the aspect ratio was increased from 3 to 8, the value of 


K, decreased progressively from 34, to isa" Hence, in a 


propeller, as the width decreases, one would expect the 
efficiency to increase. This supposes the thickness to 
decrease ayo with the width. 

In the five propellers referred to in the paper the 
thickness remains constant, and hence, although the blade 
width is decreased, the thickness increases relatively. 
From (1) above this latter decreases the efficiency, the 
effect of the two alterations being that the maximum 
oy . obtained with the medium width of pro- 
peller, i.e., D. 

(3) As the maximum thickness is moved towards the 


leading edge, the Value of 5 first decreases and then 


vy. 
increases. National Physical Laboratory eo No. 72 
gives results of experiments on an aerofoil, 15 in. by 
34 in., plane face, and curved back cambered 0.25 in. 
ith the maximum thickness at the middle, the mini- 


mum value of rs WAS im with the maximum thickness 
‘ wy 


0.292, the breadth from leading edge, it was ;.;, at 


0.22, ae and at 0.17, : ; There would thus appear to 
be some advantage in efficiency in placing the maximum 
thickness forward 


of the middle of breadtb. 

4. As the speed increases the value of decreases. 
National Physical Laboratory Report No. 72, on « plane 
15 in. by 24 in., with plane face and curved back, cam- 


bered 0.076 in., in current of air s varied from 
600 ft. to 3000 ft. per min., shows that the minimum 


value of K. decreased from as at the lowest to = at 





y 
tha amen sanet The angle at which the minimum 
value occu: decreased from 7 deg. at 600 ft. per minute 
to 3 deg. at 3000 ft. per minute. One might expect, 
therefore, in propellers that the efficiency would increase 
a speed and the maximum would occur at smaller 
ps. 





FOREIGN ENGINEERING PROJECTS. 
_ We give below a few data on several foreign engineer- 
ing jects, taken from the Board of Trade Journal. 
Further information concerning these. projects can be 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, London, E.C. 


Italy : The Gazzetta Ufficiale, Rome, publishes a Decree 
authorising the communal authorities of Rome to con- 
struct and work, by electric traction, an extension of the 
Piazza Colonna— 
an extension of the line from the Via Po to the Zoological 


Gardens. A further Decree published in the. Gazzetta | thro 


authorises the Societa Elettrica Sarda to construct and 
work an electric tramway system in the town of Cagliari. 


Morocco: H.M. Consul-General at Tangier reports that 
tenders are invited by the Commission Générale des 
Adjudications et des Marchés for paving the Zokko el- 
Arba de Sidi-Aissa Road, near Alcazar, for a distance of 
134 km. (about 84 miles), at an estimated cost of 222,066 
pesetas (about 8880/. ). — of 5000 pesetas (200/.) is 
required to qualify any er. Tenders, accompanied 
by certificates of Seen be received by M. le 
President de la Commission Générale des Adjudications et 
des Marchés, Dar En-Niaba, Tangier, up to 11 a.m. on 
May 11. The contractor must elect domicile in the 
neighbourhood of the works. 

Chile: The Diario Oficial, Santi 
a ving the estimates of the Chi State Railways 
Administration for 1915. Under the heading of new 
works provision is made for the following expenditure : — 


Reconstruction and strengthening of bridges, 1,240,000 


. publishes a law 





pesos gold; purchase of ti ‘Ze 
473,000 gold ; purchase of locomotives and 
-stock, 1, ; rebuilding of mechine 


qolls rats end 


sh 100,000 ; 1,112,537 
Sg Tt ee 





_ Diese, Enorne Users’ Assaciation.—The next meet- 
ing of the Association is to be held on Wednesday, 
April 21, when a discussion will take place on the whole 
question of the lubrication of Diesel engines. Informa- 
tion and iculars concerning the Association can be 
obtained from the acting Hon. Seoretary, Mr. Percy 





Still, at 19, Cadogan Gardens, S.W. 


iazza Santa Croce tramway, and also | th 





CATALOGUES. 


Dynamos and Motors.—Messrs. Marples and Leach, of 
26 to 30, Artillery-lane, E.C., have sent us a copy of 
their monthly list of d os and motors in stock for 
immediate delivery. The list includes motors rangin 
from } to 30 horse-power, for continuous-current 
alternating-current circuits, as well as dynamos, cinema- 
tograph sets, electric drills, grinders, &c. 

Switch-Gear.—From the British Thomson- Houston Com- 
pany, Limited, of Rugby, we have received a descriptive 
ist, giving very full particulars of their switchboard 
panela for use on three-p) systems at pressures ranging 

m 110 to 6600 volts. The list jualin five different 
classes of panels, and explains the conditieus for which 
each class is best adapted. It also deals with the selec- 
tion of panel equipment, instrument equipment, and 
other matters. Typical generator and feeder ls for 
different voltages and currents are illustrated by means 
of outline diagrams. 


Filter-Papers.—From Messrs. H. Reeve Angel and Co., 
of 15, New Bridge-street, E.C., we have received a number 
of samples of filter-papers manufactured by Messrs. W. 
and R. Balston, Limited, of Springfield Mill, Maidstone, 
who also manufacture the well-known Whatman draw- 
ing papers. These filter-papers, for the sale of which 

essrs. Angel act as Messrs. Balston’s representatives, 
are known as Whatman 4 and those already 
on the market are claimed to equal, both in quality 
and ice, to the 595 quality of Messrs. Schleicher and 
Schii Messrs. Balston are now proceeding to manu- 
facture the washed qualities also, and ultimately they 
will make all the higher grades for which there is any 
demand in this country. 


Induction Motors.—Messrs. Crompton and Co., Limi- 
ted, of Chelmsford, have sent us a copy of their latest 
list of polyphase induetion motors. In this list full par- 
ticulars are given of. motors designed to run on two- 

hase or three-phase circuits, at pressures of from 100 to 

volts, and at frequencies of 40, 50, and 60 cycles. 
The outputs vary from 3 to 192 horse-power, and all sizes, 
except the smallest, are supplied with either squirrel- 
cage or wound rotors ; the smallest motors are made with 
squirrel-cage rotors only. The prices stated are for 
motors of the standard protected type, but enclosed- 
ventilated, pipe- ventilated, drip-proof, and totally- 
enclosed machines are also made. Dimensions, shipping 
particulars, and prices of extras and spares are also 
given in the list. 


Pneumatic Tools.—A copy of the new edition of their 
catalogue of pneumatic tools and accessuries has come to 
hand from the Consolidated Pneumatic Tool Company, 
Limited, of Palace Chambers, 9, Bridge-street, West- 
minster, S.W. The catalogue, which is fully illustrated, 
is divided into sections dealing with many different 
types of hammers, riveters, holders-on, sand-rammers, 
drills, hoists, and special appliances, such as painting- 
machines, rivet-heating forges, armour-plate scaling- 
machines, sand-sifters, &c. Accessories, such as air- 
receivers and mountings, hose fittings, air-cocks, end 
tube-expanders, are also included in the catalogue, and 
numerous photographs showing the tools employed for 
caulking and riveting boilers, chipping tastings, ship- 
building work, bridge-building, and many other purposes, 
are also reproduced. The catalogue is provided with a 
thumb index, so that any of the sections can be found 
instantly. - 


Disposal of Howse Refuse.—We have received from the 
Patent Lightning Crusher Company, Limited, of 14a, 
Rosebery-avenue, E.C., a booklet relating to their system 
of house-refuse disposal. According to this system, the 
refuse is fed into a specially-designed machine, somewhat 
ae © eee ee but provided with four 
swinging beavers which break up the refuse and drive it 
rough a screen. Any objects, such as p-eces of iron 
or steel, which cannot be pulverised, are automatically 
wn out without stepping the machine or injuring it 
in any way. After this treatment the refuse is said to be 
quite inoffensive, and is sold asa manure. The Borough 
of Southwark, which keeps three machines in constant 
work and a fourth in reserve, sold nearly 20,000 tons of 
refuse as manure during 1914. The booklet fully explains 
the system, and points out its many advan over 
refuse-destructors. Data as to output, cost plant, 
working costs, &c., are included, together with a number 
of reports and testimonials relating to the system. Scale 
drawings of installations at Southwark, Hove, and 
—— (near Blackpool), are also re- 


u 
Power-Transmission Accessories.—We have received 
from Messrs. Frank Wigglesworth and Co., Limited, of 
pe Yorkshire, a circular stating prices for steel 
ting, shaft -couplings, plummer - blocks, swivelling 
i -boxes, and other accessories for 
power transmission. Another circular. giving full par- 
ticulars of the firm’s automatic centrif friction-clutch, 
has also come to hand. This appliance enables an electric 
motor to be started up at no load, and to pick up the 
load automatically when a certain speed has been reached. 
It is therefore suitable for application to polyphase-induc- 
tion motors with squirrel rotore, as well as to single- 
phase induction- motors, which give a poor starting 
torque. It is claimed that this a reduces the 
starting current to a minimum, ena’ cheaper and more 
reliable motors and starting-gear to be used, and also 
acts as a protection against excessive overload, in which 
circumstance the clutch will slip. Full particulars, in- 
cluding prices, are given of clutches from 6 in. to 30 in. 
in diameter, the latter size being capable of transmitting 
500 horse-power at 500 revolutions per minute. These 
clutches can be combined with the motor-pulley if desired. 
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the cooler. The total cooling surface provided is | shown in ition in Fig. 5, on Plate XXV., pub- 
6250-KILOWATT REACTION TURBINE. 220 sq. ft. lished with our issue of the 26th ult., part dievellties 
(Concluded from page 346.) For priming the bearings on starting up the | and section being given in Fig. 6. 


A view representing the governor complete with 
its spindle and drive-wheel is given in Fig. 36, on 
Plate XXVII., published with the nt issue. 

The oil-cooler is illustrated in Figs, 24 to 27, 
subjoined. It consists in the main of three cast- 





turbine a special motor-driven pump, illustrated in 

Figs. 28 to 32, is provided. is pump is of the 

or type, and provision is made for operating it 
y hand in 


case current is not available. To this 





end, the helical wheel on the pump-spindle, 


Fig.24. SECTIONAL ELEVATION ON A.A.(Fig.25) 
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The condenser, which is illustrated separately in 
Figs. 38 to 41, Plate XXVIII., has 13,250 sq, ft. 
of cooling surface, the tubes being } in. in diameter 
by 11 ft. 10 in. between tube-plates. The steam 
inlet measures 6 ft. by 4 ft. 8in. The condenser 


Fig.26. END X . (Coverremoved) 
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iron bodies bolted together as shown, each body 
being divided by diaphragms into nine compart- 
ments, through which the cooling water flows 
in succession. In each compartment there are 
eighteen j-in. tubes, 6 ft. 11 in. long between 
tube-plates. The tubes in each compartment 
are parallel with each other, but in series with 
those of the ing and following compart- 


ments. The oil therefore makes nine passes through | i 


through which the motor drive is transmitted, is 
loose on its shaft, which it drives solely through 
the i shown in Figs 31 and 32. This pawl 
enables the spindle to be turned by hand without 
moving the motor-shaft. 

A flexible coupling of the claw type connects 
the turbine-shaft with that of the generator. The 





component parts of this are illustrated separately 
in Fig. 35, Plate XXVII., and the coupling is 
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| body is built up of riveted mild-steel plates } in. 
thick, 


stiffened by angle and tee ribs riveted on. 
The water-boxes are of cast iron, and the water 
makes two through the tubes. 

The condenser is bolted direct to the flange of 
the turbine exhaust-branch without the interpoti- 
tion of a “concertina” pipe. Provision is there- 
fore ni by which expansion can occur 
without distortion of the turbine-casing. This is 
provided for by mounting the condenser on springs, 
as indicated in Fig. 39, and to a larger scale in 
Fig. 41. When turbine and condenser warm up, 
these springs yield, and are of such a length that 
the total compression due to the expansion does 
not materially alter the upward force they exert. 
This plan has the additional advantage that the 
turbine-casing is freed from the heavy unbalanced 
load which is necessarily im upon it when the 
expansion is taken care of by a ‘‘ concertina” pipe. 
With the condenser bolted direct to the turbine- 
flange, the atmospheric pressure on the top of the 
turbine-casing telalahoed by an equal upward pres- 
sure at the bottom of the condenser. With a “con- 
certina” pipe this load is unbalanced, and a very 
heavy bending strain has to be carried by the turbine 
casing. For example, with an exhaust 6 ft. by 
6 ft. 8 in., as in the present case, the unbalanced 
load resulting from the use of a ‘‘ concertina” pipe 


15 x 72 x 56 


would be nearly ~——5940 — = 27 tons. 


Views of the rotor and casing are given in Figs. 
33 and 34, Plate XX VIL., whilst Fig. 37 shows the 
air-pump, which is of the Edwards type and motor- 
driven. Fig. 42, Plate XX VIII., shows the turbine 
as erected in the builders’ shops. 

Mr. W. Chilton, who is res ible for the de- 
sign of the turbines built by the Brush Electrical 
Engineering Company, has always attached ‘s 
importance to mechanical considerations—a r 
the significance of which has not been adequately 
realised by all builders. The highly interesting 
method of reduciog temperature strains by resting 
the casing on the bed-plate instead of bolting it to 
it, which we have described above, was worked 
out by him in conjunction with Mr. J. M. Newton, 
and to the same source is to be attributed the 
ingenious governor-valve supplied, which secures 
an ample steamway without the accompaniment of 
a ponderous valve and casi This matter is, 





perhaps, of more importance in the case of small 
(units, where the cost of valves and other such 
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which was referred to in the a. There was no 
doubt but that the air propeller had a consider- 
ably higher efficiency than the marine propeller. 
The first reason for this was that in an air propeller 
one could take advantage of the aspect ratio. 
Almost any material would do for the construction 
of an air propeller ; as would be known, they were 
usually formed of wood. Material of this kind, 
however, would not stand up in water ; metal had 
to be used, and at the same time one had to make 
the blades thicker, and use a bigger aspect ratio. 
The efficiency of an air propeller — be 85 per 
cent.—80 per cent. was easily reached—but he 
thought 75 per cent. was about the best that 
could be got with a marine propeller. The second 
reason for the greater efficiency of the air pro- 
peller was that in air one had no cavitation 
difficulty. Cavitation began when there was too 
much vacuum behind the blades, and to prevent 
it in marine propellers it was necessary to employ 
a good deal of blade surface. This cut down the 
efficiency. The third reason was that in marine 

ropellers you could not get the proper diameter for 

t efficiency. In aeroplane work the propeller 
may be skimped a little to allow ground clearance, 
but not much, and the diameter of, say, 10 ft. 6 in., 
which was used, wasabout right. In marine work, 
however, matters were very different. The best 
propeller for a given case—what he called the 
optimum—might have to be 25 ft. in diameter, 
and yet in practice would have to be cut down to 
8 ft. or 10 ft. 

Mr. G. S. Baker was the next speaker. Refer- 
ring to the latter part of the paper, he pointed out 
that Mr. Linton Hope had not made it clear that 
the floats referred to in his (the speaker’s) paper, 
which was quoted, were for hydro-aeroplanes, and 
not for hydroplanes. A hydro-aeroplane had 
to be designed to lift from the water, while a 
hydroplane was intended to stop on it. This differ- 
ence restricted the relative efliciency of hydro-aero- 
plane floats. The efficiency of a hydro-aeroplane 
float at the speeds Mr. Linton Hope was con- 
sidering was not a matter of much importance, as 
the resistance of the floats at these speeds was 
very small compared with the resistance of the 
aeroplane. The humping speed was the important 
point where float efficiency was required. At that 
speed the floats took a let of power, while at the 
same time the propeller efficiency was low. The 
floats with which . Linton Hope was desling 
could not be compared with those dealt with in his 
paper which had been quoted. The results aimed 
at were quite different. Referring to the | a 
subject of the paper, he thought it ible that, as 
suggested, the addition of beam might prove useful. 
Mr. Hope’s conclusions might, however, to some 
extent Se explained by the fact that he was prac- 
tically dealing with the work of a single designer 
throughout. It looked as if some of the earlier 
types had not lifted well, because they had not 
enough lifting area. By taking another designer's 
work opposite results might be found. 

Mr. Linton Hope, replying to the discussion, said 
he would like to consider the data given by Sir 
Archibald Denny before dealing with them. In con- 
nection with Mr. Lanchester’s remarks, the ques- 
tion of sailing in heavy weather, of course, came in 
in considering the best types of floats for hydro- 
planes and hydro-aeroplanes. He thought the 
multiple-step type the best for heavy seas. Mr. 
Lanchester was probably correct in saying that it 
was impossible to rationalise different types on the 
same basis, but he had to deal with what data he 
had been able to obtain, and they seemed to hold 
together fairly well. 
effect of beam might be due to the shallower de- 
pression produ in the water. He owed an 
apology to Mr. Baker for not making it clear that 
the results he quoted for his paper referred to floats 
for hydro-aeroplanes. Referring to Mr. Baker’s 
later remarks, Class A dealt with in his paper was 
by no means concerned only with boats of a single 
designer. The — number certainly were, but 
& very considerable proportion were not. His work 
had had to be confined to examples for which he 
could obtain proper information. He would much 
like to have included Maple Leaf IV., but could 
not get the necessary authenticated data. 


Cross-Curves anp GZ Curves or STasiity. 
The final paper was one entitled ‘‘ Notes on the 
Cross-Curves and GZ Curves of Stability,” by 


Mr. E. F. Spanner. In the absence of the author it 
was read by Mr. Goodall. The paper outlined a 


He agreed that the good|P 





new method of obtaining the cross -curves of 
stability of a vessel, and thence the G Z curves. 

Mr. W. J. Luke opened the discussion, which 
was very brief. He said it was not the first time 
the Institution had to thank Mr. Spanner, one of 
the yoananr members, for a valuable contribution 
to their a It was a pleasure for the 
older men to find the younger ones oe ge. sim- 
plifications of methods which they — 
were settled on and done with onee forall. He 
was not prepared to say that the method now sug- 
gested would prove a simplification. The only way 
to determine that would be to work out a few ex- 
amples with it. In any case, even if it proved a sim- 
plification, he was afraid Mr. Spanner would find 
old methods to die hard. People preferred the ills 
they had to those they knew not of. A small point 
was that Mr. Spanner talked of running round a 

iagram with an integrator. This was all very 
well ; but probably not one shipbuilder’s office in 
ten had an integrator. Most people had to be 
satisfied with a planimeter. 

Professor T. B. Abell was the only other speaker. 
He thought it refreshing to read something really 
new about the cross-curves of stability. He 
thought there was something in the pro 
although its practical application would pro 
be very limited at present. 

In the absence of Mr. Spanner, there was no 
reply to the discussion, and the meeting proceeded 
to the usual votes of thanks which close the spring 
meeting. Mr. W. J. Luke moved that to the 
Royal Society of Arts for the loan of their hall, which 
the Institution had now had the use of for thirty- 
three years. Sir Archibald Denny moved a vote of 
thanks to the President for his help and attendance. 
In reply, the President (the Marquis of Bristol) 
said it was always a pleasure to him to be there, 
although this year he would have liked to be else- 
where. It was not for the want of asking that he 
was not, but with so many retired admirals in the 
country he supposed he could not complain that 
his services could not be utilised by the Navy. 
The proceedings then terminated with a vote of 
thanks to the te woal and staff. 
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LITERATURE. 


An Introduction to the Study of Physical Metallurgy. 
By Watrer Rosevuarn, B.A., D.Sc., F.R.S., Super- 
intendent, Metallurgy Department of the National 
Physical Laboratory. London: Constable and Co., 
Limited. [Price, bound, 10s. 6d. net. ]} 

THE pe of this introduction of 368 pages to 

the study of physical metallurgy will not dis- 

appoint the large circle of readers to whom it might 
appeal—students, manufacturers, and engineers in- 
terested in the physics and physical chemistry of 
metals. The term ‘‘ introduction” in the title is 
to indicate that the volume is to serve as an intro- 
duction to the Metallurgical Series now in the 
course of publication, by the same firm, under the 
author's editorship. By ‘‘ Physical Metallurgy” 

Dr. Rosenhain understands the younger branch of 

the old science of metallurgy, which was mainly 

concerned with the reduction of metals from their 
ores, and for which he would suggest the term 

** Process Metallurgy ” or ‘‘ Chemical Metallurgy.” 

Neither designation appears happily chosen. For 

the scope of physical metallurgy, as understood 

by the author, remains very wide; it embraces 
physics, crystallography and strength of materials, 
and overlaps intochemistry. The name “ Chemical 

Metallurgy” for the whole domain looks hardly 

appropriate, therefore; why not ‘‘ Metallurgical 
rocesses ” ? 


The definition of physical metallurgy scarcely 
called for so long an introductory chapter as 
Dr. Rosenhain devotes to it. at when he 
comes to his subject, the reader will not find 
much to grumble at. The author makes two 
main divisions: Part I., the Structure and Con- 
stitution of Metals and Alloys; Part II., the 
Properties of Metals as Related to their Structure 
and Constitution. Three chapters of Part I. deal 
with microscopical examination, the microscope, 
and microstructure. The untrained microscopist 
is apt to be confused by the appearance of a polished 
— = rv - when he is told — the oy 
gular poly grains appearing in all shades o 
light are crystals of homogeneous metal. Dr. 
Rosenhain very clearly explains how the image is 
to be interpreted, how the specimens are to be pre- 
pared, ground with the aid of a slowly (not ‘ 
rotating wheel, and finally polished with well- 





worn and washed calico (better than washleather 
in some cases), to be examined under vertical 
and oblique illumination. In the chapters on the 
thermal a on metals and alloys and on their 
constitutio diagrams, Dr. Rosenhain expresses 
a preference for the term ‘‘ constitutional diagram” 
rather than “‘ equilibrium diagram,” because the 
latter di is supposed to show the natural 
condition which alloys would assume if they were | 
allowed to attain equilibrium, whilst the equilibrium 
is often metastable, and the true equilibrium condi- 
tions are in many cases unknown and cannot even 
approximately be realised in the laboratory. The 
deductions are, on the whole, lucid ; it is rather a 
pity though that in the very first equilibrium dia- 
gram of the book the co-ordinates are not marked, 
and the letters do not correspond with the text, 
and that letters are again absent from the first dia- 
gram of series forming definite intermetallic com- 
poem. In general it may be said that the contrast 
tween the many splendid pho phic plates 
and the poor diagrams is too strong to be overlooked. 

Chapters on Typical Alloy Systems and on the 
System Iron-Carbon conclude Part I. Part II. 
deals with Mechanical Testing of Metals, the Effect 
of Strain, the Thermal and Mechanical Treatments 
of Metals, including Casting and Defects and 
Failures in Metals. What Dr. Rosenhain says on 
tests, which indicate rather the rate at which a 
specimen fails under excess of stress than the safe 
range of stress which may be resisted indefinitely 
and which is the | a we of interest, will generally 
be accepted. He advises the carrying out of a series 
of alternating-stress tests under different loads, of 
which only the heaviest will break the specimen 
after a few thousand reversals, the safe range being 
deduced from the resulting bolic curves. 
Dr. Rosenhain prefers electric to magnetic tests, 
because the latter depend too much upon the history 
of the specimen. He has not much faith in notched- 
bar impact tests, for which the law of similarity 
does not hold, but rightly considers the systematic 
study of series of alloys as most instructive. He 
also emphasises that one property of the material 
should measured at the time, a course which is 
certainly desirable, but which cannot always be 
easily carried out. 

The great value of Dr. Rosenhain’s book lies in ite 
broad general treatment of many problems of recent 
origin, which are not rend more easy to the 
engineer by the fact that the authorities are by no 
means in agreement, and that the metallurgical 
theories are so uncertain as to nomenclature. The 
many practical hints which the author is able to give 
form another very valuable feature. References to 
contemporary literature are added at the end of 
every ¢ _— and — occur soe in the good 
index. e lists might possibly have included 
more references to publications of the last two 
years. One would also expect that Professor Coker’s 
optical researches would have been mentioned as a 
method of general investigation, and not only in 
connection with the intensification of the stress at 
the bottom of a sharp notch. But we feel sure 
that the book will meet with a warm welcome, and 
we venture to suggest to Dr. Rosenhain that he 
might introduce, in a second edition—which is sure 
to be called for—some sub-headings into his chap- 
ters, which now run on without such sub-divisions. 
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THE DESIGN OF ROLLING-MILLS 
FOR COLD METAL. 


In a previous article* the present writer dealt 
with some points relating to the design of the bear- 
ings for the necks of rolls used for rolling cold 
metal. Of the other component parts which go to 
make up a complete mill of this kind, there can be 
no doubt that the pinions and their housings rank 
next in importance, and it is proposed to deal with 
these items in the present article. Both in the 
design and manufacture of the pinions themselves 
and the housings there has of late years been 
considerable improvement, as compared with old 
designs ; but as regards the pinions, practice has 
become fairly crystallised in many ways, and, gene- 
rally speaking, double helical teeth in cast steel, 
such as shown in Fig. 1, are the rule, and there is 
very little adverse criticism to be made on this 
type. 

Apart from the question of strength, there is no 
doubt that the helical form of tooth lends itself 
particularly well tothe pu of gearing together 
the top and bottom rolls of a mill which is required 
to produce finished bright work. The advantage 
of the helical type is well known to be that tooth 
contact is practically continuous, and the running 
is therefore smooth and free from the vibration 
-C---98~ B ~~~} ---A----- 9 Bee C 
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WITH STEPPED TEETH FOR 


616° ROLLING MILL. 
ae Me i Sa 88 — 


| aie 
| 


55-4 









for 


which would immediately show itself on the sur- 
face of the finished work if plain-toothed spur- 
pinions were used. Stepped-tooth pinions are 
practically as good as regards smooth running, 
although only approximating to the continuous 
contact of the helical form ; they do not, however, 
combine the advantage of increased strength which 
is obtained with the “‘herring-bone” or double 
helical tooth, and are practically never used when 
the teeth are machine moulded. With machine- 
cut gears, step teeth are not infrequentl 

adopted, as this form is cheaper to machine. It 
has been mentioned above that it is the general 
rule to have roll pinions cast in steel, but it is 
quite possible to design them for casting in iron 
sufficiently strong to withstand the maximum load 
to which they are likely to be subjected, and the 
reduction in cost would be by no means insignifi- 
cant. The great importance to the mill-owner of 
avoiding the ibility of breakage of any essen- 
tial part of the machine, however, justifies the 
additional expense of steel pinions. 

When fitting machine-moulded cast-steel pinions, 
care should be taken that the castings are sound, 
and the teeth properly formed ; a little extra 
expense and care here will be well repayed by the 
longer life and reduced frictional losses. Also one 
pinion of the pair should be allowed a sufficient 
amount of end play, so that the centre line of the 
V-shaped teeth will always coincide. This point 
is of great importance, and is sometimes over- 
looked; for if no end play is provided in one of the 
shafts, it is certain that the load will be taken by 
one half of the teeth until the face of the bearing 
flange is worn sufficiently to allow the necessary 
adjustment. 

Next, to consider the proportions of such gears. 





* See ENGINEERING, vol. xcvii., page 768. 








The pitch diameter is settled, within small limits, to 
the same diameter as that of the rolls, to preserve 
as far as possible the alignment between the rolls 
and pinions. As the working centres of the rolls 
is always greater than their diameters, there is no 
objection to the pitch diameter of the pinions 
being slightly greater. The following Table I. gives 
the very general practice for the proportions of cast- 
steel double helical roll-pinions for a series of sizes 
of mills in common use. 

It will be noted that the pinions are shrouded to 
the pitch-line. The length of the necks B given in 
Table I. is to suit the older forms of housing (see 
Figs. 4 to 7); the length of bearing is much greater 
for the improved type of housing shown in Fig. 8, 
and may be as given in Table II. The diameter of 





cost becomes a serious matter, and for these the 
use of machine-cut gears is still rare ; but if the 
first cost. can be faced, the writer is of the opinion 
that the extra expense is soon repaid. 
Unfortunately, machine-cut double helical pinions 
are still comparatively costly ; and while, as it has 
been pointed out, this is the best form of tooth for 
a rolling-mill, it is here the straight-cut stepped 
teeth have their advantage; they are cheap to 
produce, and have been for some time in general 
use, proving perfectly satisfactory for the highest 
grade work. A mill-pinion of this type, suitable 
for driving 6-in. rolls, is illustrated by Fig. 2. 
Such pinions are, no doubt, best cut from a solid 
forging, but they may be made more cheaply by 
keying two separate pinions on a spindle, arranging 

















Fie. 3. 


the necks is equal to, or slightly less than, that of 
the corresponding roll-necks. From considerations 
of strength they might, of course, be much smaller, 
especially when the rolls are of cast iron; more- 
over, the pinion bearings do not have to withstand 
the severe stresses resulting from the pressure on 
the rolls. 
TaBie I.—Double Helical Steel Pinions. (See Fig. 1.) 
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TaBLeE Il.—Mil-Pinions with Long Bearings, to Suit 
Housings as shown in Fig:. 8, 9, and 10. 





Size of Rolls. 


Diameter, Neck. D.. Length of Bearing. 


in. in. | in. 
8x8 5 7 
9x9 6} Ss 
10 x 10 8} 
12 x 12 Fs 10 
16 x 16 10 | 13 
18 x 18 ll 14 


| 

For the smaller rolls and mills used for the finer 
classes of work, the adoption of machine-cut pinions 
is becoming very general, and there can be no 
doubt that their use has everything to recommend 
it: vibration and noise are reduced to a minimum, 
and there is a considerable saving of power. 
Where the rolls are large, however, the additional 





for the necessary pitch difference by the position of 
the keyways. 

A year or two ago a set of pinions, shown in 
Fig. 3, designed and built under the writer’s super- 
vision, was supplied to a well-known firm in the 
Midlands, and has proved highly satisfactory. It 
will be noticed that these pinions are designed to 
suit a special type of mill known as the ‘‘ Double- 
Duo” type. For the benefit of those readers not 
familiar with this type of mill, it should be ex- 
plained that a mill of this pattern has two pairs of 
rolls, carried one above the other, in housings of 
special design, the upper and lower pairs of rolls 
revolving in opposite directions. It is thus the 
equivalent to a three-high mill, and although 
slightly more expensive, has the advantage that the 
two pairs of rolls are equally loaded, and the double 
wear and strain on the middle roll of a three-high 
set is avoided. In this case the pinions were 
machine-cut from the solid, with continuous double 
helical teeth, oil-throwers being also turned on the 
journals, which returned the oil after use by means 
of suitable collecting-chambers and drain-pipes to 
@ reservoir, in readiness for pumping again through 
the bearings. The pinions themselves were made 
by the Citroen Company. 

We may now turn to the housings for the 
pinions, with which are incorporated the bearings. 
In the older mills these were exactly similar to 
those carrying the rolls, being, in fact, in many 
cases cast from the same pattern, with the top 
portion ‘‘ stopped off,” and each fitted with a cap, 
secured by studs or bolts. The bearings were then 
simple blocks of gun-metal at top and bottom of 
each journal, sometimes with side ‘‘ brasses.”” Such 
a housing is shown in Figs. 4and5. These bear- 
ings were, of course, adjustable for wear, but had 
many obvious defects. The length of bearing was 





small, and as the ‘‘ brasses” only partially enclosed 
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the journals, free entry was provided for dirt and | proved design illustrated by Figs. 8, 9, and 10. Here 
grit, which are always present in large quantities | the two housings are cast in two pieces, but are bolted 


in a metal-rolling works. 
A later and still very common design is illus- 
trated in Figs.6 and 7. Here the housing itself 


together, and with the cap or cover form a com- 
ae casing for the pinions, the guard and oil-bath 


ing cast with the housings proper, and forming 


is practically identical with the older type, but a | the connecting-piece between the two sides. The 
great improvoment is effected in the bearings, the | cover is a comparatively light casting, and is hinged 


** brasses ”’ 


being circular in form, each in halves | in the case of the smaller mills, thus affording easy 


carefully turned and bored and fitted into bored | access to the gears at any time. 























Fig 4. 


(4277. 


seatings in the housings and chocks. This design 
protected the journals from dirt, and adjustment 
was provided in case of wear, but owing to the 
fact that the pinions were supported by two in- 
dependent housings mounted on a common base- 
plate, it was necessary to take great care that the 
bearings were in exact alignment, otherwise exces- 
sive wear and friction would result. Another 
improvement was introduced here—namely, the 
fitting of a cast-iron guard between the housings 
which covered the pinions, and acted as a recep- 
tacle tor oil or grease, thus providing an oil-bath 
for the gears. This would appear to be an important 
addition, as not only is grit and other destructive 
matter prevented from getting into the teeth, but 
also the constant and effective lubrication of the 


gears, while working, teri 
frictional 1 ; g, materially reduces the 


This idea is more effectively carried out in the im- 








Fig.5. 
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It will be noted on reference to the figure that 
in this design the bearings are solid—that is, there 
is no provision for adjustment. This would appear 
to be a retrograde step, but the advantages obtained 
by adopting this design are found to outweigh this 
drawback. and in actual practice the lack of ad- 
justment is not of any great consequence. The 
reason for this will be seen when it is noted that 
the bearings are specially long, and with the ample 
bearing surface provided, the wear after long 
service is found to be negligible. Perfect align- 
ment is secured by the fact that the two pairs of 
bearings can be bored each in one setting, after the 
two halves of the gear-box are bolted together ; 
after boring, plain circular - flanged bushes are 
driven into place, and secured from turning by a 
steel pin or snug which fits into a recess in the 
housing. It should be mentioned here that the 
dimensions for the pinion-necks, given in Table IL., 


are to suit housings of this type. With this arrange- 
ment, in the event of the bearings wearing to such 
an extent that re ment is advisable, that is 
necessary is to withdraw the old bushes and replace 
by new ones. If the machining is done to gauge, 
as it should be, interchangeable spare bushes can 
be kept in stock and the replacement effected in 
less time than that required to properly refit and 
take up the wear in the old-type sa Sota and 
also, which is more important, the correct align- 
ment is preserved automatically. 

In this design of pinion - housin 


vision is 
made for the automatic lubrication of e 


bearings ; 
oil-boxes are cast over — of i of 
ample size, and oil-holes, fi with siphon-pipes, 


are led to each bearing independently. A greater 
refinement is to provide forced lubrication to these 
bearings (which is shown in Fig. 3), but this is 
perhaps only necessary in the case of the larger 
sizes of mills. 

Reference must be made here to the form of 
foot to the housings and the corresponding design 
of bed-plate. The older English practice, still in 
demand by some users, is to have plain feet, as in 
Fig. 4, which are bolted down to flat facings on a 
bed-plate which is in one piece. (These and the 
following remarks apply, of course, equally to the 
housings carrying the rolls as well as the pinion- 
housings.) These feet were bevelled off on each 
side to facilitate wedging up, steel or wooden 
keys being driven between the housing feet and a 
projecting edge or joggle on each side of the base- 
plate. This meth its obvious use when it 
was necessary to align the two housings of a pair, 
and it was not then necessary to pay any great 
attention to the accurate boring of the bearings ; 
but it suffered from the grave defect that this wedg- 
ing was bound to become loose with the vibra- 
tion, and unless proper care was exercised in 
the erection and final wedging up in place, the 
housings were likely to be fixed permanently out 
of correct alignment. The better form of foot, 
sometimes designated ‘‘American,” is that shown in 








Fig. 7. Here the feet of the housings are in the 


Fig % 4 
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form of a Y with the apex cut off, and should be 
carefully machined to template, to suit the bed- 
—~ or base-rails, the angle of the sloping sides 
ing usually 45 deg. is design ensures the 
correct alignment permanently of the pinion and 
mill-housings. The mill-housings have, of course, 
in such a case the same form of foot, and this makes 
it possible to replace the complete bed-plate (shown 
in Fig. 5) by two base-rails (as Fig. 7), witha 
resulting great saving in weight, especially in the 
larger mills. For large mills this design is now 
S— universal and there would appear to 
little reason for retaining the older type of 
flat foot. 

Where it is necessary, in cases where the bed- 
plate has to serve as a reservoir to catch the water 
which is run on to the rolls and roll-necks, the 
bed-plate must be in one piece, ribs being cast 
across at each end between the VY rails, thus 
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forming a shallow tank. But where the bed-plate 
is e in this way in one casting, there is no 
need to adopt exactly the form of foot shown in 
Fig. 7. Equally satisfactory results are obtained with 
feet of the form shown in Fig. 11, omitting the inner 
sloping piece of the VY, the shape of the rails on 
the bed-plate being made to —- This 
modification means quite an appreciable saving in 
the cost of machining the parts in question. 

In conclusion, the writer is inclined to express 
the opinion that the design of housing for rolling- 
mill pinions shown in Figs. 8, 9, and 10 (but 
with feet of the Y type in place of the flat feet 
shown) has everything to recommend it; and 
if the additional first cost is not an insuperable 
ov machine-cut steel pinions of the double 
helical or stepped form should be fitted. With the 
proper system of automatic lubrication provided, 
and complete encasement of the pinions in an oil 
or grease bath, a considerable reduction in power 
consumption and smaller cost of maintenance should 
be evident. The illustrations shown are from the 
desi of Messrs. W. H. A. Robertson and Co., 
Limited, of Bedford, to whom the thanks of the 
writer are due for their courtesy in giving him 
their assistance in the preparation of this paper. 





THE EFFECT OF BEAM ON THE SPEED 
OF HYDROPLANES.* 
By Linton Hope. 


I rex. that an apology is needed for this paper, on the 

‘ound that it is merely a theory based on an empirical 
‘ormula which has been evolved from data obtai: from 
a few examples, and not—as in the case of the admirable 
Re r on **‘Hydro-Aeroplane Floats,”+ read by Mr. 

illar last summer—the result of careful and exact tank 
experiments. Needless to say, I should have liked to 
carry out pro experiments before venturing to put 
my theory before the Institution, but, unfortunately, 
owing to the war, I could not afford to pay for the use 
of the experimental tank. I must therefore put forward 
the theory and formule untested, for what they are 
worth, and trust that those experts who have gone more 
fully into the subject will deal gently with meif Iam 
wrong. 
Before going into details, perhaps it may be as well to 
explain how I arrived at the formula which has led me 
to believe that beam has such a marked effect on the 
speed of hydroplanes. Being commissioned to design the 
fastest hull that I could uce, to take a cértain motor, 
which the owner sta’ to be 250 to 300 brake horse- 

wer and only 1100 lb. weight, I thougbt I saw a possi- 

ility of attaining a fairly high speed, provided these 
statements were correct, and provid made no mis- 
take in the selection of the type of hull, which would, of 
course, be a skimmer or hydroplane of some sort. As 
there are three totally different types—multi-step, single- 
step, and stepless—it was not easy to say off-hand which 
would be the fastest, the designer of each type naturally 
claiming superiority over the others. I therefore set to 
work to collect all the available data of the actual per- 
formances of well-known hydroplanes of each of the 
types, tabulating them according to the ratios of 

Ww Vv 
Pp and JL ’ 

which enabled me to eliminate those which were obviously 
bad performers. Altogether, I obtained details of some 
fifty or sixty hydroplanes and fast boats, for which I 
have to thank the various builders, and especially Messrs. 
Thornycroft, who very kindl. 
enormous amount of extremely accurate and carefully 
compiled data; but I am indebted most of all to Dr. 
R. E. Froude for his most generous assistance and 
advice regarding the formule. 

The first result of my tabulation, after knocking out 
the obvious ‘‘ wasters,” was to show that the three types 
already mentioned must be treated separately, the single- 
step being much superior to the stepless, while the 
multi-step appeared to come somewhere between the 
two. Even with this further classification there were 
many examples of the same type where length, power, 
and weight were the same, or nearly so, while the speed 
varied considerably, even when (as in one case) the same 
propeller and motor were transferred from one boat to 


another. It was now fairly clear that I must go further 
than the simple ratios of 

Ww Vv 

P and VL 


to find out what speed I should expect from a certain 
combination of weight and power in a hull of a given type, 
and on arranging the varioue examples of each of the 


three types in the order of their ® ratio, it became 


apparent that, other things being equal, the beamy boats 
had a decided advantage in speed, at any rate when the 
ratios Vv L 


JL aw 
“© Paper ‘read before the Institution of Naval Archi- 
tects. March 25, 1915. 
+ Transactions of the Institution of Naval Architects, 
vil. lvi., page 313; Ena neerine, July 31, 1914, 


put at my disposal an | bee: 





were high and, of course, under favourable conditions of 

sea and wind. o this agreed ot ye mca ~ me 

ence regarding the ‘‘aspect ratio” of aeroplane wings, 

felt the more convinced that beam in some form should 

be taken into account. and in my first experimental 

formula I tried ./L + B in place of ./L, and certainly 
i better results than 


obtain ore. , 
Not feeling much confidence in - A mathematical 
abilities, I submitted my crude formula and examples 
to Dr. E. Froude, who most kindly went into the 
matter very carefully, correcting a dimensional error, and 
also showing me how to express the formula in a much 
simpler manner. Commenting on the difficulty of 
evolving a formula which would theoretically correct, 
he pointed out that two totally different conditions 
were involved, either of which if taken separately would 
be fairly amenable to theory, but not when combined, as 
yy are in all my examples. These two extreme con- 
ditions are :—(1) pure floating, where the hydrodynamic 
lifting force is practically nil, and the whole weight is 
supported by hydrostatic force due to immersion; and 
(2) pure —. where the hydrostatic effect is practi- 
cally nil, and all the support is due to the hydrodynamic 
effects. Consequently, no theory can be brought to bear 
in any definite form on the combination. In spite of 
this, he went on tosay that the formula (as corrected, but 
without the beam length ratio for the constant) appeared 
as good an apology for a theoretical justification as could 
be contrived, which, coming from such a high authority, 
is my best excuse for bay ntee, Ay put it before you. 
Although approving of the formula generally, he strongly 
dana to the introduction of beam in any form, on the 
und that only one dimensional factor was necessary or 
lesirable, and that the proper proportion of beam for any 
given conditions would be determined by experience, 
while its introduction in the formula might lead to a 
wrong conception of its true value when designing future 
boa 


ts. Admitting this fully, there yet remains the fact | bee: 


that our knowledge of the best proportion of beam to 
length is very slight; so, for analytical purposes only, I 
have ventured to go against Dr. Froude’s advice, and have 


used a constant varied by the ratio D with results which 


certainly surprised me very much. Turning to the formula 
as corrected, it now reads as follows :— 


V\ia 
B.H.P. = VC) 


*/ BOLs 

Ww 
for speed. The coefficient C is obtained by multiply- 
ing the constant for each type by the ratio ; thus 


for power, and 


Vixts.) 


L 
C = 66,000 r for single-step hydroplanes, while for 


the stepless type it would be 55,000 -~ , or thereabout. 
The type constant 66,000 or 55,000 would again vary 
according to the ratio BH Pp? 


vary —_ from 0.47 to 0.48 in most of the examples which 
I have obtained, I have taken 0.475 as a mean propulsive 
coefficient, and fixed constants of 66,000 and 55,000 for 
the twotypes. With reference to the third type of multi- 
step hydroplanes, I regret to say that I have only been 
able to obtain complete reliable data of two examples, 
although 1 give two others which I believe to be correct, 
but the exact power could not be checked in either of 
them, and is therefore merely estimated. The other 
details, however, are correct to the best of my belief, and 
these examples very closely with the two for which 
all data were available. 
It is unfortunate that in many of the examples I have 
nm unable to ascertain the exact E.H.P., but in several 
instances it has been obtainable, notably in the case of 
Sir John Thornycroft’s Miranda IV., which has the 
highest efficiency of any example of a racing hydro- 
which I have come across. Miranda’s ratio of 
.H.P. to B.H.P. is 0.48, while the next highest (also a 
Thornycroft design) is 0.478, and most of the others 
appear to be about 0.475, except one, which is as low 
as 0.47. Taking 0.475 as the mean, we shall have to 


increase the constant 60,000 p to 138,950 r to obtain the 


approximate E.H.P. necessary for towing experiments, 
or for the floats of hydroplanes. For ascertaining the 
resistance only, the formula is simplified to 


K 


the value of the constant K being 425 P for the single-step 


but, as this appears to 


R= 


and 355 r for the stepless, while for the multi-step type 


it appears to be about 400 i 


Turning to the table of data of the various examples 
(page 407), the first six columns give the number of the 
example, length over all, beam (taken at the water-line 
across the plane or step), total running weight in pounds, 
brake horse-power on trial, and mean speed on trial in 
knots. All thoroughly authenticated figures are printed 
in heavy type, thove which have been obtained from 
reliable sources, but are not fully authenticated, being 

inted in italic figures. In some few cases the 
ioeses given are only estimated, and are printed in ordi- 
nary type. I should explain that the samples in which 








some of the figures are merely estimated are only given 
to extend the range of size, except in No. 1, Class A, 
where the estimated power is known to be reasonably 
correct and the small beam ratio made the example of 
importance. No. 7 in the same class has only an esti- 
mated beam, as she is actually 4.75 ft. extreme beam, but, 
being shaped like an 2 pes pip and running with about 
ee et “0 length out = water, I estimated from 
photographs when running and corresponding measure- 
ments taken from the boat that her beam at the water- 
line when at full speed would not exceed that given in 
the table. I was the more anxious to include this example 
as she is the only one I could find where trials were run 
both asa single-step and also as a stepless skimmer. 

The step or plane in question was a small heart-shaped 
piece of wood projecting below the fore part of the boat 
on a short w fin, and when at full speed the boat ran 
on this plane and the after third of the hull, which was 
sharply pointed, the result being that she generally fell 
over on her side after a few minutes’ run. To get over 
this uncomfortable habit the small forward plane was re- 
moved, which reduced the speed from 41 knots to 38 knots. 

I should like to point out that this little boat, the 
ae ey was the first vessel to reach the speed of 40 knots, 
as the trials (at which I was t) were run early in the 
year 1910. The Flapper, which was designed, owned, and 
engined by Mr. E. Batting, was similar in type to 
Sir John Thornycroft’s Miranda III., but much lighter 
in proportion, and, so far as I am aware, her ratio of 
. 13.44 lb. per horse-power, has only been beaten by 
the French competitor for the British International 
Trophy last year. 

I should have liked to have been able to include this 
latter boat in my table, as her best authenticated speed 
on the Seine is stated to be 51 knots; but, although the 
following figures are believed to be fairly correct, I have 
n unable to verify any of them ; still, as they may be 
of some interest, I give them here :—Length, 7 m., or 
23 ft.; beam, 1.6 m., or 5.45 ft.; weight, 3360 lb. ; 
power, 325 brake horse-power; and speed, 51 knots ; 


ratio, $ = 10.34 lb. per horse-power. 


Although I have only referred to three types of hydro- 
planes, which I have classed A, B, and C in the order of 
their efficiency, I have included a fourth, Class D, in the 
table, as these three examples, which are ordinary racing 
motor-boats of the type in vogue before the advent of 
the hydroplane, undoubtedly skimmed to some extent, 


and were of value in the table on account of their 


ratio tein very low, thus enabling me to extend the 
range of L from 0.1145 up to 0.36. Of course, I do not 


eee any value on the fact that they happen to fit my 
ormula, as others of greater beam do not come in at all, 
but they are interesting as being the only displacement 
boats (if I may use the term) which do fit in, so far as I 


can ascertain. 

I should like to make it perfectly clear that all the 
examples which I have rejected have been much worse 
than the formula standard, and in no case have I been 
able to obtain authentic data of any full-sized hydro- 
plane which is better than the examples given. These 
are, of course, picked, in so far as they are the best 
obtainable results of well-known racing-boats, and it 
would serve no useful apie to give particulars of a lot 
of r performers. In addition to the —— in the 
table, I many others giving results equaily close to 
the formula standard ; but owing to their data being 
im ible to verify in some particulars, I did not care 
to include any but the few to which I have just drawn 
attention as having some special interest. 

Returning to the table, after five columns of data, we 
have three columns of the ratios :— 

BW and Vv, 
ae W/L 
then in the next column the type constants :— 
c = 66,000 B, 618,000 B, ana 55,000 8, 
L L L 
according to the classes A, B, and C, and in the adjoin- 
ing column the constant c obtained by the formula :— 


W.V. ( 7) 


¢=— p 

The twelfth column gives the percentage of error 
between the last two columns, and the others give power 
and speed obtained by the formula with the percentage 
of error. It will be seen that, except in the case of two 
boats in Class B, and two in Class D, the error is gene- 
rally well under 1 per cent. Even in these cases the 
maximum error is — 1.69 per cent., while the average 
error of all the examples in Olass A is 0.37 per cent., in 
Class B 0.85 per cent., and in Class C 0 25 percent. It 
may well be said that the variations in propeller effi- 
ciency alone would cause far greater errors than these, 
and that the formula must be wrong somewhere, because 
the results are too good. On the other hand, most of the 
propellers are the final result of many experiments, and 
in the case of all the A class of single-step bydroplanes, and 
in most of the others, they were designed by the same 
firm. and should give fairly regular resulte. 

With regard to any differences which might be ex- 
pected from variations of hull design, here again we have 
great similarity between individual boats in each general 
type, and no doubt the bad performers which have been 
rejected owed their failure chiefly to badly-designed hulls 
or propellers, unless, as frequently happens, the actual 
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THE EFFECT OF BEAM ON THE SPEED OF HYDROPLANES. 


Fig.1. HOPE-THORNYCROFT SKIMMER: 26 FT x SFT 6.IN. 
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eer transmitted to the propeller was over-estimated. | e lain—although, no doubt, most of those present are | much likelihood of any t differences in the loss of 
18 may easily happen from one of two causes: (a) loss! well aware of it—that the only available method of wer between engine and propeller, except in Nos. 

ere 

Bi 


(y 


\ MAHY 
KEE i AM.ELM SLIVER 
s* 


= power through excess of friction in transmission be- ascertaining the power developed on these trials is by | 5 in Class A. 

een engine and propeller ; and (b) failure of the ine compari the revolutions with the test-bench power-| same design and 
= = rw same ratio of power per revolution in the boat revolution curve. This may lead to an over-estimation | with the ordinary direct-driven , and the other 
While tained on the test-bench. of the power ; but the converse is most improbable, and, | with reducing gear. As the peslemenes of the latter is 
ile on the subject of horse-power, I should perhaps as most of the installations are very similar, there is not | decidedly the better of the two, it seems evident that the 
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slight additional weight of the transmission gear is more 
than counter by the extra efficiency. The revolu- 
tions of the motor were 2100, and the ratio of the gearing 
down to the propeller 15 to 25. The power in the table 
is the brake horse-power of the motor minus 34 per cent. 
for loss through the reduction gear. , ' 

In a different way the example No. 4 in Class B is also 
of interest, ‘ond the fact that she is the widest ex- 
ample obtainable, as she is the only one fitted with an 
aerial propeller similar to that of an ordinary seroplane. 
Her performance is above the average, but it is impossible 
to say how much is due to hull design, and how much to 





boat eo arranged that the pellers could be changed 
easily, and proper series of trials carried out, to settle 
once for all the relative efficiency of the two systems. So 
far, the superiority claimed for the serial t has not 
been apparent in actual practice on boats, whatever may 
be the case with aeroplanes. : 
Turning to the illustrations, Fig. 7 shows the varia- 
tion of the constant C for each type according to the 


ratio of 3 and the numbered circles indicate the various 


examples placed in accordance with C, as found by the 





model and the average of the real boats of. the same 
“ne type in Class A. 

am, however, greatly indebted to Mr. Baker for these 
most interesting tank model experiments ; but I can only 
regret that the forms and proportions were so far removed 
from those which have been found by actual experience 


to be the best for pales oe Not only are his 


models much heavier than the real boats, but their power 
is also lower in proportion, and dis mid-sections are more 
or less recta: —a fornriong since discarded on racing 


hydroplanes in favour of the forms shown in the illustra- 
The proportionate speeds at which these models 


tions. 
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STEPLESS SKIMMER 
DESIGNED BY A. HARDEN. M.I.N.A. 


LENGTH =21-0 FT. BEAM=4-16 FT. 
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LEN GTAH-39:3 FT. 


: “LEGRU-HOTCHKISS” 
DESIGNED BY LINTON HOPE & CO. 1904. 
BEAM=5-0 FT 


Fig.6 
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propeller efficiency. The difference, however, does not 
appear to be sufficient to warrans the claim, so frequently 
put forward by aeronautical anger, that aerial propellers 
are far more efficient than the ordinary marine 

unless the effect of beam has now become detrimental on 


account of the high ratio of I 0.36. It is obvious that 
the beneficial effect of beam must have some limit, and I 
should expect that limit to be reached with a» B 
0. 


ratio of 


3. 
It would be extremely interesting if an aerial pro- 
tried against the type in some 


peller could be 





formula. Fig. 7 also shows with small circles some 
results of tank experiments made by Mr. G. S. Baker 
with five models of floats for hydro-aeroplanes. Unfortu- 
nately, these models are all very heavy in proportion to 
their and power, their ratio of 
L 
Vw 


being 1.05 to 1.36 ; while, so far as I am aware, none of 
the real hydroplanes have ever obtained satisfactory 
results with this ratio below 1.7. In my examples 
average is 1.83, and runs up as high as 1.93, which 
amounts to a difference of 74 per cent. between the widest 














were run were considerably below those which have given 
the best results in the racing hydroplanes, the average 


ratio of 


being only 5.69 in the if or it is 7.42 in Class A, 


the most successful type of 
interesting of 
No. M 


the beam of No. M 43+. Unfortunatel 


boats. The most 


Mr. Baker’s experiments are the two models 
and No. M 61, both of the single-step ty 
the| Class A. The length and form of hull are practically 
the same in both, but No. M 61 is rather more than 


twice 
y, she is also doyble 
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(49064) 8000 9000 — 0000 
TABLE OF DATA. 
| \. , } .t | face Si oe Wee — wo 
c <j | | v 
L | B w P v |B Ww Vv : = R al Vv y"" Error 4 7 14 | Error | 24 /6PI a Error 
No. ra | Lo = = | = 66,000 — w. V. r w. Vv = r | , r Remarks, &, 
L.O.A. |Beam. Weight. B.H.P. - L P VL | c | Pe vi dent. VL | Gent. / Cont. 
a o 
| @ eet aT knote.| | | knots 
Crass A.—Sincie-Srep Typr. 
1| 33,00 | 6.55 | 5,200) 268.00 41.80 -1985 | 20.00; 7.276 13,101 | 18,052 ~0.39 266.98 - 0.88 41.86 +0.10 | 
2 28,00 | 6.00 3,023 | 106.00 35.00 .2143 27.73; 6.614 | 14,145 14,062 -0.59 105.36 -0.60 35.10 +0.29 | This ‘boat hed the engine 
| and propeller of No. 9. 
3 25.00 5.50 2,350 | 105.33 | 38.00 .2200 22.31| 7.600 | 14,520 14,505 -0.10 105.21 -ax| 38.02 +0.05 | 
4 22.50 | 5,00 1,820 40.00 27.80 .2222 | 45.50| 5.863 | 14,667 14,691 +0.16 40.07 +0.17 27.62 -0.10 |Sister-boat to No. 5, 
5 | 22.50 5,00 2,000 54.00 30.01  .2222 37.04 | 6.339 | 14,667 14,751 +0.57 54.30 +0.56 | ‘29,97 -0,13 Geared ler. 
6 | 40.00 9.00 11,700 720.00 | 50.20 | .2250| 16.30| 7.936 | 14,852 14,826 -0.17 718.79 -0.17 | 50.26 +0.12 |8) only attained once 
7 15.00 | 3.40 672 50.00 41.00 .2267 | 13.44 | 10.586 | 14,963 14,990 +0.17 50.08 +0.16 | 40.96 | +0.10 | Flapper, with plane, 
8 26.00 | 6.00 2,650 55.00 | 28.50 .2308 | 48.18| 5.589 | 15,233 15,275 4-0.27 55.15 +0.27 28.47 +0.11 |Miranda IV. 
9 26.00 6.00 3,100 109.00 35.56 .2308 | 28.44) 6.974 15,233 15,382 +0.98 110.04 +0.95 85.46 | —0.28 |Ditto, with small motor. 
10 | 22.00 | 525) 1,568 | 66.00 | 37.00 | .2887 | 24.00| 7.889 15,754 15,850 +0-61 66. +0.59 | 36.94 -0.16 | 
1) | 20.50 | 5.50 | 1,540 | 78.00 | 41.00 | .2688 | 18.67| 9.055 17,709 17,700 —0.05 77.96 | 0.05 | 41.02 +0.06 | 
Norg,—Formule and errors. All the results have been taken out by slide-rule. 
© = 61,800 B, 
L 
Crass B.—Mo.t1-Stepr Tyrpz. 
1 24 5.25) 1,965, 63.00 30,60; .2000 |, 31.19, 5.974 12,360 | 12,269 ~0.88 62.49 —0.81 30.79 |4+0.13 
2 5.25| 1'869| 66.00 32.60) .2000|2884| 6345 12°360 | 12,230 ~ 1.05 65.24 ~1.15 32.64 ea 
3) 26.24 5.25 3,095 | 153.38 37.77| .2000 | 20.18 | 7.373 12,360 | 12,502 +116 | 156. +1.87 | 87.54 [0 powers and weig 
4| 18,00 6.50 1,000 39.00 39.00! .3600 | 25.64| 9.192 22,248 | 22,825 | +0.35 | 39.10 +0.85 | 38.94 -0.15° | Aerial propeller. 
O = 55,000 c 
Crass C.—Srepiess Tyre. 
1 21,00 | 4.25) 1,436) 38.00 | 26.00, .2024 | 38.32, 5.674 11,133 {| 11,166 40.30 | 38.10 | +0.26 | 25.97 |-0.12 } | 
2 | 21.00 | 433) 1,531 | 27.30) .2062 34.02 | 5.957 11,340 | 11,297 - 0.88 | 83 - 0.88 27.34 +0.15 }|B.M.B.O., 21-ft. class. 
3 | 21.00 | 1,339 | 40.00 28.00 .2143 | 33.47 | 6.109 11,787 | 11,816 +0.26 | 49.10 +0.25 27.96 |-0.18 J | 
4| 15.00 3.40 | ‘670| 50.00 | 38.00 .2267 | 13.44| 9.811 12,466 12,455 — 0.09 49.94 —0.12 38.02 +0.05 | Flapper, without plane. 
C = 55,000 2 
Crass D.—DispLacemMEnt Type. 
1 | 40.00 | 4.58) 4,700); 247.00 32.97) .1145 | 19.03, 5.213 6,298 6,335 | +0.59 | 248.00 +0.40 $2.91 —0,18 {Dixie IL. 
: 39.40 | 5.00| 5,071 | 145.70 26.58) .1251 | 34.80 4.237 6,881 | 6,986 | +1.68 | 147.87 +1.49 26.44 -0.54 |Legru-Hotchkiss. 
39.90 | 5.00) 5,666 | 140.00 25.10) .1253 40.47) %978 6,893 | 7,010 | +169 142.35 +1.68 24.94 ~0.68 |Hutton II. 
} ' | 











the weight, so her ratio of 


= mee below that of any real skimmer that I have ever 
ard of, and, in addition, she was not run at such a high much lower ratio of 
436. If, however, she were run at the sane | 

knots, it may be 


speed as No. M 
Speed of 22 
examples that her 





E.H.P. to about 15 E.H.P., or, say, 31.6 brake horse- 
power, which would give her a constant by my formula 
of 18,608. As No. M 43) has a constant of 14,504 at 
22 knots, doubling the beam has apparently increased 
the efficiency by about 21.4 per cent., in spite of the 





L 
lw 


and a r ratio which is probably well beyond the point 
of maximum efficiency. This is, I think, all in favour 


of my theory of a fixed > constant, at any rate until 


E reaches 0.3 or thereatout ; but it does not account for 
the extraordinary efficiency of Mr. Baker's toboggan- 
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steplees model No. M 


Py which attained a speed 
of knots with only 12.75 


-H.P. If we take her 


probable power at a of 22 knots to correspond with 
the two previous models, it appears to be about 14 
E.H.P., or, say, which gives her 


29. eng ony sae 

a constant of whereas the formula for the C class 
only gives her a constant of 7895, so that even at 22 knots 
her constant is 25.6 cent. better than that of any of 
the stepless racing ro of which I have been 
able to obtain particulars and results. This discrepancy 
may, perhaps, be due to the model trials having been 
made on perfectly smooth water, a condition which can 
never be obtained on the sea with a real boat. This 
rectangular fen nee form of hull has proved most in- 
efficient in actual practice, even under ordinary smooth- 
sea conditions ; but no doubt it may the best on abso- 
lutely smooth water, as in the present instance, and it 
bas the virtue of simplicity of construction and repair, 
which makes it a favourite form of float on hydro- 
aeroplanes. 

In spite of these very valuable advan I feel sure 
that, for a given weight and size, a much stronger and 
more efficient form of float can be to suit 
the usual sea conditions which hydroplanes have to 
encounter, perfectly smooth water being very rarely met 
with. Such a form as I have in my mind would be just 
as easy to — as the toboggan form, and, although it 
would undoubtedly cost more to build, the great increase 
in strength for a given weight, or decrease in weight for 
a given strength, in conjunction — oS much 
superior speed in disturbed water, would be well worth 
the extra expense. Such floats can be built to weigh 
only about 90 Ib. to 95 Ib. each for 720 Ib. displacement at 
rest, with 830 lb. reserve buo ° I ones would 
have the same proportion of weight to displacement, but 
their cost would not increase in the same ratio. Fig. 1, 
page 405, is » Thornycroft type of hydroplane, represen- 
tative of Class A, and her construction drawings are 
shown in Figs. 2and3. Fig. (ensouen Sa: 
multi-step hotvesions of the Fau type, Class B; while 
Fig. 5 is a stepless skimmer of Class C, des by Mr. 
Alfred Harden forthe British Motor-Boat Club 21-ft. class. 
The last illustration, Fig. 6, perhaps needs an apology, as 
it has been taken from a paper on racing motor-boats 
which I read before this Institution in 1906, but I have 
included it because this boat, Legru-Hotchkiss, is one of 
the old racing boats which happen to fit in with the 
present formula in Claes D. 

In conclusion, I trust I have not taken up too much 
valuable time with a subject that can onl of in- 
terest to vay few naval architects, and which, as I have 
already explained, is merely an empirical theory, as 
yet lacking practical proof. If, however, it should turn 
out to be correct, I hope it may be of some use to the 
designers and constructors of the floats for hydro- 
aeroplanes. 





Tue INstiTUTION OF MECHANICAL ENGINEERS : CHANGE 
or Date or Next Mexrtinc.—The President (Dr. W. 
Cawthorne Unwin, F.R.S.) will deliver his inaugural 
aidress at the Institution, Storey’s Gate, S.W., on 
Friday, April 16, instead of April 23, as previously 
announced. 





University Coiircr, Lonpon.—The annual report 
of the University College, London, Committee states 
thet the total number of students for the session 
1913-14 was 2206. For the current session, 1914-15, 
owing to the war, the decline in full-time students 
up to the present date is 462. This decline is due 
to the large number of students who are taking an 
active part in the war. The Faculty of Engineering 
has been most affected, nearly all the second and 
third-year men having either taking commissions or 
enlisted. The fall in numbers will involve a decrease in 
fees of not less than 10,0007. The report contains a 
summary of the work of last session, and also some 
particulars of the war activities of the College. The 
‘Pro Patria” list, already issued, contains 665 names, 
distributed as follows :—Army, 523; Navy, 30; Officers’ 
Training Corps (preparing to take commissions), 69 ; Red 
Cross work (women), already abroad, 17 ; Voluntary Aid 
Detachment, ready for service, 26. A large number of 
public lectures in connection with the war has been 
organised, dealing with various historical and legal 
matters, and also with the actual effect of the war upon the 
ocoupied territories in Belgium and France. A large 
numberof refugee students has been received at the College, 
each student paying a merely nominal fee. The number 
admitted since the beginning of the session has been 116 ; 
at the opening of the second term the number actually 
at work was 81. During the first term, Professor 
Louis Gesche, of the University of Ghent, acted as tutor 
to the Belgian students, and helped to arrange their 
studies. The College staff, with the help of its friends, 
has provided hospitality, either partial or complete, for 
about 48 persons, and has raised a sum of nearly 300/. to 
aid the students by viding money for their general 
expenses. The students of the have also 
assisted in various — in ‘social work connected with 
soldiers’ families, and have given more than usual energy 
to the St. Christopher’s Boys’ Club. One former student, 
in Martin Tacha, who gained the Victoria Cross 

in the Boer War, has gained the Cross a second time. 
Some important and additions have been made in 
the staff of the Faculty of ineering. Professor Ernest 
be Coker has succeeded Professor J. D. Cormack in 
the chair of Civil and Mechanical i ing ; and Mr. 
Ernest ney Matthews, new Chadwick Professor 
re Menieigal Engineering, has taken up the duties of 

is chair. 


NOTES FROM THE UNITED STATES. 
PxHiLapELpuiA, March 24. 
Tae production of steel in the United States has 
doubled since January | and is now 65 per cent. of 
maximum output, some lines reaching 80 to 90 per 
cent., while rails and structural shapes fall below. 
War orders are steadily, even rapidly, increasing, 
but, as usual, accurate details are not available. 
The opening of the building season is stimulating 
construction material in 1000-ton lots and less, but 
railroads continue to purchase about 5 per cent. of 
steel capacity, where the normal demand is around 
30 per cent. One war order taken by the New 
York Air-Brake Company and the Westinghouse 
Company calls for 2,000,000 shrapnel shells for 
Russia, calling for somewhere around 150,000 tons 
of steel. Several orders for from 10,000 tons to 
50,000 tons of shrapnel bars for France are pend- 
ing. A number of not very promising inquiries 
are on the market for cars and locomotives. Addi- 
tional contracts are pending for ships, the estimated 
steel-plate requirements for which are 50,000 tons. 
Most of the independent mills are filling up gradually. 
The Republic Iron and Steel Company is filling ite 
order-books, mostly for early summer delivery. The 
week has been quiet for pig-iron. A few concerns are 
asking a 50 cente per ton advance. The Steel Corpora- 
tion has plans involving very large expenditures for 
additional capacity, placed at ten million dollars— 
ibly an exaggerated estimate. A mill to manu- 
acture sheet-ties and railroad specialties is to be built 
at Homestead, near Pittsburg, and benzol plants are 
to be erected at Gary and Garrel, as well as one at 
Youngstown, by independents. 








FOREIGN ENGINEERING PROJECTS. 
Wr give below a few data on several foreign engineer- 
ing projects, taken from the Board of Trade Journal. 
F er information concerning these projects can be 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, Senlen, E.C. 


> : The Gaceta de Madrid notifies that sealed tenders 
will be received by the Junta de Obras, Calle de Coso- 
Alto, 24-26, Huesca, Spain, up to 11 a.m. on April 20, for 
the supply and delivery of (1) 2000 metric tons of hy- 
draulic lime, and (2) 700 metric tons of Portland cement, 
required for the Santa Maria de Belsué drainage works. 
A deposit of 1000 pesetas (about 40/.) is required to 
qualify tenders for either of these contracts. Local repre- 
sentation is necessary. The Gaceta also publishes a 
notice, issued by the Ministerio de Fomento, to the effect 
that permission bas been nted to m José Alfaro 
Judrez to utilise, at the maximum rate of 6300 litres per 
second, the waters of the Rio Segura, in the district of 
Yeste, for the production of motive power for industrial 
purposes. A period of two years is allowed for the execu- 
tion of the necessary works. The Gaceta further pub- 
lishes a Decree authorising the Ministerio de Fomento to 
make arrangements for the carrying out of drainage 
works in the district of Gallipuen, im the Province of 
Teruel. The estimated cost of the undertaking is 
1,060,628 pesetas (about 42, 400/.). 


Italy : Inquiry is made by an agent in Florence, who 
already represents a British firm for motors, for the names 
of United Kingdom manufacturers of motor-ploughs. It 
is stated that German motor-ploughs are in use in Italy, 
and it is desired to introduce ploughs of British manufac- 
ture in their place. United Kingdom manufacturers of 
eteniengte should apply. in the first instance, to the 
Commercial Intelligence Branch of the Board of Trade 
for the name and address of the enquirer. Further com- 
munications regarding the enquiry should be addressed 
to the Secretary, British Chamber of Commerce for Italy, 
1, Vita Innocenzo Frugoni, Genoa. 


Morocco: H.M. Consul-General at Tangier reports that 
tenders are invited by the Special Committee of Public 
Works for the construction of a shed at the Custom 
House, Laraiche. Tenders, accompanied by certificates 
of competency, will be received by M. le Président du 
Comité Spécial des Travaux Publics, Dar-en-Niaba, 
Tangier, up to 11 a.m. on May 15. The estimated vaiue 
of the contract is placed at 32,335 francs (1295/.), and a 
deposit of 1000 francs (40/.) is required to qualify any 
tender. The contractor muct elect domicile in the neigh- 
bourhood of the works. 





Desien or Motor AMBULANCE Bopigs.—The Ambul- 
ance Construction Commission have recently issued a 
revised prospectus of the prize competition for improve- 
ments in field motor amulances. Prizes of the total value 
of 20002. are offered by the Wellcome Bureau of Scientific 
Research for the best design for an ambulance body, and 
full instructions and general information for competitors 
are given in the new prospectus. Since tha prospectus 
was first issued the Commission has decided, as the result 
of certain lence, that it would be advisable to 
alter some ef the conditions governing the competition, 
notably those relating to designs becoming the property 
of Commission, and to the arrangement for testing 
and utilising the designs submitted. Some particulars 
of the scheme will be found in our issue of January 15 
last, on 70; but persons interested in the matter 
should apply to the Secretary of the Commission, at 10, 
Henrietta-street, Cavendish-square, London, W., for a 
copy of the new prospectus. 








NOTES FROM THE NORTH. 

: Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Wednesday morning 
the pig-iron market was irregular, and after_ opening 
strongly, Cleveland warrants eased off towards the close. 
The turnover was 4500 tons at from 67s. 9d. to 67s. 3d. 
cash, and from 68s. 3d. to 67s. 6d. to 67s. 9d. one month, 
and pane sellers quoted 67s. 5d. cash, and 67s. 10d. 
one month. The afternoon market was steady, 
and the dealings amounted to 4500 tons of Cleve- 
land warrants at 67s. 54d. thirteen days, 67s. 9d. 
one month, and 68s. 74d. three months. At the close, 
sellers’ quotations were the turn easier at 67s. 4d. cash, 
67s. 9d. one month, and 68s. &d. three months. On 
Thursday morning the opening tone was strong, and 
although business was limited to 2500 tons of Cleveland 
warrants, the prices showed an advance. The dealings 
were at from 67s. 44d. to 67s. 74d. cash, and 67s. 9d. 
one month, and closing sellers named 67s. 11d. cash, 
68s. 4d. one month, and 693. 6d. three months. In 
the afternoon there was more activity, and Cleve- 
land warrants recorded a further rise of from ls. to 
1s. 2d. Fa ton. The turnover was 6500 tons at 68s, 
cash and twenty-three days, 69s. April 30, 688 74d. one 
month, and 69s. 5d. three months. and at the close 
the quotations were 69s. cash, 69s. 6d. one month, and 
70s. 6d. three months sellers. The market was closed on 
Good Friday and Easter Monday. When business was 
resumed on Tuesday morning the tone was strong, and 
3000 tons of Cleveland warrants were done at 69s. 6d. cash 
and seven days, 69s. 74d. eighteen days, and 69s. 114d. 
one month. Closing sellers named 69s. 5d. cash and 
69s. 1ld. one month. In the afternoon the market was 
quiet, and Cleveland warrants became easier, changing 
hands at 69s. cash and 69s. 3d. twenty-four days. The 
turnover was 2000 tons, and sellers’ closing quotations were 
69s. 1d. cash, 69s. 7d. one month, and 70s. 6d. three 
months, with buyers 2d. to 3d. per ton less. When the 
market opened to-day (Wednesday) Cleveland warrants 
were fairly firm, but afterwards became weaker. The 
business consisted of 1500 tons at 693. 6d. and 69s. 3d. 
twenty-eight days and 69s. 6d. one month, with sellers 
over at 68s. 11d. cash and 69s. 44d. one month, The 
afternoon session was also weaker, and as there was little 
demand the values fell away. The dealing was limited 
to 2000 tons of Cleveland warrants at 68s. cash, and 
ee sellers quoted 68s. 14d. cash and 68s. 7d. one 
month. 


Sulphate of Ammonia.—There has been less doing in 
the sulphate of ammonia market during the past week, 
and prices have eased off. The home demand is not now 
so active, as much of the spring requirements has been 
satisfied, and as export has been prohibited meantime, 
the shipping side of the business has about ceased. The 
current price for = lots may be taken as round 
132. 11s. 3d. to 13/. 123. 6d. per ton. 


Scotch Steel Trade.—The activity which has charac- 
terised the Scotch steel industry for some months back 
continues unabated, and the cry for more munitions is 
being nobly responded to by the workers, who are endea- 
vouring to meet the demand. In such a time of high 
pressure some ‘“‘ broken time” is sure to result, and quite 
a large number of the workers resent the slur which is 
being cast on them all at present. ny of them are 
favourable to the suggested restrictions in the sale of 
liquor, being well aware that it would be for the general 
good of the country, as well as a great personal benefit 
to some of their own fellow-workers. The output of 
all classes of steel material is very large indeed, as 
the demand from our Allies and our own Government 
amounts to a very considerable ton There is so 
much urgently wanted that few works were closed 
during Easter. Values continue to rise, and as much as 
91. 15s. per ton, less 5 per cent., is being got for ship- 
plates, and other material is correspondingly high. For 

meral home business there is not a very pressing 

emand, and as shipping facilities are seriously curtailed 
the outlook in that direction is much restricted. 


Malleable-Iron Trade.—The state of affairs in the 
malleable-iron trade of the West of Scotland has varied 
very little of late, but the ny on high price of raw 
material is telling a tale. Iron bars and steel bars are 
both moving freely in spite of the advanced | gn being 
asked. ‘‘Crown” bars are called 8. 12s. 6d. to 9. 5s. 
per ton, less 5 per cent., but the higher figure is being 
secured by sellers without much trouble. 

Scotch Shipbuilding.—The Scotch shipbuilding trade is 
exceedingly busy av present, and employment is going 
on night and day; indeed, if an additional number of 
workmen could be secured, the already large output would 
be considerably increased. For the month of March the 
figures were as follow :— 





Vessels. Tons. 

The Clyde .. et “5 ve ve oo 43,101 
The Forth .. én ae ois aw 1 211 
The Tay... ‘e ‘ “ 2 400 
The Dee ee es ° ee oe 4 755 
Total 19 44,467 


The total output is exceedingly good when it is remem- 
bered that it represents mercantile work only; and 
were Admiralty work included, the figures would be 
considerably higher. What the latter amounts to is 
known only to the Government officials. The total 
of over 43,000 tons from the Clyde yards is quite 
a fair average, and brings the output for the first 
quarter of the year up to twenty-nine vessels, totalling 
106,703 tons. For purely mercantile shipping it is 
extremely satisfactory. New contracts are meantime 





somewhat scarce, and few are reported, although others 
are known to have been placed. The largest veesel 
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launched last month was the turbine-steamer Cumber- 
land, 10,000 tons, from the yard of Messrs. William 
Hamilton and Co., Port Glasgow, for the Federal Steam 
Navigation Company, London. 


Scotch Pig-Iron Trade.—The strong position of Scotch 
pig-iron is maintained, and producers are actively em- 
ployed meeting the demand. Most of it is on home 
account, as foreign consumers are very unwilling to pay 
the present high prices, added to which is the expensive 


freight demanded by shippers. Hematite continues to — 


advance steadily, and there is a brisk demand. The 
price is now higher than during the ee twenty to thirt: 
years, and is round 110s. per ton. © following, whi 
are the market quotations for makers’ (No. 1) iron, show 
an advance of from Is. 6d. to 2s. 6d. per ton:—Clyde, 
85s. 6d. 3K eee ee aay awe i 
85s. (all shi: at Glasgow) ; ‘inton, » an ien- 
poh She 6d. (both at Ardrossan); Shotts, 85s., and 
Carron, 86s. (both at Leith). 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The difficulties under 
which the trade labours tend to increase rather than 
diminish. W: are more scarce than at any period 
during the war, and output of all kinds of fuel is conse- 
quently on a smaller scale, pits being unable to work 
regularly, even with reduced staffs. jus, though the 
demand is easier in at least one section, prices are 
very firm. A good many orders for house coal were 
carried over the holiday period, but they have now 
been discharged, and for the first time for several 
months merchants are clear of arrears of business. 
Contract rates are ls. lower, but retail rates remain 
as they were. The colliery position in regard to all 
classes of manufacturing fuels is very strong. The large 
engineering concerns of South Yorkshire are taking extra 
heavy tonnages of hard steams to support the pressure 
on output, and there is a strong inquiry from manu- 
facturers in the districts. Contract deliveries are being 
expedited to meet the needs of Government contractors. 
Slaeks are an even stronger market. There has been a 
marked expansion iu the demand from consumers in all 
parts of the country, notably from the Manchester 
cotton trade. Contracts are being renewed at high 
figures. In many cases the old rate of 4s. 6d. to 5s. 
for six months’ delivery has been altered to 9s. 6d. 
to 10s.—quite double the normal figure. Gas fuels 
are firm. Stocks at inland works have been greatly 
depleted; in some cases they have been practically 
cleared out, and fresh supplies are being sought. Ship- 
ments show no alteration. Owing to the scarcity of 
slacks, and therefore of coking material, coke values are 
on the up grade. Blast-furnace coke has risen from 11s. 
four months ago to 1. at the ovens. Quotations :—Best 
branch hand-picked, 21s. ; Barnsley best Silkstone, 17s. 
to 18s. ; Derbyshire best brights, 17s. 6d. to 18s. ; Derby- 
shire house, 16s. to 17s. ; best large nuts, 15s. to 16s. ; 
small nuts, 13s. 6d. to 14s. 6d. ; Yorkshire hards, 17s. 6d. 
to 203.; Derbyshire hards, 17s. 6d. to 19s. 6d. ; best slacks, 
%s. to 10s. 6d. ; seconds, 8s. to 9s. 6d. ; smalls, 6s. to 7s. 


Iron and Steel.—Except in the case of a few concerns 
which do not possess the facilities for assisting in supply: 
ing the needs of the Army and Navy, all traces of holi- 
day-making have disappeared, and general activity is as 
great as, if not greater than, ever. One of the most 
serious problems which engineers and steel-makers are 
being called upon to face is the almost constant advance 
in the price of all descriptions of raw material. Scra 
common irons, hematites, billets—everything—is 
vancing in value, and those manufacturers who are try- 
ing to cultivate overseas markets that present the best 
openings for their —— class of goods, d ir of 
being able to make headway with such prices as they are 
compelled to ask to leave a reasonable margin for profit. 
Scarcity of labour appears to be the chief drawback to 
improved conditions. Foundries dealing with work for 
Government contractors are taking eee of iron, 
and Derbyshire masters are now asking 67s. to 69s., 
representing an advance of 2s. 6d. on last week’s quota- 
tions. Only those consumers are buying at this enhanced 
figure who are absolutely compelled ; but at the present 
rate of consumption there is bound to be a big expansion 
in the demand. Forge iron is less active ; prices are firm. 
The hematite section presents no new feature. Record 
consumption at the armament firms continues, and makers 
are in a strong ition. East Coast mixed numbers are 
quoted round about 107s. 6d. at the furnaces. Billets 
are no easier. The pressure on supplies for munition- 
making purposes leaves only a small surplus available 
for makers of commercial preducts. is a heavy 


run on iron and steel scrap at advancing values. Special | K; 


qualities of scrap find a very ready market. The arma- 
ment works continued — right through the 


holidays. Respite was allowed the men in sections, 80 | busi 


that there would be no necessity to stop the machinery. 
Now that everybody is back at work, speeding-up has 
been resumed, and output is altogether beyond what 
was anticipated two months ago — this, despite the 
fact that skilled men are still badly wanted. One 
of the three largest armament concerns alone could 
fiad employment for 1000. Railway steel departments 
have not a deal of work on hand on ordinary account, 
but are busily employed on Government work. Another 
rush of orders bas been experi by makers of high- 
speed steel. The i supply of tungsten by the 
Sheffield combine is anxiously awaited. The ligh 

trades still present slack new a but are making d- 
way against difficulties, not the least of which is con- 


nected with delivery. In order to avoid railway delay, | a) 


— have been sent as personal luggage and by parcel 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Me ony oe 

The Cleveland Iron Trade.—The Royal Exchange 
was re-opened to-day after the holidays, but few 
traders attended, and there was next to nothing doing. 
What business in pig-iron was Eg through was con- 
fined to small parcels for early delivery, and was done 
almost entirely by merchants. After No. 3 g.m.b. Cleve- 
pig had chan hands at 68s. 6d., the general 
quotation became 68s., and by the close of the market 
merchants were rather pressing sales at that figure. 
No. 1 was 70s. 3d.; No. 4 foundry, 67s. 6d.; No. 4 
forge, 67s.; and mottled and white iron, each 66s. 6d 
East Coast hematite pig was very firm. There was little 
offering, several ucers having closed their books at 
the recognised market quotations. Nothing below 105s. 
was named for Nos. 1, 2, and 3, and, in fact, it was by 
no means easy to place orders at that figure. Time was 
when the recognised difference between No. 3 Cleveland 
and mixed numbers of East Coast hematite was 8s. to 
10s., whereas to-day it is quite 37s. Producers of all 
descriptions of pig continue to complain of high cost of 
make, and opine that expenses will be pase. Labour 
is very scarce, and this is felt very acutely at local mines, 
with the result that Cleveland ironstone supply is in- 
adequate. Coke is also scarce and v dear, medium 
blast-furnace —_— being in the neighbourhood of 30s. 
delivered at Tees-side works. Good supplies of —- 
ore are coming to hand. Quotations remain on the 
basis of 30s. ex-ship Tees fur Rubio of 50 per cent. 
a Freights Bilbao-Middlesbrough are round about 

S. 


Blast-Furnacemen’s Wages Advanced.—The average net 
selling price of No. 3 Cleveland pig-iron for the first quarter 
of the year has just been certified at 52s. 8.95d. per ton, 
as compared with 50s. 9.53d. per ton for the previous 
three months, and 5ls. 5.13d. per ton for the first three 
months of last year, and under the sliding-scale arrange- 
ments blast-furnacemen’s wages on the North-East Ooast 
are advanced by 2.50 (24) cent. This brings 
from 23.25 per cent. above the standard to 25.75 per cent. 
above the standard. 


Shipments of Iron and Steel.—Shipments of pig-iron 
from the Tees during the month of March were on a very 
small scale, averaging only 462 tons per working day, the 
total dispatches being officially returned at 12,486 tons, 
all of which went from Middlesbrough. For the month 
of February the clearances totalled only 16,888 tons, or 
a daily average of 703 tons, but for the month of March, 
a@ year ago, the loadings reached 115,557 tons, or an 
average of 4279 tons per working day. There were 
no shipments from Skinningrove during March. Of 
the pig-iron loaded at Middlesbrough, 8946 tons went 
abroad, and 3540 tons coastwise. Norway was the 
largest buyer, with an import of 3520 tons; whilst Sweden 
received tons; the Tyne, 1330 tons; and Japan, 
1000 tons. Tees loadings of manufactured iron during 
March amounted to 9896 tons, 6217 tons of which went 
abroad, and 3679 tons coastwise, and those of steel 
reached 25,701 tons, of which 21,992 tons went foreign 
and 3709 tons to home customers. The Argentine 
received 4147 tons of manufactured iron, and India 
topped the list for steel with an import of 8036 tons. 
Other incipal buyers of steel were:—France, 4794 
tons; Nigeria, 2976 tons; Victoria, 1848 tons; and 
Natal, 1826 tons. 


Manufactured Iron and Steel.—Excellent accounts con- 


“| tinue to be given of all branches of the manufactured 


iron and steel industries. Producers re works going 
fully and that they are pressed for delivery. Principal 
market quotations stand:—Common iron bars, 9/. 10s. ; 
best bars, 9/. 17s. 6d. ; best best bars, 10/. 5s. ; packing- 
iron, 71. 10s. ; iron ship-plates, 97. 10s. ; iron’ shi 

9/.; iron ship-rivets, 11/.; iron tat gy 3 

bars (basic), 91. 10s. ; steel bars (Siemens), 97. 10s.; steel 
ship-plates, 91. 10s. ; steel ship-angles, 9. 5s. ; steel boiler- 
plates, 102. 10s. ; steel joists, 91. ; steel hoops, 9/.; steel 
strip, 82. 10s.—all less the customary 24 per cent. dis- 
count; cast-iron columns, 7/. 7s. 6d. ; cast-iron railway 
chairs, 4J. 7s. 6d. ; light iron rails, 7/. ‘0s. ; heavy steel 
rails, 71. 15s. ; steel railway 8l.—all net f.o.b. ; 


vanised me yy sheets, gauge, in bundles, 
ft 10s., f.0.b.—less 4 per cent. 





Waycoop-OtT1s, Limrrep.— On Tuesday evening, 
March 30, a large number of the principals and employees 
of this company met together in the Crossway Hall, New 

ent-road, to make a presentation to Mr. Henry C. 
Walker, the chairman and managing director of the firm, 
on his celebration of his fifty years association with 
iness. The presentation took the form of a mahogany 
hall clock and of an album signed by over six hundred 
su > 





Eieut-Ton Execrric Winpine-Gear: Esrata.—In 
the concluding part of our description of the electric 
winding-gear for the Rand Proprietary Mines, 
which appeared on page 375 of our issue of the 2nd inst., 
the rating of the induction motor of the Ward-Leonard set 
was given as 1500 to 8000 brake horse- . The figures 
noun have been 1500 to 5000 brake fesso-power. T 
liquid starter for this motor, which was stated to have a 
capacity of 6000 horse-power minutes, rem! has a 
capacity of 11,000 horse-power minutes. A further error 

in the sixth line of the penultimate paragra 
or “‘ field current of the generators” in this line, read 
“field current of the winding-motors.” 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—Tonnage arrivals have not been very heavy. 
In consequence of the loss of two days’ output through 
the holidays, there has been no relief from the ure 
which is expected to continue all through April, if not 
for a longer period. Under these circumstances, there 
has been no difficulty in maintaining prices for all quali- 
ties of large and small steam-coal. It is considered not 
improbable that 37s. and even 40s. per ton may be 
realieed after the holidays even for secondary descrip- 
—, Ho » patent om ~ a have shown 
scarcely any change, prices being fully maintained. 
Best bunker smalls have realised 2ls. 6d. to 22s., and 


- | cargo smalls have made 18s. to 19s. per ton. The best 
0 


household coal has been ayy at 29s. to 30s., good 
households have made 27s 6d. to 28s. 6d., No. 2 Rhondda 
large has realised 28s. to 29s., and No. 2 smalls have 
—_ 18s. to 1s. per ton.. Patent fuel has been quoted 
at 32s. to 35s per ton. Special foundry coke has made 
40s. to 42s. ; good foundry coke, 35s. to ; and furnace 
coke, 268. te 30s. per ton. As regards iron Rubie 
eae soem Gated ot 20s, So 3, gar Sih, Spee 8 is of 
50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

_Welsh Colliery Deal.—As from Monday all Lord Bute’s 

its in the Abernant district become the property of the 

owell Duffryn Company. The purchase was virtually 
concluded some months ago. Active operations are only 
in progress at t at the Blaenant pit and the 
Crichton Drift, the pit giving ee ey to 200 men, 
and the — _F. = ought that another aX at 
present disused ortly again in operation. is 
1s the River Level pit, which has been idle since 1896, 
when it was closed in consequence of a great flood. 


Newport. —Oolliery-owners have their order - books 
poy well filled for the month. The best Newport 

lack Vein large has realised 34s. to 35s.; Western 
Valleys, 33s. 6d. to 34s.; and Eastern Valleys, 32s. 6d. to 
33s. 6d. per ton. 





Cost or A Government ARmouR-PLatE PLant.—We 
read in 7'he Iron Age of March 25 that the putting down 
of a Government armour-plate factory baving an annual 
ane of 20,000 tons would cost 10,331,906 dols., whilst 
a factory having a capacity of 10,000 tons would cost 
6,635,107 dols. These estimates, of which our contem- 
porary gives the detail figures making up the above 
totale, represent the conclusions arrived at by the joint 

onal Committee which recently investigated the 
three private plants now engaged in producing armour 
for the Government. The committee estimates that the 
probable cost of armour made in a 20,000-ton Govern- 
ment plant, when operating at full capacity, would be 


230.11 dols. per ton, made up as follows :— 
Per Ton. 
Dols. 
Labour .. . . - en =a - 71.92 
Metal... . - ‘a ot - 107.14 
Repairs and maintenance .. . _ in 40.72 
Maintenance of plant we - os - 10.33 


The cost of producing armour in a 10,000-ton plant under 
like conditions would be 262.79 dols., which includes :— 


Per Ton. 
Dols. 
Labour .. ee - ee os se - 87.38 
Metal .. < - - ne io a 107.14 
Repairs and maintenance .. + - ia 55.00 
Maintenance of plant oe oe ° oe 13.27 


Dealing with the 20,000-ton plant, it is stated that for this 
quantity of finished armour about 70,000 tons of ingots 
would have to be cast per year. The plant would be abie 
to average only 250 ae year, which means that 280 
tons of armour ingots would have to be cast each day. 





Traber wits ITaty.—The Bulletin for March of the 
British Chamber of Commerce for Italy states the follow- 
ing :—‘‘ The system in vogue in Germany of grouping 
several large firms to work in conjunction has 
no doubt had the effect of assisting German penetration. 
If an extensive and complicated industrial plant is 
required, it is difficult to find a British firm to supply all 
the different parts. . . Most British firms are specialists, 
and in order to favour British contractors it is necessary 
to sub-divide contracts, giving rise to difficulties, besides 
the trouble the customer has in treating with several 
contractors. The majority of solid people in Italy would 
prefer to do business with the United Kingdom if only 
things were made easier for them. The British manu- 
facturer should therefore be much more pasinstaki 

the Italian market, and advantage shoul 


as 
the | be immediately taken of the present conjuncture to 


establish a firm footing, for otherwise it is to be 
feared that, after the war, Germany will rapidly 
good the ground she now seems to be losing. Dis- 
couragement should not be felt if profitable business does 
not immediately ensue; close quotati reasonable 
credit terms, perseverance, and adaptability will be 
required ; and with to the language, if it is not 
ible to use Italian, French will be found very useful. 
presentatives of British firms travelling in Italy will 
be afforded aesistance at the various offices of the 
Chamber, especially with regard to suitable agen 


he | likely bu om, lntespentere, Oo The Chamber is 
to receive and exhi it in its Genoa offices, tree of charge, 


any small samples or of British merchandise 
that may be sent to it. talogues should be sent by 
book-post, small samples as ‘samples, no value,’ but 
registered. ..” The address of the executive office of 
the Chamber is 1, Via Inn»cenzo Frugoai, Genoa, 
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SELF-REDUCING STADIA THEODOLITE. 











Fic. 1. 


On this page we illustrate, in Fig. 1, a new form 
of tacheometer theodolite, constructed by Messrs. 
Troughton and Simms, London, to the designs fur- 
nished by Mr. A. L. Higgins, A.M. Inst. C.E., 
instructor in surveying at Queen’s University, 
Belfast. Details of the construction of the instru- 
ment are represented in Figs. 2 to 5. Distances 
read by stadia-webs fixed in the telescope of a 
theodolite are correct only when the level of the staff 
reading and of the theodolite is one and the same, or, 
in other words, when the staff is read with the tele- 
— truly horizontal. The distance between the 
stadia-webs is generally such that the staff distance, 
if read with the telescope horizontal, is 100 times the 
intercept on the staff plus a ‘‘ constant” C (usually 
from | ft. to 1.5 ft.) in the case of ordinary telescopes. 
If, however, the telescope is not horizontal, the dis- 
tance as read on the staff must be reduced to horizon 
by one or other of the formule :— 

H = ks cos*a + C cosa 
H =kscosa + Coosa ‘ 

The first equation hasto be used when the staff is 
held in the vertical direction, and the other when it 
is held at right angles to the line of sight. In the 
latter case the distance found is not that of the foot of 
the staff, but that of a plamb-line dropped from the 
mid-point of the staff intercept. The teftn C cos a 
disappears in the case of an anallatic telescope, which 
may fitted to Mr. Higgins’s theodolite. But he 
asserts that the loss of light due to an anallatic lens 
leads to greater error than that o* adding mentally for 
the correction C cos a one of four values which he 
marks between intervals on the rims of the vernier 
arms. But these are minor considerations in com- 
narison with the fundamental reductions k s cos? a and 
k 8 008 a, 

Reductions of this kind are not readily made in the 
field, and in practice the reduction of the stadia read- 
ings is generally made after the day’s work, by means of 
tables, special slide-rules, or diagrams. The instru- 
ment designed by Mr. Higgins is intended to eliminate 
the necessity of these reductions, the horizontal dis- 
tance being always 100 times the staff in t, what- 
ever the inclination, within practical limite, of the 
telescope of the theodolite. (According to the accuracy 
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desired, the additive correction for C cos a may be one 
of the four values mentioned, or 1 ft. consistently ; or 
it may be neglected, as in the examples following. ) 
To this end the telescope is provided with a fixed 
e- diaphragm, on which is scribed a fine horizontal 
ine and a vertical line, the intersection of the two being 
on the centre line of the telescope. A second glass dia- 
phragm, mounted in close juxtaposition to the fixed 
one, carries two apc me but not horizontal, lines, so 
that when a staff is cbserved through the telescope, the 
appearance is as represented in Fig. 6. The upper line 
in the case shown reads 0.36 ft., and the lower 0.98 ft., 
and the intercept being thus 0.62 ft., the horizontal 
distance is 62ft. In Fig. 7 a special form of staff is 
used, which Mr. Higgins considers to be more easily 
read than the usual Sopwith pattern. Here the inter- 
cept is 0.66 ft., and the horizontal distance 66 ft. 
No matter what the inclination of the telescope, 
the horizontal distance with this instrument is always 
100 times the staff intercept, and can be entered 
directly into the field-book or plotted on plane table 
without reduction. To secure this result, the dia- 
phragm carrying the inclined lines is mounted in the 
telescope in such a way that as the telescope moves 
out of the horizontal the diaphragm rotates so as to 
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reduce the angle which these stadia-lines make with 
the horizontal. Hence, with the telescope inclined at 
15 deg., the stadia-lines, being more nearly horizontal 
than before, intercept a smaller interval on the staff, 
and by controlling the rotation of the diaphragm by 
an appropriately-cut cam, this intercept can be varied 
so as to correct exactly the error due to the tilt of the 
telescope. 

Referring to our illustrations, the fixed = 
bearing the cross-lines is represented at c, Fig. 3, 
E being the eye-piece of the telescope. The rotatory 
diaphragm is represented at d ; it is mounted at one 
end of a short tube D, the end flanges of which are a 
nice fit in the main telescope-tube T. A spiral spring 
N surrounds the tube, and by its tendency to unwin 
keeps the sphere K, which is borne by the right-hand 
flanges of the tube, in contact with the vertical face of 
the slider p, shown in Fig. 5. The end p' of this slider 
is thus kept in contact with a cam surface firmly con- 
nected to the telescope-frame. This surface is cut on 
the edge of a ring, the centre line of which is repre- 
sented by the dotted circle in Fig. 2, where the posi- 
tion of the slider end is indicated by p’. The range of 
correction provided for by the cam is for an angle of 
nearly 27 deg. up or down. At this limit the stadia 
lines are horizontal, as indicated by the dotted lines in 
Fig. 4. The vertical intercept ¢ between them is then 
at its minimum value. With the telescope horizontal 
the stadia-lines stand at the angle indicated by the 
full lines in Fig. 4, the vertical intercept being then 
denoted by <x. : é 

Whilst 27 deg. up or down is the limit to which 
the automatic reduction of the staff intercept extends, 
the motion of the telescope is, of course, not restricted 
to the same limit; it can, in fact, be completely 
inverted, and a second cam, on the opposite side of the 
axis, provides for the automatic reduction of stadia 
readings taken in this position of the telescope. , 

Levels are obtained from the horizontal distance in 
virtue of the relation v=H tan a, where « is the inclina- 
tion of the telescope, and to facilitate the use of this 
equation a scale of tangents is poy on the extended 
vernier arms V of the vertical circle. 





CANADIAN Steet Raits.—The Algoma (Canada) Steel 
Company has entered the American markets, and has 
been quoting open-hearth steel rails at 25 dols. per ton on 
board, ears at the mills, or 27.60 dols. per ton on board 
cars at Chicago. The ——s quotation by 
American ironmasters is 30 dols. per ton. The low 
Canadian rates have, of course, attracted attention, and 
three American railroad companies—the Pére Marquette, 
the Big Four, and the Toledo and Ohio Central—have 

iven the Canadian company rail orders at its recent prices. 
The European war created a more acute business depres- 
sion in Canada than in the United States, with the result 
that the rail requirements of Canadian railways have 
been materially reduced. Tne Algoma Company is seek- 

i uence, new business at red prices, so as 





inn, to 
ts pevvent the closing down of its mills. 
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MEN AND MUNITIONS. 

Our walls are covered with demands for more 
men, and our statesmen reiterate the necessity for 
more munitions. To a certain extent, the require- 
ments are contradictory. At any rate, the demand 
for men is not addressed to engineers. They can 
be as honourably, and far more profitably, em- 


importance of munitions is no new feature in war- 


as it is to-day. Battles—campaigns even—have 


stomach, and looked most carefully to his com- 
missariat, although his men were past. masters in 
the art of looti At Waterloo, the farm of La 
Haye Sainte was lost because the garrison could not 
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be supplied with the special form of ammunition 


they needed, while Hougomont, better provided, 
held out allday. In the t war it is shells that 
are the controlling factor, especially in the present 
phase of the operations. In the Western field the 
action has become a siege,.in which there is no 
chance of starving out the enemy, because his rear 
is open for the introduction of everything his 
country affords. He must be squarely beaten in 
front, and since he is provided with line upon line 
of trenches, well excavated, heavily timbered, and 
often roofed, the rifle is an inadequate weapon for 
the purpose. Our Allies, and doubtless we our- 
selves, have found that the key of the situation lies 
in artillery fire. We have been told that when a 
trench is to be taken they not only force every man 
in it to lie low by ‘covering it with shrapnel fire, 
while they blow in the front with high explosives, 
but they also create between the trench and the 
reserves a curtain of fire that no human being can 
penetrate. Then, while the defenders are still in 
hiding, the fire on the trench suddenly ceases, the 
attacking force streains across the intervening 100 

ards, and concludes the affair with the bayonet. 
But the more distant fire continues unabated ; the 
trench has to be repaired, the dead and the 
wounded removed, and a supply of stores to be 
accumulated, and until these things are done the 
enemy must be dominated by shell-fire. This is 
not the fire of former campaigns, serious as that 
was to face, but something so concentrated and 
continuous that it becomes physically im ible 
for any body of men to etrate it. It forms a 
vibrating, scintillating shield, more rigid against 
attack than stone w and recalls the dictum of 
the admiral that gun-fire is a better protection than 
armour-plates. [ 

Under existing circumstances prodigality in muni- 
tions is economy of men, and we, in this country, 
who have never regarded our soldiers as ‘‘ can- 
non fodder,” should have no difficulty in re- 
cognising what is our duty at the present time. 


Brad- | That does nut mean that we need not. send more 


men, but it does mean that if wc can supply all the 
munitions we need, thousands of our men will come 
back who otherwise would end their careers on the 
field of battle, and that peace will be attained at 
an earlier date and be of a more enduring 
character. The supply of munitions is largely an 
engineering matter, and we know that it is being 
pressed on with the greatest energy by all the 
armament firms. Unfortunately, there are not as 
many of them as we could desire at the present 
time, and scores of other firms have taken up work 
which is entirely strange to them. The area of 
supply has widened immensely, and will continue 
to do so as more machine-tools become avail- 
able. But still the demand continues for more 
munitions, and even if our own uirements 
were satisfied, our Allies would look to us to 
help them in their still greater necessities, 
owing to their larger armies or lesser resources. 
The time has arrived when every engineer needs to 
look round his works and consider in what way he 
can assist the nation. This in many cases is by 
no means an easy task, and unless it is undertaken 
with resolution it will often end in a shake of the 
head. It is, for instance, a far cry from textile 
machinery to guns, and the manufacturer who 
attempted to cover it would repen d find only 
disappointment. But itis well to remember that 
‘*munitions of war” is a very comprehensive 
phrase, and includes very many things which do 
not, at the first, rise before the mind. e fact 


| that non-employment has almost vanished is evi- 


dence that the demands for our Army and Navy 


|extend more or less through all trades, either 


directly or indirectly. Further, munitions need 
not be completed in one shop. The number of 
shops in which shell-noses and fuses are being 
oe is immense, and it is certain that there are 
still other shops which could undertake this work 
if they made the effort. They may not be equipped 
with the best machines for the purpose, but at 
such a time something less than the highest 
economy is satisfactory, and the War Office is pre- 

to meet reasonable claims. There are, how- 
ever, hundreds of other things besides shells, the. 
want of which is hampering supply. Only this 
week we noticed in a motor paper the statement 
that a firm was sending a representative across the 
Atlantic to try and obtain forgings which they 
could not make themselves; and it would not 
need much istent inquiry to find dozens 
of instances in which firms are at their wit’s 





ends to get parts of machines, while their neigh- 
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bours are jogging along very quietly, owing to 
their eel "Teonedh being much in abeyance. 
Of course, taking up a new line of manufac- 
ture involves a lot of trouble and worry, and 
may not prove specially remunerative, but the 
responsibilities and mental disturbance are not 
one hundredth part as great as those experienced 
by the man who throws up a comfortable, remunera- 
tive job and goes to spend anxious days and painful 
nights in the trenches for a pay which is quite 
insignificant. It only needs the manufacturing 
engineer to be possessed by the same spirit which 
animates large numbers of recruits for difficulties 
to be overcome and for a large accession to be made 
to the various supplies for which the military are 
calling, and which scores of firms are striving, in 
spite of very numerous obstacles, to produce. 
When every owner of works, and each member 
of his staff, has done all that is possible, success 
can only follow if willing labour can be obtained. 
Both the Army and the manufacturers are cryin 
out for more men, and both are disappointed 
at the response. Yet when one walks the streets 
there still seem to be men to spare who might very 
well be at the front, while in the works the old 
bickerings about demarcation of work and trade- 
union rules occupy an altogether undue amount of 
the manager’s time, and bar the gates to many who 
would willingly enter. It remains to be seen 
whether the new committee appointed by Lord 
Kitchener ‘‘ to take the necessary steps to provide 
such additional labour as may be required to secure 
that the supply of munitions of war shall be suffi- 
cient to meet all requirements” will be able to 
introduce a new order of things. It is quite certain 
that there is the legal power to enforce their recom- 
mendations, however drastic they may be, and 
to sweep aside all those who seek to clog the 
wheels of industry in favour of particular sec- 
tions of the community. We do not yet know 
the names of the Committee, except that of 
Mr. G. M. Booth, whose name ought to inspire 
confidence among the labouring classes, on account 
of the work of his father, the Right Hon. Charles 
Booth, and to enlist sympathy for the middle 
classes from his relationship to Lord Macaulay, and 
from his position in the business world. The 
appointment of the Committee is evidence of the 
urgency of the occasion, while its reference is 
couched in a form to which we are not accustomed. 
The usual business of a committee is to discuss a re- 
ort, but this one is to ‘‘ take the necessary steps.” 
There is really only one step necessary—if it were 
feasible—and that is to bring home to every man 
the necessity for these munitions which will win 
the victory. It would be interesting—if it were 
not so serious—to compare the mental states of 
two large sections of the nation—namely, those 
who have enlisted and those who at this supreme 
moment are stickling for their rights. There are 
in the ranks a million men or more who, a year ago, 
would have laughed at the idea that they should 
ever become soldiers. Many of them were fairly 
rooted in life, with good prospects, and not in- 
frequently with dependants, and they have tem- 
porarily abandoned these to adopt the most dan- 
gerous, the most arduous, and worst-paid calling 
in the world. This they have done because they 
considered the risks they undertook less than they 
would have to face if the country were defeated 
and her future jeopardised. On the other hand, 
there are in the workshops a certain minority of 
men—mostly disowning the responsible leaders— 
who see so little harm in defeat, and in the 
permanent subjection of this coun to an 
adverse foreign influence, that they will not run 
even a fancied risk of their trade privileges to 
prevent it. They deem it more important to 
close the doors of the workshop to unskilled labour 
than to d our shores against invasion, and, 
even while amicable negotiations are pending, 
they strike to obtain an oxtra y an hour, 
although by so doing they increase the tale of 
killed and wounded. Surely their mates might 
find means to induce a clearer perspective in the 
minds of such men, and if they cannot, the wives 
and mothers of the men at the front might try. 
Failing peaceful persuasion—a phrase which has 
played a very notorious part in trade-union affairs 
—it is quite certain other means must be found to 
introduce labour into engineering shops. A great 
deal of the work is very simple, and an outsider 
can be taught to perform it in a short time. In 
most cases the skill he acquires will cease to be of 
value when the war ends, and he will no longer 








be a menace to the privileges which the unionists 
have secured, often at a t expense in money 
and suffering. Further, the most ample assurance 
has been given that the present emergency will not 
be used as a precedent for the future. 

It has been suggested that the Committee might 
draft labour from less important manufactures to 
those of greater military urgency, but it is far from 
easy to weigh the relative necessities of different 
departments. At the present time it may fairly be 
assumed that very little work is being done which 
is not really needed, and that, directly or indirectly, 
it is all contributing in some degree to the war. ii 
may be many stages removed from explosives, shells, 
and guns, but these are the last links of a very long 
chain, so long that sometimes it is difficult to per- 
ceive that the two ends are connected. Generally 
speaking, it would be better policy to encourage 
engineers to find means of applying their re- 
sources to military needs than to forcibly remove 
their men to unaccustomed surroundings, where 
they would work under strange foremen, and be 
subjected to the inconvenience and expense of 
living away from their homes. Already much has 
been done to bring together firms that can work 
in collaboration, but there is still scope for further 
assistance of the nature of an exchange by which 
the works that were slack might be put in touch 
with such other concerns that needed help of the 
kind they could supply. No doubt all these points 
will be considered by the Committee, and they 
will be ready to fall in with any plan that promises 
an increase of munitions of any kind. It is only in 
the case of the thoughtless and the selfish — 
whether master or man—that they will need to 
use the immense powers which the Defence of 
the Realm Act puts in their hands. This Act has 
the consent and the goodwill of the country behind 
it, and in these democratic days that fact should 
reconcile the small minority of recalcitrants to its 
operation, for it is the keynote of their system 
that the will of the majority should prevail. 





THE POSITION OF THE ORGANIC 
CHEMICAL INDUSTRY. 

In the Chemical Society of London it is the 
retiring President, not the President-elect, who 
delivers the address at the annual meeting. The 
practice has its advantages. What the President 
says is invested with the authority and the expe- 
rience gained during one or two terms of office, and 
that is an important point, especially when the 
discussions, at which the President has been taking 
the chair, covers so vast a range as that now occu- 
se by chemistry. The subject of this year’s address, 

elivered on Thursday, the 25th ult., by Professor 
W. H. Perkin, F.R.S., of Oxford, is one on which 
the Society—though devoted to pure, and not to 
applied, science —was anxious to hear its President. 
or he was among the leading organic chemists, and 
he was a member of the Board of Trade Committee 
appointed, in August last, to consider the best 
means of securing sufficient supplies of chemical 
roducts for the use of British industry, and, with 
ofessors Green and Meldola, also a member of 
the smaller committee of three, charged with the 
task of sifting the evidence that had come forward 
from all quarters. It was, moreover, appropriate 
that another William Henry Perkin should outline 
the actual position of an industry originated, in its 
most important technical branch, by a discov 
which was made by his father. ? 

The standpoint which Professor Perkin took was 
that taken by Professor Meldola in his address to 
the same Society in 1907 and by most scientists : 
accentuation of the importance of systematic, organ- 
ised research. It is not the standpoint of some 
chemists and of a large section of the Press, but it 
is no doubt the right one. The position is serious 
enough. Before the war this country consumed in 
every year colouring matters to the value of at least 
two million pounds, many of which are most essen- 
tial to the textile industries, which represent 200 
million pounds per annum, and on which more than 
a million and a half workers depend. More than 
90 per cent. of these colouring matters, in addition 
to es and paints for wall-papers, printing, &c., 
came from Germany. That country was also the 
— of practically all the eget for age 

phic purposes, for scents an umes, for 
gs, an of nearly all the fine chemicals wanted 
in the many departments of chemistry. Germany, 
Professor Perkin put it, has no competitor in the 
whole domain of organic chemistry. It was no use 





to blame the British Patent Law or the restrictions 
put on the use of pure alcohol for this critical con- 
dition. The transference of the coal-tar industry 
during the years 1870 to 1880 had had other 
reasons. His father had sold the works of Perkin 
and Sons at Greenford Green partly because he had 
a natural dislike to an industrial career, but chiefly 
because he could not find young chemists trained 
in organic chemistry at the English universities. 
The older universities, then alone in existence, did 
not recognise organic chemistry, though all the 
problems of life were connected with it, and this 
was at a time when the great German teachers laid 
the foundations of modern organic chemistry. 
Great progress had been made in England since ; 
but even now a university degree with honours 
might be obtained by a chemist who had not done 
any research work whatever, an essential without 
which no German degree could be secured. 

The necessity of the close contact between the 
university and the industries, which is fully recog- 
nised in Germany, may have particularly been 
impressed upon Professor Perkin at Manchester 
University, where he was teaching for many years, 
before he was called to Oxford. Such a contact should 
be as feasible in chemistry as it was in engineering, 
he pointed out. As to the way in which it might 
be maintained, he quoted remarks which Dr. Duis- 
berg, of the Elberfeld Colour Works, made on the 
occasion of the jubilee of the discovery of Mauve 
in 1905, to which remarks Lord Moulton also 
referred last December at the Society of Arts. 
Passing to the manufacturer’s share of the respon- 
sibility for the deplorable state of affairs, Professor 
Perkin said that the manufacturer or member of 
the board was generally a commercial man, 
ignorant of the value of science, and for that reason 
feeling that, if the expert were given too much pro- 
minence, the manufacturer must either himself 
study, in order to understand the expert, or leave 
the essential control of the business to the expert. 
That important consideration is often overlooked. 
It is the wonderful organisation and control of 
all departments which struck Professor Perkin 
most in German dye works. The heads of 
the departments are invariably chemists, and 
the board of managers include a large number 
of chemical experts employed in the works. 
The adoption of similar methods in this country 
would meet with serious obstacles. For one thing, 
students at the old universities, in which the best 
abilities of the country were concentrated, were 
accustomed to devote the whole afternoon to 
recreation after a short morning’s work, whilst the 
German chemist spent the whole day in the labora- 
tory. The extraordinary complexity of theoretical 
organic chemistry made extraordinary demands on 
the memory, manipulative skill, and perseverance 
of the student. 

If the effort gradually to develop—‘‘ it is not a 
question of immediately establishing ”—a thriving 
organic chemical industry in this country were 
seriously to be taken in hand, and the requisite 
capital were forthcoming, a really able chemical 
staff would be required in the first instance, and 
their word should carry weight. The Board of 
Trade had comprised scientific chemists ; but they 
had not been consulted as to the scheme of a 
limited company on co-operative lines, with a share 
capital of 3,000,000/., half of which the Government 

to advance. That scheme made no mention 
of what ought to be its main object—the employ- 
ment of a large number of research chemists. 
Some promoters of the scheme seemed to imagine 
that a dye could be made by following the direc- 
tions given in the patent, as if the method of 
working did not demand months of research. The 
Germans had many years’ start, and had accumu- 
lated vast experience of method of manufacture, 
and more particularly of the recovery and econo- 
mical use of by-products. 

Professor Perkin did not wish to criticise the 
new amended scheme in any hostile spirit. The 
Government promises a grant of 100,000). a year 
for research for a period of ten years. Professor 
Perkin thought that the company itself should 
provide for research out of its capital, or would 
rather have the Government grant placed at the 
disposal of the universities for training research 
students. The new scheme also provided for the 
taking-up and extension of certain colour works. 
In that connection Professor Perkin once more em- 
phasisei the methodical organisation and mapage- 
ment, cleanliness, and order of German chemical 
works and the German tendency for building up 
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large works, which alone enabled the manufac- 
turer to make the best of his by-products and to 
dovetail one process into another so as to realise 
the highest efficiency. In his concluding words he 
remarked that the Government should protect the 
new venture for ten years at least by placing an 
import duty of not less than 25 per cent. on all 
German dyes and other organic products. This, 
or prohibition for a time, seemed the only real 
solution of the difficulty. It is a suggestion of 
grave bearing. It means breaking with free trade 
in the interest of oue industry which stands apart, 
in some respects, no doubt, but which is so vast and 
so closely interwoven with others that the change 
could not be limited to the one field. 





THE ROYAL COMMISSION ON SEWAGE 
DISPOSAL, 

To their long list of publications, the Royal Com- 
mission on Sewage Dis 1 have now added a 
Ninth Report, on the Disposal of Liquid Wastes 
from Manufacturing Processes, and on the Dis- 
posal of Liquid and Solid Refuse in Rural Areas, 
and a Final Report, which summarises all the 
principal recommendations which have been made 
by the Commission from time to time. 

The Commission were appointed in May, 1898, 
to inquire into the whole subject of sewage dis- 
posal, and to differentiate between all the various 
methods of treatment. It is generally acknow- 
ledged that they have done this work in a 
thoroughly scientific manner, and that their Fifth 
and Eighth Reports are destined to have a bene- 
ficial effect on sewage purification, not only in the 
British Isles, but in all parts of the world. Their 
Fourth, Sixth, and Seventh Reports, dealing re- 
spectively with the pollution of shell fish, the puri- 
fication of distillery waste, and the prevention of 
sea-weed nuisances in sewage-polluted estuaries, 
have also been of very material value to those whose 
interests are bound up in these matters, and have 
been widely noticed on the columns both of the 
daily and the technical press. 

As it stood when the Commission were appointed, 
and as it still stands to-day, the chief Act relating 
to river pollution—namely, the Rivers Pollution 
Prevention Act of 1876—is very nearly a dead 
letter. Riparian owners, Fishery and Conservancy 
Boards, and County Councils have in a number 
of cases given up trying to put it into operation. 
It demands, in effect, that sewage and trade waste 
shall be rendered absolutely pure before being dis- 
charged. The only saving clause is that which 
relates to trade waste in ‘‘ any district which is the 
seat of any manufacturing industry,” and states 
that, in this case, the Local Government Board 
shall not give its consent to legal proceedings 
‘‘unless they are satisfied, after due inquiry, that 
means for rendering harmless the poisonous, 
noxious, and polluting liquids proceeding from the 
processes of such manufactures are reasonably 
practicable and available under all the circum- 
stances of the case, and that no material injury 


will be inflicted by such proceedings on the interests 


of such industry.” 


As regards domestic sewage, the Commission 
have, in their Eighth Report, pointed out that the 
requirements of the law are impracticable of attain- 
ment, and also that there are many cases where 
absolute purification, even if attainable, is quite 


unnecessary in the interests of river purification. 


They show that the river itself can be trusted to 
do much purifying work, and, in order that this 
may be taken into account, they recommend that 


a system of standards should be brought into force, 


and that the law should be altered *‘ so that a person 
discharging sewage matter into a stream shall not 
be deemed to have committed an offence against the 
Rivers Pollution Prevention Act of 1876 if the 
sewage matter is discharged in a form which satis- 


fies the requirements of the 


rescribed standard.” 
The suggested general od wee 


time. 
Stringent in some cases, and for relaxin 


is that the effluent 
“must not contain as discharged more than 3 
parts per 100,000 of suspended matter, and with 
its suspended matter included must not take up at 
65 deg. Fahr. (18.3 deg. Cent.) more than 2 parts 
per 100,000 of dissolved oxygen in five days.” 
Although this is a stringent standard, it has been 
accepted as reasonable by many of the local autho- 
rities chiefly interested, and it stops far short of 
the absolute purity demanded by law at the present 
Provision is also made for rendering it more 
it in 


In their Ninth Report, which is now issued to 
the public, the Commission propose to apply a 
somewhat similar system of standards to trade 
effluents which cannot be disc into sewers, 
and which have, therefore, to be purified by them- 
selves. In this case, however, the standard is to 
have no reference to the volume of the stream which 
receives the discharge ; and all the effluents froma 
particular class of trade are to comply with a single 
standard prescribed by a Central Authority for a 
given term of years. 

Where no general standard has been prescribed, 
the Rivers Board or County Council concerned are 
to serve a notice on the manufacturer, stating the 
degree of purification which they propose to 
require, and the manufacturer is to have power to 
appeal against these requirements to a Central 
Authority, who may then confirm, modify, or cancel 
the requirements. The standards will thus take 
the place of the rigid and unnecesearily stringent 
requirements of the Rivers Pollution vention 
Act of 1876. 

After pointing out that their i are not 
by any means intended as a final pronouncement 
on river purification, the Commission formulate 
four different standards which they think might be 
applied to various manufacturing wastes at the 
present time; and since these standards affect some 
twenty-five or thirty important trades, they will 
be read with deep interest by manufacturers, 
riparian owners, and river authorities. 

The four standards are :— 

1. A standard of 4 parts per 100,000 of sus- 
pended matter for effluents from coal-washing, 
tin, lead, and zinc mines, china-clay pits, stone- 
quarries, paper-mills where wood-pulp alone is 
used, cotton-dyeing, woollen-dyeing, piece, yarn 
and blanket-scouring, and wool-scouring with piece 
and yarn scouring and dyeing. 

2. A standard of 6 parts per 100,000 of sus- 
pended matter for effluents from tin-plating, gal- 
vanizing, wire-drawing, bleaching, waste-bleaching, 
paper-making, and cotton-printing. 

. A standard of 3 parts 
pended solids and 2 parts of 
sorption in five days for distillery waste. 
4, A standard of 4 parts per 100,000 and 4 parts of 
dissolved oxygen absorption in five days for effluents 
from breweries, maltings, shale-oil works, wool- 
scouring, tanning, leather-dressing, fellmongering 
and dairying. 
The first two standards involve only sedimenta- 
tion in tanks of the liquid wastes to which they 
apply. Manufacturers, at any rate, will probably 
accept them as reasonable and practicable ; if any 
fault is found with them, it will come from river 
authorities, and be based on the ground that the 
are not stringent enough. The third and fourt 
standards, however, involve not merely sedimenta- 
tion, but full biological purification. Manufac- 
turers complying with them will be put to an ex- 
mse which, though not unwarranted in the 
interests of rivers, or unattended with beneficial 
results, will nevertheless be very considerable. 
On the whole, it will probably be conceded that 
the Commission’s proposals are reasonable, and 
that they will, if they are adopted, effect a real 
improvement on the condition of rivers, especially 
those which flow through industrial districts. Such 
an improvement is urgently needed, not only on 
the grounds of public health, but in the interests 
of manufacturers themselves, for it is well known 
that manufacturers are frequently wasteful in their 
methods and especially in their use of water. As 
the Commissioners point out, moreover, clean 
rivers mean clean and cheap water supplies for 
manufacturers. 

Industry brings great benefits in its train, but it 
is liable, if not guided and controlled, to bring 
evils also—horrible conditions of insanitation which 
affect the health, the spirits, and the morals of the 
working “see ; it will thrive best when carried 
on in such a way as to preserve the health and the 
ideals of the worker, not when it plunges him into 
a world of unrelieved depression, of foul atmo- 
sphere, and filthy stream. Reasonable proposals 
towards this end ought therefore to be very care- 
fully considered, and in this sense one may com- 
mend the proposals of the Royal Commission on 
Sewage Disposal with regard to the purification of 
liquid trade-waste. Knowledge of this highly 
complicated and difficult subject is admittedly in- 
complete, but after sixteen years’ service the 
Commissioners may well be forgiven for thinkin 





others, so as to allow of the necessary elasticity. 





100,000 of sus- 
issolved oxygen ab- 


should now be carried on by one of the permanent 
departments. 
art II. of the Ninth Report consists of a brief 
statement relating to the disposal of sewage in 
tural areas where sewers are not available. It 
does not add much to our knowledge, but it is 
none the less welcome as showing that the long 
experience of the Commissioners has not led them 
to think that the tendency of modern sanitation 
towards the water-carriage system is anything but 
a salutary one. They point out that the question 
as to whether a rural community should adopt some 
dry method of disposal, or provide itself with sewers 
and purification works, depends upon whether a 
water-supply is laid on to the houses or not. If it 
is, a sewerage system is almost inevitable ; but if 
not, then dry closets may be used satisfactorily 
under proper supervision. 
In a Minority Report on the same subject, Sir 
William Ramsay appears to favour the extension of 
dry systems, even where a water supply is laid on 
to houses, mainly on the ground that the valuable 
nitrogen of domestic sewage ought to be returned 
to the soil. He takes the view that bath and slo 
water can be di of on gardens without diffi- 
culty and without nuisance, and recommends that 
‘* legislation be so framed that no obstacle shall be 
placed in the way of any person or community 
preventing them from disposing of sewage and 
slop-water on the soil; and that when there is a 
mixed community, part of which lives in terraces 
and streets, and part in isolated houses, rates for 
a water-carriage scheme should be levied only on 
those houses which are served by it.” 
All those who realise what an immense quantity 
of valuable = is washed away through sewers 
every year will sympathise with Sir William 
Ramsay's desire to put some check on such a 
waste ; but epidemic disease amongst the people 
involves a greater waste, and there is no denying 
the beneficial effects on health which follow the 
acquisition of a pure and abundant water-supply, 
or the evils which, literally, lie at the door of 
ill-managed ‘* dry” systems. 
The Report closes with a short memorandum by 
Sir William Power, in which he proposes to give 
to river authorities control of volume as well as 
quantity of the water in their rivers. 
The signatories to this Report and to the Final 
Report are :—The Earl of Iddesleigh (chairman), 
Colonel T. W. Harding, Sir William Ramsay, Sir 
William Power, Sir Thomas Stafford, Mr. R. A. 
Tatton, and Mr. F. J. Willis, with Mr. R. H. H. 
Keenlyside as secretary. There can be little 
doubt that the nation is deeply indebted to these 
entlemen, and to the late Sir Richard Thorne, 
jor-General Carey, Mr. C. P. Cotton, and Sir 
Michael Foster, former members of the OCom- 
mission, who are now dead. Membership of a 
Commission such as this involves great personal 
sacrifice, with public benefit as the only reward. 





ATOMS AND IONS. 

At the Royal Institution on Saturday afternoon, 
the 27th ult., Sir J. J. Thomson, O.M » F.R.S., 
delivered the concluding lecture of his course on 
the above subject. In his introductory remarks 
he said that on the last occasion he had shown 
an be pepe in which a piece of paraffin was con- 
ve into a conductor by the action of polonium 
rays. In this case we had an insulator rendered 
conductive by exposure to an agent which was 
known to be capable of ionising a gas, and which, it 
was fair to presume, should accordingly also be able 
to ionise the molecules of a solid. e conductivity 
of solids formed a very interesting subject, but 
there was not time for him to consider more than 
one or two special cases, which were particularly 
closely allied to the effects he had discussed in this 
course of lectures. 

One well-known case of the conversion ofa solid 
from an insulator into a conductor was afforded by 
the Nernst os The filament of this lamp was 
a mixture of different oxides, and when traversed 
by a current glowed with great brilliancy, con- 
stituting a very convenient source of light for 
many —— The peculiarity of the mixture 
of oxides used was that its conductivity increased 
enormously as the temperature rose. Being an 
insulator when cold, before a current could go 
through it its temperature had to le raised by 
artificial means. Once the current got through, 





that they deserve some rest, and that their wor 


however, the heat developed by the very passage of 
this current caused the. filament to get hotter and 
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hotter, till it finally glowed with the greatest 
brilliancy. The oxides used were specially selected 
to give this brilliant light, but very possibly the 
phenomena involved were of the same order as 
with oxides of calcium and barium. Dr. Horton, 
working at the Cavendish Laboratory, had measured 
the resistance at different temperatures of these 
two oxides, and found the increase of conductivity 
with rise of temperature was quite parallel to the 
simultaneous increase in the number of negative 

rticles emitted from a fragment of lime or of 
aoe sens oxide when heated on a strip of platinum. 
Such a fragment of barium oxide was conveniently 
obtained by dropping a little sealing-wax on to the 
platinum and then heating the latter to a high 
temperature. Barium oxide was very heavy, and 
for this reason was added to sealing-wax, which was 
sold by weight, and hence the cheapest wax was 
the best for the particular purpose in view. When 
the platinum carrying such a speck of lime or of 
barium oxide was heated, negative particles were 
given off which might serve to carry a current 
through the lime, and a similar effect might account 
for the conductivity of the oxides used in the 
Nernst filament. 

The rate at which these negative particles were 
emitted from lime and barium oxide had been 
measured by Richardson, so- that the number 
coming out at different tem tures was known. 
Dr. Horton had compared Richardson’s numbers 
with the conductivity as measured by himself at 
corresponding temperatures, and found a close 
agreement between the two. There was thus con- 
siderable evidence that, at any rate, part of the 
conductivity of the oxides was due to the liberation 
of these negative icles. An interesting point 
was that the emission of these particles was very 
feeble if metallic calcium or barium was used in 
place of the oxides, from which the number 
emitted was many thousand times as great as from 
the metals. Apparently the emission depended on, 
or was increased by, the mutual presence of two 
substances having a considerable chemical affinity 
one for the other. 

In this connection he might, he continued, 
refer to a question which had been submitted to 
him by one of the audience, as to why the sul- 
phides of certain metals were much better radia- 
tors than were the pure metals. It was known 
from Kirchofi’s law that, unless other besides 
purely thermal effecte intervened, the sum of the 
light emitted and the light reflected from any 
body depended only on the temperature, and not 
at all on the nature of the y- This sum 
constituted the so-called ‘‘ black-body ” radiation. 
Hence, if a body wasa very good reflector, it would 
only have to emit a little radiation on its own 
account, whilst if dull, as when tarnished by sul- 

hide, it would not refiect so much, and must there- 
ore radiate more. He was informed, however, that 
the difference in the radiati wer of the two 
was much greater than could Ga be accounted 
for. If so, the phenomenon was a very interesting 
case of what was called chemical luminescence, in 
which we got radiation from a body at quite low tem- 
peratures. For example, phosphorus glowed even 
at ordinary temperatures. It also lately been 
established that a solution of hydrogen peroxide in 
contact with certain substances would give quite 
an appreciable illumination. These were cases in 
which the light did not obey Kirchoff’s law, but 
was drawing upon other sources of energy, in 
addition to the purely thermal. In the case of 
lime oxide, there was the possibility of chemical 
action going on. 
oxides, and it was quite possible that calcium 
possessed the same property, and this might 
account for the differences observed between 
the oxide and the pure metal. There might, in 
fact, be some chemical action going on between 
the calcium and the oxygen, and similarly, with 
the sulphides, there might possibly be decomposi- 
tion of one sulphide and formation of another, or 
some other form of chemical actioa might be taking 
place. In this way there might be local tempera- 
tures in excess of the average, some few molecules 
having very high velocities, though the mean was 
very much less. In considering radiation, it was 
important to remember that a few molecules at a 
very high temperature wore much more effective 
than a lot at a low temperature. Hence, if 
chemical action caused a few molecules to have a 


temperature in excess of the normal, the net| bod 
radiation would be in excess of its ordinary value. 
The foregoing was, he said, merely a suggestion, 


Barium had, it was known, two/| th 





but the observation in question appeared to bring 
this question of pate luminescence into a more 
definite form than hitherto, the treament of the 
subject in the past having been more allied to 
cookery than to chemistry. One experimenter 
discovered one instance of it, and another worker 
another example, no very definite connection be- 
tween the two being established. In all known 
cases, however, oxygen was invariably present. It 
was believed by some that even flint sparks were 
examples of chemical luminescence, due to the 
oxidisation of the freshly-exposed surface of the 
flint, and it was asserted that the cracking of flints 
was associated with a strong smell of ozone. Local 
increases of temperature would mean not merely a 
very great increase in the radiation, but also a 
change in its character, since the hotter the radiat- 
ing body, the bluer the light it emitted, the centre 
of gravity of the spectrum being shifted towards 
the violet end. Hence, in dealing with cathode rays, 
the light was bluer the faster the particles. 

The communication by electrified particles of 
their charges to metal or other bodies with which 
they came in contact was not, the speaker con- 
tinued, so simple a matter as might be expected. 
It was easy to say that on coming into contact the 
charge was given up, but a good deal had to be 
effected during the exchange. A positive particle 
was one which had lost a negative charge, and 
when such a particle came up to a metal plate it 
meant that, in order to become neutral, it had to 
get out of the plate a negative charge. Similarly, a 
particle carrying a negative charge had to stick this 
charge on to some. atom or molecule which already 
had its full complement. 

It was thus @ priori conceivable that this process 
of getting rid of a charge and fixing it on to a metal 

late was not so easily effected as was often 
imagined. 

any years ago, the speaker, when workin 

with a highly exhausted bulb, had earthed a poo 
of mercury lying in the bulb with a view to remov- 
ing electricity from the tube. The arrangement 
did not work as well as had been expected, elec- 
tricity being still found in the tube after the lapse 
of several hours. The mercury, therefore, had not 
been able to discharge the gas. Recently Franck 
and Hertz had shown that different substances 
possessed different powers of absorbing electricity 
from these particles. Some atoms and molecules 
seemed quite incapable of retaining one of these 
negative particles if the velocity were less than a 
certain critical limit. 

The principle of their apparatus is represented 
in Fig. 1. The cathode was a heated wire placed 
inside a tube, as indicated at A, to prevent particles 
getting out laterally. From the hot wire negative 
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particles were driven off by the potential of the 
wire, and followed a curved path through the gas 
to the collector-plate B. Above this plate was a 
wire gauze, which could be connected up to the 
negative pole of a battery, and would thus oppose 
e passage of the particles to the collector. It was 
found that the particles shot off from the cathode, 
in spite of the collisions they had to encounter from 
the gas in the tube, made their way to the collector- 
plate even when the gauze above the latter was at a 
negative potential of as much as 6 volts (in the case 
of certain ), the total potential between the 
cathode and the collector-plate being, say, 12 volts. 
In all the thousands of collisions they had expe- 
rienced, many of the particles had not su ed 
in sticking on to the molecules encountered. The 
effect was most marked with argon, neon, and 
helium, with which there was practically no com- 
munication of energy between the particles and the 
molecules. On this head it should be borne in mind 
that inter-communication of energy between collid- 
ing elastic particles was easy when both colliding 
bodies were of the same size. When, however, one 
y was more than 1000 times that of the lighter 
body, the latter bounded off with practically un- 
changed energy, each particle retaining what it had 








before the encounter. Hence, if a negative par- 
ticle passed through the midst of one of these 
inert gases, the collisions would merely check its 
rate of pr towards the collector - plate ; 
but as the particle lost none of its energy in the 
collisions, it finally arrived at the collector-plate, 
belated, but with practically the whole of the 
energy due to the difference of potential between 
this plate and the cathode. 

When the inert gases were, however, replaced 
by oxygen, then at every collision the particle 
lost some of its energy, and when it ultimately 
arrived at the collector-plate, did so with only a 
small fraction of the energy due to the fall of 
potential, having retained practically none of the 
energy given to it during its passage. Hence the 
only way to obtain negative particles moving 
with much energy through oxygen was to reduce 
the number of collisions by reducing the number 
of oxygen molecules present, otherwise the energy 
would be knocked out of the particles as fast 
as it was acquired. With argon, helium, and 
neon, on the other hand, the number of molecules 
present did not matter to the same extent. Though 
the particle might take a long time to get through 
a dense crowd of helium molecules, when it finally 
did arrive, it carried with it all the energy it had 
acquired in falling through the potential difference 
between the electrodes. It was thus possible to 
get luminous effects with helium, neon, and argon 
at pressures impossible with oxygen. Possibly if 
oxygen could be completely eliminated, similar 
results might be obtained with other gases as well 
as with the three named. 

To illustrate how'easily luminous effects were 
obtained with neon, the lecturer took a tube filled 
with neon, and having a little mercury in it. The 
tube had a number of constrictions, and on invert- 
ing the tube, the friction of the mercury falling 
through the constrictions electrified the walls, with 
the result that the neon glowed brightly with its 
characteristic light. 

From this point of view, it appeared, Sir Joseph 
proceeded, that certain special properties of neon 
were closely associated with the behaviour of its 
atoms, which, when struck by a negative particle, 
did not pick up any energy from the latter. 

If other bodies resembled neon, it would be very 
difficult to get electricity into or out of them. If, 
for instance, metals resembled neon to any extent 
in this regard, the formation of double layers would 
be obvious. If there were a difliculty in getting elec- 
tricity out of an electrified gas, the result would be 
that the surface of the metal would get charged up 
with a double layer. If the gas were positively 
charged, the molecules would stick close up to the 
surface of the metal, their condition being masked 
by the negative electricity immediately induced on 
the surface of the metal. The two electricities would, 
however, not combine, and the positively charged 
molecules would. the potentiality of getting 
away ayain. This formation of double layers was 
a frequent source of difficulty in experimental work 
with gases at low pressures, the gas being liable to 
get loose again, giving rise to local creeping of the 
electricity. 

Again, the attempt was often made to produce a 
potential in a gas by shooting it through electrified 
wire gauze, on the ——o that all icles 
that the gauze would acquire the potential 
of the latter. is, however, would not be the 
case if a double layer formed on the wires. The 
danger of a finite difference of potential between 
the gas and the yey was, no doubt, less the 
higher the potential of the latter ; but the speaker 
believed that in some experiments errors of as 
much as 12 to 15 volts had arisen in this way. The 
danger was a real one, and, in the case of small 
potentials, might be serious. 

Another problem was, what happened when a gas 
was ionised by the removal of a negative toe wen 
Was the molecule left behind intact, or did we get 
sometimes the molecule split up into atoms as the 
result of the shock, so that we had asa result the 
charge carried by atoms, and not by molecules? 
For such a smashing of the molecule ample energy 
was available, and the question was, did it happen? 
Experiment showed that at low pressures it did. 


An investigation into the nature of the itive 
rays showed that the carriers might be all kinds of 
things. Some were atoms, others molecules left 


intact, the shock having been insufficient to split 
them up, and, in addition, various queer compounds 
were found a. the carriers. It might be 
asked whether this variety was due to the 
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method of production. In the discharge-tube there 
were, besides the negative particles, large positive 
systems, and it might be thought that the latter 
alone were capable of smashing up molecules into 
their component atoms, whilst the negative particles 
when they collided merely detached a charge. 

To test this the speaker had adopted an meee 
ment by which the number of negative particles 
could be enormously increased in comparison with 
the positive carriers. If the negative icles were 
incapable of we up the molecules, the final 
analysis—by the positive-ray method—should show 
a much larger number of molecular carriers than 
before. The method adopted to increase the num- 
ber of negative particles was to use as cathode a wire 
heated by an independent current. By increasing 
the temperature of the wire the number of negative 
particles emitted could be pomnynincny | increased. A 
photograph of the positive rays was then taken, first 
with the cathode cold, and next with it at a high 
temperature, and the two compared. This com- 
parison showed little difference in the proportion 
of atomic and molecular carriers, but, if anything, 
the heating of the cathode slightly increased the pro- 
portion of charged atoms. This experiment afforded 
strong evidence that the negative particles could 
themselves split up the molecules into atoms, and 
that to effect this it was not necessary to have the big 
positive carriers. Not only this, but the particles 
were also able to split up these molecules in all kinds 
of additional ways. Thus, when water was decom- 
posed by dissolving a radium salt in it, the gases 
ifesatall contained notably less than the proper 
proportion of oxygen. In fact, in some experi- 
ments Debierne had got nothing but hydrogen, and 
a subsequent examination of the water showed this 
to contain peroxide in solution, so that the oxygen 
liberated by the negative particles emitted by the 
radium had gone to oxidise the water, acting thus 
in quite a different fashion from that which occurred 
with other methods of decomposing water. The 
speaker thought that the queer combinations found 





Fig, 2. 


amongst the positive rays must be brought about in 


a similar way, the results often being such as|Separate treatment. A trade secret might justly 


could not be effected by ordinary chemical reac- 


tions. Sometimes more than one negative particle | limit as to time and space, and a vendor of good- 
was knocked out of an atom. The most exagge- will ought not to be allowed to derogate from his 
rated case known to the speaker was afforded by |OwD grant ; a wide restriction might properly be 
mercury, where in certain cases as many as seven | given to protect the enjoyment by the purchaser of 
negative charges were removed from the atom, | that which the vendor had sold. In a contract of 
Thus Fig. 2 represented a positive-ray photograph | Service, however, there was less freedom of nego- 
of mercury. All the lines shown were due to | tiation, and a much greater risk of oppression. e 
mercury atoms. In the case of the lowest line the | interests of the covenantor therefore required to 
atom had lost ope charge before reaching the|be more carefully , ’ 
plate, whilst to get the uppermost curve seven ew 9 case, his rdship pointed out that the 
charges must have been knocked out. Moreover, a ‘ a 

comparison of the relative strength of the different | W48 not really in the position of a free man nego- 
curves led to the conclusion that the whole of the | tiating on equal terms with his employers, but was 
seven were knocked out in a single collision, and | bound by a covenant in an agreement made in 1906 


not successively. 





AGREEMENTS RESTRICTING ENGI- 
NEERS AFTER DISMISSAL. 


, A DECISION of considerable interest to engineers | other kind of business, with little hope of returning 
) 


x recently been given in the Court of Appeal. 


he case, which raised an important question| reasonable to require the defendant to put aside 
With regard to covenants in restraint o _ trade, | ll the skill and experience he had obtained during 


wae that of Herbert Morris, Limited, v. Saxelby. 
The defendant entered the employment of the 
plaintiffs as junior draughtsman, rose to the 
position of leading draughtsman, and afterwards 
took charge of the selling department, which 
position he held until he left the plaintiffs’ ser- 
vice, in April, 1913. While in their employ in 
the latter capacity, the defendant entered into an 
agreement fixing his salary and his engagement for 
two years, and he covenanted with the plaintiffs that 
he would not for seven years from the date of his 
yams be be employed by the company, either in 
Great Britain or Ireland, carry on, either as princi- 
pal, agent, servant, or otherwise, alone or jointly, 
or in connection with any other person, firm, or 
company, or be concerned directly or indi in, 
the sale or manufacture of pulley-blocks, overhead 
runways, hand overhead travelling-cranes, or aily 
part thereof, or be concerned in any business 
connected with such sale or manufacture. On 
leaving the company’s employ the defendant was 
engaged by their French agents, but on March 9, 
1914, he entered the service of Messrs. Vaughan 
and Son, Limited, who were the principal com- 
petitors of the plaintiffs in the manufacture of 
some of the articles mentioned in the agreement. 
The plaintiffs thereupon brought an action claim- 
ing an injunction against the defendant substan- 
tially in the terms of the above-stated clause of 
the agreement. 

The case was heard by Mr. Justice Sargant, who 
dismissed the action with costs, on the ground that, 
although the restriction imposed by the covenant 
was not unreasonable from the plaintiffs’ point of 
view, and was reasonably necessary for the protec- 
tion of their business, its enforcement would 
deprive the defendant and the public of the benefit 
of the skill and experience he acquired in the 
plaintiffs’ employment, and would prohibit him 
from using knowledge which form rt of his 
mental equipment. The firm appealed against 
this decision. The appeal was heard by the ter 
of the Rolls, Lord Justice Phillimore, and Mr. 
Justice Joyce, and their Lordships dismissed the 
appeal, with Lord Justice Phillimore dissenting. In 
giving judgment, the Master of the Rolls said that 
the validity or invalidity of covenants in restraint of 
trade was not regulated by statute, but depended on 
the common law, which is founded upon publie policy 
On the one hand, it was in the public interest that 
a covenant should be observed and enforced, but it 
was also in the public interest that a man should be 
free to use his skill and experience to the best 
advantage. It had, his Lordship continued, been 
laid down by the highest authority that a covenant 
is not good if it — a greater restraint than is 
reasonably required for the protection of the cove- 
nantee. He did not agree that the only matter to 
be considered was the interest of the covenantee, and 
that the latter was only bound to satisfy the Court 
that the restraint was not greater than was reason- 
ably required for his protection. It could not be 
reasonable for the covenantee to exact covenant if 
it were harsh and unreasonable towards the cove- 
nantor, whose interest must be regarded as well as 
that of the covenantee. The Master of the Rolls said 
that there was a considerable difference between 
covenants in a contract of service and covenants 
relating to the sale of goodwill. There were, in 
fact, at least three classes which might require 


be protected by an absolute covenant without 


ed. With regard to the 
efendant, at the time of signing the contract, 


for seven years. His Lordship therefore agreed with 
Mr. Justice Sargant’s judgment, and added that the 
period of seven years was practically indistinguish- 
able from the whole life, since during that period 
the defendant would have to earn his living in some 


to his original form of employment. It was not 





the ae he had been in the employment of the 
plaintiffs and start life afresh. There was no sug- 
— that the defendant had been guilty of any 
each of confidence. His Lordship therefore 
thought the appeal should be dismissed with costs, 
and Mr. Justice Joyce concurred. 
Lord Justice Phillimore, however, differed, and 
in the course of a long dissenting — said, 
quoting Parke, B., in Mallan v. y, that the 
real test ap to be whether or not it were 
prejudicial to the public interest, for it was on the 
grounds of public policy alone that these contracts 
were supported or avoided. Contracts for the 
partial restraint of trade were upheld, not because 
they were advantageous to the individual with 
whom the contract was made and a sacrifice pro 
tanto of the rights of the community, bub because 
it was for the efit of the public at that 
they should be enforced. He understood that the 
company would be content with the enforcement 
of the contract omitting the clause against being 
concerned, directly or indirectly, in the sale or 
manufacture, and the words prohibiting the sale 
or manufacture of parts of pulley-blocks, overhead 
runways, and overhead travelling-cranes. The 
covenant could be so severed, and in this condition 
his Lordship thought it was not too wide. He 
therefore thought the appeal ought to be allowed. 





NOTES. 
HypRoGENn For BaLioons. 
BauLoons are generally inflated with hydrogen 
from scrap iron and hot acid, unless there is some 
other source of the gas close at hand. The 
French army is also making use of some novel 
processes which would be far too expensive for 
most commercial purposes, but which have the 
advantage of requiring none but readily portable 
materials and apparatus. When the metals of the 
alkalies and alkaline earths are heated in hydrogen, 
so-called hydrides are formed. They are. not 
metallic in ap ce at all—liquid hydrogen 
iteelf, it will be remembered, disappointed chemists 
by turning out to be a snowy paste—but form 
whitish crystals or crystalline powders, which have 
to be kept hermetically sealed. In the case of 
calcium hydride the powder is decomposed, with 
liberation of hydrogen, when heated up to 600 deg. 
Cent. in a vacuum, or when treated with water. 
The simple apparatus designed by G. F. Jaubert 
for the decomposition of his calcium hydride, or 
** hydrolith,” which is ———, CaH, with some 
calcium oxide and nitride, yields 1 cub. m. of 
hydrogen per kg. of hydrolith. Jaubert has also 
worked out two other processes which make use 
of ferro-silicon. In the ‘‘silicol” process this ma- 
terial, or mangano silicon, is directly decom 
by means of water and caustic soda; the gas evolution 
proceeds on the ordinary lines, as in the case of 
the generation of acetylene from calcium carbide, 
for instance, but it appears to be difficult to con- 
trol the reaction. Jaubert therefore introduced 
another ‘‘ hydr ite” process. Ferro-silicon is 
intimately mixed with dry caustic soda and quick- 
lime, and the bricks obtained are sealed into tin 
cases to keep out moisture. When wanted, the 
brick is placed within a water-jacketed apparatus, 
and a hot wire is forced into the dpentt tric. 
The mass burns without giving any flame, some 
steam is generated in the jacket, and this steam 
enters the brick and hastens the liberation of 
hydrogen. The ferro-silicon used is of very high 
e, containing more than 90 per cent. of Si. 
e reactions give hydrogen, lime, and sodium 
silicate ; the iron is unessential, and is only used 
because it is cheaper to manufacture rich ferro- 
silicon than to isolate silicon itself. 


Tue Prorits on Coat. 


Coalowners and merchants are singled out as 
a class making great profits. It is said that coal 
which is sold at anything from 11. to 2/. per ton is 
produced by the colliers for about 2s. This 
statement that our miners only receive about 2s. 

r ton has been a stock argument with our 
ER ccialiste for many years, and it has come to be 
widely believed by the public. What are the facts ? 
In round figures, — over the last seven 
years, our annual uction of coal has been 
265,000,000 tons. e average number of workers 
employed has been 1,000,000. That gives a per 
capita output of 265 tons, or 1 ton per man per 
working day. Now, if the statement about mining 








wages only amounting to 2s. per ton be true, it 
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follows that our miners work for 2s. per day. 
Obviously this is false. The fact, of course, is 
that the labour cost of coal exceeds 6s. per ton, 
being about 6s. 4d. What is left for profit ? 
Spread over the last seven years, the average pit- 
mouth price of coal has been about 8s. 6d. Outof 
the margin of about 2s. 2d., rents and rates, cost 
of timber, horses, rails, and many other items have 
to be taken before anything is left for dividends. 
Taking the coal industry through, the dividends 
paid do not exceed 6d. per ton, or 5 per cent. per 
annum on capital averaging 10s. per ton of annual 
output. Recently Mr. D. A. Thomas showed that 
for every shilling taken by the shareholders in his 
company the workmen were paid 14s. in wages. A 
detailed examination proves that for each 1d. taken 
by capital, labour gets 1s. out of this industry. 
tf we follow the coal from the pit to the con- 
sumer, we find, in the first place, that about one- 
third of the coal produced, and upon which full 

es and standing charges have to be paid, is small 
and of little value; it is n to have much 
above the average for the best coal, in order to 
balance the loss on the inferior. Taking, say, 10s. 
a ton as the average pit-mouth price of good 
marketable coal in ordinary times, we must add 
6s. or 7s. for carriage by rail from the Midlands to 
London ; about 1s. for wagons ; from 6d. to Is. for 
labour at the dépéts, loading, &c. ; 2s. or more for 
carting, besides office expenses. There is no mystery, 
therefore, about a selling price of 20s. or more per 
ton. With regard to the present abnormal condi- 
tions, it must be pointed out that very little extra 
profit is going to coalowners, but very much of the 
extra price charged to consumers a labour, 
and for other unavoidable expenses. ost of the 
colliery outputs were contracted for before the war 
broke out, at figures based upon the idea that 
depression was coming. Now the coalowners have 
to pay something like 100 per cent. more for their 
et ye nearly 50 per cent. more for horse- 

ing stuffs, and with many of their best men 
away on national service, they are left with 
an undue proportion of aged and more or less 
inefficient men to claim the legal minimum wage, 
which, in practice, is payment beyond that 
due for the amount of coal gotten. us it will 
be seen that cost of production is increased by 
anything from 25 to 50 per cent. by the war. 
Then there is transit. Much coal which has 
hitherto come to London by ship for 5s. or 6s. per 
ton freightage now has to come by rail at about 
double that cost. Next, with a shortage of wagons, 
owing to so many being employed for military pur- 
on the hire for private trucks has increased 
rom about 1s. up to 3s. per ton. And this, it 
must be pointed out, is not all due to the rapacity 
of the owners. Itis mostly due tothe fact that the 
journeys since the war started have taken about 
twice the usual time. 








Tue vate Mr. Freperiok Winstow Tarior.—We 
regret to find recorded in The Iron Age the death of Mr. 
Frederick Winslow Taylor, which occurred on the 21st 
ult. at the Medico-Chirurgical Hospital, Philadelphia, 
from umonia. The before his death was the 
fifty-ninth anniversary of his birth. Mr. Taylor was 
“the father of scientific management, and the inventor, 
with the late Maunsel White, of the Taylor- White high- 
speed —s steels.” He was born in Germantown, 

‘a., in 





Drirecrory or Paper-Makrrs.—We have received a 
copy of this Directory for 1915, the thirty-ninth annual 
edition. It is published at the price of 1s. net by Messrs. 
Marchant Si and Co., 47, St. Mary Axe, E.C. It 
contains lists of paper-makers, &c., of the United King- 
dom, under all the various headings; a list of e 
designations used by paper-makers, wholesale stationers, 
&o., for papers, stationery, cards, &c.; water-marks; 
trade names ; data on paper-trade customs ; and a classi- 
fication of advertisers, forming a complete directory of 
paper-makers’ suppliers. 


Oonrracts.—The Mill Road Infirmary, Everton, 
Li has placed an order with Messrs. Ed. Bennis 
and Oo., Little Hulton, Bolton ( h the Brightside 
Foundry and Engineering Company) for six coking 
stokers and self-cleaning com -air furnaces. 
Another order just received by Messrs. Bennis is from 

Dowson and Mason Gas ym em Limited, Levens- 
hulme, Manchester, for coal and -handling plant for 
India. This plant consists of a Bennis bucket elevator 
and U-link chain conveyor for receiving the coal from 
the — and ae ay ey i. hoppers ~. a 
range of gas-producers tons r. 
The ashes are withdrawn from underneath the ad ucers 
and trimmed by hand into an ash-elevator which raises 

m into an over ash-storage bunker, from which 
they fall by gravity into railway-trucks, 





INDUSTRIAL NOTES. 
Tue Press Bureau issued on Tuesday evening the 
following statement :— 
The Secretary of the War Office announces that 


Lord Kitchener has appointed a committee to take all 
the necessary steps to provide such additional labour 
as may be required to secure that the supply of the 
munitions a war shall be sufficient for all require- 
ments. Communications in regard to the subject 
should be addressed to ‘‘ George M. Booth, Esq., the 
War Office.” 





At a meeting which took place on March 31, at the 
headquarters of the West Lancashire Territorial 
Association, and which was attended by Colonel H. 
Concannon (manager of the White Star Line), Mr. 
Ronald Williams (chief of the Labour Exchan in 
the district), Mr. James Sexton (secretary of the 
National Union of Dock Labourers), and Messrs. 
Keefe (President), M‘Kibbin, and O’Hare (officials of 
the Dockers’ Union), Lord Derby outlined a scheme 
which he had started for recruiting a battalion of 
transport workers. Lord Derby stated that there were 
many men working in the docks who, unable to enlist 
owing to age, would still be glad to put on his 
Majesty’s uniform and be employed as soldiers, but 
in a civil capacity. After careful inquiry as to the 
probable result of forming a battalion of such men, 
and finding that his scheme would receive great 
support, not only from the men themselves, but from 
shipowners, he had obtained Lord Kitchener’s per- 
mission to raise a battalion, or, if desirable, battalions 
on somewhat novel lines, and he intended to try and get 
the men within a very short time. Men will be regu- 
larly attested, and will be in all respects under mili- 
tary law, but will ref be employed for home service. 
The constitution of the force will be by companies, as 
on the National Reserve system. Each company will 
consist of a sergeant, ten corporals, and about 114 
rank and file. he latter figure, however, is liable 
to variation. Men will be served out with khaki 
over-all uniforms, which will be in every way suitable 
for them to work in. 

They will earn their civil pay plus the Army pay 
of their rank, but will have no claim for any allow- 
ances, such as lodging, separation, bounty, &c. They 
will receive their civil pay at White Book rates, but 
every man will be guaranteed a minimum of 35s., 
which, together with his military pay of ls. a'day, will 
in the case of a private bring it to a minimum of 42s. a 
week. In the event of a man working more hours than 
would entitle him, at White-Book rates, to receive 
his 35s. a week, any money he so earned would be in 
addition to the 42s. above specified. Corporals will 
receive ls, 8d. a day over and above their civil pay. 
Sergeants will receive a flat rate over and above their 
civil pay of 2s, 4d. a day. No man will be taken 
unless he belongs to the Dockers’ Union, and any man 
after enlisting who shall cease to be a member of the 
union will be discharged. The force will adhere 
strictly to trade-union rules, and under no circum- 
stances will it be used as a strike-breaking battalion. 

Lord Derby has asked Mr. Sexton to become a con- 
sultative member of the staff. 

He, further, proposed at present to start on a very 
small scale in order that any defects that may exist 
shall be rectified before the larger scheme is launched. 
There is to be no age limit and no medical examina- 
tion, but only men will be taken on. They will 
know where all the men live, and could call them up 
whenever they were wanted ; and they could also take 
them from any job on which they were en when 
they were required for Government work. The men 
will come under the Employers’ Liability Act and all 
similar Acts, as in civil Tite Any charge which had 
to be made for an accident would be against the 
employer for whom the men were working at the time 
of the accident. 

Mr. James Sexton, speaking on behalf of the men, 
expressed his admiration for Lord Derby’s scheme 
outlined above. He thanked him for what he had 
done, and added that he (the speaker), so far as he 
was concerned, would do everything possible to make 
the scheme a success. 

The name of the new o isation is to be the 
**1st Dock Battalion Liverpool Regiment.” 


A meeting of the Executive Committee of the 
Miners’ Federation of Great Britain was held in 
London last Tuesday with a view to consider the 
situation which has arisen by the Federation’s decision 
of March 17 to make an application to the coal- 
owners for a eral advance in The coal- 
owners had declined to meet the men in a joint national 


conference, but offered to discuss the proposals with | Co’ 


them in each wage area. The rise in the price of coal 
has led to dissatisfaction on the of the miners ; 
they ask to share in the we profits which are being 

e by the collieries, and put forward as a reason 


the present increased cost of living. 
The statement issued at the 
may be given in full. 


ose of the meeting 








“The executive have had under consideration 
replies which have been received from the mine- 
owners of Scotland and South Wales in connection 
with the uest which has been made for them to 
attend a national meeting of mine-owners and miners’ 
representatives to discuss the claim recently put for- 
ward for an increase of 20 per cent. in wages. 
Definite results had not been received from Durham, 
Northumberland, and the English Conciliation Board 
area, which includes Yorkshire, Lancashire, Derby- 
shire, Staffordshire, South Wales, &c. 

‘In view of the fact that the replies were not 
completed, the executive adjourned consideration of 
the matter until to-morrow, and meanwhile Mr. 
Ashton was instructed to ask for a definite answer 
from the mine-owners of Durham, Northumberland, 
and the English Conciliation section, in order that 
the executive may be in a position to come to a 
definite conclusion on the question at their meeting 
to-morrow. 

** Answers received from Scotland and South Wales 
say that the mine-owners thought that this question 
should be dealt with in the districts locally, as it was 
not one for national consideration.” 


We are informed that the engineers employed by 
Messrs. Barr and Stroud, Anniesland, Glasgow, have 
been granted advances amounting to 14d. per hour. 
During the recent strike of engineers on the Clyde, 
Messrs. Barr and Stroud’s staffs rcmained at work, 
the firm having decided to grant them an advance of 
ld. per hour. The other employers, in accordance 
with the recent award, gave their men an increase of 
ld. per hour, and Messrs. Barr and Stroud have now 

ted their employees an extra 4d. per hour. This 
igher rate, they state, is in recognition of the wil- 
ling spirit shown by their men during the t eight 
months, and the loyalty to the country onl Gee firm 
which the men have shown in remaining at work 
while others in the same trades in the district had 
declined to do so. 





On Wednesday, March 24, the Executive of the 
National Union of Dock Labourers held a meeting at 
Liverpool, at the close of which it issued a resolution, 
which was widely circulated throughout the docks. 
The resolution was worded as follows :—‘‘ The Execu- 
tive er to hear that, in spite of their recent advice, 
some of the men in the coasting trade and also the 
cargo-men in Birkenhead refuse to work after 5 p.m. 
on Fridays and on Saturdays under the existing agree- 
ment. As over 80 per cent. of the members are at 
present working under the agreement, the action of 
the remaining portion has added to the congestion at 
the docks, and has actually prevented the distribution 
of munitions of war for the troops in the trenches 
during the past week, on which account the reputation 
and prestige of the union is being seriously damaged ; 
further, in view of the message of Lord Kitchener to 
the officials of our Executive, we now insist that the 
members affected shall immediately fall into line with 
the majority; and, after that, we, as an executive, are 
prepared to submit any grievances they may have for 
investigation at once. Work, however, must be 
resumed, otherwise we are afraid more drastic measures 
will have to be adopted, and by a body outside our 
union, to the detriment of the organisation. We 
instruct branch officials to notify the members of this 
resolution at once.” 

The Birkenhead dockers, to the number of about 
1600, left their jobs at 5 o’clock on I'riday evening, 
March 26, and did not return to work on Saturday, 
March 27. After the last week-end holidays, they 
returned to work at the commencement of the present 
week and consented to work overtime. 

It is believed that the above resolution will have 
the required effect. 





In the report of the London County Council for last 
Tuesday, it is stated that a difference of opinion 
recently arose regarding the interpretation of an 
agreement arrived at by the Rolling-Stock Conciliation 
Board on April 3, 1914, under which the rate of pay 
of wiremen in the Tramways Department was 
increased from 94d. to 10d.an hour. On the 5th ult., 
the Electrical Trades Union intimated that it had 
decided that the wiremen in the Council’s employ 
should withhold their labour if a rate of 104d. per 
hour, which it claimed to be the rate now obtaining in 
London, was not paid. On the llth ult., the acting 
secretary for the Council’s representatives and the 
secretary for the employees’ representatives wrote a 
joint letter to the Chief Industrial Commissioner 
asking him to arbitrate. On the 17th ult., the latter 
replied stating : (1) That in view of the terms of the 
uncil’s s' ing order, and of the facts of the case, 
the rate of pay for wiremen is correctly stated in the 
Council’s list of rates of wages and hours of labour. 
(2) That the employees in the rolling-stock section, 
who are employed in workshops or the wiring of cars, 
are not entitled, under the Council’s list of wages 
and hours, to the rate of 10jd. an hour. After some 
difficulty with the men, and an attempt to have the 
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matter referred to a court of arbitration, it was 
decided by the men to abide by the award of the 
Chief Industrial Commissioner. 





In their monthly review and stock list for February, 
Messrs. Alfred Herbert, Limited, Coventry, state that 
the demands of the war upon the engineering industry 
have caused a shortage in the supply of skilled me- 
chanical labour, with the usual result that wages are 
on the up grade. This might be a serious matter in 
a trade where a high degree of skill is required for the 
greater part of the work, but in mechanical engineer- 
ing as carried on to-day, methods and tools are in the 
ascendant, and have much more effect on costs than 
have the weekly wages of the skilled workman. 

A reduction in wages may be apparently the simplest 

and most obvious way of reducing costs, but is un- 
doubtedly the worst way, as low wages mean a low 
class of labour, lack of enthusiasm or helpfulness from 
the workman, lack of personal efficiency, and absence 
of esprit de corps. In addition, the maximum saving 
in cost that can result from reductions in wages is quite 
insignificant when compared with that which can be 
attained by other means. The best and most legitimate 
way to reduce costs is to take steps to increase the 
output per workman, which in most cases can easily be 
done by the use of improved tools and appliances. 
Increase of output not only saves wages per piece, but 
also saves establishment expenses, and ey 
enables additional capital expenditure to be avoided. 
The savings thus reduce the cost of everything enter- 
ing into the manufacture, except material, which is 
by no means the case when wages only are reduced. 
The cost reductions obtainable by increases of output 
per man are almost illimitable, and in many cases are 
zreater than the whole cost of the labour employed 
Ctove the improved methods were adopted, so that 
even if the men working on the old lines could be 
persuaded to work for no wages at all, he would still 
not be able to compete with the work produced by the 
new methods. There are many instances of costs being 
reduced by changes of method to anything from one- 
fourth to one-tenth of the original cost, but there are 
not, nor ever will be, any cases of workmen’s wages 
being reduced in any such proportion. 

The logical inference is that, in a commercial sense, 
the methods used are much more important than the 
wages paid, and that it is often worth while to pay 
even unusually high wages if the proper carrying out 
of an improved process is thereby ensured. In 
practice it is generally found that when costs are 
reduced by the adoption of up-to-date methods, the 
wages earned per worker are increased ; it may, in 
fact, be said that in many trades it is only by increas- 
ing the output per man that itis possible to pay higher 
wages. 

The workman then who tries to keep his output down 
is, although he probably does not realise it, trying to 
keep his own wages down. 





Canadian Machinery, in its issue of March II, 
states that in a recent report of the Industrial Com- 
mission of Wisconsin, it is shown that over 70 per 
cent. of all the injuries to workmen caused by chips, 
nails, and other small objects, affect the eyes. Out of 
& total of 346 cases reported, 32 men entirely lost the 
sight of one of their eyes, 217 had eyes injured, 
75 suffered from lacerations, seven from impaired sight, 
and 15 from bruises. The causes of the above injuries 
were as follows :—283 were hit by chips, 14 by nails, 
four by stone from blasts, three by bursting water- 
glasses, and 42 by other small objects. 

The Commissioner further states that it is safe to say 
that of the 70 per cent. fully three-fourths of these 
eye injuries could be avoided by the wearing of 
goggles, and, in fact, within the past year, many 
Wisconsin works have adopted the use of goggles, and 
as a result eye injuries have been almost entirely 
eliminated. 





The New South Wales Monthly Statistical Bulletin 
for December last gives a table of current rates of 
wages, from which we take the following figures :— 

Blacksmiths, 54s. to 66s. per week ; boiler-makers, 
ls. 54d. per hour; brass-finishers, 1s. 3d. to 1s. 3}d. 
- hour ; brass-moulders, ls. 3d. to ls. 44d. per hour ; 
ricklayers, 1s. 7}d. to 1s. 9d. per hour; carpenters 
and joiners—ls. 5d. to 1s. 6d. per hour, leading hands 
ls. 74d. per hour; coachsmiths, ls. 3d. per hour ; 
coppersmiths, 1s. 6d. p2r hour ; electricians hani 
ls. 44d. to ls. 64d. per hour, fitters ls. 64d. per 
hour ; engine-drivers (stationary) ls. O}d. to 1s. 74d. 
per hour, firemen 1s. 0}d., ls. 24d., and 1s. 3d. per 
hour ; galvanised-iron workers, 1s. 2d. per hour ; iron- 
workers, ls. 14d. to ls. 6d. per hour; labourers, 
general, ls. to 1s. 6d. per hour; masons and stone- 
cutters, ls. 7d. to ls. 8d. per hour; navvies, 8s. to 
¥s. 64. per day ; pattern-makers, ls. 64d. per hour ; 
plumbers, Is. 6d. to Is. 10}d. per hour; textile- 
workers—males 45s. per week, females 21s. per week ; 
tnsmiths, 113d. to ls. 3d. per hour; wheelwrights, 
ls. 3d. per hour. Most of the wagis given in the 





is mined. 
Coal-Mines, Northern District. 
alae 73d. to 48. 2d. per 
n. 
Miners, coal cutting machines, 
lls. and 12s. 4d. per day. 
Miners, coal-cutting assistants, 
from 8s. per ~- 
Deputies, 12s. 10d. per day. 
Shot-firers, 11s. 10d. per day. 
Waste-examiners, lls. 1 
day. 
Engine-drivers— 
Winding and locomotive en- 
nes, 12s. per day. 
oO ~4 > gael 10s. to 11s. 6d. 


per day. 

Shiftmen, 88. 6d. to 12s. 4d. per 
shift. 

83. to 98. 1d. per 


per 


Wheelera, 
shift. 

Flatters, 8s. per shift. 

Water-bailers, 8e. per shift. 

Hand-pumpers, 88. per shift. 

Set-riders, 10s. per shift. 

Rolleyway men, 8s. to lls. per 
shift. 


Roadlayers, 9s. to 102. 6d. per 
shift. ” 


Wagon - packers, 
shift. 
Banksmen, 10s. per shift. 
Shunters, 8s. per shift. 
Screenmen, 8s. per shift. 


8s. 4d. per 


The same New South Wales Bulletin gives the fol- 
lowing information concerning the coal-miners :— 

The employees in the coal-mines in New South 
Wales work under agreements or awards. The rate 
paid to miners varies according to the selling price of 
coal per ton ruling at the time, and also according to 
the conditions of the seams or places where the coal 


Coal-Mines, Southern District. 


Miners, 2s. 23d. per ton. 
Miners, screened coal, 3s. 1d. 


per ton. 

Overmen (underground), 15s. to 
178. per day. 

Deputy overmen, 12s. 6d. per 


ay. 
Shiftmen, 10s. 10d. to 13s. per 


y- 

Onsetters, 9s. 6d. per day. 
Banksmen, 10s. per day. 
Screenmen, 9s. per day. 
Mechanics, 11s. to 12s. 6d. per 


day. 
a 7 12s, 6d. to 168, 8d. 


r day. 
Ei La ne-drivers— 
inding, 1s. 6d. per hour. 
Haulage, 1s. 4}d. per hour. 
Stokers and firemen, 1s. 14d. to 
1s. 3d. per hour. 
Locomotive - engine 
1s. 6d. per hour. 
Locomotive - engine 
1s. 3d. per hour. 
Platelayers, 88. to 10s. per day. 
rnacemen, 8s. r day. 
Harness-makers, 10s. per day. 
_— 98. 3d. to 10s. per 


y- 
Water-bailers, 9s. 3d. per day. 
Stablemen, 98. to 10s. per day. 


drivers, 
stokers, 


Labourers, 88. per shift. 
Boys, 38. 3d. to 6s. 6d. per shift. 


Labourers, 88. to 9s. i -~ @ 
—— 9s. 3d. vo 108, 10d. per 


y- 
Trappers, 3s. 6d. per day. 
Boys, 4s. 1d. to 78. per day. 





WORKMEN’S COMPENSATION CASES. 

Medical Examinations.—The question as to whether 
an employer is entitled, under paragraph 4 of Schedule 1 
of the Workmen’s Compensation Act, to require a work- 
man to submit to more than one medical examination in 
the course of the same proceedings, assuming that the 
requirement of the employer is reasonable, has recently 
been decided in the House of Lords. 

The circumstances of the case were as follow:—A 
workman named Smith was injured on January 27, 1911, 
during the course of his employment with Messrs. D 
Davis and Sons, Limited, who paid him a weekly sum 
as compensation under the Act without any proceedi 
before an arbitrator. The man resumed work in June 
of the same year and continued until August of the 
following year, when he stopped work owing to an illness 
(Grigave isease), which was not caused by the accident. 

e recovered from this in June, 1913; but, as he claimed 
to be partially incapacitated by the old injury, he served 
his employers with notice that, unless he could obtain 
some light employment from them, he must have full 
compensation under the Act. He was then required by 


was examined by their medical man on June 26, 1913. 
In September he filed a claim in the County Court for 
compensation from August 12,1912. His employers then 
denied liability, alleging that he had recovered, and 
required him to submit to a further medical examination, 
which he refused. The employers then obtained an 
order from Judge Bryn Roberts, suspending proceedings 
until the man complied with their requirement, and it 
was against this order that the man appealed. 
The learned Judge held that the right conferred by 
me yd not ae toa unee examination, and 
S 8 the workman’s right to,compensation unti 
he submitted himself to a second examination. The 
Court of Appeal upheld this decision. 

In the House of Lords the case was brought before 
oe —, Lord ne ney =~ — ange or 
addington. Giving judgment, rm sai 

that the scheme and effect of the Act and i 
are as follow :—After notice of an accident has been 
given, there is a period before any decision is arrived at, 
and during this period an employer may desire to learn 
from his own medical adviser what is the physical con- 
dition of the workman, so that he may determine what 
to do. He may to make weekly payments or 
he may dispute liability, wholly or in part, and pre- 
pare hi f for the trial. is right to require a 
medical examination during the first period is d 
by paragraphs 4 and 15 of Schedule 1 of the Act. 
m comes a second period, during which a similar 
medical examination may be required. A weekly pay- 
ment made by an employer, either by agreement or 
award, may have to be ended, diminished, or increased. 
The right of an employer to require a medical examina- 
tion to be made during this second — is defined by 
ig 14 and 15, and in Regulations 1 and 2 of 
une 28, 1907. A workman receiving weekly payments 
under the Act has, from time to time, to submit himself 


think they were at ——— | to read any qualifying words 
into these provisions, and did not see why they were not 
applicable to the case of a man receiving weekly pay- 
ments by oral agreement just as much as if a memo- 





table referred to have been fixed by wages bvards, 


randum had been recorded, or as if the sums were pay- 


-| B.S., D.P.H., 


his employers to submit to a medical examination, and | G 


nothing to do with the present appeal, because, though 
payments had been made under the Act, the man was not 
receiving weekly payments under it at the time the 
medical examination was required, and had not been 
receiving them for many mon 

Another cont oy hed, however, arisen in the _ 
sent case. Weekly payments had been made, and then 
discontinued because of the workman’s recovery. The 
question which arose was, What was the employer's 
right to have a medical —— if asked to recom- 
mence payments? jis specific contingency was not 
expressly provided for. It could not be oy para- 
graph 14 and its dependent visi and it was a 
question as to whether it could be met by paragraph 4 
of the First Schedule. In his Lordship’s opinion para- 


graph 4 related primarily to the first od, before 
= Vege sae liability has been admitted eed judicated 
y 


arbitrator; but he thought that it covered more 
that. The paragraph effect ‘‘where a work- 
man had given notice of an accident,” and his Lordship 
saw no reason for cutting down these words. If there 
had been an agreement or an award, and weekly payments 
were being made, then paragraph 4 would be superseded 
by the more particular provisions of paragraph 14. In 

case it would apply, for here the workman had given 
notice of an accident. 

What, then, were the duties as to submitting himself 
for medical examination im upon the wor by 
paragraphs 4 and 15? @ must submit himself to 
examination if required to do so by the employer, but 
neither paragraph 4 nor paragraph 15 said how often. 
Nor was there any regulation saying how often. His 
Lordship thought it out of the question to say that 
a such examination could be required. There was 
nothing in the Act or in the good sense of the thing to 
warrant any such limitation. It followed that under 

the workman must submit to examination 
when it is reasonably demanded by the employer. 

In the present case it was not sugges’ that the 
requirement was unreasonable, or that the learned 
County Court Judge was asked to treat it as unreason- 
able. He had full power, and His Lordship thought 
that he was perfectly right to make the order complained 
of. The appeal must therefore be dismissed, with costs. 
Lord Atkinson and Lord Parker of Waddington gave 
judgment to the same effect. 





TrRapg with Rvussia.—In the paragraph under this 
heading on 321 ante, the address of Mr. Francis 
Hodgson should read 89, Farringdon-street, London, B.C. 





Tue Royat Sanrrary Instirure.—On Wednesday, 
April at 5 p.m, Mr. W. Perrin Norris, M.D. 
ief Medical Officer, Medical Bureau, 
Commonwealth of Australia, will lecture on ‘‘ The Evolu- 


N88 | tion of Hygiene and Public Health in Australia.” The 


chair will be taken by the Right Hon. the Earl of Ply- 
mouth, P.C. The next sessional meeting will take place 
at Shrewsbury, on Friday, 4 28, at 7.30 p.m., and 
there will be a discussion on ‘‘ The Value of Mechanical 
Filters in the Purification of Water,” to be opened by 
Mr. Thomas Orr, M.D., D.&c., M.O.H., Shrewsbury. 
The chair will be taken by Mr H.P Boulnois, M. Inst. 
C.E. On the following day there will be visite to Shrews- 
bury Housing Scheme. Ditherington; Mechanical Filtere, 
hester Street ; and Public Abattoir. 





Drrecrory OF SHIPOWNERS, SHIPBUILDERS, AND 
Maes tg a has jon been _— by 
the Directory Publishin mpany, Limited, 15, Farring- 
don Avenue, London, EO. a com ive directory er 
shipowners, shipbuilders, and marine engineers, com- 
piled chiefly from official sources. The Government 
departments, classification registries, and underwriting 
and salvage associations are first given, followed by an 
alphabetical list of all shipowners, with their fleets, and 
also of shipowners and mechanical engineers, with par- 
ticulars of their works, directors, partners, and managers. 
A list is also given of consulting marine engineers and 
naval architects. In addition, e is a full index to 
the names of all companies; one to the names of all 
ships, indicating the owners; and yet another to the 
directors, partners, and chief officials of the companies 
dealt with in the book. For the subscriber the price is 
5s., while after publication 10s. is charged. 





DEVELOPMENT IN THE ARMSTRONG ENGINEERING Dr- 
PARTMENT. — For many years Sir W. G. Armstrong, 
Whitworth and Co., Limited, of Elswick Works, New- 
castle-on-Tyne, have had a high reputation for the 
manufacture of cranes, hoists, dock-gates, &c., and many 
of these have been illustrated in ENGINEERING. Messrs. 
Armstrong have for some time past been greatly ham- 

for want of sufficient my space to meet the 
increasing requirements of the +, and we 
now learn that they have entered into an arrangement 
with Messrs. A. and J. Main and Co., Limited, of 
G w, the well-known firm of constructional steel 
builders, by which they will utilise Messrs. Main and 
Co.’s factory for the manufacture of steel constructional 
work of all — including that required in connection 


for ical examination ( ph 14), but not other- | with cranes, ts, dock - gates, >. 8 well as for 
wise. nor at more frequent intervals than is i by | bridges, general girder-work, factory building, roofs, 
the Regulations (paragraph 15). His ship did not| &c. Messrs. Armstrong have a representative on the 


board of Messrs. Main and Co, and have also a special 
technical staff resident at Messrs. Main and Co.’s works, 
so that the manufacture of Messrs. Armstrong’s speciali- 
ties is carried out in exactly the same way as at their 
Newcastle factory, with this advantage—that the facili- 





able under an award. In his opinion, paragraph 14 had 





ties for larger output are considerably i 
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THE CONSTITUTION OF THE ALLOYS OF 
COPPER WITH TIN.* 
By Joun L. Havcurton, M.Sc., of the National 
hysical Laboratory. 
PART I. 
INTRODUCTION. 

THE constitution of the copper-tin alloys is a subject 
which has attracted many workers. ving on one 
side the early work of Riche, Behrens, Mallet, Laurie, 
Thurston, and others, the earliest systematic study of 
the series was undertaken by Le Chatelier,t who pub- 





— 


Fie. 1. 


| 


Fie. 3. Grorirtt anp Tavanti’s Diagram. 





Fie. 5. Curet Castine. 


lished, just over twenty years ago, a “‘freezing-point 
curve” of the alloys. @ was followed in 1 by 
Roberts Austen and Stansfield,t who, however, modified 
their curves somewhat in 1897.§ In this year Heycock 
and Neville|| published a complete and carefully-worked- 
out freezing-point curve which agreed well with that of 





* Paper read before the Institute of Metals on 


March 19. 
t Le Chatelier, Comptes Rendus, April 9, 1894. 
+ Roberts-Austen and Stansfield, Third Report, Alloys 


Research Committee, 1895, appendix ii., page 269. 
§ Roberts- Austen and Stansfield, Fourth Report, Alloys 
Research Committee, 1897, 67. 


: vi, page 
|| Heycock and Neville, Philosophical Transactions, 
1897, vol. clxxxix. a, page 63, 





Heycock anp NeEvILue’s Dracram. 





the other workers. In 1903 Heyoock and Neville* pub- 
lished the first diagram which laid any claim to complete- 
ness. This diagram is generally accepted, in the main, 
as being accurate, though in several p' it is obviously 
not complete, and more than once the authors claim that 
further investigation is necessary on some of the points. 

In 1906 Shepherd and Blought+ reinvestigated the 
series, ae the earlier diagram in several respects. 
Unfortunately they show none of the photomicrogra 
from which they draw many of their conclusions, which 
renders it difficult to compare their results with those of 
other workers. 

The next investigators of the series were Giolitti and 
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Fig. 6. HEYCOCK AND NEVILLE'S DIAGRAM. 
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Fig. 7. SHEPHERD AND BLOUGHS DIAGRAM. 
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or two points in the series appear to 


phs | they are in agreem 





Tavanti,t whose diagram differs in many respects from 
the two previous ones. It cannot be said to be at all as 
complete as those of the other authors, though one 
i have been very 
thoroughly studied, notably the question of the existence 
of the compound Cu,Sn and the position of the eutectic. 

ese three diagrams are, as far as the author is aware, 
the only complete ones of the series that have been pub- 





Copper-Tin 
vol. ccii. a, page 1. 


Journal of Physical Chemis 1906, 





Gazetta Chimica Italiana, 1908, page 209. 





* Heycock and Neville, ‘‘On the Constitution of the 
in Series,” Philosophical Transactions, 1903, 


+ Shepherd and Blough, ‘‘The Copper-Tin Alloys,” 
al ¢ 1 try, 515. 
+ Giolitti and Tavanti, ‘‘Sulle ——es 5 Rame e Stago,” 


lished, but in 1913 Hoyt,* in an appendix to his paper 
on Cu-Zn-Sn alloys, gave a diagram for those alloys 
lying between pure copper and 60 per cent. tin. With 
regard to the greater part of this diagram, however. 
gives neither explanation of how it was obtained 
evidence in support of it. 
These four diagrams are reprodueed in Figs. 1 to 4, and 
a glance at them will show that, although in broad outline 
ent, there are considerable divergences 
in several parts of the field. These divergences may be 
divided into six ones — : 
1. The limit of solubility of tin in a. This varies 
between 5 per cent. tin, according to Giolitti and Tavanti, 
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Fie. 2. SHepHerRpD anp Bioven’s Dracram. 
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Fic. 4. Hoyt’s Diagram. 
Fig 8. GIOLITTI AND TAVANTI'S DIAGRAM. 
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The dotted lines are worked out on the assumption that 
the tin-rich end of the di is wv atomic 
per cents. 


to 13 per cent. tin, according to Shepherd and Blough. 

Heycock and Neville and Hoyt agree in placing it at 

about 10 per cent. tin. 

F The existence of an a+ area (given by Hoyt 
one). 

3. The whole area between 20 per cent. tin and 40 per 
cent. tin has very many differences in all the diagrams 
at all temperatures from the liquidus downward ; indeed, 
it may be said that the liquidus and the 7 + 7 area are 
the only points in reasonable agreement in this region. 

4. The range and position of the « region. is con- 
stituent is not shown at all by Giolitti and Tavanti; 
Heyoock and Neville (who call it H) show the isolated 





+ Hoyt, “On the Copper-Rich Kalchoids,” Journal 
of the Institute of Metals, 1913, vol. x., page 235, 
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constituent as existing along aline ing from 61.1 per | jected. Furthermore, all the alloys in question are com-| the alloy whose composition is 41 per cent. and 
‘ t. tin ; Shep and B show | posed of solutions which begin to deposit crystals at| tin 59 per cent. is . Here alloy consists o 
cont. tin to 65 pe temperatures between 600 deg. and 650 deg. Cent., while, pure, ¢ (Fig. 15, Plate XXIX.), 


it as a narrow strip, having at its temperature of forma- 
tion a composition of from 59.5 per cent. tin to 60.5 per 
cent. tin, and at 0 deg. Cent. a composition ranging from 
59.5 per cent. tin to 62 per cent. tin ; while Hoyt gives it as 
a lenticular-shaped area forming at 49 per cent. tin, and 
spreading out to a range from 47 per cent. to 5C per cent. 
at 300 deg. Cent. sage ~ mage od while the ous - 

investigators agree in giving the temperature orma- 
tion as 400 deg. Oent., Hoyt gives it as 500 deg. Cent. 

5. Transformations occurring below . Uent. 
from 40 per cent. tin to the « region. Heycock and 
Neville show one at the eutectic tem re, and Shep- 
herd and Blough give two, one at 218 deg. Cent. and one 
at 182 deg. Cent., but all these lines are shown dotted, 
indicating that there is some uncertainty about them. 

6. The composition of the eutectic. Heycock and 
Neville give this as 99 per cent. tin; Shepherd and 
Blough as 98 per cent.; and Giolitti and Tavanti as 94 per 
cent. 

These differences are considerable, and taken together 
they show that the constitution of the series can by 
no means be said to be fully known. In several places in 
their paper, Heycock and Neville si that further 
work on the subject is required, while the latest inves 
tor, Hoyt,* says: ‘The necessity for reconstructing the 
copper-tin diagram seems very certain,” and, again, “‘The 
author . <a tried to show the ey © 
structing the copper-tin diagram as evident from certain 
experimental facts recorded in this research, and to 
suggest how this further work can best be carried out.” 

A thorough and complete working out of these points 
is too large a subject for a single paper. = —— 

roposes, therefore, to investigate them one by one, an 
to publish his results as he accumulates sufficient evi- 
dence to make the publication worth while. he second 
part of this paper is occupied with the study of the « 
constituent and its immediate neighbours. 





PART II. 
THE ¢ CONSTITUENT. 

As stated above, the alloys to be considered here are 
those consisting of the constituent called H (? capital 7) 
by Heycock and Neville, and « by Shepherd and Blough. 
The author has retained the latter terminology through- 
out, as seeming more rational than the former. 
points to be decided were :— . . 

1. Whether there is more than one definite composition 
—- or — as pure ¢. ‘ aaa 

2. t is this composition or range of compositions ? 

3. The tem Me which is formed. 

Materials materials used to make up the 
alloys were Kahlbaum’s = tin and electrolytic copper. 
An ingot was made to have a composition of approxi- 
mately copper 45 per cent., tin 55 per cent. Analysis 
showed thas it contains copper > cent., tin 55.7 per 
cent. The other alloys were ie by adding tin to 
portions from this ingot. All meltings were done in an 
atmosphere of coal-gas. Six alloys were made, ae shown 





in Table I. 
Taste I. 
Mark. Composition Aimed at. Composition by Analysis. 
| Ou. Sn. Ou. | Sn. 
per cent. per cent. per cent. per cent. 
45.0 55.0 44.2 65.7 
I 41.6 68.5 — — 
B 41.0 59.0 - _ 
4a 40.0 60.0 0.2 | 59.8 
A 89.0 61.0 - _- 
17 36.0 _ - 


. 

The analysis of these alloys is a matter of consider- 
able difficulty, the method employed being that described 
by the author in a paper to the Institute in 1911.+ 
or marying - analyses the author is indebted 





to Messrs. .A., and P. Ward, of the 
Chemical Division of this Laboratory 
Thermal 


Treatment.—The reaction which is studied in 
the part of the diagram dealt with by this paper is 
one which occurs at comparatively low temperatures. 
Furthermore, it only takes place to any considerable 
extent by means of diffusion in the solid state. It is 
obvious, therefore, that, cateris paribus, the finer the 
structure of the material prior to annealing, the more 
rapidly will the reaction take place, as under these 
circumstances the distance to be traversed by the mole- 
cules is reduced. 

The most obvious way to obtain this fine structure is to 
yay = the alloy from a temperature above the liquidus, 
thus inhibi the growth of the as much as 
possible. Indeed, given rapid quenching, the 
mate ld exist as a non ine under-cooled 
liquid. In practice, however, such a condition is not 
obtained. 


Prelimi quenchings were done by pouring the 
into cold water. This od, however, 
suffers from two serious drawbacks. In the first place, 
the disruptive effect of such treatment is well known, as 
it is the usual method employed for granulating metal, 





in some cases, parts of them remain liquid to below 
250 deg. Cent. This being so, i! to imagine that 
some of the constituents of higher ting-point would 
solidify before such disruptive action took wh 

the rest of the material would not solidify t 


lier | had happened, and thus a partial separation of the con- 


stituents might take place. Whether this is so or not, 
the author found that in certain cases a want of agree- 
ment existed between two samples from the same 


q ing. ; 
To overcome both these difficulties a wedge-shaped 
mould was made of thin eee my This was sur- 
rounded by a freezing mixture and the alloy cast into it. 
The use of a wedge-shared mould has several advan- 
tages. In the first place, different rates of ae pe | can 
be obtained on the same ingot, as the thick head of the 
wedge cools much more slowly than the thin toe. By 
this means it was ible to see if very rapid cooling had 
any mechanical effect on the distribution of the con- 
stituents, or if the discordant results mentioned above 
were due to the disruptive effect of the “granulating.” 
It may be mentioned here that the specimens thus made 
to be absolutely uniform in composition through- 
out. A second advantage of the wedge-mould was as 
follows :—While the metal from the toe of the wedge was 
very rapidly quenched, and was suitable for annealing 
ond microseopic examination, it was too thin for speci- 
mens from which to take heating-curves. As will be 
pointed out later, it is not essential that the metal from 
which the heating curves are taken should be in complete 
equilibrium ; all that is necessary is that they approxi- 
mate to this condition. For this the metal from the 
thick head could be used. Thus specimens suitable for 
ing, as well as specimens suitable for heating- 
curves, could be obtained from the same cast. The author 
i at this point to express his indebtedness to Dr. 
Rosenhain for the suggestion of the wedge-shaped mould, 
the use of which en y eliminated the discordances 
which he had found on chilling the metal by pouring it 
“Te tie 19) hotomi h of an all 
ig. 419) is a photomi ph of an alloy as 
uenched in the mould. It is typical of the whole series, 
the dark constituent (eutectic) increasing in quantity as 
the tin content of the metal rose. The result of using 
alloys whose microstructure has been ‘‘refined” in this 
Way was very marked. In one case it was found that 
annealing for twenty-one hours gave a result identical 
with that obtained by Heycock and Neville after as many 
= - of annealing. 
pecimens were cut from the toe of the wedge and 
annealed for wecying pene® in a specially designed 
thermostat furnace. ith this furnace it is found pos- 
sible to keep the temperature constant to + 1 deg. Cent. 
at 400 deg. Cent. author and Mr. D. Hanson, 
M.Sc., are at present working on this ms in order 
to improve it and to make it suitable for high-temperature 
work, and they hope to publish their results shortly. 
When the specimens been sufficiently annealed they 
were rapidly withdrawn from the furnace and quenched 
ina freezing mixture. All temperatures were measured 
with a carefully calibrated iron-constantan thermo- 
cou 
e thinness and brittleness of some of the specimens 
rendered the polishing for micro-examination a somewhat 
difficult matter. In order to overcome this the alloy was 
eo with a coat of sealing-wax varnish, and when this 
set hard was embedded in a fusible alloy. The 
sealing-wax varnish guarded against the possibility, in 
rap unlikely, of the specimen becoming contaminated by 
the alloy. 
Annealings and Microstructure.—Heycock and Neville 
have shown very clearly that the ¢ constituent is formed 
by the reversible reaction 


n+ Sn Ve, 


the reaction -~ place in Gp Seetien Fey the 
upper arrow at tem tures below 400 5 t. (or 

00 deg. Cent. according to Hoyt), and in the reverse 
direction above this temperature. According to these 
authors, pure ¢ contains 61.1 per cent. tin at 400 deg. 
Cent., but as the temperature falls, the solubility for tin 
increases, and that for copper decreases down to 218 deg. 
Cent., after which its composition remains constant at 


65 per cent. tin. The other observers, however, with the | P’ 


exception of Giolitti and Tavanti, have found that the « 
has a varying composition at all temperatures below 
400 deg. Cent. This is seen in Figs. 1 to 4, or on a larger 
scale in Figs. 6 to 9. It may be noted here that if the 
compositions given in the latter part of Hoyt’s diagram 
a tes 
8 of weight percen' the m wi 6 
into much closer agreement with the others than it is in 
its as form. This is shown by the dotted lines 
in Fig. 9. 

The author ee 7 the suggestion et ge dia- 
gram was wor out in atomic percentage, , owing 
to a clerical error, only the first part was converted into 
bate) per cent. 

ble II. shows the principal annealings carried out in 
the » research, and 10 to 27, Plates XXIX. 
and XXX., illustrate the ts obtained. In addition to 


slag, &o. The alloy was reduced to small fragments | these many other were undertaken ; but in some 
which, though undoubtedly of very fine crystal structure, of these oases complete equilibrium was not attained, and 
were nev of shapes and sizes very unsuitable for | others were done for the purpose of making sure that no 
the further treatment to which they were to be sub-| further was produced by more prolonged ing. 

7 . Let us consider first carried out at 

+ “Volume Changes i. the Alloys of Copper with |= iit SRIX. ent Figs 18,24 and’ 26. Plate SXX" 
Tin,” J. L. and rner, Journal of the From 0 2 po 


ton . 
Institute of Metals, 1911, No. 2, vol. vi., page 210. 





photographs it is obvious that as the 
content decreases the 7 constituent also 


decreases, until 





after this | i 





pure, y 

A alight additional increase of tin causes the eutectic to 
appear, and this increases in quantity with the tin con- 
tent. Thus alloys lying to the right of that containing 
59 per cent. tin consists of ¢ + liquid eutectic ; 59 per cent. 
is pure ¢, and those to the left of this consist of 7 + «. 
In Fig. 15, Plate XXIX., one or two very small white 
spots are visible. These may be particles of 7, in which 














Taste II. 
| | 
| | Annealing. aun 
Alloy. Tin. me ee : a [one Plate. 
e. | rature. | 
percent) hours deg. ‘*. 
Ba 65.7 | 70 390 yHte | 10 L 
100 310 nte | ll 1. 
| 300 210 nte | 12 1. 
I 585 | 650 390 n+e 13 IL. 
100 310 Hte 14 If, 
B 59.0 71 | 890 €+ possible, 15 | UL 
} } | traces of 7 
| 100 | 310 | +e 166] OIL 
| a 4 nt+e 17 III. 
} { 415 } y+ € + eut. 18 Ill. 
4a 59.8 48 390 €+eut. |19&20 IIL 
100 310 € + eut. 21 } IV. 
= 4 yt+e 22 IV. 
} { as} 4 + € + eut. 23 | IV. 
A | 61.0 74 | 390 € + eut. 24 IV. 
| $800 210 € + eut. 2% | V.« 
17 | 65.0 oo), | cto | |v. 
i{ 418} 7 + € + eut. 2 | s Cz 


! 





case the pure ¢ line should be somewhat further to 
the right; but a comparison with Figs. 13 and 19 will 
show that the composition must be exceedingly near that 
of the alloy shown in Fig. 15. 

——_= 310 deg. Cent. gives a somewhat different 
result. As before, the alloys containing 56 percent. and 
58.5 per cent. tin (Figs. 11 and 14, Plate XXIX.) 
consist of 7 + €; but it will be apparent that in the 
latter case the amount of 7 is much greater in the alloy 
annealed at 310 deg. Cent. than in that annealed at 
390 deg. Cent. (¢. Figs. 13 and 14, Plate XXIX.). This 
observation l¢ us to expect that the alloy containing 
59 per cent. tin annealed at 310 deg. Cent. will not con- 
sist of pure ¢; and Fig. 16, Plate X XIX., shows that it 
contains an appreciable amount of 7. The difference in 
the size of the crystal grains is also remar'! 

Fig. 21 (Plate XXX.) shows the alloy containing 59.8 
7 cent. tin, which has been annealed at 310 deg. Cent. 

t will be observed here that complete equilibrium has not 
been obtained, as traces of 7 are present as well as appre- 
ciable quantities of eutectic. It is obvious, however, 
that when in equilibrium the 7 will have disappeared, 
and the eutectic will be somewhat reduced in quantity, 
but not completely removed. We can, ore, put the 
~ € point at 310 deg. Cent. as somewhere between 

per cent. tin and 598 per cent. tin, probably at 59.5 
per cent. 

Finally, as regards the annealings at 240 deg. Cent. 
Specimens containing 55.7 per cent., 59 per cent., 59.8 
per cent., and 61 per cent. tin were kept at this tempe- 
rature for 300 hours. Of these, the first and the last have 
the same constituents as they have at 390 deg. Cenb., 
though the distribution of these constituents has some- 
what altered. In the specimens containing 59 per cent. 
and 59.8 per cent. tin, however, a radical change has 
taken place. Alloy B (59 bod cent. tin), which contains 
7 + € at 310 deg. Cent., shows an appreciably greater 
quantity of 7 at 310 deg. Cent., while in alloy 4a the 
eutectic, which is t+ in the specimens annealed 
at 390 deg. and 310 deg. Cent., has disappeared from 
the specimen annealed at 210 deg. Cent.; and the alloy 
consists of 7 + «. The point representing the composi- 
tion of € at 210 deg. Cent. must, therefore, be 
between 59.8 per cent. tin and 61 percent. tin. (See 
Figs. 12 and 17, Plate XXIX.; and Figs. 22 and 25, 

te 


la’ +). 
It will be observed that in the case of alloy 4a (59.8 per 
cent. tin) complete equilibrium has not been obtained in 
either of the lower temperature annealings, Fig. 21, 
Plate XXX. (310 deg. Cent.), showing a certain amount 
of »; and Fig. 22, on the same plate (210 deg. Cent.), 
a trace of eutectic. While it would be unwise to dogma- 
tise on this point, the greater reluctance to attaim equili- 
brium whieh ia found in alloy 4a than in its neighbours 
suggests that at these temperatures it lies nearer to the 
transformation line than any of the other alloys. 
A somewhat curious feature is the arrangement of the 
7 in long thin ‘‘ bundles” of rods. While this arrange- 
ment is quite absent from specimens annealed at 390 deg. 
Cent., traces of it may be seen in the case of 310 deg. 
Cent. annealings (see Fig. 16, Plate XXIX.), and it be- 
= ae 
kept for i at eg. t. is 
mi deserve furtherattention. 
i jimens containing any 
uantity of eutectic, the « is jutely uncoloured by 
the ing used (ferric chloride in hydrochloric 
— —_ in —- of the eutectic it etches dark, 
v1 7 a8 pale blue crystals. This forms a very 
poo i test for the presence of eutectic. (It should be 
noticed that there is only 0.5 per cent. tin difference in 
ys shown in Figs. 13 and 15 
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Plate X XTX.) and 0.8 per cent. tin in Figs. 15 and 19 
Plates X XTX. and XXX.). 
In order to ascertain whether the temperature at which 


' 


the change 


n+8n Se 


takes place was 400 deg. Cent. or 500 deg. Cent., as sug- 
gested by Hoyt, samples of alloys B, 4a, and 17, w 
had been brought into equilibrium at 390 deg. Cent., 
were annealed at 415 deg. Cent. for half an hour, and 
then quenched. Fig. 18 (Plate XXTX.), and Figs 
and 27 (Plate X X X.) show that consid: uantities 
7 + eutectic have already formed, and a fu: anneal- 
ing for 2 hours increased this quantity to a marked 
extent. We can then say that the transformation takes 
place somewhere between 390 deg. Cent. and 415 deg. 
Cent. The point is discussed fu under the heading 
of “ Heating s 
Heating Curves.—As has been shown, both by Hey- 
cock and Neville and in the present paper, the reaction 


7 + Sn >e 
uire a very considerable time for completion. The 





Neville, ‘‘ a few minutes to a little above 400 
were sufficient—i.¢., at 415 deg. Oent.—the 
bave been only just above the transformation temperature. 


curves. It will be noticed that while in the curve of 
alloy 17 the eutectic temperature is higher 
curve than on 
expected from the combined e 1 
cooling), in all the other alloys there is an arrest-point on 
the heating-curves at a considerably lower temperature 
than the eutectic on the cooling-curves. (This arrest is 
referred to in Table III. as the sub-eutectic.) Let us 
— for a mens Ge condition of _ 
as they pass through these points :— 

being heated they are in equilibrium, and consist of | these 
7 + ¢—that is, there is no eutectic present. Now before 
they reach the eutectic temperature there is an evolution 
of heat. Obviously, therefore, some other transformation 


above 415 deg. Cent., and is therefore not in equilibrium, 
makes its presence felt by 8 

its presence a 
lower transformation does not show itself on the 


. Cent.” 

ys can 
Another interesting observation arises from 

on the heating- 

fae < to be 

ects of lag and under- 


the cooling-curve 


I, and 
ys are 


On cooling the alloy which has been heated 


the eutectic 
The 


t, and 
heat evolution. 





from the 


constructed. It remains to discuss the difference 


Conclusions, — From the results obtained from the 
ic examination of the annealed specimens and 
gy ey Ly Ge OO 
ween 
this diagram and those of the former investigators. 
_ Nei and B nor Hoyt have pub- 
lished any phot graph it is impossible 
to weigh the evidence for their diagrams. A glance at 
the mi in Giolitti and Tavanti’s paper 
hat the allege exe very for semeved 





slowly (from 
160 minutes),* which, of course, is quite inadequate for 

yf Furthermore, they state+ that all specimens 
bevween 43 per cent. tin and 91 per cent. tin consist of 
three constituents in addition to the eutectic, a state of 
affairs which is absolutely im ible in binary alloys 


oon cgpueaching a per mer eo" 
and Neville’s di — : 
difference between their d bn Pe 6 are :— 


1. They give the composition of the first formed « as 
61.1 per cent. tin, whereas the present diagram puts it at 



















































very first ye take Faro with extreme oy. In | curves, either because the reaction is a very slow one or | 59 per cent. tin. ‘ : 
Fig. 27 (Plate xx) on erg ay — — € can | for ome etes onan. The Bag wy however, lies m. Py I show the line H’ H” as sapling —y eutectic 
be seen margining the of blue 7,* but this very fringe | somewhat outside the scope present paper, coming a per cent. tin, whereas peng diagram 
prevents any further action taking place with anything | ra under heading 5 on page 420. What is important, ' places the point H” at a composition of 60 per cent. tin. 
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Be | Q sie. : 
17 J 7 * 2 
fa 400 SIE Nr€o e&rle o&+lia 
8 *Evle@ 
ct i 350" 
o 8 928 - N+ € E+ Lin 
585 +e MrEo -bs\ +€+lia 
} of So a So af 
250" 
2 = 221 23 . 
- \_ 200} SE acanteneenn SMES EVEN an Sy 
a a w 35 sy 5? adi i. ; by $ ez 6 ee 3 66280. 
% S16 2 a 
~ Hearing Curve POs... 
= COOLING CURVE POINTS .....% 
ANNEALING POINTS........ 
Fie. 28. Fie. 29. 


but extreme slowness. On the other hand, it has been 
shown that the reverse change 


e—>7 + Sn 


takes place far more rapidly. It was thought probable, 
therefore, that the arrest point in a heating curve of « 
should be much more marked than that in a cooling curve 
of 7 + Sn, and that the former curve would be far more 
reliable for ascertaining the temperature at which the 
transformation takes than would be the latter. 
Furthermore, it is known that cooling curves are 
very liable to under-cooling effects, while heating curves 
are free from this trouble, and are only affected by lag in 
the thermo-cou 

Samples taken from the top of the wedge of alloys Ba, 
I, B, 4a, and 17, were an’ for 120 hours at 310 deg. 
Cent., and then for 80 hours at 180 deg. Cent. A micro- 


scopic examination showed that these samples ap ed 
closely to the equilbrium conditions existing at the lower 
temperature. “Heating and cooling curves were of 


each sample, and the results are shown in Fig. 28 and 
Table III. It will be noticed that, contrary to what was 
expected, the heat evolution due to the formation of « is 
nearly, though generally not quite, as large as that due 
to its decomposition. @ second supposition—that the 
results obtained on the heating curve would-be more 
reliable than those obtained on cooling—is confirmed by 
the fact that the temperatures given by the former lie 























Taste III. 
| Alloy. 
Arrest-Point. 
B. | | Be | a | a7 
| deg. O. | deg. 0. | deg. O. | deg. 0. | deg. O. 
Heating Curves. 
»+S8n=e.. 415) 411 415 418 428 
Eutectic .. _— _ = — 221 
Sub-eutectic 200 | 208 205 | 198 = 
100 — 119 146 173 
ea s— 76 91 | 88 
Cooling Curves. 
1 +8n=¢ --) $90) 411) 411) 385) 401 
Eutectic — .. -| 216 234 230 223 218 
Sub-eutectic.. oe —_- | — — — — 
100 | — 122 | a 150 
oj; — | 7% | 7% 86 
much closer together than those given by the latter 
method. In determining the temperature of the trans- 
formation, therefore, the heating-curves alone are taken, 
and from these it will be seen that the reaction 
its direction at 415 deg. Cent. Although this tempera- 
ture is 15deg. Cent. hi than that given by the former 
workers, it is confirmed by the fact that annealing for 


24 hours at 415 deg. Cent. was by no means sufficient to 
complete the reaction, though, ing to Heycock and 


* This whi 








uc- 





Fie. 80, 61 per cent. Tin. 74 Hours at 890 deg. Cent. 
followed by slow cooling. ¢ (light) + eutectic (dark). 
(Alloy A.) 

Maeniriep 150 Diameters, anp REDUCED 
BY One-THtiRp In Repropuction. ErcHep 
with Fe,0CL, + HCt. 


however, is to notice that alloy 4a behaves like the three 
alloys just discussed, or, in other words, as an alloy 
containing no eutectic—i.c., at 200 deg. Cent., the « line 
lies either at, or to the right of, 59.8 per cent. tin. This 
: ® strong confirmation of the microscopic evidence on 

18 point. 

Two further arrests at low temperature are shown on 
the curves, but it is not proposed to discuss them here, 
partly because they do not strictly to the matter 
investigated in this paper, but principally because the 
furnace in which the heating and cooling curves were 
taken was quite unsuitable for such low-temperature work. 
Below about 200 deg. Cent. the readings became very 
irregular. Indeed, it should be borne in mind that the 


curves were ori y taken solely for the purpose of 
locating the tem ure of the « transformation. 

The curve of alloy I was taker from a very small speci- 
men; the small size of the arrest-points, and for this 


reason the curve was not carried below 150 deg. Cent. All 
curves 


the 
ting ctesncgeaph, and Tig, 251s seguoduced from o tensing 





te fringe is hardly visible in the re 
easily seen on original 


tion, but it is the 


ts 
— The points are separated by an interval of 4 deg. 
b, 








3. The temperature at which ¢ forms is given by them 
as 400 deg. Cent., and in the present diagram as 415 deg. 


Cent. 
Considering first the position of the point H’. Heycock 
and Neville fixed on this by two methods: (1) by isolating 


the « body by chemical means and anal it. This is 
@ notoriously difficult and unreliable method, though due 
weight must be given to evidence obtained in this way 
when it agrees with that obtained otherwise, as it does 
in this case. The values obtained varied from 60.4 per 
cent. tin to 61.4 per cent. tin, the mean being 61.1 
cent. tin. (2) By microscopical examination of ann 
specimens. ey sayt “We have succeeded in trans- 
forming all the alloys from Sn 45 (60.4 per cent. tin) to 
Sn 87 (92 per cent. tin) into complexes of H”—i.e., e— 
“and tin free from 7, and, although it will not be quite 
so evident from the we think we have 
eliminated all the eutectic from the alloys between tin 25 
Ope cent. tin) and Sn 45 (60.4 per cent. tin).” 

whole evidence rests on one photograph—that of 
Sn 45—as all the other tographs are of alloys lying in 
regions where the two diagrams are in accord. 
and Neville say about this one photograph :—‘‘ All the », 
except mere traces, could be removed from Sn 45; but 
although large portions of the section were compact H, 
yet there were large gaps in the H. weg Fn appear 
to be cavities in the ingot, and not spaces eutectic. 


These gaps are numerous in all the alloys, such as Sn 45 
to Sn 40 (55.4 per cent. tin) when the ve been boiled 
for a long time in mercury. We think it probable that 


they are due to a contraction aceompanying the reaction 
in which the H is formed from the mixture of 7 and 


liquid.” 

The author’s coatention on this point is that the gaps 
may quite possibly be “cavities in the ingot, and nob 
spaces full of eutectics ;” but that if so, they are cavities 


from which eutectic has fallen out during polishing, or 

—_ which i wi — yn | ¥ I . If ‘a 
otogra; o. 95 in Heycock eville’s pa 

on vith Fig. 30 (annexed) in the * 


present , 
the great similarity between the two will be obvious 
when the different magnification is taken into account. 
Hy BE ts an alloy of very similar composition 
to and Neville’s Sn 45—1.¢., 61 cent. tin— 
which been annealed for 74 hours at deg. Cent., 
and thenslowly cooled. In this photograph it is obvious 
that the dark +? are eutectic areas, and not cavities. 
Compare also Fig. 19, Plate XX X., and Figs. 21 and 24, 
on the same Plate, where the dark spaces can be seen to be 
cavities in some places and eutectic in others, and 
Fig. 20, Plate XXX., which shows one of these dark 
spaces under a “- magnification. 

Furthermore, the author has always found that the 
action of the etching reagent on the « constituent is a 
very delicate test for the presence of eutectic. Should 
this be » to cays extent, the « remains 
seubeliy ehtin en, however, the eutectic reaches 
very small proportions, the « is really attacked with quite 
* Loc. cit., page 212, 

+ Loc, cit., page 231, 
t Loe. cit., page 64. 
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weak Fe,Cl,. Judged by this test, Heycock and Neville’s 
photograph, No. 95, contains a certain quantity of eutectic. 

In view of these facts, the author feels justified in 
moving the point H’ from 61.1 to 59 per cent. 

2. The Point H”.—As to this point Heycock and 
Neville say :—‘‘ There is very little justification... . 
for the slope we have given to the branch H’ H” of the 
solidus, and we have fore drawp it as a dotted line 
to indicate the uncertainty. We think a further exami- 
nation of such alloys as Sn 47, after a prolonged heating 
at 250 deg. Cent., may settle the position of H”. At 
ay the only argument for placing H” at Sn 50 is to 

found in the numerical value of the depression of the 
freezing point of tin by small additions of copper—that is, 
from the slope of the ch I K of the —— This 
appears to Day that, whatever the molecule in solution 
in the liquid tin, it can contain only one atom of copper.” 
This being the case, it is hardly surprising to | that 
the line needs altering. Indeed, the surprising thing is 
that Heycock and Neville placed it so near to the 

josition. The reasons for the present position of the 
ine are :— 

A. Microscopic evidence shows that at 390 deg. Cent. 
59 per cent. tin is pure or almost pure «. 

. The same evidence shows that at 315 deg. Cent. 
59 per cent. tin consists of 7 + ¢, and 59.8 per cent. tin 
of « + 7 eutectic—that is, pure « must lie between these 
two values. ’ : 

B,. As a confirmation of this, 58.5 per cent. tin contains 
ver much more 7 at 315 deg. at 390 deg. Cent. 

. In the same way it is shown that at 210 deg. Cent. 
59.8 per cent. tin consists of 7 + €, so that pure ¢ contains 
more than 59.8 per cent. tin and less than 61 per cent. 
tin at 210 deg. Cent. ie 

C,. Confirming this is the fact that pyrometric evidence 
shows that 598 per cent. tin contains no eutectic at 
225 deg. Cent. 

Cy. Further confirmation is obtained from the observa- 
tion that 59 per cent. tin contains more 7 at 210 deg. 
Cent. than it does at 315 deg. Cent. f hfs 

This evidence would my to justify the position 
given in Fig. 29 to the line H’ H”. 

3. The Temperature 2 Sain of .—As has been 
already pointed out by Shepherd and > the fact of 
surfusion renders unreliable the position of lines obtained 
by cooling-curves. It will be observed that the mean 
temperature obtained, in the present research, by means 
of cooling-curves, for the ¢ reaction is 401 deg. Cent., while 
the heating curves give it as 415 deg. Cent. As Heycock 
and Neville used cooling curves to obtain their line, it 
may be expected to be somewhat low. j 

Following Heycock and Neville, the line of pure « is 
drawn vertically below the eutectic line. There is no ex- 
perimental evidence in support of this, and the point 
needs further investigation. 

In conclusion the author wishes to ex his thanks 
to all who have aided him in this research. In particular 
he would mention Dr. Glazebrook, the Director of the 
National Physical Laboratory. To express to his chief, 
Dr. Rosenhain, the gratitude he feels for the continued 
interest he has taken in the work, and for the many 
valuable suggestions and criticisms he has made, is a duty 
which he has very great pleasure in performing. To his 
colleagues, also, in the Metallurgical Department, he 
renders thanks for interest, advice, and assistance. 





THE PHYSICAL SOCIETY OF LONDON. 
Art the meeting of the Physical Society of London, held 


on March 12, at the Imperial Co! of Science, Dr. A. 
Russell, M.A., Vice-President, in the chair, a paper on 


“The Estimation of High Tem 3 by 
of Colour Identity,” by Mr. C. Pa’ 
. P. Dudding, was read by the former. Preliminary 
experiments are described in which the temperature of 
incandescent substances is estimated with a fair 
accuracy by matching their colour with that of incan- 
descent filament lamps working at appropriate efficiencies. 
These have previously been calibrated by comparison 
with a “‘black body” over a large tem ture range. 
The comparisons are made in the field of a Lummer 
Brodhun photometer, and the method is shown to give 
the correct result for the WX le of platinum. 
so Hy One ~4 ~ ~ = ae —_ 
ing must wrong with the En when 
‘ white” light had to be defined as that radiated by a 
“black” body. The term “grey” body seemed indefi- 
nite. There were many shades of grey, and it would be 
interesting to know how many bodies were really 
pi og Moe to the precise definition of the authors. 
He thought that in plotting lumens per watt against 
temperature it would have accorded better with custom 
to have plotted temperatures as abscisse instead of as 
ordinates, 
Mr. A. y Rng | thought that if my work had om | 
ublished before the inary opti yrometer 
introduced, the latter might never appeared. 
to put optical 
t plane. who had had any- 
was 


The ocolour-identity method a 

aay on a di 

thing to do with furnaces—he sup Tubal Cain 

the first—always recognised the 

a. The method especially interested him, as 

——s an outcome of an investigation of the Violle stan- 
Dr. J. A. Harker said that the accuracy with which 

the authors had obtained the melting-point of platinum 

was very surprising. There seemed no a priors grounds 

for supposing that a black body at the temperature of 

melti latinum should emit same colour of radia- 

tion. With regard to the “‘ black body” used by the 

authors, it was extremely difficult to obtain a furnace at 

these high a without a cloudy 

but after distilling the impurities out of the carbon, 


on of colour to tem- | the 





which was the only suitable substance to use, he had 
found it possible to obtain a high-temperature furnace 
with a perfectly clear atmosphere. With the ordinary 
optica] pyrometer it was impossible, by means of the 
coloured glass supplied, to get sufficiently ect mono- 
chromatism to give great accuracy. If a strip of platinum 
be used instead of a wire, it is possible to maintain it 
within a degree or two of its melting-point for some time. 

Mr. A. ree asked how the optical pyrometer was 
calibrated at high temperatures. In the case of the 
Violle standard, was it essential actually to melt the 
standard strip? Would it not be more satisfactory to 
use & tungsten strip heated up until a small speck of, ¢.g., 
quartz on it began to melt rather than to melt the strip 
which was under observation ? 

Mr. Dow questioned whether the filaments of the 
lamps could be regarded as ‘‘grey ” bodies, as, when metal 
filaments first came out their energy wave-length 
curves were taken, these showed irregularities in 


true | theinfra-red. Some of the work done in the States with 


the hot filament type of optical pyrometer showed that 
interference fringes made it difficult to note the point 
when the filament was invisible inst the back ground. 
The author's method had no disadvantages of this kind 
on account of the size of field . : 

Mr. A. W. Beuttell suggested that any difference in 
the colour sensations of the observer from the normal 
would affect the results obtained by the method. 

Dr. C. Chree asked which of the values, 1750 deg. Cent. 
or 1770 deg. Cent., the authors considered most nearly 


correct. 

Mr. E. H. Rayner thought it might add to the sensi- 
tiveness of the method if, when the colour match had 
been obtained, coloured glasses—say, first a red and then 
a blue glass—were put in front of the eye. Any inexact- 
ness in the match might be increased and shown up in 


this ~~ 

Mr. Paterson, in reply, said that the terms ‘‘ black” 
and “‘grey,” as applied to radiating substances, were 
widely used, and uite definite meanings. The grey 
bodies quoted by Professor Thompson should really be 
classed as selective. There were very few substances, of 
—- which — we » Brey, > and it was = to 
consider every y as having a large amount of grey- 
ness and a small amount of selectiveness. With 
to Mr. Dow’s remarks, all bodies were almost entirely 
grey within the visible spectrum. It was chiefly outside 
these limits that i larities occurred. Peculiarities in 
colour sensation could not affect the result, as the radia- 
tion from both sources was similarly affected. ‘‘ Black 
body ” temperatures were, he believed, obtained where 
possible by means of thermo-couples, and at higher tem- 
peratures the curve was extrapolated by means of the 
radiation laws. He regarded the values 1750 and 1770 as 
agreeing within the limits of accuracy of these prelimi- 
nary experiments. 

A paper on “The Unit of Candle-Power in White 
Light,” by C. C. Paterson and B. P. Dudding, was read 
by the latter. The paper describes the methods adopted 
at the National Physical Laboratory for minimising the 
difficulty of photometric comparison of white lights of 
different hue. A series of six sets of electric sub- 
standards are described, varying in the tint of the — 
radiated from — of the 7 - to that » 
tungsten vacuum lamp operating at 1.5 watts per candle. 
The absolute value of the unit of candle-power has been 
re-determined, as have also the corrections for humidity 
and barometric changes, while the probable existence of 
a temperature correction is di b 

Discussion.—Mr. A. P. Trotter said he would only 
refer to the question of the humidity correction. Con- 
siderable work had been done by Messrs. Haldane and 
Butterworth and himself, which not yet been pub- 
lished, in which observations had been taken over larger 
ranges of humidity than in the American observations. 
The barometer was also varied over a wide range. The 
curve they obtained had a t which accurately fitted 
in with the authors’ observations. The tion that 
& tem ture correction lurked within the humidity 
coefficient was possi The intensity-moisture curve 
was a sloping straight line which might be the resultant 
of two lines—the true moisture-intensity line of slightly 
greater slope than the observed curve combined with a 
temperature-intensity curve of small negative slope. 

r. Dow thought that the cascade method did not get 
over any fundamental difficulty inherent in the direct 
comparison of the differently-hued lights, and he was 


inclined to question whether the increased accuracy | wood. Th 


attained, if any, in the final result really warranted the 
additional trouble.. It was well known that the colour 
de ed on the area of the retina illuminated, and he 

ed if the authors had found that any difference could 
be produced by pushing in or drawing out the draw-tube 
of the photometer. He asked what was the degree of 
reproducibility of the pentane standard. He noted that 


the authors did not like flicker photometers. His ex-| the 


perience en with this. 

Mr. A. pbell also thought that the figures in the 
paper did not justify the conclusion that the cascade 
method was much superior to the direct comparison of 
sources. 

Mr. T. Smith (communicated remarks) thong it would 
be of interest to have a curve showing the results obtained 


su e that the difficulty experi- 
enced in photometry involving a colour difference might 
oe to the chromatic aberration of the eye preventing 


simultaneous focus for the different colours, and might in | South 


the difficulty. 
gh ah 


for lamp 6 directly compared with each of the intermediate | boxwood, 
b-standards. suggested 





reply, said that Mr. Trotter’s sug- 


gested explanation of the temperature coefficient was 
amet the one they — ye ne A given 
range of temperature in America might be accompanied b 
a different variation in humidity than the same comes 
of temperature here. Using the cascade method, all 
t ers agreed very closely, and while it appeared 
give the same ultimate result as direct comparison, this 
could not have been taken for granted beforehand. With 
large colour differences, the judgment of an observer 
seemed to vary more from time to time than when 
bridging the difference in small steps. He did not think 
that the pentane standard could be reproduced more 
closely than about 1 per cent., but they had always used 
one pertieeier lem 0 their ultimate standard at the 
National Physical Laboratory. 


A entitled ‘‘ The Relative Losses in Dielectrics 
in Equivalent Electric Fields, Steady and Alternating 
(R.M.S.),” by Mr. G. L. Addenbrooke, was taken as read 


on account of the lateness of the hour. After references 
to former work, ly on surface leakage, tables are 
given showing an intimate connection between the losses 
pa ee lage - Hy the one can be 
—_— from the o to a first approximation. 

xceptions are mentioned, and it is shown that there is 
ww gn these cases. Curves of the losses from 
1 to 4 seconds to 40 periods are given for specimen 
dielectrics. Above 8 to 12 iods both for ‘‘ good ” and 
pa opal electrics, these me rising straight lines. 

salient features lie below about 16 periods. 

The formula a + bn applies to all dielectrics for fre- 
quencies above about 8 periods, but not below. The a con- 
stant is always larger than, and bears . very indefinite 
relation to, the steady eee loss. iquid dielectrics 
behave similarly to solid with certain differences, parti- 
cularly that for a given resistance the ratio of the steady 
to the alternating loss is less than with solids. There is 
& great difference in the comparative ranges of the losses. 
For the dielectrics tabulated these vary in a steady field 
from 1 to 1,300,000, but the corresponding alternating 
losses vary only from 1 to 1100. The difference is prin- 
cipally in the ‘‘ good” dielectrics, the alternating losses 
in which at 40 periods are vastly larger than these in a 
steady field, though they still appear to be connected 
with them. 

Discussion.—Mr. D. Owen (communicated remarks) 
considered that the author’s tests — data of great 
interest, though their value would be ter if more 
details of actual readings were supplied. The results 
support the a+6mn formula for dielectric power loss 
already advanced by previous workers. They show also 
that a and b are probably unconnected. This being the 
case, the author has adopted a wrong basis of calculation 
in arriving at his main point. It would be better to 
show the relation between a and a, the direct-current 


power loss. The discrepancies noted in to a few 
materials (good insulators) might thus found to 
disappear. 





THe GRowTH OF THE BERLIN Exvectrricirr Works.— 
Now that the days of the Berlin Electricity Works Com- 
pany are numbered, as the city of Berlin will take them 
over on October 1 of the present year, it is of some interest 
to note the developments which the company has under- 
gone during the twenty-nine years of its existence. It 
commenced in the year 1885 with 3000 incandescent lamps, 
but on June 30, 1914, current was supplied by the my re 
to 2,106,801 incandescent lamps, 4.171 arc-lamps, 42,943 
motors, and 7867 other electric machines. In the first 
year, 1885-86, the energy supplied only amounted to 
37,080 kw.-hours, while it has grown to 267,600,000 kw.- 
hours for the last financial year, 1913-14. This latter 
aggregate divides itself into 75,500,000 kw. -hours for power 

urposes, 73,100,000 kw.-hours for railways and trams, 
§2, 100,000 kw.-hours for Hanting purposes, and 56,900,000 
kw.-hours supplied as high-voltage energy, which, when 
transformed, is used both for power and lighting. The 
present length of the company’s cables amounts to a total 
of 8659 km. It goes without saying that the annual sum 
which the company has had to pay to the city of Berlin 
has also i on a proportionate scale, rising from 
T, 138,000 marks in 1899 to 7,239,000 marks for last year. 





Boxwoop From SourH AFrricaA.—An interesting side- 
light on the way in which the influence of the war makes 
— Lit ba bap no om than a: ter, — 
18 a iy present shor and high price o! x- 

. This wood is used for Soolemaciiay ep industry, 
however, which is now of comparatively small extent— 
and for bobbins and shuttles in the textile industries ; it 
is also employed for making measuring-rules and certain 
musical and a instruments, and for general 
turnery purposes. 'y a small amount of boxwood is 
obtained from the United Kingdom, and for many years 
past our supplies of true boxwood have been drawn from 
countries bordering the Black and Seas. 
Several substitutes for true boxwood have, however, been 
introduced. and one of these, the Knysna boxwood 
(Gonioma Kamassi), has been exported in considerable 
quantities from South Africa. A species of true Buxus 
(Buxus Macowans) is, however, also found in South Africa, 
the trees occurring freely in the forests of the Transkei 
and other districts of the Cape Province. Samples of this 
recently examined at the Imperial Institute, 
were found to be very similar in character and working 
=} o> iene boxwood he tests were also made 

y sev rms utilising boxwood for various purposes, 
and the general opinion, including that of leading wood- 
brokers, was, on whole, most favourable. The Impe- 
rial Institute has accordingly suggested to the Union of 
Africa Government that it would be well to place 
a trial shipment of this South African boxwood on the 
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DETAILS OF 6250-KILOWATT BRUSH-PARSONS REACTION TURBINE. 
CONSTRUCTED BY THE BRUSH ELECTRICAL ENGINEERING COMPANY, LIMITED, LOUGHBOROUGH. 


(For Description, see Page 399.) 
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PLATE XXIX. 





THE CONSTITUTION 





Fia. 10. 55.7 per Cent. Tin. 70 Hours at 390 Deg. Cent. 
n (ight) + e (dark). (Alloy Ba.) 





Fig. 13. 58.5 per Cent. Tin. 50 Hours at 390 Deg. Cent. 
» (small light rods) + ¢ (ground mass). (Alloy I.) 





Fic. 16. 59 per Cent. Tin. 100 Hours at 310 Deg. Cent. 
» (small white specks) + ¢. (Alloy B.) 





— 


OF THE ALLOYS OF 


(For Description, see Page 419.) 





Fie. 11. 55 7p-rCent Tin. 100 Hours at 310 Deg. Cent. 
» (light rods) + ¢ (ground mass). (Alloy Ba.) 





Fic, 14, 58.5 per Cent. Tin. 100 Hours at 310 Deg. Cent. 
» + e (as No. 13). (Alloy L) 





Fic. 17. 59 per Cent. Tin. 300 Hours at 210 Deg. Cent. 
» + € (as before). (Alloy B.) 


Att Maeniriep 150 Diameters, anD Revucep sy One-Turrp in Repropuction, 


COPPER WITH TIN. 





Fie. 12. 655.7 per Cent. Tin. 300 Hours at 210 Deg. Cent. 
» + «(asin No. 11). (Alloy Ba.) 





Fie, 15. 59 per Cent. Tin. 71 Hours at 390 Deg. Cent. 
Pure or almost pure ¢. (Alloy B.) 





Fie. 18. 59 per Cent. Tin. 71 Hours at 390 Deg. Cent. 
+ }Hour at 410 . Cent. ‘» (half-tone) + ¢ (white) 
+ chilled liquid eutectic (black). (Alloy B.) 


Ercuep with Fe,C1, + HC. 














(To Face Page 420.) 
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THE CONSTITUTION 





Fic. 19. 59.8 per Cent. Tin. 48 Hours at 390 Deg. Cent. 
e (white + chilled I'quid eutectic (dark). (Alloy 4a.), 


OF THE ALLOYS OF COPPER WITH TIN. 


(For Description, see Page 419.) 





Fie. 20. od od Cent. Tin. 48 Hours at 390 Deg. Cent. Fig. 21. 59.8 per Cent. Tin. 100 Hours at 310 Deg. Cent. 
e + chilled liquid eutectic (as{Fig. 19). (Alloy 4.) e (ground mass) + cavities from which eutectic has 
fallen out (black) +- » (white rods). (Alloy 4.) 





Fie, 22. 59.8 per Cent. Tin. 3800 Hours at 210 Deg. Cent. 
» (light rods) + ¢ (ground mass). (Alloy 4a.) 





Fie. 26. 61 per Cent. Tin. 300 Hours at 210 Deg. Cent. 
¢ (light) + eutectic (dark). (Alloy A.) 


Fig. 23. 59.8 per Cent. Tin. 30 Hours at 390 Deg. Cent. Fie, 24. 61 per Cent. Tin. 74 Hours at 390 Deg. Cent. 
-+ 4 Hour at 415 Deg. Cent. 7 (half-tone) + ¢ (light) € (white) + chilled liquid eutectic (grey) + cavities 
+ chilled liquid eutectic (black). (Alloy 4a.) from which latter has fallen out (black). (Alloy A.) 





Fie. 26. 65 per Cent. Tin. 30 Hours at 370 Deg. Cent. Fic. 27. 65 per Cent. Tin. 21 Hours at 370 Deg, Cent. 
e (white) + chilled liquid eutectic (dark). (Alloy 17.) + 4 Hour at 415 Deg. Cent. » (half-tone) + ¢ (light) 
+ chilled liquid eutectic (black). (Alloy 17.) 


Att Maenirren 150 Diamerers (excert Fic. 20, 1200 Diameters), anp Repucep sy Oxe-Tutrp in Rerropuction. Ercuep with F'e,C1, + HCL. 








(To Face Page 421.) 
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THEORY OF THE TESLA TURBINE. 


In our issue of November 10, 1911, we gave a 
short account of the Tesla turbine, and showed 
that even under ideal conditions the hydraulic 
efficiency of a turbine of this kind cannot possibly 
exceed 50 per cent. In a paper published last 
June in the Revue de Mécanique, and since repro- 
duced in a number of the French technical journals, 
Professor E. Mérigeault, of the Ecole Nationale 
des Mines de St. Etienne, combats this conclusion, 
maintaining the contrary view, that the efficiency 
may be very high, and will be the higher the 
higher the friction! This extraordinary conclusion 
is arrived at in an article with numerous equations 
occupying in all over seven pages of the journal in 
which it appeared. Nevertheless it merely demon- 
strates once more that the value of the result finally 
delivered by the mathematical process depends en- 
tirely on the legitimacy of the original hypotheses 
to which it is applied. It is here that Professor 
Mérigeault has gone wrong, and as his results are 
being quoted 7 hose who are apparently too 
impressed with his analysis to venture to ques- 
tion his premises, it may be well if we point 
out exactly the nature of the fundamental error 
serving as the basis for his mathematical super- 
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structure. To clarify ideas, we reproduce from 
ENGINEERING, loc. cit. swpra, three views illus- 
trating the construction of the Tesla turbine. It 
consists of a series of twenty-five discs, 18 in. in dia- 
meter, mounted side by side on a shaft and havi 
a small clearance between them. Steam is admi 
tangentially by the nozzle on the right, and flowing 
through the interspace between the discs, finally 
escapes at the centre, carrying the rotor round by 
its frictional drag on the surface of the discs. The 
appliance is, it will be seen, a true turbine. The 
tential energy of the steam is converted into 
inetic energy, and this, again, into useful work. 
The steam enters the moving element at a high 
speed, and passing through it without change of 
pressure, is delivered at a reduced velocity at the 
inner periphery. 

The mechanical analogue on which Professor 
Mérigeault bases his reasoning satisfies none of 
these conditions. It is not merely not analogous 
to the Tesla turbine, but is not analogous to any 
turbine of any kind, butto a pressure engine. He 
assumes, in fact, that the T turbine can, for the 
purpose of mathematical treatment, be replaced by 
the tank A, fixed pipe B, and moving pipe C. The 
latter is sup to slide without friction and 
without leakage in the horizontal part of B, and 
to be connected in any suitable way to the mecha- 
nism to be driven. The pipe B may, for the pur- 
pose of angen be considered frictionless, while 
C isa rough pipe. As the water flows through C, 
the tristionel al on its rough walls provides the 
force needed to drive the mechanism to which it 
is supposed to be connected. Then by a series 
of equations Professor Mérigeault demonstrates 
that the higher the friction between the water and 
the wall of the moving element the greater is the 
efficiency of the appliance. This, however, is 
sufficiently obvious without any mathematics at all. 
Assume, for example, that the friction is so great 
that there is no slip between the moving water and 
the wall. The two will therefore move together 
exactly as if C were closed with a solid plug, and 
the efficiency then is unity. The appliance has, 
however, at the same time becomea water-pressure 
engine of a very common type. 

If, without going to the extreme of assuming no 
slip between the fluid and the walls, we admit that 
slip exists, we are obviously working in the same 
condition as if the pipe C were smooth, but closed 
with a leaky plug, and theefficiency will obviously 


be smaller the greater the slip or the greater the 
leakage. In short, Professor Mérigeault’s analogue 
is not a turbine at all, but a water-pressure 
engine with a leaky plunger, and obviously the 
efficiency will be higher the smaller the leakage— 
that is to say, the smaller the slip and the greater 
the friction. In fact, the fluid passes through 
his moving element without change of velocity, but 
merely with change of pressure. The true analogy 
to the Tesla turbine is represented in Fig 5, where 
a jet of water issuing from a nozzle D enters a 
pipe E sliding without friction in the sleeve F. 
As in Professor Mérigeault’s analogue, the pipe E 
constitutes the moving element, and is to be 
coupled in any appropriate manner to the machine 
to be driven. Falling to the bottom of this pipe, 
the water travels on, its velocity being continually 
reduced by the friction until 1t finally escapes at 
the outer edge as indicated. The frictional drag 
between the water and the pipe provides the force 
necessary to overcome the resistance of the machine 
driven. In the conditions stated the of 
the fluid is atmospheric at both ends of E, which 
is, in fact, traversed without change of pressure, 
the energy required to drive it being obtained at 


the expense of the kinetic energy of the jet. 









The efficiency of this device is easily 


calculated. 
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Let v be the absolute velocity of the fluid as it 
issues from D, and », its final absolute velocity as 
delivered at the further end of the pipe E. en 
if W be the weight of the water discharged per 
second, the change of momentum effected per 
second by the friction of the pipe is — (v) — %). 


Hence the force F, which has acted on the fluid 

so as to change its momentum by this amount, 

is F ¥ (v%—¥,), and since action and reaction 
g 

are equal and opposite, this is also the propelling 

force which acts on the pipe. Hence, if the latter 

moves at the speed s, the useful work done per 


second will be F s = —— (x — 1,) s. 


Now v, must always be greater than s, or the 
water could not escape from the delivery end. 
Assume that in the limit it may be equal to s, a 
condition which can be approximated to by using 
a sufficiently large pipe. en, in this limiting 
condition, the useful work done is w (vy — 8) 8, 


which is easily seen to be a maximum when 
% 
g= 2, 
2 


Adopting this value, the useful work done 





W »,2 


becomes Gr whilst the kinetic energy expended 





2 
is Bee Hence, in the stated limiting condition 
of v, = s, the maximum possible efficiency is 50 per 
cent. That the efliciency will be reduced if v, is 
equal to s is easily shown as follows :—Keeping s 
constant, assume 1, to be increased to 1' = % + y. 
Then, by reducing the length of the pipe to com- 
pensate for the increase of friction with the in- 
creased velocity, we can make v,! = v, + y= 3 + y, 
since v, was equal to s. 

Hence the propelling force acting on E is now 


F = W(x - ») “(t+y-s-y) 
uv g 


or exactly the same as before. 
‘Hence, s being constant, the useful work done is 
also exactly the same as before, but the energy 


= (% tl 8), 
g 


expended has gone up from 
Wi? 4, Wilel)® 
29 29 


The efficiency is therefore reduced by making +, 
ter than s. It cannot be less than s, or the 
uid could not esca and since, when it has a 
limiting value eq to s the efficiency is only 
50 per cent., the hydraulic efficiency of any turbine 
of the Tesla type must in practice be less than 
50 per cent. 
stated, the Tesla turbine is of the impulse 
type. It hardly seems feasible to construct a 
reaction turbine operating by frictional drag, but 
were it possible to do this, the efficiency would 
be even lower than it is with the impulse form. 
The frictional drag and the reaction of the jet 
would, in a reaction machine, act in opposite direc- 
tions and mutually oppose each other. 





GRIN DING-MACHINES.—No. V. 
By Josern Horner. 


Tue surfacing-machines with travelling tables 
are built in two designs, one on the model of the 
common planer, with reciprocating table, bed, 
double housings, and cross-rail, the other of the 
open-side desi An example of the first kind is 
the Springfield - Brandes vertical spindle plano- 
grinding machine, which is shown by the illustra- 
tions, Figs. 59 to 63, on page 424. It is built by 
the Springfield reir wy ee of Bridge- 
port, Connecticut, U.S.A. e general outlines of 
the machine are apparent from the drawings of the 
side and front elevations, Figs, 59 and 60, with 
which the photograph, Fig. 63, may be compared. 

The carriage runs in Y'd ways, Fig. 60, which 
are protected by guards (seen in the photograph, 
Fig. 63) attached to, and extending from, the ends 
of the carriage. It is driven from the inner pulley 
A, Fig. 60, at one side of the machine, which is 
belted either from a countershaft or from an 
electric motor. The power is transmitted through 
trains of spur and bevel- to the screw, which 
drives the carriage js maa along nut. There are 
two pairs of spur reduction-gears B (compare 
Figs 59 and 60) tothe train of bevel-gears O, enclos- 
ing a central reversing-clutch. The latter is 
shown in detail in Fig. 61, and the general scheme 
of the is illustrated in the side and end eleva- 
tions, Figs. 59 and 60. A portion of these consists 
of change-gears D, by means of which the —- 
speeds are controlled. The of speeds extends 
from 3} ft. to 74 ft. per minute. The travel of the 
carriage is controlled by adjustable dogs in the T- 
slot at one side. A safety provision is inserted in 
the form of a slipping-clutch at E, the pressure on 
which is adjusted by the nut at F with i 
control. The maximum grinding capacity in len 
is 48 in., but pieces 60 in. long can be put on the 
table. 

The grinding-wheel spindle is driven from the 
outer pulley G, on the same sleeve as the pulley 
A, by the side of the machine. The belt passes 
over idlers to the pulley H mounted on a 
sleeve which encircles the spindle and which makes 
830 revolutions per minute. The downward feeds 
operate at the end of each table stroke, and are 
derived from the table movements, through a tri 


rod J, actuating a ratchet K, seen in Figs. 59 
and 60, which is connected through bevel-gears to 
the vertical feed-rcd, and thence to the feed 


mechanism, seen at L in these figures, and in 
sectional detail in Fig. 62. The hand-wheel M, 





seen in these views, is for the purpcse of operating 
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THE SPRINGFIELD-BRANDES VERTICAL-SPINDLE GRINDING-MACHINE. 
CONSTRUCTED BY THE SPRINGFIELD MANUFACTURING COMPANY, BRIDGEPORT, CONN., U.S.A. 







830 R.PM. 


the quick return of the wheel-head through the 
inion and rack N, seen in Fig. 60, the hand-wheel 

ing keyed on the pinion-shaft, Fig. 62. The 
slow worm-feed is disen by throwing out 
the clutch seen in this detail, by means of the 


a PA wary (compare with e photograph, 
ig. 63). 

e mounting of the spindle is seen in Fig. 59. 
It runs in | gs, with a ball thrust on the 


lower side, and a ball spring take-up on the upper. 
The latter prevents backlash when the wheel is 
running off the work. The driving-pulley is keyed 
on a sleeve that encircles the s indle. e head is 
counterweighted as shown in Fig. 60. The wheel 
is clamped by an inner flange in a chuck, which is 
removed bodily when making a change in the 
grades of wheels. 

The principal work done comprises the joint 
faces of long bearings, the edges of tapered gibs, 
and the faces of covers. Machine - knives are 
ground on this and on a larger tool. 

The unprecedented rate at which surface grind- 
ing is developing may be attributed to several 
causes, near or remote. Always, from the first in- 
ception of ee practice, surface work has been 
produced, but it was not characterised by that pre- 
cision which is now demanded and obtained with 
perfect ease and absolute certainty, within a 
quarter-thousandth of an inch. The accuracy of 
surface grinding stands, therefore, now as high as 
that done on cylindrical grinding-machines. ese 
causes are, in one sense, the result of ‘the develop- 
ment of new manufactures, foremost among which 
stands automobile work. Another cause is the 
high specialisation of abrasives, explained in 
Article II. Then there is also the great fact of 
the inevitable interaction which occurs between 

of manufacture. These who have the control 
of great industries or large factories have their con- 
servative mental purview limited in greater or less 
degree by the environment in which they live. 
They are accustomed to think in compartments. 
Bat an epoch-making development in another class 
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or sphere of industry attracts attention, broadens 
one’s mental horizon, and under pressure of com-— 
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Fic. 64. Open-Sipz Surrace-Grinpinc Macuine ; tas Norton Grinpinc Company, Worcester, Mass., U.S.A. 
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petition the inevitable result is the reception and 
materialisation of the new ideas. 

This development possesses two broad aspects, 
one being mechanical in its origin, the other econo- 
mical. The two in the case of grinding are also 
generally interdependent. \ The article ground may 

» and usually ie, more nearly accurate in shape 
aud dimensions than it would be if tooled by any 
other method, and the cost is also less, often very 
much lower. 


If we give some attention here to the mechanical 





Face-Grinpinc Macurne ; tHe Diamonp Macuine Company, Provipence, R.I., U.S.A. 


aspect, we can understand why the recent growth 
of a exceeds that of etintdel outs. 
It has followed the enormous multiplication of 
small in automobile work first and principally, 
and rwards its applications have been made in 


other classes of manufacture, as internal-combus- 
tion engines generally, and machine-tools largely, 
and also in a vast number of industries that lie 
beyond the limits of mechanical engineering as 
that is generally understood. 

In cylindrical grinding, each individual piece, 








even though of small dimensions, has to be 
chucked and dealt with separately. In surface 
work that is not the case, but the principle of 
multiple tooling, continuous tooling, and gang- 
work, so largely developed in milling-machines, 
in planing-machines, and in lesser degrees in some 
other classes of machine-tools, is regularly prac- 
tised. But the grinding-machine has the advan- 
tage over the miller and the planer in this respect, 
for the same reason that it scores in dealing with 
single pieces, that, namely, of closer precision in 
dimensions, coupled with more rapid production. 

If the present growth of face-grinding is com- 
pared with the same kind of grinding done on the 
universal machines, the difference is seen to be 
enormous. In these last machines, only a single 
article can be chucked and ground at one time, and 
that by the periphery of the wheel. This differ- 
ence is even more pronounced than that of internal 
grinding performed on the universals, or on the 
internal grinders. 

Further, when thin articles are being dealt with, 
there is no other machine and no other method 
which can compare with the grinder overees with 
a magnetic chuck or a ——— table. © spring- 
ing, which is inseparable from all methods of clamp- 
ing, and which causes distortion in tooled articles, 
and is a source of much anxiety to the machine 
operator, is avoided wholly. The articles just lie 
on the table in close contact, and are held by 
current. Moreover, since the pressure of the 
wheel is extremely light, there is little risk of the 
pieces becoming shifted, as there often would be 
when they are subjected to the lateral pressure of 
cutting-tools in the planer or the milling-machine. 
Though some reinforcement is usually included on 
magnetic tables, this is not because the holding 
eed of the current is deemed insufficient, but 

use of a possible risk of the electric circuit 
being interrupted. 

The surface-grinders attack the work of the 
lathe and of the milling, planing, and shaping- 
machines. Piston-rings, in the old days invariably 
turned in the lathe and cut off from a tube of cast 
iron, followed by scraping of the edges to render 
them steam-tight, are now, unless of large dimen- 
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sions, usually ground on surfacing-machines. In 
a four-cylinder automobile engine there are gene- 
rally twelve rings, and they probably cost less to 
grind than one would have cost to turn and scrape 
by the old method. In these engines, too, there 
are large numbers of plane faces, covers, crank- 
case joints, &c., which are now generally ground. 
The individual pieces in these engines are more 
numerous than the parts of eran 9 are, and 
they are lighter—two conditions which are very 
favourable to the adoption of grinding methods. 
Another aspect of this subject is that surface- 
grinding is —2 adapted for rough and for high- 
precision work. Esch class of manufacture occupies 
its own sphere. The case is paralleled in rough- 
facing done with large inserted-tooth mills used on 
the rotary planers, and in fine-finishing with solid 
mills on high-precision machines. The two spheres 
of production are as distinct as are the —- 
toothed gears and the generation of teeth. e 
first is suitable enough for many mechanisms, the 
second is indispensable in the best. The same 
distinction marks the two great extreme _— of 
grinding practice. The faced joints of covers, 
of various flanges, and of many pieces that are 
thicknessed, need not be done within a thousandth 
of aninch. In other articles a quarter-thousandth 


is not too fine. In some cases, too, the finish of 
the surface is unimportant, in others smooth finish 
is desirable. Broadly, though the statement need 


not be made too closely, the cupped-face wheel is 
identified with the first group of articles, the 

wheel with the second. The reason why the dis- 
tinction must not be drawn too closely is that so 
much depends on the fitting and adjustments of the 
machines themselves, the tables, wheel-spindles and 
bearings, wheel mounti micrometric fittings, 
rigidity of design, provisions for taking up wear, 
and so forth. Yet reason suggests, and ice 
often endorses, that an edge wheel produces more 
accurate results, and leaves fewer marks on the 
surface of the work, than a face cup-wheel does. 
Another fact is that a ring-wheel grinds a much 
larger surface at each pass than an edge wheel 
does, being the difference between operating over 
a diameter and over the width of an edge. Its 
output is ae much larger, and for 
coarse work a single traverse of the wheel is suffi- 
cient. In using face-wheels there is less chance for 
the chips to escape than with edge wheels, and the 
surface of the work is not left so smooth. The 
edge wheels, therefore, have preference when high 
precision and fine finish are desired. At extremes 
may be suggested for non-precision grinding, the feet 
of castings, legs, standards, columns, the faces of 
foundry flasks, the faces of forging-dies, of jigs, 


and fixtures. At the other, piston- thrust- 
washers for machine spindles and _ball-races, 


engine guide-bars, faces of motor cylinders, &c. 

An incidental issue of the supersession of much 
milling and planing by grinding is that the allow- 
ances for tooling are reduced. The rough skin and 
scale which injure milling-cutters, and which the 
single-edged cutting-tools have to penetrate be- 
neath, cause no anxiety to the grinder. An allow- 
ance of 7, in. usually is sufficient when castings 
are machine-moulded or when forgings are stamped. 
Time is thus again reduced, since with a fine allow- 
ance a single traverse of the wheel or work will 
often suffice to finish the surface. 

The open-side design of grinding-machine is 
built following the open side type in milling and 
planing-machines, and avoiding the limitations 
imposed by two fixed housings, and the incon- 
venience of the removable housing. In the open- 
side designs both face and edge wheels are em- 
ployed. Both are generally heavily built, in a 
— range of dimensions, some of which are of 

rge capacity. The face-wheel offers a special 
advantage when pieces of work overhang the table. 
But for all articles within the limits afforded by 
the table width, either face or edge wheels are 
suitable. The traverse of the table, like that of 
planers and plano-millers, is utilised for single long 
pieces, or for numerous small articles arra’ in 
series. These machines are usually built with 
a table having T slots for mechanical gripping, and 
with a magnetic table or chuck for small, light 
pieces held in series. The magnetic table may be 
in one piece, or in several units, which may be 
used singly or in series. 

The Norton open-side surfacing machine, shown 
by Fig. 64, on 425, illustrates the design in 
which an edge- heel is used. The Norton Grindi 
Company make a point of recommending a email 








wheel, because the arc of contact is larger then 
when circular work is being ground. The wheels 
supplied to the machine illustrated are 14 in. in 
diameter, with 6-in. face. The machine is of la 
dimensions, and forms one of a series having work- 
ing surfaces to the table from 6 ft. to 14 ft. long, 
and all 15 in. wide, and with a clear distance of 
17 in. between the wheel and the table-face. The 
first machine of the series weighs 14,000 Ib., the 
last 22,000 Ib. 

The machine is self - contained, having ite 
counter-shaft situated in the base, and driven by 
belt from a motor placed at the side of the 
machine. The table is traversed by worm-gear, 
and is cushioned pneumatically at the reve of 
the stroke. The grinding-wheel is carried on a 
cross-slide. Its traverse is by hand. The cross- 
slide is carried on a vertical slide, which is raised 
and lowered on the column by means of a }-horse- 
ped motor through a lever and friction clutch. 

or vertical movements of small amounts a hand- 
wheel is used on a shaft geared to the vertical 
traverse-screw, and having a micrometer index 
registering to quarter-thousandths. The Norton 
machines stand for a high grade of excellence. The 
test for the table, which is ground in place by ite 
own wheel, is that a Brown and Sharpe straight-edge 
of the length of the finished table shall hold strips of 
tissue-paper 2 in. apart —— its length, and 
set at any direction on the table. The ways on the 
base are scraped. The worms and wheel-spindle 
are made of chrome-nickel-vanadium steel, heat- 
treated. Shaft-bearings are und and run in 
self-oiling boxes. The pump is capable of supply: 
ing 30 gallons of lubricant per minute on the wheel 
and the work. A magnetic chuck is fitted when 

uired, in addition to the mechanical table. 
e heavy face machine, shown by Fig. 65, on 
425, is one built by the Diamond Machine 
mpany, of Providence, R.I., U.S.A., and is an 
example of massive dimensions. Using a ring- 
wheel 30 in. in diameter, with a hole 26 in. in 
diameter, it is capable of dealing with work 84 in. 
in length by 24 in. in height. The massiveness 
of the machine is in proportion. It weighs between 
10,000 lb. and 11,000 lb. without including counter- 
shaft or motor. 

The bed, as is usual, includes a flat and a vee, 
with oil-pockets and rollers. The vee, of 90 deg. 
angle, is in front, and the flat, 4 in. wide, is at the 
rear. The bed measures 134 in. in length, and 
carries a table A, of the same length, and 24 in. 
wide, gibbed at the back. The actual platen 
length is 86 in., the remaining length at each end 
comprising water-pockets, surrounded with flanges 
which protect the ways of the bed. It has five 
slots for = bolts. etic chucks may also be 
used for light articles. ways are cored in the 
table for draining off the water. 

At one side of the bed is bolted the column or 
base B, on which the wheel-spindle and its fittings 
are mounted. The alignment of the head on this 
is maintained by means of narrow inner ways, with 
a tapered gp Backlash is taken up by a coil«d 
spring a. The total amount of cross-feed with a 
new wheel, which is 6 in. wide, is 28in. It is 
accomplished either by hand or automatically, the 
latter having a range of from 0.0005 in. to ,4 in. 
The overhang of the massive wheel is well sus- 
tained by a 0.5 per cent. carbon-steel spindle, 
having a diameter of 5 in. in front and 4} in. at 
the rear bearing, the bearings being 15 in. and 
10 in. in length respectively. The bearings are of 
phosphor-bronze, split, with ring oiling, and 
with liners for future adjustments. End pressure 
is taken against a ball-thrust bearing 6, with 
hardened and ground steel collars encircled by a 
sleeve to prevent entrance of dust. End-play is 
taken up by threaded collars c. The driving-pulley 
is situated between the bearings; it is turned 
inside and out. The wheel-chuck C is of cast iron, 
turned all over, tapered on the outside, and slotted 
to permit of its compression by a steel ring d, 
which is drawn up the tapered portion by means of 
bolts. As the wheel wears, a plate e at the rear, 
drawn out by means of studs f, brings the wheel 
forward. The chuck-bore is tapered, and held on the 
spindle-nose with a Woodruff key and a nut. The 
wheel can be used down to about 1} in. thickness. 
The wheel speeds range from 500 to 575 revolutions 
per minute, and are derived either from a counter- 


‘shaft or from a motor D of 15 horse-power. The 


driving-belt is 8 in. wide, double. 
The table feeds are derived from the wheel- 
spindle. A three-speed gone-pulley E on the rear 





end of the latter transmits the power through a 
2-in. crossed belt to an intermediate shaft on the 
ys acing side of the machine, thence through the 
column by 2-in. open and crossed belts to the 
table-driving shaft On the latter are two loose 
pulleys, and one central tight pulley G, in planer 
style. But the belt-shifting is not done as in the 
planers, in which the dogs shift the belt. In the 
machine we are describing, the d cause the 
shifting indirectly aoongh a fo Png d H, 
which is loose on the driving-shaft, this pulley 
being driven from the intermediate shaft, and being 
connected by friction to a cylindrical cam J. The 
tripping by the dogs releases the cam, which is 
carried over a half revolution by the fourth pulley 
through the friction. The cam pulls the lever which 
shifts the belts. The shock of belt-shifting is thus 
not felt by the table. The table-drive thence takes 
place through a four-shaft reducing train of steel 
gears K, with machine-cut teeth. It has three 
— of 10 ft., 17 ft., and 22 ft. per minute. 

e various controls for the table movements are 
duplicated at the front and rear of the machine in 
order to save time in walking about. The cross- 
feed is regulated by hand from front or rear ; also 
the table traverse by hand or by power. The auto- 
matic cross-feed is from the rear only. 

The water supply is from a centrifugal pump 
driven from the spindle cone-pulley E. A variable 
flow is secured by an adjustable nozzle. There 
are two tanks—the main a containing 
49 gallons, and a settling-tank of 10 gallons’ capa- 
city—from which the clean water runs to the main 
tank. These are separate from the machine, being 
located on the right-hand side, which is better for 
cleaning and filling. Water-guards are fastened 
at the ends of the table, and one is placed on the 
right-hand side of the machine to catch the water 
whirled off by the wheel, and another on the other 
side to prevent the operator from being splashed. 


LITERATURE. 


——— eee 
Water-Works Engineering. By Frep C. Wren, M. Inst. 
C.E.I. Bristol: Castle Litho, Limited. 

On the title-page and in the preface to this work 
the author states that it is a practical treatise on 
the construction of water works for the use of 
engineers and students, that he has sought in vain 
for a work which deals with the subject in anything 
like a practical manner at a reasonable price, and 
that the book is the result of his endeavours to 
repair the omission. 

t may be conceded at once that in attempting 
to write a practical treatise on so vast a subject as 
is covered by the title selected, the author has 
essayed a task beyond the capacity of any one man. 

e first eight chapters contain many references 
to important engineering schemes which are sufli- 
ciently well illustrated and described to afford much 
interesting reading to students. In this part of 
the work the author has brought together a great 
deal of useful information, the source of which he 
has freely acknowledged. “ee 

In the original matter in these chapters it is too 
frequently assumed that the rough-and-ready rules 
often adopted in the consideration of small water- 
works olenee may also be applied generally. 
Thus, in the rules for a annual yield 
of rainfall from a watershed, available for a storage 
reservoir and town supply, a deduction of 12 in. to 
18 in. from the amount of mean annual rainfall is 
recommended for evaporation and absorption, 
according to the porosity of the soil, with “‘a 
further deduction of ,\, in. per day, or 36 in. per 
annum, for evaporation from the surface of the 
reservoir.” An experienced engineer may under- 
stand what the author intends to explain here, 
while not accepting his figure of 36 in., which 
appears vastly in excess of the figures carefully 
ascertained by experiment and practice in this 
country ; while a student might be excused for 
deducting 36 in. from the total annual rainfall. 
A careful perusal of the book shows that it abounds 
in errors of this description. ; : 

In Chapter X. the most experienced engineer wil! 
find a certain amount of information which is new 
to him. The action of a common force pump 's 
explained by saying that ‘‘a vacuum is set up!” 
the pump barrel by the pressure of the atmosphere 
following the action of lifting the bucket. . 

Fig. 76 is a rough diagram of a single-acting 
pump with a emall air vessel on the delivery pipe, 








the use of the air vessel being thus explained :— 
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‘*When the water rises in the air vessel it com- 
presses the contained air, which, being elastic, 
reacts upon the water, producing a continuous flow. 
The elasticity of the compressed air in the air 
vessel forms a cushion... . and helps to econo- 
mise the engine power by keeping the water in 
constant motion.” How the air overcomes the 
weight of the column of water in the delivery pipe 
which compressed it is not explained. 

Fig. 77 shows a differential or bucket-and-plunger 
pump, wrongly described as a ‘‘double-acting 

ump,” and the very elementary nature of the in- 
formation contained in this chapter may be judged 
by referring to the last ph, in which the 
reader is gravely informed that in designing the 
buildings of a pumping - station the following 
accommodation must be provided : — (1) boiler- 
room with tall chimney ; (2) coal store ; (3) pump- 
room over or near well,” &. 

Dealing with motors for pumps in Chapter XI., 
the author first explains that ‘‘ the two principal 
varieties of the steam-engine used for the purpose 
are (1) surface-condensing compound slide-valve 
engine and (2) triple-expansion.’ 

The difference between the two types is ex- 
plained, after which a description is given of a 
marvellous machine, of which, unfortunately, no 
drawing is supplied, as details of such an engine 
would be of the greatest interest to all members of 
the engineering profession. The author’s descrip- 
tion of it is as follows :—‘‘ Engines.—Probably the 
most suitable type of engine for the slow, steady 
work of water-supply pumping is the beam engine, 
with compound expansion vertical tandem cylinders 
working at as of from four to ten revolutions 
per minute.” 

** At the end of the beam, or bob, as it is called 
(which is elevated upon bearings in trunnions, or 
bolted to the side of the engine-house), the con- 
necting-rod is suspended, the pump-rod being 
attached to the other. The beam is raised or 
lowered by the steam acting on the piston on the 
down, or working, stroke, the up-stroke being per- 
formed by the exhaust steam, helped by a large 
balance- weight at the end of the beam.” 

The author omits to state where the vertical 
tandem cylinders are placed or how the motion of 
the piston is imparted to the beam, and as the pre- 
face implies that the book is for the use of students 
having no previous knowledge of water-works engi- 
neering, some further details of this engine and its 
valve-gear would have been of interest. 

The chapter on ‘‘Service Reservoirs” is accom- 
panied by a ‘‘ plan from the author’s own works,” 
which consists of a sheet of details of a manhole, 
ladder, ventilator, and other fittings of a small tank. 

In the construction of such reservoirs of concrete 
the author recommends that ‘‘ all rendering should 
be done before the concrete sets,” without explain- 
ing how to remove the shuttering for the purpose 
without risking collapse of the structure. 

The cruciform section of the piers supporting the 
roof of a brick reservoir is explained by saying that 
in this form the pressure may be distributed over a 
greater area of Edin with the same quantity of 
material in the piers. 

It will occur to most engineers with experience 
in such matters that the section referred to results 
from the juxtaposition of the piers from which four 
arches spring, and round or square columns would 
appear to be generally adopted when the roof is 
carried on girders. The load on such columns can 
be distributed to any required extent by offsetting 
the courses of the footings. 

Dealing with the purification and softening of 
water, the author states that the sand filter will 
still be extensively constructed, ‘‘ especially as a 
pre-filter,” although it is not explained why 
efficient filtration should be followed by a further 
process of purification. 

After julien with some of the difficulties for- 
merly associated with sand filtration, we read that 
“‘the important changes in methods of water 
supply in America and on the Continent, the 
purification by means of ozone and also by chlorine, 
point to the fact that the day of the open sand 
filter is on the wane.” 

Then follows the description of a sand filter, 
with a plan showing the large brick under-drains, 
which were abandoned in the best practice some 
fifty years ago, owing to the fact that they induced 
an excessive speed of the water through that part 
of the sand-bed immediately over the drains. 

_ We were under the impression that the most 
important change in the methods of water supply 





on the Continent d ring the past fifteen or twenty 
years lay in the general adoption of sand filtration 
at Paris, Antwerp, and other large cities lying in 
the great North European plain, where turbid 
rivers form practically the only source of supply. 

In dealing with mechanical filters the author 
makes no reference to the gravity type, which, we 
understand, is now generally recognised as givin 
better bacteriological results than the high-s 
enclosed filter. 

Of the latter type the author selects three for 
brief description ; further particulars of each of the 
machines described are also given by the makers 
in the advertisement of the book. 

The book is profusely illustrated. A large number 
of the illustrations are from blocks to be found in 
the apy oy of makers of water-works appliances. 
Many of the original sketches are of the crudest 
mr character, notably Figs. 37 to 40 and 59 
and 60. 

In commencing this review we referred to certain 
claims made by the author in his preface. It 
should also be said that he ventures to criticise the 
authors of ‘‘one or two of the best books” previously 
written on the same subject, by stating that ‘‘ their 
chief merit lay in obscuring the subject with 
elaborate formule,” and that ‘‘ they possessed the 
added defect of assuming that the reader already 
had some knowledge of the subject.” 

The author evidently assumes that some of his 
readers have no knowledge of the subject of the 
book. As to whether he has too far on 
that assumption may be judged from some of the 
extracts quoted above. 





Krupp’s and the International Armaments Ring: The 
Scandal of Modern Civilisation. By H. Ropertson 
Morray. London: Holden and Hardingham, Adel- 
phi, W.C. [Price 2s. 6d. net. ] 

Tus volume is one which under ordinary circum- 

stances we should not have ed as worthy 

of notice; but since most of the illustrations 
which it contains and many quotations in the letter- 
ress are taken, with due acknowledgment, from 

Gocteumneie. it is necessary that we should 

thoroughly dissociate ourselves from the travesty of 

facts and fantasy of reason which are woven around 
the quotations made. 

The first part of the book deals with the 
development of Krupp’s works, and the author 
takes all his facts from our description of these 
works published in ENcIngrerinc in 1912. He 
admits that ‘‘ Alfred Krupp was a man of rare 
genius as engineer, metallurgist, and chemist, of 

t commercial ability and tireless energy, born 
into a nation ruled by a class that breathed mili- 
tarism.” Then he seeks to show that ‘‘ the policy 
of Kruppism was, of course, one of creation and 
maintenance of univereal international fear, hatred, 
and distrust.” As a matter of fact there has 
been almost since the world an ‘* interna- 
tional fear, hatred, and distrust,” and, instead 
of Krupp creating it, these elements in national 
character created Krupp. In the sixteenth century 

Spain threatened the liberties of Europe ; France 

al but eige yf . in the ae eggs = 

tury ; in, at the inning o' e eighteen 
canny Late XIV. attemp:ed to establish, as 

Alison put it, ‘‘a universal despotic dominion 

over the bodies and a cruel — thraldom 

over the minds of men.” Napoleon sought world 
power a hundred years later, and now history 
repeats itself. The German military ambition is 
not due to Krupp : he was, as the author states, 

** born into a nation ruled by a class that breathed 

militarism.” That Krupp maliciously disseminated 

the evil the author tries to prove by innuendo. 

But Mr. Murray goes further, and would have us 
believe that all the armament firms in the world 
were actuated by the same motives, and that the 
game of exciting ‘* international fear, hatred, and 
distrust” was wantonly played to secure orders. 
Much is made of the conversion of the Harvey 
Steel Company of Great Britain, Limited, into a 
company embracing other countries. This com- 
pany was formed for convenience in ore gp 
royalties under the Harvey patent method o 
hardening armour, use there was a dis- 
pute over British patents of a similar nature, When 
foreign countries adopted the they had to be 
reckoned with. It did not affect ‘‘ the good deal of 
jealousy and the desire to get at one another's 
secrets,” which the author says animated the firms 
before the ‘‘alliance.” The company was dissolved 





when the Harvey patents expired, But the author 


seeks to show that it was the machinations of this 
international ring that started international mili- 
tarism. Thus he tells us that ‘‘ by 1901 the tide of 
British Government indifference began to turn: 
Armstrong received the very first order given to a 
private British firm for a British first-class armoured 
cruiser, to be built and fully equipped by that firm.” 
The italics are ours. As hundreds of armoured 
ships had been built by private firms, from the 
Warrior and Black Prince—the prototypes com- 
leted in 1860—comment is unn ~ Again, 
e states that Vickers’ ‘‘establishment at the 
time of the formation of the Trust covered some 
10 acres of ground at Erith and employed from 
1500 to 2000 hands.” The facta are that the 
Vickers started more than one hundred years 
earlier and at Sheffield, the establishment at Erith 
being but a small subsidiary works acquired in the 
eighties. But it is useless writing more. Had not 
these and other firms worked with all available 
talent and resource for our own Fleet, where would 
we have been to-day? If they built for foreign 
navies—an offence in the author’s eyes—they gave 
us a good reserve of such ships, when available, as 
was proved in August last. If they extended their 
business to foreign countries—another offence— 
they only ousted Germans and increased British 
ige, certainly not matters for which they 
should be blamed. 
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THE CYLINDRICAL-TANK 


OIL-CARRYING STEAMER 


“RICARDO A. MESTRES.” 


CONSTRUCTED BY MESSRS. WILLIAM GRAY AND CO., LIMITED, SHIPBUILDERS, WEST HARTLEPOOL. 








— = 





We illustrate on Plate XXXI., and on the present 
and opposite pages, a new type of oil-carrying steam- 
ship, which has recently been completed Md Messrs. 
William Gray and Co., Limited, of West Hartlepool. 
The feature of the vessel is that the oil, instead of 
being carried in ordinary holds with straight bulk- | 
heads, is contained in large cylindrical tanks, so that 
there is a freedom from webs and stiffeners on the 
internal surface, the consequence being that the pro- 
cess of cleansing is greatly expedited and more 
effective. The tanks are of sufficient eapacity to take | 
the full dead-weight load of heavy oil, and ordinary | 
cargo or light oil can be shipped in the spaces between | 
the outer walls of the oylindrioal tank and the sides of 
the ship, this space being divided up into a number | 
of com ents by water-tight bulkheads. 

This system, evolved by Mr. Jack, of Messrs. Jack 
and Muers, 32, Great St. Helens, London, E.C., 

w from the proposal to carry the oil in compara- 
ively small atndien, which could be stowed in the | 
holds of an ordi cargo ship very much like other | 
package goods, — 





was applied first, so far as we| 
are aware, in American ships. Later vertical cylin- | 
drical tanks, about 20 ft. in diameter, a the | 
whole depth of the hold, were placed on boar and | 
allowed to bed themselves on soft wood ceiling on the | 
tank top. These tanks were steadied by means of 
cramps and wed Quite a number of ships with 
this arrangement have been running successfully for a 
considerable time. The next step was taken in the 
case of the Escalona, which was taken over by her 
present owners during construction. In this vessel 
cylinders, some of them about 22 ft. diameter, were 
made and stowed on board horizontally, on an elabo- | 
rate seating system which has proved satistactory in | 
service, although in many cases one cylinder is seated 
on top of two cylinders resting on the tank top. All 
the seating arrangements have been designed so as to 
be readily portable in the event of transferring the 
ship to service. 

e next step is that introduced in the plans of the 
ship which we now illustrate, where the bottom of 
the cylinders is formed by the inner bottom, and the 
top by the deck and central expansion trunks. Modi- 
fications on all the ai ents have been suggested 
and adopted from time to time, and it would appear 
as if the possibilities of the idea had not yet been 
exhausted. The vessel illustrated is the Ricardo A. 
Mestres, and was constructed for the Transcontinental 





Petroleum Company, for whom Messrs, Andrew Weir 


Fie. 1. THe Vessert on Trrat. 


and Co. are the London managers. The Ricardo A. 
Mestres is the third of the type to be put in service. 
This vessel has a length between perpendiculars 
of 365 ft., a breadth extreme of 50 ft. 9 in., and 
moulded of 50 ft. 64 in., while the depth moulded is 
29 ft. 3in. She is built with a double bottom extend- 
ing throughout the full length of the ship, with the 
usual fore peak, in which oil fuel may be carried in 
supplement to the oil fuel in the athwartship bunker 
immediately in front of the boiler compartment, 
which, with the engine-room, is placed in the after 
part of the ship. There are five tanks for the carryin 
of heavy oil. The forward tank has a capacity o 


32,850 cub. ft., the other four of 38,025 cub. ft. each ;| f 


the hold-tanks, at the side of and between the cylin- 


| drical tanks, numbered 3 and 4, in Fig. 9, on the port 


as well as the starboard side, are of a capacity, in all 
four cases, of 10,642 cub. ft. In addition, oil may be 
carried in the five double-bottom tanks, as marked on 
the longitudinal section; and these, including the 
accommodation of the expansion trunks formed in con- 
nection with the decks, make the total capacity of the 
cargo spaces up to 285,793 oub. ft. Excluding the ex- 
—s trunks, the total capacity is 263,968 cub. ft. 

addition, there is bunker capacity of 26,183 cub. ft. 

The interesting feature consists in the constructional 
details of the cylindrical tanks, and these are shown 
pecs | on the cross-section on page 429. Fig. 10 is the 
amidship section through one of the tanks, which, it 
will be seen, is built up of shell-plating secured to 


| the tank - and deck by strong —. The deck is 
a ’ 


formed wi expansion trunk, extending from 
the poop to the forecastle, in which the oil may rise 
and fall, according to the temperature. 

It will be seen from the views on Plate XX XI. that 
the cylinders are connected to each other at the centre 
line by fore-and-aft oil-tight vertical webs, and that 
@ combination of web-frames, beam-plating, and built 
stanchions, outeide and between the cylinders, pro- 
vides an oil-tight division in the expansion-trunk, as 
well as transverse strength for the ship. At the 
centre of each cylinder there is a transverse oil-tight 
division between it ard the ship’s side. This is con- 
tinued inside in a fashion which may be described as 
a bulkhead, having two large equare holes in it, thus 
forming a strong transverse construction. 

The tanks are air-jacketed, which enables the tem- 
— of heavy oil to be more easily raised. It is 
urther claimed for this system that every rivet in the 
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a cylinder can withstand very great pressure applied 
on the ends; that semicircular form of bulkheads, 
which the circular tanks simulate, do not require any 
stays or stiffeners, and most efficiently tie the decks 
and bottom of the vessel together; and there are no 
centre-line bulkheads in the cylindrical tankers, none 
being necessary. Notwithstanding the fact that 
rectangular tankers make use of the vessel’s sides to 
form part of the tank sides, there is very little differ- 
ence in the number of square feet of bulkheading 
forming the oil-retainers. ‘There is a very large differ- 
ence, however, in the weight of material, the semi- 
circular bulkheads averaging about 20 lb. to the square 
oot, whereas the rectangular tanker bulkheads 
average up to over 60 lb. to the square foot. The 
cylindrical tanker, as designed for heavy oils, carries 
the entire dead-weight in the cylindrical tanks and 
trunk-ways. No part of the hull proper has, there- 
fore, to be specially constructed for oil. The sides and 
bottom of es vad do not require to have any extra 
strengthening, nor do they require to have close pitch 
riveting with specially reamed holes, as is necessary 
when oil is carried with the skin of the vessel. Vessels 
already built may be converted into bulk liquid- 
carriers most satisfactorily on the cylindrical prin- 


ciple. 

The space between No. 4 and No. 5 cylindrical tanks 
is utilised on each side of the ship for the accommoda- 
tion of the pumping plant, and from this connection 
is made to all tanks, so that oil or ballast water may 
be dealt with. The pumping machinery, it may be 
stated, was constructed at the Central Marine Engine 
Works of the builders, and has a capacity of 500 tons 
of petroleum per hour. There are also steam-heating 

ipes throughout the oil compartments to ensure that 
nee oils will flow freely through the pipe-lines, irre- 
spective of the temperature. : 

The ship is propelled by a eet of single-screw triple- 
expansion engines made by the Central Marine Engine 
Works; and fitted in the after end of the ship, as 
shown in the longitudinal section and plan (Figs. 2 
and 9). The cylinders have a diameter respectively of 
25 in., 41 in., and 68 in., the piston stroke being 48 in. 
Steam is a from three large cylindrical boilers 
athwart the ship, working at a ee of 180 lb. per 
sq. in., and using coal or oil fuél alternatively, the 
bunker from which they are — being placed 
athwart the ship immediately in front of the stoke- 
hold. The special system of the Central Marine 


cylinder is under shear ; that the unstiffened sides of | Engine Works auxiliaries, including winch, condenser, 
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evaporator, inde ent feed- ps 
pa filter, dinteecnwtnss overtaed feed-heater, the 
‘* superheat ” system of oil-burning, oil-film heaters, 
oil-fuel pumps, &c., is installed in the engine-room. 
The boiler for serving the auxiliaries is placed on the 
main deck, immediately over the main boilers, as 
shown in the longitudinal section and plan (Figs. 2 


Fig.10. 


MIDSHIP SECTION. 
S. S... RICARDO A.MESTRES. 


fitted with a| and hand-gear, and otherwise the constructional details 


the equipment have been designed not only to fulfil 


f 
Phe requirements of trade, but to conform with the 


ritish and Norwegian regulations. On the loaded 


ial trip of six hours’ duration a speed of 114 knots 
: maintained with oil fuel. 


he’ship and machinery were constructed to take 
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The accommodation for the officers is arranged 
under the bridge, as shown in the plan, Figs. 5 
and 6, while the accommodation for the engineers 
is aft on the poop, Fig. 8. The details can easily 
be studied from the plans. The crew are housed 
in the forecastle, as shown in Fig. 8. Electric light 
is installed throughout, and the accommodation is 
re by steam, so that there is no possibility of 

re, 

[t will be seen from the photograph of the vessel, | 
reproduced in Fig. 1, on the opposite page, that the | 
ship is schooner-rigged with two masts, and that the 
furnace gases pass into one funnel placed aft. The 
deck erections, it may be added, include a direct 
Steam-windlass, steam-winches, steam steering-gear, 








were bailt under the supervision of Messrs. Jack and 
Muers, London, on behalf of the owners. 





INDIAN IngIGATION.—The total area of country under 
irrigation in British India in 1912-13 was 45,539,074 
acres. This total was made up as follows :—Bengal, 
2,224,125 acres; Bihar and Orissa, 4,804,770 acres ; 
Assam, 355,918 acres ; United Provinces, 9,647,374 acres ; 
Punjaub, 11,302,184 acres; North- West Frontier Province, 
873,615 acres; Upper Burma, 967,770 acres ; wer 
Burma, 123,856 acres ; Central Provinces, 905,894 acres ; 
Madras Presidency, 9,897.750 acres; Bombay Presidency, 
1,003,733 acres; Sinde, 3,274,044 acres; and miscellaneous 
small areas, 159,041 acres. Of the total area of 45,539,074 
acres dealt with, 20,256,940 acres were irrigated by canal 
6,825,189 acres by tanks, 12,350,801 acres by wells, an 
6,106,144 acres by other means. 


ENDUSTRIAL NOTES. 

A MEETING of North-East Coast Trades Union re- 
presentatives was held on Sunday last, the 11th inst., 
at Newcastle, with a view to select representatives on 
the War mee 5 te following Sea a 
were represen an ‘0 were & to 
the Committee :—Messrs. G. Rowe (Boilermakers), 
J. Wile (Brassfounders and Fitters), J. D. Hebron 
(Patternmakers), J. Ratcliffe ( ated Society 
of Engineers), R. —— (Nati Amalgamated 
Union of Labour), E. Gilbert (Associated Blacksmiths), 
H. Crawford (Ship Constructors and Shipwrights’ 
Association). 
The following resolution was carried, and sent to 
the Premier :— 
‘* We, representing the trade unions in the ship- 
building and engineering trades of the North-East 
Coast, welcome most heartily the establishment of 
the Committee on which the working men, the em- 
ployers, and the Government Departments are repre- 
sented. We do not want any more speeches about 
the failings of the workers, the employers, or the 
Government. . We want to pull together, and get on 
with it. You may tell Lord Kitchener that we shall 
deliver the goods, The working man of the North- 
East Coast will do his bit. e hope, for our part, 
that you may find it possible te be present at the first 
meeting of the Committee, which, we understand, will 
be called for Thursday next.” (Signed) 

J. Wire, President. 

J, Hepron, Secretary. 

On Monday last the North-East Coast Engineering 
Employers’ Association met and selected three repre- 
sentatives to act on the same Committee. These 
are Mr. D. 8. Marjoribanks (Sir W..G. Armstrong, 
Whitworth and Co., Limited), Mr. H. Clark (Geor, 
Clark, Limited, Sunderland), and Mr. M. 8. Gibb 
(Central Marine Engineering Works, West Hartle- 

1). Atthe close of the meeting they sent the 
following telegram to the Premier :— 

‘* At a representative meeting of the North-Kast 
Coast Engineering Trades Employers’ Association, 
held in Newcastle-on-Tyne to-day, representatives 
were appointed to act on the North-East Coast Arma- 
ments Committee recently formed. The engineerin 
employers assure the Government, through you, o' 
their desire to assist in every way in accelerating the 
supply of munitions of war.” 

e North-East Coast Ship-Repairers’ Association 
held a meeting on Tuesday, and sent a similar tele- 
gram to Mr. Asquith. Mr. M. C. James, secretary of the 
Association, was appointed to act on the Committee. 
The Tyne, Wear, Tees, and Hartlepool Shipbuilders’ 
Association met on Wednesday, and appointed as 
representatives on the Committee Colonel R, Saxton 

ite (Sir W. G. Armstrong, Whitworth and Co.,, 
Limited), Mr. James Marr (Messrs, J. W. Thompson 
and Sons, Sunderland), and Mr. Leonard Ropner 
(Messrs. Ropner and Sons, Stockton). They also tele- 
hed in the same terms to Mr. Asquith. 

e North-East Coast Armaments Committee is now 
complete, and. has commenced its sittings. Mr. 
Asquith will address a meeting in Newcastle next week. 


The Secretary of the Newcastle Chamber of Com- 
merce reported last week that he had received an offer 
from over a hundred gentlemen of the Exchange and 
various firms of the city to assist in the production of 


war munitions, by working at Elswick from 6 p.m. 
to midnight every day, after their ordi business. 
They were not of recruitable He had communi- 


cated the offer to Messrs. ‘ir W. G. Armstrong, 
Whitworth and Co., Limited, and had received the 


| following reply :— 


** We very much appreciate the truly a offer 
made on behalf of some members of the Exchange and 
others to come and help in the manufacture of muni- 
tions of war. We undetstand that they are willing 
to come in the evenings, after their usual business, 
and work until 12 midnight. We have carefully con- 
sidered the matter, and confess that at the moment 
we scarcely see how we can take advantage of their 
services. Our difficulty will be understood when it 
is borne in mind that our machines have to be manned 
the whole day and night, and that the only way in 
which effective aid could be really given us would be 
by the volunteer workers arranging among themselves 
to work full shifts. We fear that as they are occupied 
with their own business, it would hardly be possible 
for them to do this. Our chief need at the moment is 
for sufficient skilled labour. 

**However, some special emergency might arise 
when it will be of the greatest importance to have a 
body of men at our disposal for a few hours each day. 
In view of this, we suggest that some register or list 
should be kept of those who are willing to come for- 
ward at short notice when called upon. Please thank 
all concerned, and convey to them our high apprecia- 
tion of their patriotic offer.” 





" The War Office, in its endeavours to recruit labour 





for the works engaged in turning out munitions of 





430 


ENGINEERING. 





[Aprit 16, 1915. 








register 
their names for emp ent in such works. The 
appeal takes the form of s poster asking men— 

**To provide shells and rifle ammunition required 
by the Army in the field.” 

It further states that :— 

‘* Fitters, turners, millwrights, and skilled work- 
men, also unskilled workmen not now en in the 
production of war material, can serve their King and 
country by coming forward to help in providing the 
munitions of war of which the Army is in need. 

** Any volunteers for this service, which is most 
essential for the successful prosecution of the war, 
should give their names to the nearest recruiting 
office. stating what class of work they can perform. 

**No medical examination, no age limite, 
measurement. 

‘In this way men can serve their King and country 
and work for their comrades in the field. 

‘Lord Kitchener calls on all workmen to come 
forward and help where they can.” 


At the request of the Local Government Board, says 
the Manchester Guardian, & special meeting of the 
chairmen and vice-chairmen of the Manchester Cor- 
poration committees and the head officials of denart- 
ments was held a few days ago at the Town Hall. 
The Lord Mayor presided. 

It was explained bv an official of the Local Govern- 
ment Board that the War Office had remitted to that 
Department the duty of setting before municipalities 
the need for releasing men to take employment in the 
works producing munitions of war. The Board sug- 
gested that the Manchester Corporation should release 
any of their employees who were fitted for this class of 
work. Skilled labour was preferable ; but, owing to 
trade-union restrictions having been modified in certain 
engineering departments, ordinary manual labourers 
could be usefully em ed. 

The meeting decided to give every facility to their 
workmen to comply with the request. The action of 
the workmen was, however, to be of a purely volun 
character, and no pressure was to be employed by heads 
of departments to induce a man to leave the Corpora- 
tion service. Workmen will not suffer any loss if the 
do leave the service, and they will be sent to ammuni- 
tion and projectile works as near their present homes 
as possible. 

It is thought that some of the most suitable men will 
be found among the employees of the Highways De- 
partment, and it has com urged that the work of 
street-paving should be reduced to a minimum for the 
present, and that, indeed, it should be confined strictly 
to necessary repairs. 

According to the same journal, a Birmingham tele- 
gram rays the appeal to the men, who have been 
rejected as physically unfit for military service, to 
register themselves for employment on war material 
resulted in a large number presenting themselves at 
Birmingham. 


war, has issued an appeal to workmen to 


no 





The East Worcestershire Liberal Association held 
its annual meeting on Thursday, the 8th inst., at 
Warley. The chairman was Mr. J.W. Wilson, M.P., 
who, in the course of his address, stated that in 
Germany the people were working as one unit. There 
was no question of wages ; they were all working and 
doing their utmost. They must marvel at what 
Germany had done in these eight months; it had been 
done by the cohesion of labour and employers. That 
called for a like sacrifice and determination on their 
part. Let them not look jealously at what others 
were doing or getting, but let each one do his share. 
One great cause for thankfulness on their part, he 
added, had impressed itself upon him during a recent 
visit to France and Belgium. France lost her 
Black Country and her Manchester. Her manu- 
facturing districts were occupied by the Germans, 
and she was dependent upon us for her supplies. 
What were we ing compared with that? Let 
them trv, as true citizens, to do their best, and see to 
it that the whole machinery of the State ran smoothly. 
He felt that in this country we needed to realise what 
we had been spared, but what we would not be spared 
unless we worked together as a united nation in the 
proeecution of a righteous cause. 

With reference to the drink question, Mr. Wilson 
said if anything were done to diminish the excessive 
drinking amongst workmen, that association would be 
the last to criticise any action which the Government 
might take. He would like to see Sunday hours 
every day in the week. If che working men saved 
their expenditure on liquor, they would easily be able 
to meet the ino cost of bread, coal, and other 
necessities for their families. 


The lst Dockers’ Battalion was inspected at head- 
quarters by their commanding officer, Lord Derby, 
early on Monday morning. The men, to the number 
of 350, were in khaki uniform. Lord Derby, in the 





course of a brief address to them, said :— 
** The last time 
civilian clothes. 


‘ou and I met we were in ordinary 
To-day we are all in uniform, and 





most of us—those who have been in the army—are 
glad to be in it again. I want you to write out to 
your friends, your sons and brothers at the front, and 
tell them that you are back in uniform and are doing 
King’s work at home as they are doing it out there. 
I am perfectly certain that if you do so write it will 
have an excellent effect in many ways. They will be 
proud out there to know you are doing your duty, and 
I think it will encourage others to write to their 
fathers and ask them why they are not doing the 
ee. err 

* To- you are starting what ieve is goin 
to be the inning of a very scheme. On 3 as 
depends by your conduct and your work the 
success of thescheme. Everyone of you will, I know, 
do your best, and, wearing this uniform, you will feel 

t every ounce of work you can put in is an ounce 
of work put in to try and destroy the German Empire. 
Ms I rel -_ you to do your best, and I wish you 

good luck. 

**T want you to tell your friends that as soon as I 
see this is a success, as I know I shall see it, I shall 
be ready to take more men, not in their tens and 
twenties, but in their hundreds and thousands. I 
wieh you all the best of luck.” 

The scheme has so far succeeded, and is giving 
general satisfaction ; there is every probability that it 
will be extended. 

The unrest which existed amongst the Birkenhead 
dock labourers may be considered to have subsided. 
On Saturday last the men worked the whole day, and 
great activity prevailed. 








We understand that, in order to facilitate the 
manufacture of war stores, the Amalgamated Society 
of Engineers have sanctioned the msion of all 
restrictions on overtime in the Belfast district, which 
is not included in the recent ement with the 
employers. Throughout the district the seven-day 
week is now being worked, and skilled men are earn- 
ing from 3/. to 7/. per week. The percentage of lost 
time due to drinking is stated to be very small. 


With a view still further to increase the satisfactory 
production of ammunition at Sheffield, the Government 
have issued an agreement, called “‘ The Sheffield Shells 
and Fuses Provisional Agreement.” A ballot of the 
men was taken on this, and the result of the ballot 
shows that they are in favour of adopting it. The 
agreement is in exactly the same terms as that made 
with the engineering trades, and published in Enct- 
NEERING on March 19 (page 320 ante). 





The adjourned meeting of the Executive Committee 
of the Miners’ Federation of Great Britain, referred 
to in our last issue, was held in London on Wednes- 
day, the 7th inst., to consider the question of the 
20 per cent. increase in w At the close the 
president, Mr. Robert Smillie, made the following 
statement :— 

At the adjourned meeting which met in the 
afternoon telegrams were read from the secretary of 
the Durham Mineowners’ Association and of the 
Northumberland Mineowners’ Association, stating 
that at meetings of the owners of both associations 
which had been held they could not see their way to 
take part in a national conference on the wages 
question. 

A letter was read from Sir Thomas Ratcliffe 
Ellis, secretary of the English Conciliation Board 
section of the mineowners, stating that the mine- 
owners of the conciliation area could not see their 
way to take part in a joint national meeting on the 
wages question. 

After discussion the following resolution was 


** That this executive expresses its astonishment and 
regret at the coalowners’ refusal to meet the repre- 
sentatives of the Miners’ Federation of Great Britain 
to consider and determine the demand for a 20 per 
cent. advance in wages on the present earnings. It, 
however, instructs the eral secretary again to 
write to Sir Thomas Ratcliffe Ellis, the law clerk and 
secretary of the Mining Association of Great Britain, 
to co-operate in arranging @ joint national conference 
of coalowners’ and miners’ representatives, as he has 
done many times recently. 

“ Failing such a joint conference arranged, 
that a erence of the Miners’ Federation be held in 
London on April 21 and 22 to determine what policy 
shall be ed to secure the above advance in wages 
to cover the increase in the cost of living, the advance 
to come into force on May 3.” 


A meeting of the English Coal Conciliation Board 
was held in London on same day, when the follow- 
ing resolution was i 

“It being reported that the terms for the renewal 
of this Conciliation Board had been approved by the 
coalowners and the miners tively in the fede- 
rated area, subject to the ition put forward by 








the miners’ representatives in regard to clause 3, it is 





resolved that this meeting stand adjourned until 
Thursday, April 29, at 2.30 p.m.” 

Clause 3 refers to the length of time the Concilia- 
tion Board shall continue. In the draft agreement a 
period of three years was fixed, but the effect of the 
resolution now passed is that it rests with the men 
to determine how long the Board shall continue. 


A joint meeting of the Welsh Engineers and 
F ers’ Association was held at Swansea on Monday 
last, when it was decided to advance the wages of the 
men belonging to the Amalgamated Society of Engi- 
neers 2s. weekly forthwith, granting them a further 
1s.,.with a reduction of hours from 54 to 53 in Sept- 
ember next. It was also decided to grant a war bonus 
of 3s. and 2s. to the men belonging to the Gas. 
Workers’ Union. 


At a meeting held at Middlesbrough on Monday 
last between the representatives of the Cleveland Iron- 
Stone Mine-Owners and the Cleveland Miners’ Associa- 
tion the question of wages to be paid to the miners 
during the ensuing three months was considered. 

Mr. W. W. Stow, who presided, put before the 
meeting figures showing that the men were entitled to 
an advance of 1.90 per cent., which the owners offered 
to concede. This offer will be placed before the men. 
The meeting was adjourned till the 26th inst. 


An ment about mutual financial support in 
cases of labour conflicts has been arrived aiteon 
the Swedish, Danish, and Norwegian employers’ 
unions, all the societies concerned having acquiesced. 
The Swedish combines of employers form in this con- 
nection a unit, and will agree about the distribution 
of the support which is received from Norway or 
Denmark, and about the support which Swedish 
employers’ unions give to Dasth or Norwegian em- 
ployers’ unions. support which is given from 
Swedish employers’ unions to the Danish or Nor- 
wegian employers’ union, or both of them, is divided 
between the different unions of Swedish employers, 
according to the number of hands employed by the 
members of these unions. Support received from 
Denmark or Norway is to be distributed amongst 
Swedish employers, according to the number of hands 
on strike or locked out, with members of the respec- 
tive unions. The above arrangement is only of a 
defensive nature. When conflicts arise the financial 
obligations do not come into force until the labour 
organisations in the one country receive monetary 
help from labour organisations in one of the other 
Scandinavian countries, according to the inter-Scandi- 
navian agreements between the labour organisations 
of the three northern countries. 








Larce Orpers FoR Ro.itne-Stocx.—The Swedish 
State Railways bave placed very important contracts 
for rolling-stock, or are about to do so, and the same is 
the case in Austria. Hungary has now followed this 
example, and has placed calkat for 205 locomotives, 530 
passenger, and 1395 goods wagons for the State railways, 
the cost amounting to some 42,000,000 kr. Further orders 
for locomotives and more than 1000 goods wagons are 
contemplated. 





GeERMANY’s PropvucTion or SregL.—According to a 
report from the Union of German Iron and Steel Indus- 
tries the production of steel within the German customs’ 
area during the month of December amounted to 941,399 
tons, against 900,026 tons for November. The production 
per day amounted to 37,656 tons, against 21,801 tons in 
Au 25,509 tons in September, 33,341 tons in October, 

37,501 tons in November. The production during 
December conrprised the following kinds :— 


Tons 


Thomas steel - 498,107 
Bessemer steel .. os aie 8,837 
Basic Siemens-Martin steel. . 378,795 
Acid ” * 16,854 
Basic steel form castings 16,093 
Acid ” ” 6,202 
Crucible steel .. ‘ 8,428 
Electro steel on = on 8,083 
As the distribution between the different 
districts it was as follows :— 
Tone. 
Rhineland-Westphalia 544,389 
Silesia... mis a - 88,827 
Siegerland and Hessen-Nassau as 19,696 
North-East and Central Germany .. 36,522 
Kingdom of Saxony .. oe _ 18,261 
South Germany .. os ee es es 8,705 
+ Saar district and Bavarian Rhine Pfalz .. 78,455 
Alsace-Lorraine. . ue ee es oa 75,015 
Luxemburg es ° 76,539 


The following table shows the production per month for 
the last six months of pig and steel :— 


> Steel. 

Tons. Tons. 
July 1,561,944 1,627,345 
August .. 587,661 566,822 
September 580,087 663, 223 
October .. 729,841 900,201 
November ou om 788,956 900,026 
December ee ° 853,881 941,399 


The aggregat action of pig-iron during 1914 
amounted to 4, ,517 tons, M3 19,309,172 tons for 
the previous year ; and of steel, 14,973,106 tons, against 
18,958,819 tons for the preceding year. 














Apri 16, 1915. ] 


ENGINEERING. 





431 








THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, 
held on March 26, at University Co Gower- 
8 W.C., Dr. A. Russell, M.A., Vice-President, in 
the chair, a Ry! entitled “‘ The Change of Thermal 
Conductivity with Fusion,” by Professor A. W. Porter 
and Mr. F. Simeon, was read by the former. 

The change in question was determined for mercury 
and for sodium by finding the temperatures at different 
points of a cylinder of the metal contained in a glass 
tube. The ends of the cylinder were maintained at such 
temperatures that the metal was liquid half way down 
its length, the remaining part being solid. The tempe- 
ratures were taken by means of thermo-electric a 
inserted in narrow tubular depressions which been 
formed in the glass tube by — a knitting-needle 
down into the locally-heated glass. The ratio of the 
thermal conductivity for solid and liquid was estimated 
from the slope of —— drawn to the temperature- 
curve on each side of melting-point. The values of 
these ratios are of the same order as the ratio of the 
corresponding values of the electrical conductivities. 
The mean value for mercury is 3.91, and for sodium 1.31. 

A summary list is given of other data concerned with 
fusion. 

Discussion.— Professor O. W. Richardson congratulated 
the authors on their satisfactory treatment of an impor- 
tant problem. The change of thermal conductivity with 
fusion had not, he believed, been attacked experimentally 
before. In listening to the reading of the paper, one 
felt impressed by the small amount of effort and the 
simplicity of the eee with which the authors had 
been able to solve what was generally regarded as a very 
difficult problem. This b, it was interes 
to note, was one of the few of which the results 
with the deductions from the elementary electronic 
theory. 

Poca F. G. Donnan referred to the researches 
carried out at his suggestion by Dr. C. M. Stubbs on the 
radiation emitted by copper, silver, and re at high 
temperatures. These experiments showed that there 
was a marked change in the distribution of en 
throughout the visible spectrum when passing from solid 
to molten metal, and pointed to some ch 
electronic structure or in the inter-electronic forces, 
occurring at the transition from solid to liquid. The 
complexity of the problem had so far prevented any 
mathematical treatment, but there appeared no doubt 
that results such as these, coupled with the discontinuities 
in thermal and electrical uctivity, would be of value 
in throwing light on the inner mechanism of the 0- 
menon of melting. Photometric measurements of the 
light radiated by polished plates of metals at high tem- 
peratures presented considerable difficulties owing to the 
tendency of the ‘‘ flowed” surfaces to crystallise, but in 
spite of these difficulties Dr. Stubbs clearly demon- 
strated the existence of an abrupt change in the radiation 
spectrum on passing from solid to liquid in the case of 
certain metals. 

Professor Porter, in reply, said that while isolated 
measurements of thermal conductivity of some substances 
above and below the melting-point had been made by 
previous workers, in no case that he was aware of 
sufficient data been obtained from which to deduce the 
sudden change which takes place on fusion. He was cog- 
nisant of the work of Dr. Stubbs, but had always thought 
the nature of the surface was of such importance in radia- 
tion experiments as to make it difficult, on account of 
crystallisation and contamination of the surface at high 
temperatures, to obtain conclusive results. He had for- 
= at the moment the degree of consistency obtained 

y Dr. Stubbs, but if the results were more or less in 

ment they would undoubtedly point to a change at 
the fusion-point in the radiation emitted by the sub- 


stances, 

A paper entitled ““An Instrument for the Optical 
Delineation and Projection of Physical Curves, such as 
Hysteresis, Resonance, and Characteristic Curves,” was 
read by Dr. J. A. Fleming. This instrument is designed 
for projecting on to a screen or photographing on a plate 
such curves as magnetic hysteresis, resonance, or charac- 
teristic curves, which can be performed slowly, or are non- 
periodic or non-repetitive. It consists of a base- 
on which is fixed a thin wooden ring, wound over with 
one layer in close turns of insulated ‘‘ Eureka” wire. 
The insulation on the top surface is removed so as to 
expose the wire. At the centre of the ring there is a 
pivot which carries a radial arm, the end of which rubs 
on the bare ‘‘ Eureka” wire. The ends of the ‘‘ Eureka” 
wire are connected to a battery of n cells, and the middle 
point of the wire is connected to a terminal, and also the 
centre of the radial arm to another terminal 
arrangement forms a circular potentiometer, so that any 
required fraction of the battery voltage can be produced 
in either direction between the last-mentioned two ter- 
minals. On the same base there is a ular mirror, 
slung on a longitudinal axis, which mirror is tilted by a 
thread wound round the shaft of the radial arm of the 
botentiometer. Hence, if a ray of light from a mirror 
magnetometer or galvanometer is reflected to the tilt- 
ing mirror, and ce on to another fixed mirror, 
with its axis at right angles to that of the other, and 





thence to a screen, the spot of light will have two| f 


Motions, one a horizontal one 
placemems of the radial arm, 


ional to the dis- 
i . therefore, to the 
-D. of the two terminals, and another vertical motion 
Proportional to the deflection of the galvanometer or 
magnetometer. If, then, we place behind the magneto- 
meter a long coil paving @ long iron wire within it, and 
—_ & current through this coil which is supplied 
the potentiometer travelling terminals, the spot of light 


will be actuated by two motions, one a horizontal one 





in the |} 





proportional to the magnetising force, and the other a 
vertical one at arene to the central flux density in the 
iron. It will, therefore, describe a hysteresis curve when 
the radial arm is moved to and fro cyclically through a 
certainarc or angle. In the same manner the instrument 
can be used to delineate characteristic curves of wireless 
detectors or rectifiers or other devices. By using a 
rotating condenser of variable capacity in place of the 
circular potentiometer, the instrument can be used 
for delineating resonance curves of wireless telegraph 
plants. 

Discussion.—Profeesor 8. P. Thompson complimented 
the author on the simplicity and effectiveness of his 
apparatus, in which, as was characteristic of Professor 
Fleming’s devices, were embodied the results of much 
careful thought and painstaking experiment. He him- 
self had often felt the desirability of having an arrange- 
ment by which one could vary magnitude of an eleo- 
tric current in such a way that it should be direct] Ss 
portional to some movement in a straight line. e 
thought out various potentiometers in this connection, 
but the difficulty with tiometers was the small 
current obtainable from them, which was a disadvantage 
in magnetic work. Professor Fleming had surmounted 
the difficulty of _——- line proportionality by working 
round an axle instead. 

Mr. W. Duddell joined in congratulating the author 
on the wide utility of his instrument. He recalled that, 
when delivering his first lecture on the oscillograph, he 
had been confronted with the problem of projecting the 
motion of a spot of light in two co-ordinates on a screen, 
and had a very similar arrangement to Professor 
Fleming’s. He also had a circular rheostat, but instead 
of a string connection to the mirror, he had used a cam. 
This apparatns had worked very satisfactorily. 

Professor E. Wilson said that the apparatus was un- 
doubtedly admirable for demonstration purposes, and one 
naturally wondered what degree of precision would be 
possible with it if applied to research. It appeared from 
the step-and-stair motion of the spot on the screen that 
the speed would be limited on account of the damping of 
the magnetometer or gal vanometer employed. 

Professor 8. W. J. Smith described a methed which he 
had found to be simple and effective for tracing hysteresis 
oops. An ingenious rheostat had been devised by Pro- 
feseor Morris in which by the rotation of a handle two 
contacts are made to slide in o ite directions along a 
resistance which is connected directly across the battery. 
The voltage at the contacts varies continuously between 
+ the whole P.D. of the battery, being zero when they 
are at the middle. This rheostat is mounted vertically, 
and a white card of suitable size is attached to one of the 
moving contacts from which the magnetising current is 
taken. Then if the magnetometer spot is focussed on 
card and its position marked as the current is varied 
the hysteresis loop is easily traced out. The Morris 
resistance ratisfies some at least of the uiremente 
mentioned by Professor Thompson, though for the method 
he had described simpler rheostats of similar type could 
also be used. 

Professor Morris agreed that the question of getting a 
current which is proportional to some linear motion was 
a difficult one. ore arriving at the design of the 
rheostat mentioned by Dr. Smith he bad tried various 
other types, including a circular one similar to Dr. 
Fleming’s. The main point about his rheostat was the 
magnitude of the currents which could be taken from it. 
It would stand 20 amperes for a short time. 

Mr. A. F. Ha'limond pointed out that in taking the 
characteristic curve of a contact, if the resistance of the 
potentiometer is comparable with that of the contact, 
the linear relation between the motion of the slides and 
the P.D. the contact is destroyed. In his instrument, to 
which Professor Fleming had referred, and which he 
hoped to describe more fully on a future occasion, it was 
possible to make the connections so that the linear rela- 
tion always held. 

Professor Fleming, in reply, thanked the various 
speakers for their remarks, and said that he h to 
improve considerably on the apparatus, especially as 
regards the optical arrangements. When this bad boos 
done he thought it would be extremely accurate and quite 
et Tay Sep 

paper entitled ‘* tability o ‘quid Films,” 
by Dr. P. Phillips and Mr. J. Rose Innes, was read by 
the former. authors give a simple method of calcu- 
lating the equilibrium form of a thin film which is a 
surface of revolution. They then consider the stabilit 
for certain kinds of displacement of three classes of suc 
films—viz., the sphere, the cylinder, and the catenoid. 
The mathematics used is quite elementary throughout, 
and the treatment is rigorous. 

Discussion.—Professor J. W. Nicholson thought the 
paper was of considerable interest, not only to teachers, 
as suggested by the author, but te physicists in general. 
He admired the geometrical construction given, and the 
simple way in which the stability or otherwise of a par- 
ticular form was determined. 


** A Demonstration of the Green Flash of the Setting of | th 


an Artificial Sun” was given, before and after the meet- 


ing, by Professor A. W. Porter and Mr. E. Talbot Paris. | red 
A large 


disc of card, mounted so that it can be slowly 
rotated, has a hole, 1 in. in diameter, cut in it about 2 in. 
rom peri . This is covered with red i 
films, and is illuminated from behind, so as to form an 
artificial sun. The front of the disc is covered with 
white Bristol board, and is moderately illuminated by 
a lamp in front. This sun is viewed through a rect- 


lar a) re (4 in. wide) in a blackened , the 
fone ee ing as the horizon. 
sun sete, and 


characters varying 
has been exposed to 


edge of the ure 
the disc is rotated the arti 
after-images are obtained of 


lower 
When 
according to the amount that the eye 


the bright sun. If the sun is not viewed until imme- 
diately before . cmpeiete setting, the ater tongs 
represents simply the disa) ing segment to which it 
isdue. The pn ton claim that this phenomenon is what 
is often described as the green flash at sunset, though 
they are ready to admit that other (but probably rarer) 
phenomena also go under the same name. 

Mr. W. Duddell proposed a vote of thanks to Pro- 
fessors Fleming and Porter for their kind invitation to 
University Co 2 = for the excellent amme 
which they had submitted to the Society. vote was 
unavimously endorsed by the meeting. 





Our Coat ABROAD.—The exports of coal from the 
United Kingdom continue to decline now that the 
demand from Germany, Austria and Hungary, Belgium, 
Roumania, and Turkey is practically at an end. We 
are not sending any to Russia, and that, of course, 
accentuates the depression. The aggregate shipments to 
March 31, this year, were 11,219,726 tons, as compared 
with 17,430,369 tons in the first three months of 1914, and 
17,239,009 tons in the first three months of 1913. Upon 
account being taken of the exports of coke and patent 
fuel, these totals are increased to 11,698,248 tons, 
18,234,299 tons, and 18,029,401 tons. The shipments of 
bunker ccal for the use of steamers engaged in foreign 
trade have also declined heavily this year, amounting vo 
March 31 to only 3,978,631 tons, as compared with 
5,035,448 tons and 4,951,231 tons. The princi im- 
porters of British coal, FS , have been :—France, 
3,919,763 tons; Italy, 1,760, tons ; Sweden, 757,277 
tons; and Norway, 692,344 tons. 





Gearep Marine TurRBINES.—Abd a recent meeting of 
the Birkenhead and Liverpool Foremen’s Mutual Benefit 
Society, Mr. J. Hamilton Gibson, the engineering 
manager of Messrs. Cammell, Laird and Oo., gave some 
ace ee | data as to the type and dimensions of the 
teeth used in recent important installations of geared 
turbines. It might be thought, he eaid, that very heavy 
teeth would be required in cases in which 15,000 horse- 
power were being transmitted per shaft. That, however, 
was not the case, as for all la powers the standard 
pitch was only 0.583 in., so that the teeth were actually less 
than x in. thick. That fine pitch led to smooth running, 
but the wheel and pinion must be held accurately 
in position and the pinion thoroughly supported. The 
teeth were all involutes, with a short addendum and 
large radii at the roots. By adopting the involute 
form all gears could be cut with the same standard 
hob, and, further, the oil clearance could be adjusted 
by opening or closing the distance between the wheel 
centres by a few thousandths of an inch. With involute 
teeth such an adjustment did not in any way affect the 
proper meshing of the teeth. In ships propelled by 
geared turbines the pope thrust had to be taken by 
a thrust-block, and Mr. Gibson said that when it was 
ay to take on single collars the screw-t hrusts of the 

uenos Aires and Monte Video, which developed 5000 
horee- power, many engineers predicted disaster ; but the 
Michel system had proved perfectly successful, the 
engineers reporting that during the whole run to Buenos 
ioe **thrust-bearings ran quite cool, with the chill 
not off.” 





British STANDARD SPECIFICATION FOR PORTLAND 
CrmEnt.—A new edition of the British Standard Specifi- 
cation for Portland Cement has recently been issued by 
the Engineering Standards Committee. This edition, 
which is the fourth, and is dated March, 1915, contains 
some important modifications, made with the object of 
improving the quality of cement. Increased fineness 
of grinding has been legislated for, ard the minimum 
tensile strength at seven days, of both neat cement and 
cement and sand, has been raised. The clauses deali 
with the preparation of the briquettes have been ampli- 
fied, the procedure now being described in greater detail 
than in earlier editions. we or hammering of neat 
cement briquet or briquettes of cement and sand, is 
now expressly prohibited. Another important modifica- 
tion is the substitution of a formula for the increase of 
tensile strength of neat cement and cement and sand 
after twenty-eight days in place of the fixed percen 
previously specified. No very material alterations to 
figures hitherto laid down are made by the use of the 
formula, but it, of course, gives a ive increase in 
place of the somewhat irregular steps obtained by the 
percentage method, and enablee a curve to be 
— from which the breaking strength at twenty-eight 

8, corresponding to any strength at seven days, can 
be seen at a glance. construction of the Vicat 
needle bas also been modified in order to facilitate its 
use. The is now provided with a circular metal- 
cutting edge fixed 4 mm. back from the point, and the 
cement is considered to be finally set when the point of 
e makes an impression on the pat and the 
attachment fails to do so. All the plates have been 
rawn, and two new ones have been added. One of 
the latter illustrates a standard spatula for maki 
briquettes, and the otber shows an improved form o 

fic-gravity bottle, which has been approved by the 
mittee, though they do not stipulate for its employ- 


ment to the exclusion of any other pattern ; instructions 
for ong OP specific gravity of cement are given on 
this plate. @ price of Specification is 5s. net, and 


it is published for the Committee Messrs. Oros! 

Lockwood and Son, of 7, Stationers’ Hall-court, B.C. 
It can be obtained through an , or from the 
offices of the Committee at 4 Victoria-street, West- 





minster, 8. W. 
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2-8-0 LOCOMOTIVE FOR THE ITALIAN STATE RAILWAYS. 
CONSTRUCTED BY THE SOCIETA ITALIANA ERNESTO BREDA, ENGINEERS, MILAN, 
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2-8-0 LOCOMOTIVE FOR THE ITALIAN 
STATE RAILWAYS. 
(Concluded from page 392.) 

As will be seen from Fig. 10, annexed, the valve-gear 
is of the Walschaert type, with piston-valves, and is 
located outside the frames. Fig. 11 gives the valve-gear 
a ent in diagrammatic form, and Figs. 12 to 14 
show the port openings. The piston-valves are fitted 
with Foster spring-rings. The fittings of the cylinders 
and valve-chests are of the Schmidt type, as also are the 
air-inlet valves and the anti-compression valves. The 
cylinders are fitted with pipes and compensating cocks 
to equalise the pressure on the two sides of the piston 
when running with closed regulator ; the cocks are 
operated by hand, and all auxiliary relay gear is done 
away with. 

The leading truck is a modification of the Zara 
type. We give a diagram of the Zara truck in Fig. 15. 
The essential features of this truck consist in the 
connection of the leading axle with the leading 
coupled axle, and the manner in which side movement 
of the truck-pivot is controlled. In a four-wheeled 
truck with fixed pivot, if the leading wheels move, 
say, to the left, the trailing wheels move to the right. 
In « truck with a swing-pivot, on entering a curve 
both the leading and trailing axles are free to move 
over to the same side. The movement may therefore 
be from the central 1—1 to the position 2—2 or 3—3, 
or, of course, to intermediate positions. The corre- 
8 ing positions of the wheels are shown in dotted 
lines—2a and 26 and 3aand3b. In the Zara truck 
the bogie or equalising frame c de connects the. two 
axles a and } and turns on the centre pinf. Lateral 
movement is also allowed to the extent g on either 
side of this pin, the pin being housed in a block h, 
free to move sideways in slides in the frame- 
plate. The chief feature of the Zara patent consists 
in the manner of restraining excessive lateral move- 
ment of this character. In addition to the block h, (43650) 
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the pin / passes through the frame /. Inside this 
frame is an eye m. Anything more than a moderate 
movement of the bogie results in a pull or push on the 
eye m, compressing the spring k between the plates 
i, i, and tending to return the truck to the central 
ition. The rear axle runs in axle-boxes guided in 
orns on the main frame. 

The modification of the Zara truck employed on the 
Italian State Railways combines the spring control 
with a swing centre. The truck for the engines under 
notice is shown in Figs. 16 to 23, on page 433. The 
truck consists of a bogie or equalising frame connect- 
ing the leading axle with the front coupled axle. The 
axle-boxes for the former are carried in horns on the 
truck-frame ; those of the latter work in horas on the 
main frame. The truck-frame consists of plate side- 
frames anda large transverse plate extending between 
the two. There are cross-stays at the front end, 
on either side of the centre and on either side of 
the leading coupled axle. The centre casting fits 
into @ cup on the upper side of the swinging cradle 
which is hung from tne truck-frame by four parallel 
suspension links (Figs. 16 and 21 to 23). The move- 
ment of this cradle is restrained by the spring gear 
shown in Fig. 21. The weight of the front end of the 
engine is taken by the cradle. It is then divided 
between the leading axle, which is provided with 
laminated springs, and the leading coupled axle. The 
latter has helical springs, Figs. 19 and 20, under the 
axle-boxes. A strong equalising frame extends across 
the engine resting on these springs. This frame has 
priate to it in the centre a casting which fits into 
an inverted cup carried by the two channel-section 
cross-stays on either side of the leading coupled axle. 
The large equaliser is provided with safety-links and 
pins, as shown in Figs. 19 and 20. The axle-boxes 
of the leading coupled axle are allowed lateral 
movement in the main-frame horns. Above each 
box is a vertical, round pillar; over this fits a 
rubbiag-piece, which, when the boxes are on the 
journals, allows slight lateral, but free vertical, 
movement between the box and truck frame. Of our 
illustrations, Fig. 16 shows a longitudinal vertical 
section, and Fig. 17 a half plan, and Fig. 18 a half- 
horizontal section through the rear axle-box of the 
truck. Fig. 19 shows au elevation at the back end, 
and Fig. 20 a section through the leading coupled 
axle. Fig. 21 is a section through the swinging cradle. 
An elevation at the front end and a section through the 
front axle are shown in Figs. 22 and 23 respectively. 

The total designed weight of the engine is 70 tons 
—equivalent to a maximum load of 14.5 tons per axle. 
In view of the distance between the two end axles, 
the axle boxes are of the Zara adjustable type. The 
engine is fitted with the combined automatic rapid- 
acting Westinghouse brake, which acts on the driving 
and coupled wheels and on the tender wheels. It is 
alo provided with the Haag steam apparatus for 
heating the nger-carriages, with two restarting 
Friedmann injectors, two Coale safety - valves, a 
Michalk oil-pump, a Hasler speed-recorder, and a 
compressed-air sanding device on the Leach system, 
oaliaet with the hand sanding device. Drawings of 
the tender are given in Figs. 24 to 27, page 436. 
The tender is of the bogie type, braked on all four 
axles. The tank has a capacity of 4840 gallons, and 
the bunker a capacity of nearly 6 tons of coal. 





Geeman Supmaringes. — The Italian naval review 
Rivista Marittima gives in its issue for an a 
stract of an article written by a German officer, accord- 
ing to which the German submarine U 47 completed her 
trials in February last. The number of su ines in 
the service at the opening of hostilities was 27. Adding 
those then in course of construction for Germany, the 
number reached 35. New units have been put down 
sinve the war was declared, besides those then in 
course of construction for foreign governments. The 
crews for submarines, when not in action, are quartered 
in hulks which are anchored in German waters. 

a submarine leaves for a cruise, she is so filled with stores 
and fresh water that only a very narrow passage remains 
free. Naphtha exudes at the steel bulkheads, doors, and 
throughout the whole ship, this lending confirmation to 
the rumour that the water-ballast tanks, which, though 
water-tight, are not oil-tight, are also filled with oil. The 
crew of the U 47 and similar units number 30 men. The 
men’s quarters are forward in the torpedo-launching 
room, and aft in the electric-motor room ; the height of 
these rooms at the centre line of the ship is about 3 m. 
(9 ft. 10 in.). The same review deals elsewhere with the 
radius of action of the German submarines, and states the 
following :—If we consider an 800-ton submarine, pro- 

led by Diesel engines, and having a cruising speed of 

knots on the surface, the power developed does not 
exceed 250 horse-power, © oil-fuel consumption is 
at most 10 kg. per mile. On this basis, for ony Cone 
miles the oil-fuel consumption is 10 tons. idering 
that the boat probably carries a normal supply of 50 tons, 
she would have a ius of action of at least 5000 miles, 

uivalent to over 600 hours of constant navigation at 
8 knots. If, moreover, the water-ballast tanks be filled 
with oil, the very great increase in radius of action thereby 
made possible is obvious. In fact,the radius of action 
ay to be limited only by the power of resistance 

crew. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 31. 

SiicutLy decreased railroad earnings and reduced 
bank clearings indicate that the long-awaited upward 
trend in the general volume of domestic trade has not 
yet set in. An unexpected development was the 
reduction of pig-iron 1 dol. a ton, resulting in sales 
for forward delivery of a quarter of s million tons of 
pig-iron. as is the export trade in iron and 
steel products, its total represents a very small per- 
—— of total capacity, and the more or less 
ow ility of its early or deferred decline is never 
ost sight of. Among recent export orders are 12,000 
tons of rails for the Far East, 15,000 tons of heavy 
steel products for Japan, 110,000 boxes of tin-plate 
for the Far East, besides numerous smaller orders. 
The demand for machinery and machine-tools is 
heavy. One large Eastern concern is in the market 
for 300 lathes, home delivery. The great source of 
weakness in the domestic market continues to be the 
lack of railway demand. The Lakewood, Ohio, En- 
gineering Company has closed with France for 30 miles 
of portable rai A railroad terminal at Buffalo 
will take 4000 tons structural material. Small struc- 
tural orders are increasing ; in fact, the regate of 
business is very encouraging. The American Loco- 
motive Company has just secured an order for forty- 
five engines ; many roads want engines, but are hold- 
ing back. A large volume of such orders must soon 
develop. The plate-mills are booking enormous orders, 
Pittsburg mills having secured 80,000 tons within two 
weeks. ‘he entire country is anxiously awaiting the 
development of some fastor that will overcome the 
unwarranted hesitancy in business circles generally. 





Diary For Soiprers.—Messrs. Thomas and Bishop, 
of 119 to 125, Finsbury Pavement, E.C., the makers of 
‘“*Permac” powder jointing and ‘‘Cling-Surface” belt- 
dressing, have sent us a copy of a pocket-book and diary 
for soldiers. The diary, which is appropriately covered 
with khaki-coloured cloth, includes a French vocabulary 
and phrase book, and gives some useful notes on swim- 
ming, life-saving, signalling, field sketching, scouting, 
and other matters of interest to soldiers and civilians. 





APPRENTICESHIP IN ENGINEERING TrapEs. — The 
matter of training a good supply of skilled workmen 
was never of greater national importance than at present, 
nor have the prospects for trained mechanics ever been 
brighter. In these circumstances the publication of a 
little booklet, which has reached us from a 
and Shuttleworth, Limited, of Lincoln, is particularly 
<pyertume. It is entitled ‘‘ Loarn a Trade,” and is espe- 

y addressed to youths leaving schol, or their ts. 
After a word of warning on the subject of ‘ blind-alley ” 
employment, the booklet points out the importance of 
the engineering trade, and the advantages it has to offer, 
and then proceeds to illustrate and describe the firm’s 
ae Works and their products, both of which are 
probably well known to our readers. Special attention 
is given to the training of apprentices in these works, and 
vacancies for suitable youths exist in all departments. 
No premium apprentices are taken by the firm, so that 
promotion depends entirely upon merit, and are 
paid from the time of commencing work. Fall particulars 
can be obtained from the Apprentice Superintendent, 
Stamp End Works, Lincoln. 





InpDIAN Raitwars.—The length of railway in operation 
in British India in each of the ten years ending with 
1912 inclusive was as annexed :— 


Year. Miles. Year. Miles. 
1903 26,956 1908 .. 30 57 

1904... 27,560 1909 .. 31,490 
1906... 28.295 1910 .. 32,099 
1906 29,097 1911 82 839 
1907 80,010 1912 33,454 


The proportion of gauges to the total mileage in 1903 was : 
—Standard gauge (Bh fb. ), 14,477 miles; metre gauge 
(394 in.), 11,421 miles ; special gauges (2 ft. and 2 fb, 6in.), 
1058 miles. The corresponding proportions in 1912 were : 
—Standard gauge, 17,189 miles; metre-gauge, 14,165 
miles; special gauges, 2130 miles. No progrees has 
accordingly been made in connection with gauge unifica- 


tion; on the contrary, the confusion has, if anything, 
become more aggravated. The capital expended upon 


Indian railways to the close of each year was :— 
Year. ae om Year. a a 
1903 227,410,000 1908 -» 274,611,000 
1904 231,941,000 1909 +. 286,666,000 
1905 239,012,000 1910 - 292,698,000 
1906 .. 267,514,000 1911 300,045,000 
1907 -- 261,246,000 1912 -. 310,100,000 
The gross earnings exhibited a highly satisf: expan- 
sion in the ten years, having risen from 24,095,000/. in 


1903 to 41,100,000/. in 1912; the working expenses 
having been 11,407,000/. in 1903 and 20,106,000/. in 19 
the net earnings came out at 12,588,000. in 1903 
20,994,000/. in 1912. The ratio of the working expenses 
to the traffic receipts was ml ond cent. in 1903 and 
48.92 per cent. in 1912. The ency of Indian railway 
working ex is, perhaps, to grow larger, in conse- 
quence of rise in native wages; but it appears to be 
still well under control, and to have of late decreased 
rather — ee. >... ave _— a! 
upon capital expended stood at per cent. in 

and 6.77 per cent. in 1912. 





NOTES FROM THE NORTH. 
; Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened weakly, and the turnover onl 
amounted to 2000 tons of Cleveland warrants at 67s. 3d. 
cash and 67s. 6d. ten days. Closing sellers quoted 67s. 4d. 
cash and 67s. $d. one month. In the afternoon the 
tone continued easier, and dealing in Cleveland war- 
rants took place at 67s. cash, with buyers over, and 
at 683. 7d. three months. The business totalled 2000 
tons, and J prices were 67s. 31. cash, 
67s. 8d. one month, and 68s. 74d. three months. On 
Friday morning the market opened with a steady 
tone, and after being done at 67s. 7d. one month, Cleve- 
land warrants advanced ~e to 683. 6d. one month, 
cl with sellers at 68s. 2d. cash, 683. 8d. one month, 
and 43d. three months. The turnover was 2500 
tons. The upward move made further progress in 
the afternoon, when 3000 tons of Cleveland warrants 

hands at 683. 6d. cash, from 683. 74d. to 
693s. one month at 693. June 16, and 693. 6d. three 
months. At the close sellers quoted 683. 8d. cash, 
69s. 1d. one month, and 70s. three months, with buyers 
offering 68s. 6d., 686. 11d., and 69s. 9d. yyy Oa 
Monday morning the market was dead idle, but Cleve- 
land warrants were strong, and sellers named 68s. 11d. 
, 693, 44d. one month, and 703. 14d. three months. 
In the afternoon Cleveland warrants opened fairly steady, 
but the turnover was limited to 1000 tons at 69s. 3d. one 
month and 69s. 104d. three months. The close was weak, 
and the quotations were 683. 74d. cash, 693. 14d. one 
month, and 69s. 104d. three months sellers. On Tuesday 
morning the tendency was downward, and Cleveland 
warrants fell away about 1s. 6d. per ton. The business 
only amounted to 2000 tons at from 67s. 6d. to 67s. 3d. ten 
and from 69s. to 68s. 11d. three months, and closing 
sellers quoted 67s. 2d. cash, 67s. 7d. one month, and 
68s. 5d. three months, with buyers at 66s. 104d., 67s. 3d., 
and 68s. 1}d. respectively. ‘Ihe afternoon session was 
also quiet and prices were again easier. The only deal- 
ing was 1500 tons of Cleveland warrants at 67s. 3h. one 
month, and at the close sellers named 66s. 114d. cash, 
67s. 44d. one month, and 68s. 24d. three months. When 
the market opened to-day (Wednesday) the tone was 
strong and Cleveland warrants recovered 1s. of the fall 
off in values. The business amounted to 6000 tons 
at 67s. 10}d. cash, 47s. 9d. nineteen days, from 
67s. 10d. to 683. 5d. }me month, and ab 68s. 44d. 
July 1. Closing sellers yuoted 68s. cash and 683. 5d. one 
month. In the afternoon the market was much quieter, 
and prices were easier. The turnover consisted of 1000 
tons of Cleveland warrants at from 69s. 3d. to 69s. 144. 
three months, and the session closed with sellers quoting 
67s. 9d. cash, 68s. 2d. one month, and 693. three months, 
while buyers named 67s, 7d., 683., and 68s. 10d. re- 
spectively. 

Sulphate of Ammonia.—The sulphate of ammonia 
market keeps quiet, and the present demand is only 
moderately eal Prices have shown almost no change 
over the week, and remain round 13/, lls. 3d. to 
132. 12s, 6d. per ton, Glasgow or Leith, for prompt lots. 


Scotch Steel Trade.—No change of any kind falls to be 
recorded in the state of the Scotch steel trade, and the 
steady hum of the machinery is heard morning, noon, 
and night. The weekly output of war material is, indeed, 
very large, but not large enough we are told, and addi- 
tional establishments are being utilised wherever possible 
on munitions of one kind or another. There is a firm 
determination on the part of the Government that 
there will be no shortage of material to hinder the 
oe in = — ~e 4 and this same eeu’ 
prevails among the workers, who are responding loyally 
to the call for an i output. With such a heavy 
demand for that class of stuff, it is not to be won- 
dered at that there is not a great amount of general 


business going through ; nevertheless, there is quite a 
fair tonnage being turned out. The export branch is 
about the quietest of all, on account of the high prices 


and the difficulties of shipping ; but all are looking for- 
ward to improvement in this side of the industry in the 
near future. Prices are still high, and are quoted as 
follow :—Ship-plates, 91. 15s. to 10/. per ton; boiler- 
plates, 10/. to 10. 10s per ton; and angles, 9/. 15s. 

ton, all less the usual 5 per cent. for — or equal 
divers. The makers of structural material have recentl 
been booking freely, and are now very busy, and wit’ 
the t of active conditions continuing for some 
time. galvanising trade is decidedly quieter at the 
moment, owing to the excessively high price of spelter ; 
but for black ts the demand is very good, and makers 
are well employed. 

Steel Works Closed.—Calderbank Steel Works, owned 
by Messrs. James Dunlop and Sons, has been closed down 
temporarily for alterations and some important repairs. 
Operations are being hurried forward, and a restart will 
be made at the earliest moment, probably within a couple 
of months. 

Malleable-Iron Trade.—The West of Scotland malle- 
able-iron makers report that business is moving along 
fairly satisfactorily. They still complain of the scarcity 
Fe material, this, coupled with the as 

ii ices, is not conducive to an incre output. 
The demons for steel bars is very . Prices are based 
on 84. 17s. 6d. to 92. 10s. per ton for “crown” bars, less 
the usual 5 per cent. discount. ; 

Scotch Pig-Iron Trade.—Quite a healthy demand still 
exists for tch pig-iron, and the output of the 73 
furnaces now in t is going rapidly into consum 
tion. The amount of business on export account 1s 5 
of a limited nature. Hematite is in excellent request, 
and full pr‘-e are easily secured. The following are the 
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market quotations for makers’ (No. 1) iron : — Clyde, 

85s. 6d.; Calder, Gartsherrie, Summerlee, and 

85s. (all shipped at G ww); Eglinton 80s., and Glen- 
arnock 86s. (both at ); Shotts 85s., and Carron 

86s. (both at Leith). 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Hull Coal Traffic.—The official return of South York- 
shire soal traffic by way of Hull for March is of an 


encouragi , in that it shows the tonnage sent 
last my was, with the exception of tember, the 
largest since the outbreak of war. The total was 404,701 


tons, aj 1,105,087 tons for the quarter, as compared 
with 511,000 tons and 1,535,000 tons for the corresponding 
periods of 1914. Coal shi for Admiralty p' 

and for the use of Allied Governments is not included, 
but otherwise foreign traffic totalled 144,150 tons for the 
month, against 280,731 tons in March, 1914, while the 
total for the quarter declined by 265,000 tons to 499,461 
tons. France took an altogether abnormal tonnage, and 
a fair business was done with Greece, but trade with 


other markets was down. Denaby and Cadeby Main | rates. 


and Grimethorpe and Frickley sent about one- 
fifth of the gross tonnage which went from the district. 


South Yorkshire Coal Trade.—The market ie firm at 
still higher —— the general position being one of in- 
creasing difficulty in regard to transit. Manufacturing 
fuels are the strongest section. Where contracts have 
been renewed, they are only for short dates at record 
prices. Iron and steel works in Sheffield and elsewhere 
are clamouring for supplies, the whole of which cannot 
promptly be met at the current rate of output. Collieries 
occupy @ very omy ae in to slacks, the 
best qualities of which have advan 1s. 3d. to 1s. 9d., 
and the lower grades, 1s. to 1s.3d. Smalls, which are in 
free demand, have moved up 9d. to ls. 3d. House coals 
are a difficult market. Dépdéts are short of svpplies and 
arrears are again accumulating. Coke prices are - 
ing in the absence of adequate supplies of coking slacks. 
Quotations :—Best branch = : pobed, 20s. to 2ils.; 
Barnsley best Silkstone, 17s. to 18s.; Derbyshire best 
brights, 17s. to 18s.; Derbyshire house, 16s. to 17s.; = a 
nuts, 15s. to 16s.; small nuts, 13s. 6d. to 14s. 6d.; York- 
shire hards, 17s. 6d. to 20s. ; Derbyshire hards, 17s. 6d. 
to 19s. 6d.; best slacks, lls. to 12s. ; seconds, 9s. 6d. to 
10s. 6d. ; smalls, 8s. to 9s. 


Tron and Stéel.—Prices of raw and semi-finished mate- 
rials continue to make headway. Hematites are again 
on the ascendant, and the upward movement in foundry 
iron is shared to some extent | Ad brands. The 
current quotations are :— West t hematites, 120s. ; 
East Coast hematite, 116s. 3d.; Lincolnshire No. 3 
foundry, 733. 9d.; Lincolnshire forge, 72s. 9d.; Derby- 
shire No. 3 foundry, 71s.; and Derbyshire forge, 69s. 
Compared with the September en striking ad- 
vances are shown. West Coast hematite has moved up 
29s.; East Coast hematite, 41s. 3d.; Lincolnshire No. 3 
foundry, 14s.; Lincolnshire forge, 14s.; Derbyshire No. 3 
foundry, 14s. 3d.; and Derbyshire forge, 14s. Another 
advance of 10s. has also to be recorded in bar iron, 
bringing the South Yorkshire ag for crown bars up to 
91. 15s., as compared with 8/. 5s. in September. This sec- 
tion of trade isnow making real and the outlook, 
judging from the number of inquiries about, is distinctly 
favourable. Wagon-builders with pressing orders on 
hand are buying freely. The scarcity of steel billets 
becomes more pronounced, despite the fact that the out- 

ut has been to meet extra requirements. 

iemens acid billets have advanced 5s. to 10/. 5s., and 
Bessemer acid to 9/. 153. These are bottom prices. 
market quotation for basic hard is 8/. and for basic soft 
7/. 103., but the demand is well in excess of the supply, 
and sales have been regi at higher figures. 
values, like those of other materials, are subject to 
constant —y but the acne tendency is upwards. 
The greatest demand in the big cnpncerias works is 
for moreand more men, and every method and i 
is being exhausted to meet it. Labour is being mobilised 
in Many ways asit never was before, and directed into vital 
one . he woe meager ae a and ma- 
chine-tools for turning, plani illing has 
the local output, and quantities are being impo from 
the United States. In order to assist in the output of 
shells, work is being distributed among small firms which 
do not possess facilities for completing a process. The 
expansion of general trade is no longer in doubt, and 
though the leading caginorring concerns are unable to 
take on the same abundance of “ peace” work as 
formerly, the smaller houses are deriving much benefit. 
High-speed steel quickly recovered from the set-back 
Sustained at the outbreak of war, and is now in great 
demand by munition-makers and “‘ ucers at 
home, on the Continent, and in the United States. In 
addition to shells, aerial darts are being made in enor- 
mous quantit.es, and hig supplies are being sent to the 
French authorities. The latest bookings include sub- 
stantial orders for sheep-shears for Australia. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBRouGH, Wednesday. 

- ~ Cleveland Iron Payer —Both buyers and sellers of 

g-iron are cautious in their dealings just now, but the 
general condition of the staple industry ane be described 
as satisfactory. Makers have good contracts made, and 
several hematite producers have closed their books at 
pr ony quotations. There are still complaints of scarcity 
of raw material, but it is gratifying to learn that pig-iron 
makers are receiving adequate quantities of and 


that there is a better supply of local ironstone, though 
deliveries of the latter still fall rather short of what some 
consumers wish. Furnaces, however, are kept going, 
and, in fact, an additional one, on hematite, has been 
started the Weardale Company. This bri the 
total number of blast-furnaces in operation on the North- 
East once more to 70, of which 35 are making 
peotecing teria, eplagel and cher tpechl booms Viless 

ic, Spi an irons. ues 
of Cleveland pig are rather unsteady, owing to fluctua- 
tions in warrants, caused by outside s ative dealings. 
No. 3 g.m.b. is round about 67s. 9d.; No. 1 is 70s. ; 
No. 4 ry, 67s. 3d.; No. 4 f e, 66s, 9d.; and 
mottled and white iron, each 66s. od Nothing below 
105s. is named for Nos. 1, 2, and 3 East Coast hemati 
and it is now very difficult to buy at that figure. Sev 
sellers quote 110s., and even more. Foreign-ore values 
are upheld, notwithstanding continued very heavy sup- 
plies coming to hand. To date this month (April 14) 
imports of foreign ore to the Tees amount to 85,345 tons. 
Though at present is next to no busi 


average blast-furnace kinds run from 27s. 6d. to 30s. 
delivered at Tees-side works. There are sellers 
to mye ayeny I .— hover antiee ivery 
over at the uotations, but for spot 
Stocks and Shipments of Pig-Iron.—Stocks of Cleveland 
pig-iron in the public warrant stores now stand at 025 
tone, or an increase since the beginning of the month of 
3844 tons. Shipments of pig-iron from the Tees show a 
— improvement on those of a month ago, but they 


date this month they average 870 tons per working day, 
the total despatches being. returned at 8700 tons, all of 
which have gone from Middlesbrough. To the same date 
last month the loadings were given at 4185 tons, or a 
daily a of 348 tons, and for we Ss re 
part of April last yearthe clearances reached 37,349 tons, 
or an average of 3112 tons per working day. 

_ Manufactured Iron and Steel.—Producers of all descrip- 
tions of finished iron and steel are busily employed, 
mostly on Government work. The conduct of the men 
is said to be very good, but shortage of labour in some 


cases is causing unavoidable delay. Values all round 
are fully maintained. Principal market quotations 
stand : mon iron bars, 9/. 103.; best bars, 9/. 17s. 6d.; 


best best bars, 10/. 5s. ; iron ship- 
oe. 91.; iron ship-rivets, 11/. 10s.; iron girder- 
ag ; steel bars (basic), 9/. 10s.; steel bars (Siemens), 

l. 10s.; steel mt ang 91. 10s.; steel ship-angles, 
91. 58.; steel boiler-plates, 10/. 10s.; steel joists, 9/.; steel 
hoops, 9/.; steel strip, 8/. 10s.—all less the customary 2} 
per cent. discount; cast-iron columns, 7/. 7s. 6d.; cast- 


iron “a 4l. 7s. 6d. to 4. 10s.; heavy steel 
rails, 7/. .; Steel railway sleepers, 82.—ail net f.o.b.; 
vanised ated sheets, 24 gauge, in 


corrug: 
4l. 10s. f.0.b.—less 4 per cent. 


mh vor & ~ 1 ee Bart.—Ata 
mee’ oO! lev ustitution Engineers, 

at Middlesbrough this week, the president, Sir Thomas 
Wrightson, Bart., was presented with a portrait of him- 
self, in oe of the jubilee of the Institution, of 
which Sir Thomas was the founder. The ‘tation 
was made by Mr. A. B. Gridley, who said that amongst 
other a the war had caused was the aban- 
donment a 


of the Clev Institution of Engineers. 





Tue tate Me. J. A. Lect.—We y oy have to 
record the death of Mr. J. A. & engineer, 
who, since 1878, has been identified with the construction 
of scientific apparatus of a varied descripti y 

was the maker of Lord Kelvin’s first tide-predicting 
machine. He was also associated with electric lighting 
in the days of the Pilsen arc-lamp, and also with the 
experimental work of Breguet and Mildé. Since then he 
made a speciality of tide-machines, and was a Govern- 
ment oT de — and = a 96 gy 
targets ing-lamps. is range wor ow- 
ever, was very varied, and he was interested in horo- 
logical mechanisms, torpedoes, and many other classes of 
apparatus. 





Tue Swiss Raitways AND THE Wak.—The Italian 
journal Rassegna dei Lavori Pubblici e delle Strade 
Ferrate states that on the eve of the declaration of war 
the Swiss State railways were already faced with a 
decrease of revenue compared with the preceding year. 
The hostilities further complicated matters, and, in order 
to meet the situation, it was decided immediately to 
cut down ex The decreace in expenditure was 
obtained by reducing the salaries and wages «f the 
staff; by suspending advan s which had hitherto 
been granted to the men ; by reducing the number of men 
employed proportionately to the decrease in traffic; by 
lengthening the time during which the men’s uniform is 
to last, and by increasing, by as much as 50 cent., the 
rent of the men’s dwelli On the otber d, several 
trains have been removed from the time-table, thus insur- 
ing a saving in fuel ; all new engineering works and all 
orders for new rolling-stock have been suspended ; the 

yment into the sinking fund provided for in the law of 
Betober 15, 1897, is visionally —— which means 
that the amount to id in the i 
have to be ionately increased; the 
isi by 20 per cent. for the first 
and by 25 per cent. for third class; and all 





ger tariffs are to be revised. 











considerably below those for April a year ago. To-| i 


banquet to celebrate the jubilee | j 


NOTES FROM THE SOUTH-WEST. 


change. Some colliery-owners anticipate an improve- 
ment; but, on the other hand, it is considered tiat so 
long as the military and naval authorities require such 
— quantities, the amount of coal available for ordinary 
trade 


channels wa Se ay —— If this latter view 

is correct, there is lit: very high prices 
recently current being modified. Quotations for the best 
Admiralty large steam coal have been, to some extent, 
nominal; secondary qualities have made 37s. to 38s. ; 
best bunker smalls, to 22s. 6d } ot oo ae. 
18s. 6d. to 20s. perton. The best household has been 
quoted at 29s. to 30s., good households have made 27s. 6d. 
to 28s. 6d., No. 2 Rhondda large has realised 28s. to 29s., 
ton. 


could not met this charge, 
to do has been to keep down what are eu istically 
styled ‘‘the arrears.” Another iarity about the 
undertaking is that, although it is styled the ‘‘ Nantyglo 
and Blaina Iron Works Company, Limited,” it has 

i i ued the manufacture of iron, and it derives 


the oo-alled “arrears on the Suaieeenes 


Pontardawe.—The Pontardawe Colliery, which has 
been in the hands of Mr. J. Griffiths, of Ynysmendw, for 
has been taken cue wr 


Cwmnan 
liery. The pew pene propose to sink to the lower 
measures and to develop the colliery upon very extensive 
lines. Important developments are anticipated at an 
early date. The colliery is on the Gough estate, and the 
comprises ‘altogether 500 acres. Mr. J. Griffiths, 


;| Jun., has been appointed manager. 





Tue tate Mr. Joun MoOture Catpweit Paton.— 


ng 
= arn Alliott and On >, the well-known 
ottingham engineers. r. Jo ‘aton was born at 
Wednesbury, Stafford:hire, and was sixty-two years of 
and unmarried ; he was the son of the Rev. William 
ane ans e cousin of the late Dr. Paton, Principal of 
the Nottingham Congregational Co! He was a 
Engineers since 
a Freemason ; he took no 





h it is 
boiler attendant to be able 
of the water in a boiler, 
owing to bad lighting and other unsatis- 
factory itions existing in boiler-houses, that a close 
inspection of the glass is necessary in order to ascertain the 
water-level. This is especially true when are 
used, or when the gauge-glass is at a consi height 
above the Seovtovel,. as is the case with water-tube boilers. 
It is then quite easy for the attendant to mistakean empty 
lass for a full one, with disastrous results. A simple 
vice for removing the difficulty has recently been 
brought to our notice by Messrs. Bonald Trist and Co., 
Limited, of Coronation House, 4, Lioyd’s-avenue, E.C. 
Its object is to colour the water in the glass red, and thus 
enable the level to be seen easily from any angle and from 
a considerable distance. The device is known as the 
**Rubygage” indicator, and it consists.of a small gun- 
metal reservoir which can be screwed into the i ag 
of any water-gauge in place of the usual plug. in 
position, the reservoir is filled with water, to which 
colouring matter is added, and the re ervoir is 
closed by a screwed plug in its upper end. The coloured 
liquid slowly drops into the water in the gauge- 
glass, and keeps it a bright ruby colour, in spite of 
the slow diffusion of the colouring matter into the bciler. 
The feed is maintained by steam which leaks past a 
small valve in the stem connecting thu rmservoir to the 
water-gauge fitting, and msing in the former, dis- 
places come of the coloured liquid. To increase the rate 
of condensation the reservoir is provided with copyr 
fins which are ccated with a form of carbon, and thus 
the heat radiation is greatly facilitated. We understand 
that the colouring matter employed is entirely innocuous, 
and will not stain the gauge-glass. It is also said to be 
quite unaffected by the high temperature to which it is 
subjected, and by the various salts y found in rolu- 
tion in boiler waters. The apparatus is entirely auto- 
matic in action, and requires no attention except for 
refilling, which is only necessary about once a month. 
The ga' lass can be blown down as usual, no colouring 
matter from the reservoir being lost in the operation. 
We believe that the idea of colouring the water in the 
lass red originated in Germany, but the a 
ratus above described is of British design and manufac- 
ture t. The makers inform us that it bas proved 
satisfactory in every way. 
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Tue Royat Sooty or Arts’ ALBERT Merpau.—In 
the absence in Canada of the President of the Seaiely. 
H.R.H. the Duke of Connaught and Strathearn, K.G., 
the Chairman of the Council of the Royal Society of Arts, 
Colonel Sir Thomas H. Holdich, K.C.M.G., K.C.I.E., 
at a meeting of the Council, held on Monday last, the 
11th inst., ted the Society’s Albert Medal to 
Senator Guglielmo Marconi, G.C.V.O., LL.D., D.Sc., 
“* for his services in the development and practical appli- 
cation of wireless telegraphy.” The medal, which was 
instituted in 1863 to commemorate the Prince Consort’s 
presidency of the Society, is awarded annually as a 
reward for ‘‘ distinguished merit in promoting arte, manu- 
factures, and commerce.” 





Roap Construction AND MalinTeNANce.—On the 
13th inst., at a meeting cf the Society of Engineers 
(Incorporated), a paper on ‘Main Roads, Past and Pre- 
sent; and Modern Methods of Construction and Main- 
tenance,” was read by Mr. Frank Grove, Assistant 
County Surveyor of Surrey. After summarising the de- 
velopment of roads in Englund from the time of the 
Roman occupation, the author referred in greater detail | 
to the methods of construction in use immediately before | 
the introduction of motor vehicles, and pointed out the 
effect that was produced on these roads by the greater 
= and speed of this new form of traffic as com 
with the horsed vehicles, which they extensively re b 
He then described the nuisance arising from dust, the 
extensive damage done to the existing road surfaces, and 
the means taken to minimise these troubles, due to the 
radical cha in the character of the road traffic. The 
remainder of the paper was devoted to a review of the 
latest developments in regard to the construction and 
maintenance of surfaces, and included descriptions 
of some of the methods used in the county of Surrey, the 
main roads in which are more used by motor-cars than 
those of any county around London. Details were given 
of the mode of construction and comparative cost of 
water-bound macadam, tar - macadam, pitch - grouted 
macadam, wood-block paving, and bituminous surfacing, 
and an illustrated description of a drying and mixing 
plant for bituminous materials was included. The paper 





closed with a brief description of the aims and activities 
of the Roud Board, 


Hutcheson, 
| of Allan. 





MECHANICAL TRANSPORT WITH THE Forces.—A Mecha- 
nical Transport Section is being formed by the Ist Line 
Lowland Divisional Train (Army Service , com- 
manded by Lieut.-Colonel J. S. Matthew, T.D., for 
immediate service abroad. The follewing men are 
required :—Drivers, repairers, garage workers, and also a 
few with —- knowledge. The pay is from 6s. per 
day, and food and uniform are supplied free. Separa- 
tion allowances are as for other branches of His Majesty’s 
Forces. Applications should be forwarded eng 

Line Lowland Divisional Train, Bridge 





2750 





ALBERTA CoaL.—The production of coal in the Cana- 
dian province of Alberta last year was 3,821,739 tons. 
This total showed a decrease of 484,607 tons as compare 
with 1913. The output of each os district in 
the province last year was :—Crow’s Nest, 1,239,797 tons; 
Calgary, 861,422 tons; Lethbridge, 782,690 tons ; and 
Edmonton, 937,830 tons. The most serious falling off 
last year was in the Crow’s Nest Pasa district, and the 
reduction in the output was mainly owing to a red 
demand fer steam coal from railways and other indus- 
tries. The number of men employed in Alberta coal- 
mining last year was 8170. 
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wy by Mr. Robert Royds, M.Sc., entitled ‘‘Some Notes on 
eat Transmission and Efficiency of Boilers.” Discussion on 
paper by Mr. J. G. Stewart, B.Sc., entitled ‘‘ The of 


Processes 
Manufacture of Wrought-Iron and Steel Tubes.” Discussion on 


by Mr. Robert Boyle, B.Sc., entitled “‘The Compressive 
Also | ona Fl t 4 


exural Properties of a Series of Scottish Building and Road 
Stones.” A paper entitled ‘The Design and Cr a of the 
Clyde Trustees’ New Granary at Meadowside,” by Mr. George H. 
Baxter, will be read. 

Tue Réntoxn Society.—Tuesday, April 20, at 8.15 p.m., at the 
Institution of Electrical Engineers, Victoria Embankment, W.O. 
yg :—‘* Late Radium and X-Ray Burns,” by Dr. N. 8. Finzi. 
“* A New Alpha-Ray Effect,” by Mr. F. H. Glew. Mr. A, O, Forder 
will exhibit a New Plate-Holder. 

Tue Royal MerxorowoeicaL Socisry.—Wednesday, April 21, at 
7.30 p.m., at the Surveyors’ Institution, Great -street, 
Westminster. Papers to be read :—(1) ** A Study of the Moving 
Waves of Weather in South America,” by Mr. H. Helm Olayton, 
M.A. (2) “The Correlation between Changes in Bar tric 
Height at Stations in the British Isles,” by Mr. Ernest H. Chap- 
man, M.A., F.R. Met. Soc. 

Tue Royat Society or Arts.—Wednesday, April 21, at 8 p.m. 
‘* The State and the Fisherman,” by Mr. Moreton Frewen. 

Tus Ipswich Enoinesrine Sociery.—Thureday evening, the 22nd 
inst. (instead of Thursday, the 15th inst., as previously announced), 
at The Museum, High-street, when the chair will he taken at 
8 o’clock. A paper will be read by Mr. J. H. P. Daman, on “ The 
Canadian Pacific Railway.” The paper will be illustrated by 
lantern-slides. 

Tue Coxcrsrs IxstituTe,—Thursday, April 22, at 7.30 p.m., at 
Denison House, 296, Vauxhall Bridge-road, Westminster, when 
Mr. F. E. Wentworth-Sheilds, M. Inst. O.E., V.P.C.1., will read a 
feeer entitled ‘‘The Stability of Quay-Walls on Earth Founda- 

ions.” 

‘Tas Junior InstiruTion or Enoineers.—Friday, April 23, at 
~ Py at 39, Victoria-street, Westminster. Mr. W. Hobbs on 
“*The Development of the Navy.” 

Tas Roya InstiruTion oy Great Brrrais.—Friday, April 23, 
at 9 o'clock. A discourse wi!l be delivered by Major Percy 8. 
Lelean, R.A.M.C., F.R.C.8. The subject is “‘ Military. Hygiene at 
the War.” Afternoon lectures next week at 3 o’cloc On Tues- 
day, April 20, Mr. Banister Fletcher, F.R.1.B.A., M.R.L, on “ The 
War on Rheims” (Lecture II.). On Thursday, April 22, Professor 
A. 8. Eddington, M.A., F.R.S., F.R.A.8., on “The System of the 
‘Stars: The Stellar System in Motion” (Lecture IL). On Satur- 
‘day, April 24, Lieut.-Col. A. G. Hadcock, late R.A., on “‘ Modern 
Artillery ” (Lecture I1.). 

Tue PuysicaL Society or Lonpon.—Friday, April 23, at 5 p.m., 
at the Imperial College of Science, Imperial Institute-road, South 
Kensington, 8.W. Agenda: (1) *‘On the Theories of Voigt and 
Everett Regarding the Origin of Combination Tones,” by Pro- 
fessor W. B. Morton, M.A., and Mies mo | Darragh. (2) “‘ Experi- 
ments on Condensation Nuclei Produced in Gases by Ultra-Violet 
Light,” by Miss Maud Saltmarsh. (3) ‘‘On the Self-Induction of 
Solenoids of Appreciable Winding Depth,” by Mr. 8S. Butter- 
worth, M.Sc. 





FRIDAY, APRIL 16, 1915. 

NEW MARKETS FOR THE FUTURE. 

ALTHOUGH many mountains of conflict must be 
scaled before we can hope to perceive the dawning 
of the day of peace, it is yet permissible to look 
forward to that welcome time when we may beat 
our swords into ploughshares. The vision of that 
desirable consummation raises the question of 
finding sufficient fields on which to employ our 
new implements, of which there will be multi- 
tudes. other words—to drop our biblical simile 
—the present need for a great increase of mecha- 
nical appliances for producing war munitions will 
result in the release at the end of the war of enor- 
mously increased means of manufacturing peace 
products, and it behoves the nation to anticipate the 
— supply by cultivating now a proportionately 
‘fuller prospective demand. This is undoubtedly 
the crux of the problem to-day, as capitalists 
hesitate to build the new shops and fit the new 
machine-tools to keep up the enormous supplies for 
the army while faced with the probability of inade- 


489/ quate orders in the future to keep these additions 


to factories remuneratively employed. Patriotism, 
however, is overcoming this hesitancy, however 
sound it may be in industrial economics. The 


1| difficulty, too, extends over a wide area, since war 


supplies are so multitudinous and varied, and 

ect so many industries. Leather-producers, boot 
and saddle - makers, and many textile manufac- 
turers are affected equally with steel-smelters, gun- 
makers, shell-forgers, and engineers and mechanics. 

It is true that when peace comes there will be 
opportunities for utilising much of the greatly 
augmented manufacturing resources in repairing 
the ravages of war in Continental and other coun- 
tries. That applies to the steel and engineering and 
building trades, but not to the same extent to the 


450 | others which provide what may be termed personnel 


supplies for the army. But such source of demand 
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supplies, but cannot prove lasting. The enormous 
wastage of money for the war must for long operate 
against new enterprises. Many estimates of the 
cost of the war for a year have made, rangin 
up to 5,000,000,000 sterling, and it should always 
be borne in mind that this is almost entirely unre- 
munerative expenditure ; most of it is withdrawn 
entirely and irrecoverably from the world’s reserve 
of capital. It can bear no interest. It cannot yield 
anything to income. To such extent must future 
demand be affected. It is with the nations as with 
individuals, if a man loses a ‘purse of sovereigns 
overboard while he is crossing the Channel, he 
is precluded from investing those sovereigns in 
order to add to his income, and thus to increase 
his purchases. Or he must deny himself the pur- 
chases which those sovereigns would immediately 
have rendered possible, in order to increase his 
personal wealth or comfort. Much of the money 
spent on the war is as completely lost. Thus, 
while producing facilities have been, and are being, 
augmented, the capacity of the world for utilisin 
these will be affected for some years. This muc 
can be accepted without any further consideration 
of problems of high finance. 
he effect on commerce due to the war will be 
world-wide. Each nation must exert itself to 
ensure that this will be minimised in its own par- 
ticular case, and the most effective methods will Le 
by economy of manufacture and by vigorous pro- 
ndism to cultivate at once new sources of 
emand. We do not propose for the present to 
enlarge upon the former of these methods : that 
must and can wait, since it is different from the 
securing of new markets, which require now pro- 
lon and patient ‘‘spade-work.” But it is 
well that in this matter of economy in manufac- 
ture, as in all business affairs, a long view should 
be taken. The future should not be mortgaged: 
conditions should not now be lightly created or be 
made irrevocable when normality returns, when 
the need for a strong effort in commercial com- 
petition will become imperative. For the exten- 
sion of our foreign clientéle, action should be taken 
before there is need for increased demands. The 
seed must be planted, and the soil fertilised long 
before the crop can be garnered. And thus it 
comes that even now, when appliances can only be 
used for ensuring the action essential to the obtain- 
ment of peace, we must make provision for the 
utilisation of the same mechanisms when peace 
comes. This necessity is recognised on many hands. 
The number of pamphlets we receive establishes the 
fact. The multiplication of organisations helps to 
the same conception. But we are not quite as 
certain that the mediums pro for meeting the 
case are always the most efficient. A persuasive 
speaker or writer, given such an easily-established 
cause for organisation, can . some a ompagee of 
support; someone gets a g post, perhaps a good 
a. and sihnedioniaie make easy the publication 
of circulars and reports which are consoling to the 
members. There are too many such organisations 
where dilettanteism, assumed or otherwise, appears 
to give a value to the work, but which, because of 
inexperience and lack of forceful action, are worth 
less. The disadvantage is that in such cases 
remuneration cannot be proportional to the results 
achieved. The organisation is maintained often on 
promise of a future success, 
Propagandism is necessary, but it must be 
a ively active and direct. Circulars and pam- 
phlets are of comparatively little value. Personal 
contact is requisite. The representative, too, must 
have practical experience. He must help the client 
to formulate his demands, must guide him in his 
selection, and must uade him that his prin- 
cipals alone can satisfy them, and in doing so 
conform to the practice or national prejudices of 
the country. On the other hand, he must meet the 
client’s wishes, even if he regards them as faddish, 
or otherwise win him over to saner views, and he 
must be 2 ww: aagyo to give the measure of financial 
accommodation common to the country. This is 
a large order, and only a firm or company with 
extensive production and turnover can afford such 
representation in several countries ; but where this 
is possible the result is most effective. Our large 
seer pe of agricultural machinery won their strong 
oothold many years ago in Russia by this means. 
They even had large stocks of acceptable manufac- 
tures, and were prepared to take bills over long 
periods, in some casesa year. Where the ideal condi- 
tion cannot be met there remain two alternatives : 





not only fails to compass the full extent of the new 


one, that business should be done through merchants 
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having representatives in the foreign countries and 
the requisite financial resource ; the other, that 
several firms complementary to each other, and not 
competitors, should combine to send experienced 
representatives to those foreign countries, and to 
win a fuller credit from their bankers. The organi- 
sation of such combined agency should originate 
with a firm or firms, who should limit the number 
of complementary firms as much as the resources 
available permit. Where associations are formed by 
those who are not experts, or have not a full prac- 
tical knowledge of manufacturing, the tendency is 
for energy to lack concentrated directness. Reward 
is not direct and proportionate to the effort and its 
success, Where one firm is only a unit of a great 
number, there is first on their part a complacence 
in the belief that action has been decided upon; its 
futility is discovered too late. When an agent has 
too many masters, he sometimes fails in presenting 
all of their cases with personal enthusiasm. He 
plays too much on the principle of averages ; his 
income is sure. It is another case where energy 
should be founded on the need for the remunerative 

reentage. Again, with a minimum number of 
ons in direct contact with an agent in foreign 
countries, instead of through an impersonal central 
organisation, there are ———— for mutual 
interchange of views and for mutual stimulus. In 
other words, where a firm cannot afford a direct 
representative in a foreign city, we commend the 
practice of choosing their man, preferably from their 
own staff, and by invitation to other firms desirous 
of doing work in the same country, of securing co- 
operation to enable the pro ndist work to be 
effective without being too costly. Another great 
need is financial assistance. Each country has 
ite practice, and, in many, long credit is asked 
for, so that firms trading with them need to have 
a long purse or accommodation from the bank. 
The Germans gained their strong foothold partl 
through their industrial banking system, v hich 
has been the subject of several articles in Enat- 
NEERING, and we are not without hope that firms 
when they have established new bases of trade 
with foreign countries will find support from their 
own banks, if they have securities and are willing 
to pledge them. The immediate necessity is di 
expert, and active propaganda everywhere by every 
large manufacturer. 





SUBMARINE SIGNALLING. 

Despite the advances which the arts of ship- 
building and navigation have to their credits, the 
methods of ensuring the safety of shipping during 
fog are in much the same state of development as 
they were, say fifty years ago. By far the greater 
part of the shipping of the world still depends on 
whistles or sirens for communication and warning in 
foggy weather. This is curious, since as long ago as 
1874, Tyndall, in his classic investigation, showed 
that sound-signals in air are quite unreliable as a 
guide to either direction or distance. In practice, 
no doubt, such a prove fairly satisfactory, as, 
indeed, must be the case, otherwise they could not 
have survived even as a pis aller. None the less, 
that allis not as well as it might be is fairly clear 
from the fact that fog is by far the most serious 
source of danger to shipping at the present day. 
A very large proportion of the worst disasters 
are directly attributable to it. This state of affairs 
has not passed unnoticed, and at one time and 
another attention has been directed to the alterna- 
tive method of transmitting fog-warnings to and 
_ ships through the water instead of through 
the air. 

That water will transmit sound effectively has 
been known since 1826, when Colladon and Sturn 
carried out their experiments on Lake Geneva. 
Using a bell as a transmitter, and a sort of ear- 
trumpet covered with a rubber diaphragm as a 
receiver, they obtained transmission under water 
for about 10 miles, and calculated the speed at 
4708 ft. a second, which was reasonably accurate. 
We do not know that anything much more was 
done in the matter for fifty years or so after 
Colladon and Sturn’s work, but in more modern 
times considerable attention has at one time and 
another been given to the use of under-water sound- 
signalling. Sketches of this later work were con- 
tained in two papers read ge ag te by Mr. J. B. 
Millet and Commander F. L. Sawyer before the 
Society of Naval Architects and Marine Engineers at 
the New York meeting last December. The matter 
appears to have received attention again shortly 


after the invention of the telephone, and a patent 
was taken out in 1878 for a system in which a bell 
was used as a transmitter, and a telephone as a 
receiver. Later, m'crophones and other arrange- 
ments were tried, and the idea of an underwater 
sound-signalling system to and from moving ships 
began to take definite form. The work which has 
ultimately led to a successful commercial applica- 
tion was begun in 1898 by Mr. A. J. Mundy, of 
Boston, in collaboration with Professor Elisha 
Gray, and an interesting account of it was given 
y . Millet, who was a co-worker with Mr. 
undy. 

Originally Mr. Mundy contemplated the use of 
a microphone receiver attached to the hull of a 
ship, but it was found that the noise of the ship’s 
machinery successfully drowned any signals 
received from outside. The trouble was finall 

ot over by hanging the microphone in a tank 

lied with water and attached to the hull of the 
vessel inside and below water-level. In this way 
the ship’s sounds were found to be largely excluded 
and the basis of successful practical application 
was laid. It should be said that the conditions 
and possible errors of sound transmission in water 
have apparently never been fully investigated, but 
the work that been done appears to show that 
as a medium water is much more reliable than air. 
Mr. Mundy, and those who were working with him, 
by employihg two receivers, one on each side of a 
ship, were able to produce a system capable of 
determining direction with considerable accuracy 
from a comparison of the intensity of sound 
received by the two microphones. periments 
made on the ships of the Metropolitan Line, 
running between New York and Boston, showed 
that it was possible to determine the direction of 
sound from a submarine bell 10 miles away with 
an accuracy within jth of a point. This could be 
done with the ship running at full speed. Mr. 
Millet records that the first important authorities 
to take a practical interest in this work were the 
North German Lloyd Steamship Company, the 
British Admiralty, and Trinity House. is work 
has ultimately led to the installation of over 200 
submarine bells on various coasts, and the fitting 
of some 1200 steamships with receiving —. 

The whole of this development been 
directed only to furnishing ships with warning 
signals from coast bells, and has not touched the 

uestion of signalling between ship and ship in 
og. This latter aspect of things to however, 
not been neglected. Mr. Millet relates that in 
1895 experiments were carried out in Long Island 
Sound between two ships approaching each other 
at full speed. One was equipped with a heavy 
bell hung in a tank built in the fore peak below 
the water-line. The other ship, a with a 
microphone receiving + way) was able to locate 
the first at distances of from 2 to3 miles. These 
experiments were of a preliminary nature, and 
nothing appears to have come of them at the time. 
Since then much work has been done with various 
types of apparatus, but, according to Mr. Millet, 
** nothing tical was found ” until the invention 
of his oscillator by Professor Fessenden. Com- 
mander Sawyer in his paper appears, however, to 
suggest that the vibrating-wire transmitter, deve- 
loped by Mr. H. Christian Berger, is in every 
way practical, and we believe this pre-dated the 
Fessenden oscillator. 

The Berger apparatus consists essentially of a steel 
wire or strip under tension, which is set in longitu- 
dinal vibration by means of a friction-wheel running 
in contact with it. In some experiments made in 
1911 a piece of piano-wire 2 mm. in diameter was 
used. It was set in vibration by means of a hand- 
driven silk-covered wheel moistened with alcohol. 
The wire was mounted in a small iron tug fastened 
to the hull, and by means of it signals were read 
over a distance of 2.8km. The apparatus gives a 
clear uniform musical note by which Morse signals 
can be transmitted, and is clearly superior to a 
bell, which, heard at a distance, gives only a dull 
click, quite unsuitable for Morse signalling. By 
making the wire of correct length the note most 
suitable for picking up by the microphones can be 
obtained. A apparatus made in 1912 consisted 
of a flat steel strip ,; in. by $ in., connected, as 
before, at each end to the hull of the vessel. It 
was set in vibration by a felt-covered friction wheel 
driven by a }-horse-power motor. A magnetic 
clutch on the motor-shaft enabled the friction- 
wheel to be started or stopped at will, so that 





Morse signals could be sent. With this apparatus 





on the United States Navy submarine El, in 
December, 1912, messages were received over a dis- 
tance of 7.8 nautical miles with the submarine sub- 
merged. A later set, with three ribbons 14 in. wide 
by x4 in. thick, installed on the United States 
ship Arkansas, enabled distinct si to be 
received over 10 nautical miles. In all these cases 
the vibrating wire or ribbons were merely attached 
to the ship’s sides, and it is possible that if special 
diaphragms had been built into the hulls, better 
results would have been secured. 
The Fessenden oscillator consists of an electro- 
magnet in the form of a ring having approxi- 
mately a horse-shoe cross-section. e centre 
of the ring is filled by a cylindrical iron arma- 
ture except for a small air-gap left all round. 
The winding of the electro-magnet lies entirely 
inside the horse-shoe, and the effect of the arrange- 
ment is to give an intense magnetic field across the 
air-gap, entering the armature all round over one- 
half of the cylindrical surface, and leaving all round 
over the other half. Over the surface of the arma- 
ture a coil is wound, one half being clockwise and 
the other half counter-clockwise. The electro- 
magnet and armature are stationary, and in the 
air-gap there lies a light copper tube, which is free 
to move endwise. This tube is connected up to 
a diaphragm fixed in the side of the ship. ith 
the electro-magnet energised, an alternating current 
is fed to the armature winding. This induces a 
large alternating current, approximating to 10,000 
amperes, in the copper tube, which accordingly is 
rapidly driven backwards and forwards about 1000 
times a second, with a force equivalent to a pres- 
sure of about 2 tons. The to-and-fro vibrations of 
the copper tube are transmitted to the diaphragm, 
which generates sound waves in the outer water of 
a periodicity of 500 per second. These give rise 
to a clear musical note. Signalling with the 
apparatus is carried out by controlling the alter- 
nating supply current with a suitable key. The 
5-kw. he 2 weighs 1200 lb. and has a diaphragm 
about 2 ft. in diameter. 
Commander Sawyer gives some details of ex- 
iments with this apparatus. It was tested in 
ton Bay suspended in open water at a depth 
of 12 ft., and the signals could be heard at a dis- 
tance of 31 sea miles away. LEarly tests on a 
submarine, however, only gave a range of half a 
mile, but this was attributed to the fact that no 
diaphragm was used, the oscillator being connected 
directly to the hull. Four sets installed on the 
United States ships Delaware and Wyoming, 

in using the hull as a diaphragm, gave a range 
of 3 miles. In July, 1914, two sets mounted on 
the United States submarines K1 and K 2, out- 
side the hulls, secured to the superstructure deck, 
gave a readable maximum range of 6 sea miles. 
Other tests have been made on the United 
States ships Arkansas and Utah, in one case 
the oscillator being suspended 25 ft. deep in 
the water from ey Bere. secarg and in the other a 
tuned diaphragm riveted to the hull being used. A 
maximum range of 10 nautical miles was obtained. 
Using a Morse key, the speed of signalling with the 
apparatus is found to be equal to that obtained 
with wireless telegraphy. An interesting feature 
of the Fessenden oscillator is that it can be used 
either as a transmitter or a receiver. In the latter 
case the sound-waves received caused the diaphragm 
and copper tube to vibrate, and the oscillator acts 
as a generator. 

It can hardly be contended that either the Berger 
or Fessenden apparatus yet constitutes a com- 

letely-worked-out m of submarine signalling 

or use between ships in fog or for submarine 
control in warfare. ey both, however, appear 
to have hopeful possibilities. An important feature 
of the Fessenden oscillator is that, when used as a 
receiver, all ship sounds are excluded, whereas 
with the ordinary microphone the messages are 
to some extent blurred by these extraneous noises. 
This point would probably be of great import- 
ance in connection with submarine work. It is 
quite conceivable, as Mr. Millet suggests, that 
a submarine could be fitted with two such receivers, 
one on each side, well forward, and, by means of a 
comparison of the sounds heard in each, could 
stalk a moving battleship, and, after practice, 
ascertain her ition with fair accuracy. In the 
same way a destroyer might discover and stalk a 
submarine. For a complete system of signalling 
between ships in fog, or for the control of sub- 
marines from a mother-ship, considerable develop- 
ment still seems necessary, however. All systems 
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commercial activity whatever; in this case, 
military transports are paid them on the basis 
of one-half the maximum rate. In this latter 
instance, it may occur that whilst a company is 
able to meet all military requirements, it may 
obtain the authorisation to continue to some 
extent its commercial activity by utilising either a 

of its available rolling-stock or rolling-stock 
it has hired from other — when it will 
still receive from the War Department half the 
maximum rate for military transport, provided, 
however, this partial commercial activity does not 
prejudice in any way its military activity. 

On the portion of a system closest to the front 
transport is carried out by locomotives and rolling- 
stock hired by the War Department on the basis of 
the tariffs which govern the letting of similar stock 
from one company to another in ordinary times. 
The necessary fuel, lubricants, and other stores are 
paid for by the War Department to the companies 
at cost price. 

As will be seen, therefore, the War Department 
pays directly for the transport operations which it 
needs. In ordinary times the railway companies’ 
tariff for commercial traffic is a compound tariff, 
which is made up of two kinds of remuneration ; 
these at first were charged separately. One item 
is the toll—in French, droit de péage, being the 
remuneration to cover the cost of laying down and 
maintaining the permanent way ; the other being 
the actual fee for transport, which is due to the 
company when this latter carries out the traffic 
on its own system. The distinction is generally 
without interest at the present time for ordi- 
nary traffic, and is not made. When, however, 
military transport at the front is effected by the 
military authorities themselves, the situation is 
different ; it becomes that of a separate depart- 
ment oe out transport independently of the 
concern which hitherto has had charge of the con- 
struction, maintenance, and repair of the railway 
plant. In this instance, the toll alone enters into 
consideration, and it is half of the toll which is 
paid by the War Department to the companies in 
war time, when the military authorities take full 
charge of the service. 

The relations between the State and the railway 
companies in France have resulted in the establish- 
ment of railway systems and a conditions of 
great effectiveness in war time. hen required, 
the War Department can command the whole plant, 
whilst benetiting to the fullest extent by the experi- 
ence and technical knowledge of the companies’ 
staffs. Moreover, the services rendered to the 
State by the companies cannot be said to be of an 
expensive nature ; the cost would be much higher 
than it now is were the State to own even part 
only of the plant which is so readily placed at its 
disposal when needed. 





MERCHANT SHIPBUILDING AND 
SHIPS MINED AND TORPEDOED. 


It is of particular interest to note how the 
volume of new shipping launched compares with 
the extent of the destruction of merchant vessels 
due to the operation of the submarine ‘‘ blockade ” 
by Germany. In the first three months of the 

ear the number of British merchant vessels sunk 

y enemy cruisers, by mines or by submarines, 
totalled 48, including British fishing vessels sunk 
or captured, and the tonnage 130,358 tons. The 
tonnage of vessels launched from British yards, 
excluding vessels under 100 tons, was more than 
double this — 267,612 tons, the measurement of 
125 vessels, and that, too, notwithstanding that 
the conditions were in every sense opposed to 
extensive work on merchantmen. The urgency of 
the work for the Navy has made it impossible for 
shipbuilders in many cases to devote any attention 
whatever to mercantile work, although shipowners 
are specially anxious not only to secure delivery 
of the vessels already under construction, but to 

lace orders for further tonnage, in view of the 
a amount of shipping withdrawn from the over- 
sea carrying trade for war service, and the resultant 
high freight rates obtainable. Prices quoted for 
new tonnaye have had to be tly increased, not 
only because of the large advance in the cost of 
material, but also increases in wages. Notwith- 
standing this, however, the firms able to under- 
take naval work are willingly foregoing the 
advantageous terms which shipowners are ready 
to give, devoting their plant and available 





men to meeting the requirements of the War Office 
and the Admiralty. 

It is because of these well-known facts that 
the number of vessels launched during the past 
three months is only 125, making up an aggre- 

te of 267,612 tons ; in normal times the tonnage 

unched is about 400,000 tons per quarter. Not- 
withstanding this decreased output, the work in 
hand shows a decrease of 40,000 tons as com 
with the beginning of the. year, whereas the de- 
crease on the total of twelve months ago is 303,000 
tons. Only one district shows an increase as com- 
pared with a year ago—namely, the Tees, where 
the addition is equal to 4.3 per cent. When com- 
parison is made with the beginning of the year, it 
is found that such notable merchant shipbuilding 
districts as Greenock, the Tees and the Tyne have 
added to the amount of work in hand, the percentage 
of increase at the Tees being 20.3 per cent. ; at 
Greenock, 12.3 per cent.; and on the Tyne, 
11.8 per cent. e demand for trawlers, owing 
to the extensive use of the existing fleet for 
war service, has resulted in an increase of work 
on hand at Hull now, as compared with January, 
of 17 per cent. 

The total number of merchant ships of over 
100 tons building in the United Kingdom is 471, 
representing a tonnage of 1,587,467 tons, whereas 
* year ago the number of ships building was 
535 and the tonnage 1,890,856 tons. Of the 
important districts, Glasgow appears to be devoting 
much more attention to war work, as only 86 
merchant vessels, of 371,550 tons, are being built. 
This tonnage is 22.4 per cent. less than a year ago 
and 6.8 per cent. less than three months ago. At 
Geecnedt as we have already said, there is an 
actual increase as compared with three months ago, 
but a decrease of 8.5 per cent. on the figures of a 
year ago, the number being 49 and the tonnage 
217,938 tons. On the Tyne, where 72 vessels, of 
300, 997 tons, are on the slips, the decrease, as com- 

with a year ago, is 5.7 per cent., but there is an 
increase since January of 11.8 per cent. At Sunder- 
land, where 42 vessels, of 161,342 tons, are in course 
of construction, there is a decrease of 13.7 per cent., 
when comparison is made with the total tonnage of 
December, and of 20.9 per cent. on the total of a 
year ago. On the Tees, with 40 vessels, of 86,915 
tons, in progress, the position is more favourable 
than three months ora yearago. At Hartlepool and 
Whitby, 13 vessels, of 61,830 tons, are building, and 
here the decrease, as compared with a year ago, is 
26.6 per cent., and as compared with three months 
ago, 13.7 per cent. The tonnage of the eleven vessels 
being built at Liverpool—28,330 tons—is only 
equal to half the tonnage in progress a year ago, 
and is 13.2 per cent. less than the total three months 
ago. In the Humber there are 58 vessels, of 
29,794 tons, under way. This is 10.6 per cent. less 
than a year ago, but 17 per cent. more than three 
months ago. Belfast shows a decrease, the 27 
vessels, of 280,180 tons, being 14.8 per cent. less 
tonnage than in January, and 16.3 per cent. less 
than in April last year. These deductions are 
made from the latest return by Lloyd’s Registry. 





A TORNADO IN ENGLAND. 
On October 27, 1913, a severe thunderstorm 
swept the West of England, possessing some 
uliar features that created a t sensation at 
e time. The atmospheric conditions prevaili 
when the phenomenon occurred, and the effects 
manifested, have been the subject of investigation 
by the authorities of the Meteorological Office, and 
the evidence collected shows that ‘the storm was a 
genuine tornado, of a type common enough in 
America, but of rare occurrence in this country. 
Between 1866 and 1895 some forty similar occur- 
tences have been reported, but generally less 
severe in their character, though the circumstances 
have not: been examined with the thoroughness 
exercised in this case. A striking, but character- 
istic feature was the straight, narrow track by which 
the storm was traceable as it pursued its way 
through Devon, South Wales, Shropshire, and 
Cheshire, confining its disastrous effects to a zone 
about 100 yards wide, with clear cut lateral limits, 
by no means uniformly continuous throughout its 
extent, but confined in its action to a distance of 
about 11 miles up the Taff Valley, in Glamorgan- 
shire, an equal distance ‘in Shropshire, and about 
5 miles in Cheshire. 
The cause of this short-lived disturbance is by no 
means clear; the reports received in the ordinary 





course by the Meteorological Office did not indicate 
any —— violence, and the examination, 
after the occurrence, of the automatic records at 
the various observatories near the line of eye 
does not explain the unusual circumstances. In 
America it is believed that such tornados are 
produced by great differences of air temperature 
over short distances. But there was no evidence 
of any abnormal irregularities on this occasion, at 
least near the surface. The conditions prevailing 
in the upper air are quite unknown, and in the 
absence of such information it is impossible to 
explain the atmospheric instability which so sud- 
denly manifested itself. It may be remarked that 
the narrow track, or line of travel, was the eastern 
limit of a region of heavy rainfall. Stations to the 
westward experienced a very severe downpour, and 
in Devon the exceptional precipitation was the 
main feature of the disturbance. That this sharp 
division in the locality of rainfall was connected 
with the storm is most probable, but whether as 
cause or effect is uncertain. 
‘The damage recorded in South Wales in the 
neighbourhood of Pontypridd first reproduced the 
features that are usually associated with the 
American description of tornados. Here were 
we peer > violent electrical phenomena, torren- 
tial rainfall, and a roaring noise. One correspon- 
dent reported that the blue lightning was appal- 
ling. ‘* When the flash occurred, there seemed to 
be three or four interweaving flashes, all of a deep 
blue, and, what was strange, the waves of blue fire 
seemed to be rolling on the ground. Tar sprayed 
on the roads took fire, but little damage was 
done by the lightning.” Several observers saw 
lobular lightning at, or near, Pontypridd. 
under is not mentioned to any extent, but 
the noise accompanying the storm resembled the 
hissing of an express locomotive, growing rapidly 
in volume till it ‘‘ resembled the rushing speed of 
many road lorries racing along,” giving rise to the 
+ perme that the supposed lorries had collided 
and were about to burst. At Treforest, the western 
side of a building, constructed of corrugated-iron 
sheets, was blown completely outwards, indicating 
a greatly decreased atmospheric pressure on that 
side. In a neighbouring village, sheets of corru- 
gated iron were carried a considerable distance. 
One sheet was transported a distance of nearly a 
mile, and ‘* found so firmly wrapped round a fallen 
telegraph-pole that it could not be removed.” 

At Abercynon, clear evidence of the rotating 
character of the storm was forthcoming. The 
storm track crossed three parallel walls, lying 
approximateiy at right angles to the path. The 
first wall was blown down for a space of about 
150 yards, the eastern half falling to the north, and 
the western to the south. The same variations 
were shown in the second wall, but a space of about 
15 yards in the middle was left standing, to be 
explained by the wind at that point a 
and not at right angles, to the walls. e third 
wall was blown northwards. 

Near Church Stretton the storm was continued, 
having apparently been reinforced by a subsidiary 
current from the south-west going to meet the main 
storm. The origin of this disturbance, which is 
traceable only for a short distance, is as obscure as 
that of the principal storm. The destructive 
behaviour of the tornado the same 
character that was displayed in South Wales. 

Later the tornado made its way into Cheshire. 
Here its p was most capricious and fantastic. 
After doing much mischief ~in the vicinity of Wem 
and Whitchurch, the storm rose in the air, and 

over 7 miles of country without any mis- 
chief. ‘It then pounced on a single tree standing 
alone in ‘a field, smashing it to pieces.” Again the 
storm rose, and passed harmlessly over a consider- 
able distance, but, on touching earth again, it 
divided into two branches, one passing on either 
side of a farmhouse, leaving the structure un- 
damaged, but destroying all the trees and buildings 
on each side. For some distance hardly a tree was 
left standing on a track a mile in length and 150 
yards wide. One largé uprooted tree was carried 
to such a distance ‘that it could not be identified. 

By comparing- the times at which the storm was 
experienced at stations sufficiently remote from 
each other as to eliminate the greater portion of 
the unavoidable errors of clocks, it is possible to 

t a very good idea of the rate of travel of the 

isturbance. Of course, this rate is not to be con- 





founded with the velocity actually encountered ; to 


perceive the total effect the gyratory motion 
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has to be compounded with that of translation. 
If the tornado is circular, a particle 300 yards from 
the centre will n ily have an enormous velo- 
city. The following table shows only the onward 
rate of travel :— 





from) 
Storm | | Rate of 
Place. | Ol | 
| Passed. —. Travel. 
p.m. j miles miles per 
hrs. min. | | hour 
Clyst Honiton \ er _ od 
Octunesen el rm ie 10 — 
Llantwit Fardre | 5 42 58 | 34 
Treharris .. f 5 61 65 | 35 
Wislanstow .. ry 7 8 | 121 | 34 
Shrewsbury... jf) 7 45 | 157 37 
Runcorn on és 9 0 179 36 





The duration of the storm at any one place was 
variously estimated at times ranging from two 
seconds to five minutes. On the assumption that 
the width of the track was 300 yards and that the 
centre travelled with a speed of 36 miles an hour, 
the calculated maximum duration at any place is 
17 seconds. 

The change of atmospheric pressure as shown by 
automatic records of the barometer is indicated in 
most cases 
of an inch. e most interesting instance occurred 
at the Albion Steam-Coal Colliery, in South. Wales, 
where the record shows a fall from 29.20in. to 
28.91 in., followed by an instantaneous rise to the 
upper level. Such a fall implies a sudden change 
in the atmospheric pressure of about 20 Ib. pr 
sq. ft. This change explains the outward fall of 
the walls of a closed building, for the sudden 
removal of the pressure on the outside must operate 
precisely in the same way as an explosion from 
within, notwithstanding the partial equalisation of 
the pressure through chimneys, doors, &c. On the 
other hand, there is every reason to think that 
nearer the track the sudden drop in the pressures 
was considerably greater than that recorded. To 
engineers and constructors these figures show how 
uncertain the computation of wind pressure must 
prove, and how little reliance is to be placed on a 
factor of safety in the presence of forces so sud- 
denly developed. 





THE LOSS OF HEAD IN PIPES. 

In a paper recently published in the Proceedings 
of the Reval Society, Foster C. H. Lees, F.R.S., 
gives a perfectly general formula for the turbulent 
flow of fluids in smooth pipes The formula in 
question holds with remarkable accuracy both for 
air and for water for all velocities in excess of the 
critical, and satisfies the requirements necessarily 
im by considerations of dynamic similarity. 
It has been proved in various ways that the true 
law of pipe resistance must satisfy certain rela- 
tions which may be expressed as follows :—Suppose 
that a fluid has a viscosity »,, a density p,, and a 
velocity v,, and flows through a pipe of diameter d, 
and let the resistance experienced per unit of 
a be R,. 

t po» poy Vy and d, and R, represent corres- 


ponding quantities for another fluid, or for the 


same fluid under different conditions. 
Then whenever we have the relation 


v d, Ld} = Vg dy Po F (1) 


hh Ke 
we must also have 
R, Rs 
= =, 2 
Prity® pet” (2) 


Taking a particular fluid at constant temperature 


and density we have 
P; = ppand 1, = My 
so that equation (1) becomes 
v, dy = v2 dy. 
This would be satisfied, for example, if we had 
v, = 3 ft., d; = 4in., and r,. = 6 ft., and d, = 2 in. 
In that case equation (2) would be reduced to 
R= R, 
so that the resistance per square foot of 


velocities squared. 


In ordinary practice it is usual to assume that 


ro of only a few hundredths | P® 


pipe sur- 
face would, in this case, vary in the ratio of the 


is equally well satisfied if the resistance to flow 
in a pipe is given by a relation such as 


n=r[o(c55)*oa} 


where a, 8, and y are constants. In this case R 
will vary as the square of the velocity whenever 


odp is constant. Professor Lees has determined 


B 

the values of the coefficients a, 8, and y from 
Stanton and Pannell’s experiments on the surface 
friction of air and water, and finds that both sets 
of experiments are in accordance with the theory 
represented by the same formula, although the 


value of * is 0.0114 for water at 15 deg., whilst 


p 

for air at the same temperature it has the value 
0.137. His formula, which for smooth pipes is 
true for all fluids, is 


R= pet [ 0.076s (2 )°"*+-0.0000 | 
vdp 
=p [ o-076s (5 “i v1.65 + 0.0009 #| 
vdp 


Here R denotes the resistance in dynes = uare 
centimetre of the pipe surface (one mil hen deuce 
r square centimetre is nearly an atmosphere). 
pis the weight in grammes of 1 cub. cm. of the 
fluid, v the velocity in centimetres per second, and 
d the diameter in centimetres, whilst » denotes the 
viscosity in dynes per square centimetre. 

This equation holds for all fluids so long as the 
motion is turbulent. In the case of long pipes, 


this may be taken to be the case so long as "“” 


B 
has a value above 1900; but for a certain range 
above this limit the flow near the entrance to the 
ipe will, under ordinary conditions, be -viscous 
ow, turbulence only setting in at some distance 
from the entrance. Hence, with short pipes, the 
resistance will depend upon what proportion of the 
total length is occupied by fluid in non-turbulent 
motion, and the average resistance will have a value 
between that calculated from the formula already 
quoted and the resistance for viscous flow, which 
is given by the relation 


R= nar dynes per sq. cm. 


When "7? exceeds 3000 the flow is practically 


wholly turbulent even in the case of short pipes. 
It follows from the foregoing that whenever vdp 
B# 

is the same for two pipes the flow at every point of 
the cross-section of the one is geometrically similar 
to that at the corresponding point of the other. 

In most cases of flow through pipes it is the head 
lost that is required rather than the resistance per 
uare centimetre. If | denotes the length of the 
pipe in centimetres, the head lost in this length is 
given by 


py — p= 4" dynes per 2q. om. 


The pipes on which the experiments that form 
the basis of the above formule were made ranged 
from 0.361 cm. in diameter up to 12.62 cm., and 
speeds as high as 2250 cm. per second were attained 


in some of the tests. 





NOTES. 

Tue InstiruTion or MecHanicaL ENGINEERS. 

In pursuance of the policy of po a certain 
number of provincial meetings, a special meeting 
of the Institution of Mechanical Engineers was 
held at the Rankine Hall, Glasgow, on the 8th 
inst., when Dr. Arnold read the paper on ‘‘ The 
Chemical and Mechanical Relations of Iron, Cobalt, 
and Carbon,” written by himself, in conjunction 
with Dr. Read, of Cardiff. It will be remembered 


that this paper was read and discussed in London 
on March 19. A reprint of the paper, together 
with a report of the proceedings in London, will be 


found in our issue of March 26 last. The attend- 
ance at the Glasgow meeting was not large, but it 
must be remembered that, apart from the fact that 


the subject of the paper was not one directly 
appealing to many engineers, the meeting, as Pro- 
fessor Barr, who was in the chair, pointed out, was 


held ata time when most Glasgow members were 





with a given pipe and a given fluid the resistance 
varies as the square of the velocity, and this is in 
agreement with the principle above set forth, but 





is not a necessary consequence of the law, which 


head over ears in work. Four speakers took part in 
the discussion, but we do not gather that any im- 
portant new points were brought out in connection 


that while the communication was of great metal- 
lurgical and chemical interest, it was impossible to 
say what its ultimate relation to practice might be. 
Dr. Desch, of Glasgow University, thought one of 
the most striking facts brought out was the extra- 
ordi differences in the effects of two such 
closely - related elements as cobalt and nickel. 
Chemically, these elements were extremely sympe- 
thetic, and yet when we came to their carbides, 
and the alloys into which those carbides entered, 
we got the remarkable differences in effect which 
Dr. Arnold had found. These results would not 
have been foreseen. Mr. McOance, emphasising 
the value of Dr. Arnold’s work, said that it was 
more than ever desirable at the present time to 
extend and multiply ee on the subject of 
steel constitutions. y in that way could know- 
ledge of the matter be gained. At the conclusion 
of the discussion, the Secretary of the Institution, 
Mr. Edgar Worthington, made a few remarks, in 
the course of which he reminded the audience that 
the Institution at the present time had a research 
committee investigating the question of hardness, 
which bore to some extent on the subject of the 

per. He also referred to the hospitality of the 
Fnstitation of Engineers and Shipbuilders in Scot- 
land in lending their hall for the holding of the 
meeting. 


WorKMEN AND SHeti-Makina. 


One more appeal has been made to the British 
workmen in connection with the supply of ammuni- 
tion, and that by Sir John French, who, in a 
conversation with Lord Durham, stated that ‘‘ what 
we want, and must have, is more and more muni- 
tions to pound the enemy, and to go on pounding 
them, regardless of the expense, regardless of the 
number of shells I use, because by doing so I am 
saving the lives of our gallant men. @ more 
ammunition the less danger are our men incurring 
in making these advances.” The same cry is 
found in his official despatch on the battle of 
Neuve Chapelle. This view has often been ex- 
pressed, but perhaps not with the same direct- 
ness, or bend a the same experience, and we 
make no apology for repeating it, because shells 
practically will save ‘‘our gallant men,” We are 
inclined to believe that a truer and more intelligent 
view in regard to this subject is extending amongst 
the working classes. The unions associated directly 
with the engineering trade have voted in favour of 
the much-desired limitation to the restrictions im- 
posed by their regulations, and we hope that, as a 
consequence, there will be a ter number of 
workers, male and female, available for shell-making. 
There is work enough for all unionists to do on the 
most favourable wage terms. Those having experi- 
ence can be relegated to attendance upon, and regu- 
ae eae by, wy heavier machine-tools, 
as well as those requiring the greatest experience, 
while the smaller tools, doing repeat ae ane work 
which requires less training, can be operated by 
less skilled helpers.. Were it ible to get a 
sufficient number of the latter, it would be easier 
to arrange not only for a greater production by the 
day-shift, but for an increased number of men for 
night-work, so that the producing capacity of all 
machine-tools available could be utilised during the 
twenty-four hours of each day. This is the aim of 
the employers, and by this increase in the number 
of shifts it would be possible to reduce the long hours 
which unavoidably the men have been required to 
work, and which such a lange roportion of the 
workers have loyally served. The delinquents, 
curiously enough, are, however, unequally divided 
throughout the country. In some establishments 
they are more numerous and more obstructive than 
in others. Abundant evidence has been produced 
to establish the amount of idle time in some cases, 
but we fear that in other instances the men have not 
always had the recognition due to their continuous 
and efficient services. The large armament works in 
Sheffield have lately made public recognition of 
the splendid work done in that city, where the 
workers have not only been regular in attendance 
during the normal hours of working, but have 
willingly done a large amount of overtime. During 
the Easter holidays the men were asked to work as 
usual and an additional amount of overtime, and 

ractically there was no absenteeism. We have 

eard of one works in which all the men made full 
time, and in the others the response to the demands 
on their patriotism was full and ungrudging. This 
is an example which should be held up to men in 





with the subject. It was generally acknowledged 





other districts engaged in corresponding work ; 
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because while we should like to feel that due 
regard was paid to the limit of endurance on the 
part of workers, we feel sure that in too many 
cases the excuses of excessive hours and physical 
fatigue are urged in explanation of conduct due to 
less reasonable and, at the present time, unjustifi- 
able cause. In order to co-ordinate the works, 
with the view of adding to the facilities for produc- 
ing munitions such mechanism and men as are 
now used for dispensable peace manufactures, a 
Committee, representative of Government depart- 
ments and oie interests, is now at work under 
the chairmanship of Mr. Lloyd George. 


Tue Position or PeTro.eum. 


During 1913 the production of petroleum in- 
creased 8 per cent., com with the previous 
year, reaching 54,000,000 tons, of which the larger 
share—34,000,000 tons — was uced in the 
United States; Russia produ about 9,000,000 
tons ; Mexico rather more than 3,000,000 tons; 
Sumatra and Borneo, 2,000,000 tons ; Roumania, 
2,000,000 tons ; Galicia and British India, rather 
more than 1,000,000 tons. During the last five 
months of 1914 the European production of petro- 
leum naturally was much ham the war, 
whilst the production in the United States was 
carried on with great activity during the greater 
part of last year. Estimates made before August 1 
arrived at a probable a te for the year of 
40,000,000 tons. The yield, in spite of hundreds 
of small wells stopping, was so immense that stocks 
rapidly swelled, and prices receded. Of the other 
American countries, only Mexico plays a part of 
importance as regards the world’s supply of petro- 
leum. In the beginning of 1914 a speedy increase 
of the production was anticipated, and an output of 
some 30,000,000 to 40,000,000 barrels was spoken 
of ; but, as a matter of fact, the production has prob- 
ably fallen by from 1,000,000 to 2,000,000 barrels 
short of the figure for 1913—24,000,000 barrels. The 
political disturbances in Mexico have not been 
without some influence upon this industry, but not 
nearly to the extent many had anticipated. A 
number of fresh undertakings, in which England 
probably is particularly interested, are understood 
to be in course of preparation, and it only remains 
to be seen how great a delay the war will cause. 
Russia’s production of petroleum for 1914 will 
probably prove lower than it has been for many 
years. The decrease for last year has been 
approximately estimated at 400,000 tons, which 
would make last year’s production come out at 
8,600,000 tons. ive before the war matters 
pointed to a decreased consumption in the country 
owing to the higher prices, which, in their turn, 
resulted from a reduced production. As 
the different districta, Baku is likely to have con- 
tinued her backward move in 1914, and that even to 
a marked extent. The strike, which lasted two 
months, alone meant a decrease of some 730,000 tons. 
In the Grosuyi district the output showed a 
marked increase during the first eleven months 
of 1914, nn to 1,450,000 tons, against 
1,050,000 tons for the preceding year. The aggre- 
gate production for 1914 may, Ticestere, be put at 
some 1,610,000 tons, whilst that of the Ural for the 
first eleven months of last year amounted to 
242,000 tons, against 97,000 tons for the previous 
year. The Maikop oil - fields, in which several 
millions of English capital have been sunk and 
lost, have, since the great boom some four or five 
years ago, been a continuous disappointment ; the 

roduction for last year is estimated at 77,000 tons. 

e petroleum industry of Galicia was greatly up- 
set by the war, as the petroleum fields lie in the 
midst of the occupied districts, but no dam 
appears to have been done to the works and the 

nt. A good deal of English and French capital 
is invested in this industry. The war has had a 
most unfavourable effect upon the Roumanian 
petroleum industry. The opinion is expressed 
that Roumania aleo after the war may reckon upon 
a reduced export to Germany, as, owing to the 
existing shortage of petroleum in Germany, large 
numbers of people have adopted gas or electricity 


instead, and they are hardly likely again to begin | 4 


with petroleum. Some improvement, however, 
appears to have recently set in. 





German Torpgepors.— According to the Rivisia Marit- 
tima, the cruisers and destroyers built since 1909 
have five of 5.50 mm. aay in.) in calibre. 
They are said to be 5.20 m. (17 ft. 2 ae one 
to carry an explosive charge of 135 kg. (297.5, Ib.) of 


juol. 
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TUNGSTEN : ITS OOCURRENCE AND 
OUTPUT. 


THE principal use for tungsten is in the manufac- 
ture of high-s steel, which holds its temper at 
much higher temperatures than does carbon steel. 
There are many applications for ductile tungsten ; the 
ductile metal is practically insoluble in all of the 
common acids, its melting-point is higher than that 
of any other metal, ite tensile strength exceeds that of 
iron and nickel, ee me a 
to smaller sizes than any other metal, whilst its ific 
gravity is 70 per cent. higher than that of It 
necessarily follows that a metal with such remark- 
able and useful properties as those mentioned should 
soon find many applications. One important use of 
ductile tungsten is that | quantities of drawn 
wire are produced, both flexible and strong, for the 
manufacture of incandescent lamps. W t tungsten 
has been substituted with success for platinum and 
platinum-iridium contact-points in spark-coils, voltage- 
regulators, telegraph relays, andsoon. The durability 
far exceeds that for platinum and platinum-iridium 
contacts, arising from the greater h ess, higher heat 
conductivity, and lower vapour pressure of tungsten 
as compared with platinum. 

Wolframite and scheelite are the chief ores of 
tungsten ; the latter (CaWO,) is a calcium tungstate, 
or tungstate of lime. When pure it consists of 80.6 
- cent. tungsten trioxide and 19.4 per cent. lime. 

t usually carries also a trace of molybdic acid, com- 
bined with the tungsten. In appearance it is white 
and translucent, whilst sometimes it has a faint 
yellowish or brownish tinge. In hardness it would 
be between 4.5 and 5; its specific gravity is 6, and it 
has a tendency to cleave into an octahedral form. In 
appearance it closely resembles calcite, or orthoclase ; 
it 1s, however, far more difficult to cleave, and is more 
than twice the weight, bulk for bulk, of either of these 
minerals. It is frequently confused with barite or 
heavy spar. Generally speaking, its high density is 
the most characteristic property it , a8 it is 
heavier than any of the minerals which it resembles. 

Tungstite is a mineral which usually occurs as an 
earthy decomposition of wolframite. The iron or 
lime is removed by the action of water, and a hydrated 
tungstic acid (WO,H,0) is left. Tungstite is of a 
golden-yellow or canary colour. This substance occurs 
at Nova Scotia, British Columbia, and other places. 

There are few countries in which tungsten has not 
been found: in Europe it occurs in Great Britain, 
Spain, Portugal, Germany, France, and Austria. Up 
to a few years ago it was obtained in Italy. In 
America mines are worked in Canada, the United 
Statee, the Argentine, Bolivia, and Peru. In Asia it 
has been found in India, Malay, Siam, Tonkin, and 
Sumatra ; and in Africa in Rhodesia. It also occurs 
in various —— of Australia, Tasmania, and New 
Zealand. e largest outputs are from the United 
States and Portugal; the Argentine has produced 
considerable quantities. Queensland (Australia) and 
India have exported the ore, whilst in this country 
the official record of wolfram output is as follows, in 
tons :— 


Tons. Value. Tons. bear 
£ 
1875 .. we 46 382 1907 . 822 41,044 
1880 .. és 1 9 1908 .. 233 18,785 
1885 .. o- oa 4,799 1909 . 376 28,310 
1890 . 104 1,848 1910 .. 274 27,093 
1895 .. ie — — 1911 266 24,629 
1900 .. a 9 351 1912 193 16,873 
1906 .. -- 3 11,357 1913 182 17,483 
1906 271 19,775 


The total tungsten-ore production of the world, in 
the form of 60 per cent. concentrates, has doubled 
since 1905, as indicated by the following figures :— 


Tons. Tons. 
1905 .. 4059 1910 .. 7526 
1906 .. 4337 1911 7460 
1907 .. 6185 1912 7600 
1908 .. 3821 1913 7730 
1909 . 5348 


There are considerable fluctuations in the output of 
tungsten, due to depression, or the reverse, in the 
steel industry, more especially in the tool-steel and 
high-speed steels, in which branches tungsten finds 
its readiest markets. The quantities required for 
tungsten-metal-filament lamps are relatively small. 
The world’s output has been as follows, in tons of 
60 ae cent. concentrates (for a complete comparison 
1911 is the last year):— 


Europe :— 1912. 1911. 1910. 1909. 1908. 1905. 
Po 982 1140 13820 609 684 320 
England .. os 193 266 274 876 238 172 
All other countries 623 610 584 430 597 750 

merica :— 
United States 1207 1120 1821 1619 671 308 
Argentina .. 637 800 1061 900 648 — 
Peru .. - a _ 600 100 — _ 
Allother countries 243 265 315 168 187 #175 

Asia and Africa :— 

India - -- 1698 400 3896 7- —- 
Elsewhere .. 175 18 169 163 = — - 

Australasia :— 

928 990 1145 679 5616 1582 
New Zealand _ 190 64187 78 87 64 
Elsewhere .. 67 3810 3825 291 182 249 





Further details as to the sources of tungsten in 
various countries follow :— : 

Portugal.—During normal times the output of the 
oe tungsten mines is shipped to German and 
French ports in the form of high-grade concentrates. 
The Borralha mines in the Castello Branco district are 
the chief producers ; the concentrates contain 70 to 72 
per cent. of WO,. and are free from tin, sulphur, 
vismuth, or phosphorus. The mineral from some of the 
mines is shipped by the Pinhao Railroad and by the 
Alambres , and loaded on board ship at Oporto. 
The tungsten is found in quartz veins, and in some 
localities it is also disseminated through ites. The 
Portuguese output is exported to Great Britain, 
France, and Germany. 

Within the last two years tungsten mines have been 
opened cut on concessions in the Concelho of Sabrosa 
and Villareal, the total area exceeding 3000 hectares. 
The average content when the mines were started was 
found to be 70 per cent. WO,, and even reached 75 per 
cent. WO,, although the concentrating methods were 
imperfect. An analysis has given the following results : 
—70.56 per cent. tungstic trioxide, 0.32 per cent. 
oxide of tin, 3.40 per cent. silica and insoluble silicate, 
0.05 per cent. copper, 13.04 per cent. protoxide of iron, 
0.89 per cent. aluminium, 10.60 per cent. oxide of man- 

anese ; there were also traces of lime and sulphur. 

ost of the Jabour of — crushing, and concen- 
trating is cheap local handwork, until improved 
methods can be made available. Water power from 
the River Pinhao is available for electric - power 
installation. 

Great Britain, Spain, and France.—In Great Britain 
wolframite occurs in the tin ores of Cornwall, from 
which it has to be separated and recovered; the 
output during recent years has found a ready market 
in Germany. In Spain the ore is found in the Mar- 
molejo district of Andalusia ; improved milling facili- 
ties and increased mining developments are note- 
worthy during the last four or five years. In France 
the ore occurs in the St. Leonard district, Haute 
Viennes, and in the Limousine district. 

The United States —The United States output in 
1910 reached 1821 tons of 60 per cent. tungsten 
trioxide concentrates ; the price is based on a unit, 
the unit representing each 1 per cent. of tungsten 
trioxide contained in the mineral; by taking the 
average value for the ram the total value o! the 
year’s output can be obtained. Thus, assuming an 
average value of 25s. per unit, 1200 tone of 60 per 
cent. tungsten trioxide would be valued at 90,000/. 
The Boulder County field in Colorado, and the 
Atolia field in California, have for many years been 
the largest producers in the States. hen the 
steel market is overstocked, the larger mines close 
down. The Colorado ore is a ferberite—that is, the 
iron tungstate, with rather less than 60 per cent. WO,; 
whilst the Califcrnian ore is a lime tungstate, echeelite, 
averaging 67 per cent. WO, ; the veins vary from 
stringers to a width of 4 ft. There are mines of 
lesser importance in Arizona, both scheelite and wolf- 
ramite; in Nevada, tungsten-bismuth ores ; Idaho, 
with ores of hubnerite and wolframite; also in 
Washington, where a wolframite is found, which is 
exported to Germany ; some of these mines and mills 
are owned in Germany. 

Canada.—Tungsten has been found in many places 
in Canada, but there is only one mine of any extent, 
on a deposit in Nova Scotia, consisting of scheelite. 
It is located in the central part of Halifax County, 
12 miles from the Atlantic coast, at a height of 
about 400 ft. above sea-level, surrounded by forest 
and swamp. Hubnerite is known to occur in Cape 
Breton islar d ; both wolframite and scheelite are 
found in the Kootenay district, B.C., but elsewhere 
the mineral has not been found in commercial quan- 
tities. 

Asia.—In Asia tungsten deposits are mined in India 
and in Tonkin, and some quantities of wolframite are 
recovered from the caseiterite in nearly all the 
important tin-mining centres of Malacca and the East 
Indies. The tungsten recovered from the tin deposits 
is exported from Singapore. In India wolframite 
occurs in schists ard ites in the Merguiand Tavoy 
districts, in Lower Burma. A small quantity has 
been obtained from the southern Shan States. In 
Burma wolframite is the main object of exploitation, 
cassiterite being a sort of by-product, although occa- 
sionally the tin-ore forms a larger percentage of 
the alluvial deposits than the wolframite. 

South America —In South America tungsten de- 
posits are very numerous, and have been worked on 

rofitable scale throughout the central portion ot the 
rdilleras, including Argentina, Chile, Bolivia, and 
Peru. The mine with the largest output in the world 
—the Hausa Sociedad de Minas —is situated in 
Argentina; the ore ranges from 65 to 75 per cent. 
concentrates ; the bulk of the output in normal times 
is exported to Germany. The area in which the ore 
is found forms part of the San Louis and Cordoba 
provinces. The very extensive — of low-grade 
tungsten found in Bolivia, in the Department of La 


Paz, are worked when the demand for the metal is a 
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ATTACHMENTS FOR MACHINING SHRAPNEL SHELLS. 
CONSTRUCTED BY THE REED-PRENTICE COMPANY, WORCESTER, MASS., U.S.A. 
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A MACHINE likely to poe of value in many works 
at the present time is illustrated in Figs. 1 to 6, on 
the opposite and present pages. This machine is an 
automatic lathe constructed by the Reed - Prentice 
Company, Worcester, Mass., for whom the Selson 
Engineering Company, Limited, 83, Queen Victoria- 
street, E.C., are the representatives in this country. 
The machine is well adapted to a large variety of 
repetition work, such as the manufacture of motor-car 
parts, for which, we understand, it was originally 
evolved. The pattern we now illustrate, however, 
is adspted especially for the manufacture of shrapnel 
shells, and the figures for output which we give below 
will show that for this work the machine presents 
several advan 8. 

The tool is a one-speed machine, the speed and feed 
being arranged beforehand for the special work to 
which it is to be devoted. The feed can be altered by 
using a different combination of change-gears. The belt- 
pulley and change-gears are enclosed in covers, but 
these are easily removable, and the lower gears of the 
feed are mounted on a quadrant, which can be quickly 
dropped if the substitution of other gear-wheels should 
become necessary. Normally, however, the machine 
is designed for large quantities of work at one suitable 
spindle speed, and a corresponding feed. The belt- 
pulley is exceptionally wide, and the gear-head con- 
tains one set of wide 3 : 1 herring-bone reduction gears. 
The spindle is of chrome-nickel steel and runs in phos- 
phor-bronze bearings. The belt-pulley is independent 
of the main spindle, eliminating belt pull on the 
spindle. The tail-stock is of very stiff design, as will 
be seen from our illustrations. 

The chief feature of the machine consists in the 
fact that provision is made for the simultaneous 
operation of up to four turning tools and four facing 
or parting tools. The turning tools are fixed in two 
slides mounted on the front carriage, which is driven 
by a drop-worm r by means of a feather —. 
in a slot on the feed-spindle which runs the length o' 
the machine in front. As the carriage moves to the 
left a projection onan arm a, shown dotted in Fig. 3, 
comes in contact with an adjustable cam-lug on the 
plate b. This forces the arm out, and this movement 
causes the main slide c to move in to the work. 
During the travel of the carriage the tool-slides are 
thus held up to the-work. At the erd of the travel 
the end of the arm a slips in over the cam-lug, and 
the tools are moved out away from the work. The 
carriage is automatically returned to the starting 
point, the contact on the end of the arm «a being 
actually mounted on a hinged slipper, which, on the 
return, rises over a bevel on the cam, and allows the 
arm to pass back without moving the slides in. The 
cam-plate b is adjustable as regards position, and can 

re by another plate should work require a 
longer travel. The tools in shell-making are mounted 
on two slides d and ‘e, the movement of one, d, bein, 
in a straight longitudinal direction, while the ‘ 
¢, combines longitudinal and transverse motions, so as 
to shape the point of the projectile. The transverse 
movement is controlled by a contour plate /, which 


has s curved slot in it, and is provided with a steady g, | 


12° Quack 


Collapsing Tap 
Fie. 7. 


clamped on the front vee of the bed. As the slides 
move to the left, a lug on the small rest ¢ working in 
a curved slot in the plate / causes the tool in this 
slide to shape the work in a corresponding manner. 

The parting and facing tools are carried in a tool- 
box or block h, clam to a large-diameter shaft j 
running the length of the machine at the back, and 
carried in bearings fixed to the head and tail-stocks. 
Clamped also to this shaft, and likewise to the tool- 
block h, isan arm k. The end of this arm is fitted 
with a knob which moves in a slot in the cam-plate /. 
This plate is mounted on a carriage which is part of, 
and moves along the bed with, the main carriage. The 
plate / is adjustable, and can be set so as to give the 
slot in it any desired angle within a certain range. 
As the carriage moves, therefore, this slot constrains 
the arm, and therefore the facing-tool block, to move 
vertically up and down, feeding the tools in and out. 

One or two features still remain to be noticed. The 
machine is provided with an adjustable automatic 
trip for the main carriage-feed. ‘This is to be seen in 
the photograph, Fig. 1, to the left of the apron. The 
shoulder on the a side of this trip-bar throws the 
feed-worm out, when the carriage is returned to the 
right-hand end of the bed automatically by the heavy 
weight shown suspended under the oil-tray. The 
return movement, of course, withdraws the facing 
tools from the work, and also trips the belt-gear 
automatically, throwing the belt over on to the loose 
pulley. A oe to the belt-gear is also provided, 
and also a hand-brake on the driving-pulley for stop- 
ping the latter quickly. As the machine is thrown 
automatically out and the tools are returned to the 
starting position, all the attendant has to do, when 
once arranged, is to change the tools for grinding and 
change the pieces of work as they are finished and 
start up again. It is thus easily possible for one 
operator to attend to more than one machine. 

For the manufacture of ordinary shrapnel, a gang of 
three machines is recommended, consisting of (1) an 
extra heavy turret turning-lathe; (2) automatic lathe for 
rough turning ; (3) automatic lathe for finishing. The 
operations performed on each of these three machines 
occupy approximately the same time, so that they 
could be run continuously. Details of the operations 
for 3-in. shrapnel are given below, Figs. 5 and 6, 
explaining the turret automatic lathe work respec- 
tively. ‘he plant is suitable for shells up to 6 in. in 
diameter. 

First Operation.—This is done on the extra heavy 
turret-lathe, as shown in Fig. 5 :— 


Min. Sec. 

(a) Insert shell in chuck ... = = 0 15 
(b) Boring out threaded ion and 

a “* 
(c) Ream threaded portion and dia- 

phragm seat; square open end of , 
(d) Tap out end of shell with collapsible ag 
(e) Ae shell from chuck ... a 0 15 


Total time for first operation, 3 min. 30 sec. 





Second Operation.—Performed on one of the auto- 
| matic lathes, as shown in Fig. 6 :— 
| 5 fi 8s 


| (a) Screw-driving arbor into eijd of 
ae in a, a 


4 


ATTACHMENT FOR Borino 3}-In., 18-Ls., Enoiish SHRAPNEL. 


(b) Place between centres 4 bie 

(c) Rough turn all diameters with four 
tools in front block, three of these 
for straight turning, and one in 
a cgnetal rest for turning formed 
portion at front of shell; four tools 
in back arm will in the meantime 
form the rear end of shell; face 
down rear end of shell, groove for 
ring, and round fillet ss aj 

(d) Remove shell trom chuck 


matic machine, as shown in Fig. 6 
driving-arbor left in shell. 


(a) Place in centres — te on 
(0) Turn all diameters with four tools 
in a blocks, Same ee ie 
straight turning, and one in 
special rest to turn front ion ; 

four tools in back arm in the 
meantime square down end of 
shell, form end, round fillet, and 
knurl bottom of groove oe 

c) Remove shell from lathe... 
otal time for third operation ... bed 
Extra allowed on each operation for 


Output 
30 seconds 


by a spring. 





GIRDERS.* 


Tue subject of the 
the impact of moving as is 


of the extensive 


on the subject, 
ment. placed at his 


Rules lay down a 


* Abstract of a 





read 
Civil Engineers on Tuesday, April 13, 1916. 


Total time for second operation, 3 min. 
Third Operation.—Performed on the second auto- 


This operation would be performed with the threaded 


Output of the unit of plant, one shell in 4 min. 

per unit of plant, fifteen shells hour, allowing 
for contingencies on eat operation. 

Fig. 7 shows « turret-lathe attachment for bori 


the inside of the shells on the curve. The she 
shown is the 3}-in., 18-lb., English l. The 
boring-bar is carried in a slide, the movement of which 


is controlled by a sliding cam. This cam engages in 
a fixture on the bed, and as the capstan is fed away the 
cam is drawn out of its housing. This relative move- 
ment causes the slide to follow the movement of the 
dotted roller shown, which is kept up against the cam 


ON IMPACT COEFFIOIENTS FOR RAILWAY 


By Caries WILLIAM Anperson, M. Inst. O.E. 
allowance to be made for 
of especial interest at the 
present time to Indian railway administrations, in view 
> ; sae eo have in hand 
or the replaci —j-—! bridges. 

The Indian Government Rules have recently been dis- 
cussed and criticised, and the Indian Gov rnment desire 
to have the matter further ventilated by ‘discussion. 
Finding that the author had in view the su 


disposal the data which they had 
collected in the shape of deflection and extensometer 


ts. , 
ae OE a nee, Se rst of which 


———e tl of the Indian Government Rules 
which relate to the subject of impact, and describes their 
or} b. 


and developmen 
moTION Il.—Standard Moving Loads.—The Indian 
standard uniform moving load to which 


before the Institution of 
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0 15 
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These Tondo are whe considered as static, and the allow: |COLONTAL AND FOREIGN ENGINEERING | hi ‘5" whereas Carpenter and Kawarde’ diagram gives 
oe Sen ienpost 1 is provides Dy eye ot ne contra- PROJECTS. the ger ery as existing down te pera, tempera- 
istincti f e which leaves to ‘ fi : wi ering any decomposition. Curry com- 
the, designer what proportion of the eae working street | trai enginenrng project, taken from the. Boord | lstel ignores the ined ace Fig. 1) found by Carpenter 

Jowrnal. Further information con: these | ®™< rr che ag rg = 


In order to dissociate the consideration of the static 
and dynamic effects, the author gives di of the 
equivalent distributed loads for the engines and trains in 
actual or probable use on Indian railways, and arrives at 
the conclusion that in this respeet the Indian Rules are 
not excessive in their demands. 

Section III.—The Safe Working Stress.—The correct- 
ness of any rule for the coefficient for impact cannot be 
discuseed withcut first coming to a conclusion with 
regard to the safe working stress which is used in con- 
junction with it. - 

If it be acce: as axiomatic that thé elastic limit of 
the material should never be passed, what has the margin 
of 8 tons per sq. in. to cover? 

It has to provide for :— 

(a) Accidental defects in the material ; 
} Initial stresses in the material due to rolling ; 
c) Stresses due to variation in temperature ; 
(d) Loss of section by corrosion ; 
? Faulty a ; 
) Secondary stresses due to eccentric loading. 


Taking all these probable causes of increase of actual | the 


as compared with calculated stresses into consideration, 
it does not appear that the nominal unit stress of 8 tons 
per sq. in. could be increased with advantage, 

Szction 1V.—Impact Formule.—All impact formule 


Canada: Reports have been received from the Imperial 
Trade Correspondent at Toronto notifying manufacturers 
that a company has been inco in Ontario, with a 
capital of 1,000,000 dols. (about 205,500/.), to undertake 
the manufacture of certain patented devices for carrying, 
transporting, and weighing mails and merchandise. 

Australia : H.M. Trade Commissioner reports that 
tenders are invited by the Electric Supply Committee of 
the Melbourne City Council for the supply and delivery 
of (1) two fuel economisers and fittings; (2) one turbine- 
driven boi eed-pump; (3) four m - 
water-tube boilers with superheaters ; and (4) two circu- 
lating a. with a capacity of 500,009 gallons 
each per hour. hh tender must be accompanied by a 
preliminary deposit of 2} per cent. of the amount of the 
offer. Sealed tenders. on the proper forms, will be received 
up to 10.30 a.m. on June 15, by the Chairman, Electrical 
Supply Committee, Town Hal], Melbourne. Copies of 

specifications, forms of tender, » may be obtai: 
at the offices of Messrs. McIlwraith, McEac and Co., 
Billiter-square Buildings, London, E.C., on payment of 
5s. for each set, which will be returned on receipt of a 


, - 7 bond-fide tender. Deposits may also be paid to the same 
are derived from Wohler’s ex ments, followed b n n : 
eckinem, Hane eee Eee ~F. Wer. firm. Copies of the specifications, forms of tenders, and 


rauch deduced formule from these. Mr. E. H. Stone 

as posed a formula which expresses the ultimate 
effect of the moving load, building up his theory from the 
ratio which that load bears to the total load. 

The Pencoyd formula, as used by the Government of 
India, de 8 more upon span than upon range of stress, 
thus differing from Stone’s range rule. 

The effects of the use of the various formule are shown 


in diagrams. 
SzcTion V.—The Evidence of the Immediate Effect of 
Moving Loads.—(a) By Calculation.—One of the principal 
re) 


f is 
the oy 
of the engine. Variation of pressure is by centri- 
fugal force, set up by unbalanced parts or by excess 
vertical action of 0e-weights. An engine in use on 
the Bengal-Nagpur Railway is chosen for illustration, 
and increase of stress for spans of 5 ft. to 308 ft. is calcu- 
lated for bending moments, shears, and cross-girders. 

In addition, the causes of increased stress are :— 

1. The effect of the velocity with which the load is 


applied. 
pt The effect of shocks caused by flat wheels, &c. 

a side pressure of the wheel-flanges against the 
rai 

4. Wind ure on one rail. 

5. Coincidence of period of vibration. 

6. Curved trajectory of the moving load. 

(B) imental KEvidence.—Extensometer results of 
Messrs. Touche and Sales, and Professor Turneaure, 
and deflection observations of the Government ~~ eo 
are plotted and examined in comparison with other 
and with the Indian Government R 

Seorion VI.—The Evidence of the Cumulative Effect of 
Moving Loads. — The condition of 350 wrought-iron 
girders on the North-Western Railway is shown in 
appendices detailing the result of tests of the material, 
and also in a drawing of a girder tested to destruction. 
After thirty years’ use the girders had lost camber and 
showed loose rivets, and tests of the material indicated 
extreme brittleness. 

The Lansdowne Bridge, on the North-Western Rail- 
way, after twenty-four years’ use, has a large number of 
loose rivets. The stresses and typical joints are given in 
illustrations. Corroborative evidence is given in a typical 
girder on the segs Tee 

General Conclusions.— idering the sources of stress 
dealt with in Section III., and the evidences of the 
immediate effect of the moving load, the author concludes 
that the minimum increment which should be allowed to 
|e — pe load is that which may be calculated by the 

mula :— 


T= ‘oe L 8 OT yaar Government rule 
T= go+ © 
This formula is suggested as a basis for discussion, as a 
suitable rule for use in connection with existing girders. 
For cross-girders and rail-bearers even the Government 
rule is, if anything, too small. 

For new girders intended to last indefinitely, it is 
doubtful whether the formula is sufficient 
when taken in conjunction with the working stress of 
8 tons per sq. in. 

Weight of Girders.—The weights of main girders to 
the existing rules, the modified rule I = we L and the 
Board of Trade Rules are calculated and compared. 








Lares New Monicipat Biecraicat Station 1x Copen- 


HAGEN.—The limit of capacity and extension 


obtain electric current from the 
Electric Power -Station at Trollbiittan (it being all 
locally wanted), the erection of a large new station has 

necessary; the first instalment will be for 
16,000-kw. Steam-turbines will be used, 


d stress, especially on small spans, 
shifting of the weight due to the lurching | P° 


drawings may be consulted by United Kingdom manu- 
facturers of the above-mentioned machinery at the Com- 
mercial Intelligence Branch. 


Spain: With reference to the call for tenders for the 
construction and working of a steam-tramway from the 
station of Santullano to the Moreda mines, the Gaceta de 
Madrid notifies that the concession has been awarded 
to the Sociedad Industrial Asturiana. The same journal 
contains a notice, issued by the Ministerio de Fomento, 

mting to Don Francisco Tomas & concession 
‘or the utilisation of the waters of the Rio Mundo, in 
the Province of Albacete, for the production of electric 
wer. The necessary works must be completed within 
a period of four years from the date of the publication of 
the concession. 


Argentina : The Boletin Oficial, Buenos Aires, pub- 
lishes a decree approving an ad referendum contract 
entered into between the Director-General of Irrigation 
and the Government of the Province of Catamarca for 
the execution of irrigation works in Catamarca Valley. 





SOME EXPERIMENTS UPON COPPER- 
ALUMINIUM ALLOYS.* 
By J. H. Anprew, M.Sc. Manchester. 

THE two most important papers dealing with the equili- 
brium diagram of the copper-aluminium alloys are those 
by Carpenter and Edwardst and Curryt seapentivele. A 
glance at the two diagrams by these authors is sufficient 
to show that they differ in many important details, and 


Fig.1-DIAGRAM SUGGESTED BY THE AUTHOR. 
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the most interest- 


from a ical point of view perha; 
fag of thes didietoneas to to he's in alloys containing 
between 80 and 100 per cent. of copper. Ourry finds that 
the 8 solid solution breaks down at a temperature of about 





* Paper submitted at the Institute of Metals on 


MCh td Blewdn,Rghth Repro he Alo 
i to 
mittee, Institution of ical Eng 


neers, Pe 179, 1907 ; ENGINEERING, vol. lxxxiii., pages 
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} Ourry, Journal of Physical Chemistry, June, 1907. 








ned | In the high aluminium alloys 


point found by Carpenter and Edwards, but completely 

NA nee’ is a small ae ~ heat —- —_— 
uri jing at a temperature eg. t. in 8 
conteuians baween 9 and 16 per cent. of slumiaiens. 


This point was not only found to occur during cooling, 
but upon heating ; u heating, however, the sha 
of the curves seems to indicate that it occurs as an evolu- 


tion of heat, and not as an ; on heating, the 
point is evident about 400 deg. Cent. é 
iaaier wok Ueels ts bt eee yy tee 
penter wa any in lagram, 
and also whether or not the low temperature change in 
alloys containing between 9 and 16 cent. of alumi- 
—_ was real or not, that the following experiments were 


e. 

Obviously the only method of attacking the problem 
was to take a series of cooling curves of all alloys con- 
taining between 10 and 20 per cent. of aluminium. 
A ingly a series of alloys was made, and small speci- 
mens, § in. in diameter and § in. long, were cast, and 
differential and direct curves taken in the usual manner. 
were supplemented 
by freezing curves. 

In cases where the alloys were too hard to be drilled, 
small chilled castings of }-in. section were made, the 
metal being poured round a small fireclay capillary tube 
which was inserted in the centre of the chill, the drilling 
out of this tube providing the hole necessary for the re- 
ception of the payee gr 

n the case of the 18 and 19 per cent. alloy it was found 
almost impossible to bore the fireclay tube out without 
breaking up the specimen, so that in these two cases the 
specimens used for taking the freezing-curves were em- 
Steoed and direct time-temperature eurves The 
whole series of curves plotted in the inverse rate method 
are given in Figs. 4 to 7, and the various points obtained 
from these curves plotted in the form of a diagram in 


Fig. 1. 

‘Seed interesting facts are brought out by these 
curves. In the first case temperature arrests co nd- 
ing to the line de of Carpenter and Edwards are clearly 
visible, but it will be seen that this line does not termi- 
2< . = B+v¥ field oo the x 
field, but, u meeting this line, proceeds in the form o 
+ havinentill beats to the line separating the 8 from the 
8 + ¥ field. Now the only construction that can be 
put on this change is that it represents a decomposition 


nate at the line separating 


Fig.2.AFTER BEING HEATED FOR 1HOUR AT VARIOUS 
TEMPERATURES. ALLOY N°I3: COPPER, 90-06 PER CENT; 
ALUMINIUM, 9-90 PER CENT. 











(sez) Temperature Degrees Centigrade. 
. CURRY 'S DIAGRAM. 





Per Cent Cu. 


(ase7.c.) 


fee Sota Se y constituent. Since, however, the 
evolution of is greater as we approach the + side of 
the field, and since it ceases in the pure § areas, it must 
heey oe = ane. Ss constituent, as Carpenter 

aenching experiments were carried out with the idea 
dé telan the difference in microstructure due to this 
i d from above the 
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were obtained, polished, etched, and examined. Al- 
though almost every possible etching medium was used, 
no difference in m was noticed, and a large 
number of samples of different 


composition were experi- 

mented with. 
From these i ts, therefore, it is concluded that 
the critical point is due to the change of one colourless 


constituent into another, and for that reason is not dis- 
cernible by means of the microscope. The line de may 
therefore be consi as occupying a true position in 
the equilibrium di m, a line separating the 7 phase 
from the 6 w horizontal line d c separates 
the 8 + 7 from the 8 + 3 phases, 5 being the same as 
Carpenter and Edwards’ 7’ constituent. t there is no 
change in the 8 constituent is evident from the micro- 
structure, the § constituent showing no variation, except- 
ing in quantity, as the temperature of inversion is 


author assumes that the various phases in this 





In this case it must be assumed that the first evolution of 
heat is due to the decomposition of the § into a + 7, and 
the second evolution due to formation of 5 constituent 
from the metastable y. At 13.5, however, 5 is directly 
formed from the y constituent previously deposited at 
766 deg. Cent., so that all alloys containing more than 
13.5 per cent. aluminium will have fiee 5 present at the 
time the decomposition of 8 sets in, with the result that 
— will be much less tendency of super-cooling of these 
ys. 

Another interesting point to notice in connection with 
the pure § solid solution is that, whereas above 766 deg. 
Cent. it holds the + constituent in solution, and at 7 
deg. Cent. the pure 7 breaks down into 3, no such change 
is recorded in the pure 8 solid solution itself. This is 
somewhat remarkable as indicating either that + loses its 
identity when in solution, or else that the 7 is stable 
when in solution in the § down to the temperature at 











8 can 


can exist; it is in many respects analogous to the Ar, 
point of pure iron, which, i i 
entirely due to the labile condition of tee? 
ous 2 Gay cupeeae cuoteeh ¢ 8 
» this low point is 


d on 


into a. 
ew wh 
shou the eonil 


cent. aluminium alloy at ing tem ree. It is 
seen that between 300 deg. to 200" 


in the 


mechan 
to the undecomposed f breaking up on heating between 
300 deg. to 400 deg. intoa + 6. Now if this change was 
merely due to the changing of deposited 7 into 5, no such 
differences in mechanical —— 
since the difference in the ical 
5 cannot be great, whereas the difference between the 8 


and a + 6 conglomeration is considera| 






















to Benedicks, is 
iron, and not 
1 as that of 8 
some importance 1s 
179 of Carpenter and 


Fig. 2. This di 
properties of a 9.9 per 
is a sudden 


. to 400 deg. 
properties, due undoubtedly 


would be obvious, 
properties of 7 and 























































































































region of the diagram are grouped as in Fig. 1, the| which § itself is stable. The latter explanation agrees| The analyses of several of the allo 8 were carried out ; 
alteration necessary to Ourry’s diagram Ghowe i Fig. 3) | well with what has been said with to the + first| the ‘analytical results corresponded so well, however, 
being (1) the insertion of the line d ¢, and separating the | separating at the euvectoid, in turn to be changed into 3.| with the intended composition that it was thought un- 
Fig.4. Fig. 5. 
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7 from the 6 phase; (2) the insertion of the line cd| With reference to the low point at 290 deg. Cent., a S 
separating the y+ from the 6+ phases; (3) the | study of the heating and cooling curves of ter and } 
mares of Meg ~ fe copereling the Fe iquid ~~ , a that there tn a  P a of heat 
ses from the 5 phase to nt ¢ at 17.5 per cent, | at jeg. mt. on cooling in loys containing ~ ; : . 
sluminium 3 (4) the removal re The _ Pd separating | between 9 > 16 per cent. aluminium ; — ape Sy the fwrr) Derived Differential Curves 
i now hase rry’s y) from the 5 + e phase to | largest evolution occurs at the composition o pure . ‘ 
19 per coun chemists’ “Sila aemaiianes ty dome lecteeia, The heating curves also indicate an evolution | Becessary to analyse the complete series. The following 
vation of the point at 573 deg. Cent. in the cooling-curve | of heat in the neighbourhood of 400 deg. Cent. Sy S _ 
for the 19 per cent. alloy. In order to determine whether this point was real or | Intended Compositi 
With regard to the other points, Curry’s figures have | not, cooling curves of a 12.75 per cent. aluminium alloy of Alloy. Found by Analysis, Error. 
been taken as being correct, and accordingly no altera- | were taken ; this curve, which is given in Fig. 7, shows | Aluminium per Cent. 
tion has been made, epee, aga regard to the eutec- | well-marked evolution of heat at 290 deg. t., besides 13.0 12 83 —- 0.17 
toid point, which has been ta as occurring at 515 deg. | the double point at 480 deg. Cent. and 500 deg. Cent. If 15.50 15.44 ~ 0.06 
Cent., the mean value for the points obtamed in the | this evolution of heat at 290 deg. Cent. is dependent upon 170 17.15 + 0.15 
several alloys. _ |some metastable phase, due to the incomplete decomposi- 125 12 66 + 0.16 
An interesting point with respect to the curves is this | tion of the 8 into a + 6, then an annealing at a tempera- 11.5 11.61 +011 


variation of the eutectoid po pay and the position 
of the eutectoid point. It wi!l be seen that up to 11.5 
per cent. aluminium the eutectoid F cag is practically 
constant between 530 deg. and 515 deg. Cent., but that 
in the 11.5 per cent. alloy, and im those containing more 
than 11.5 per cent. of aluminium, there is evidence of a 
lower point at 480 deg. Cent ; this point reaches a maxi- 
mum in size, and decreases gradually up to 13.5 per cent., 
where it is practically absent. At 125 per cent., how- 
ever, the entire eutectoid evolution appears to occur at 
that temperature. In all ys containing more 
13 per cent. of aluminium, just one point is observed at 
about 506 deg. Cent. This peculiarity was evidently 
noticed by Carpenter end Edwarde, who mark the various 
points in their diagram. 

Tt seems highly Pager that the low point at 480 deg. 
Cent. shown in theee cases is entirely due to super- 
cooling, and is due to a retardation of the ing down 
of the 8 contituent intoa +4. The question that arises 
from this is: Does the 8 constituent first break down 
with the formation of a + 5, or are a + + the first pro- 
ducts, the y then changing into 6? 

The fact of there being a second evolution of heat in 
loys on the + side of the eutectoid up to 13 per cent. 
aluminium, and that this second evolution is absent above 
13 per cent., is strong evidence in favour of this view— 
that the 8 constituent breaks down with the formation 
of a + 7, the y constituent a changing into 6. 


than | results to the 


ture below 480 deg. Cent. should facilitate the decom 
sition, and no low point ought to be obtained. That this 
is so is seen by curve 5 in Fig. 7, which is a cooling curve 
taken after heating the alloy at a temperature of 460 deg. 
Cent. for three hours. 

Another specimen containing 14 per cent. of aluminium 
was also taken ; the heating and cooling curves are given 
in Fig. 7. It will be seen that there isa marked evolution 
of heat on heating at a temperature of 412 deg. Cent. 
Annealing for a few hours at 460 deg. prod similar 
previous ones, completely obliterating the 
290 deg. Cent. point. 

Tn view of fact that the evolution of heat at 290 
deg. isat a maximum in the pure eutectoid alloy, tne only 
possible explanation seems to be that it is due to some 
undecomposed § existing down to that temperature, and 
at | ee temperature is transformed partly to 
10s constituents a +5; only partly so, as it has 
been shown that a similar occurs in heating. 
Given time, however, the whole of the 8 constituent will 
be resolved into its components if heated above that 
temperature (290 deg.). , aes 

Another possibility is that this low point is due to 
os constituent t changing to 5; but in view of 


I evolution of heat at the 
tion 
point is due to super- 





com posi- 
of the pure eutectoid, :s is most probable thet this 
i SO Poe ae 

1s the lower limit of the labile range through which 






















































From which it is seen that the greatest difference is 0.17, 
an amount almost within the limits of experimental error. 
i ing alloys were taken as being of 

ition—that is to say, the composi- 
ir making. 


According} 
the required com 
tion aimed at in 


y the remain 





























British Rais ApRoAv.—The war is somewhat natu- 
our ex; 
ch last 
with 40,207 tons in March, 1914 and 34,064 
tons in March, 1913. The 
ing March 31, 


rally telling u 
p+ Ae 4 4 
as compared 


months end 
compared wi 





133,593 tons in the first 
and 111,436 tons in the first quarter of 1912. 


Ovr Locomotive Exports.—The exports. of 
tives from the United Kingdom in the first quarter 















te 
ving been only 17.002 tons, 


aggregate exports for the three 
18 year, were 56,860 tone, as 
(mae of 1914, 





with the 
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Two floodable length 2) f the | Various floodable partment standards. In contrasting 
THE INCREASE OF SAFETY AFFORDED | som mi i oes toe ne oe FD being acke of damage permitted by the different systems 
BY A WATER-TIGHT DECK.* oor the ship with no wien Sieh 91, the other showing ~ Bey suk eg? pee it aoe be be sqnennieeed thet . any voles 
. length jooded when flooding is con- spacing of bulkh w oes no 
By K. G. Fuvtar, Associate-Member. fined to a> entent le of a water-tight sg add tothe number of floodable ae must entail 
corresponding reduction in the tes 


THAT a water-tight deck gate to the safety of a 


ship is generally of this paper 


occurs with 


greatest increase 
water-tight deck is to be looked for. 
most satisfactory criterion of safe 
extent of damage which under the 
cumstances may suffice to cause disaster. 
The poe Snr) amount of damage necessary to ensure a 


4g. 2. CURVES OF FLOODABLE LENGTH ON 
A BASE OF CENTRE OF LENGTH. 


ypes of damage met with at 
sea, and to apply to =e a TEitable criterion of safety. 
Here it is pro to consider (1) the long ripping blow, 
such as may “tow camed by the stm ice, and (2) 
the deep cutting blow of a p 
vessel. The first damage, being longitudinal, is 
naturally most e aoe aly met by 
division, and it is when gen of this nature 
safety Y pesaiting from 

For such cases the 

appears to be the 
it favourable cir- 





= 











—_ Me 
K5s¢, m 1h 
RATERT £ \ 
‘ 
\ 
he 

"hs ' 

P NS 
= «af 73 ef FR 

meLtinate Scale-One Half Absassa Scale 

” 


longitudinal sub- | belo 


fitting of a | vidual 


w the deck, ‘which i is non-watertight in the 
othe: tight in the other, is consi 
space, and & water exclusion of 40 per cent. ioe bene 
wed for. Above this deck it is assumed that passen- 
= are carried, the water exclusion being taken at 5 per 


To obtain a curve showing the length damageable 
w the water-tight deck, reference has to oo sue made to 
two curves—viz., the curve of sf floodable length below the 
water-tight deck, and a curve = as the lengths of indi- 
transverse compartmen Since no system of 
subdivision can be regarded as entirely satisfactory if it 
does not make provision for surviving a blow from 
another ship’s stem at any point, it is assumed that the 


h curves. 

The of a water-tight deck at some distance 
below water-line having recentl _— advocated 
— this ee, ee a end the 
cargo | effect produ on initial sta! ity when flooding takes 

be wd 8 Be tight deck. The curves given in 
the gain or loss of metacentric —_ 

flooding various percen 
same ship’s length (1) } a no water-tight deck, (2) helew 
a water-tight deck close down to the load 
water-line, (3) ty a water-tight ae ee half- 
way between the load water-line and the deck, 

4) " Seve a water-tight deck half-way between the 
oad water-line and the keel, and (5) ioe a water-tight 
deck which a one- — uarter of the load draught below the 
load water-line. ese decks are evenly , being 
8 ft. 6 in. apart. It is assumed that flooding occurs about 
& point one-quarter of the ship’s length from the fore per- 


tteght yok. 





Fig. 
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fasesy ¥’ Of Floodable Compartments. 
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pendicular. This position was selected in preference to 


Fig4. CURVES OF DAMAGEABLE LENGTH ON A 
BASE OF CENTRE OF LENGTH. 


—_ 0.1. VESSEL WITHOUT posers 3 DECK, TOFLOAT WITH ANY 


COMPARTMENTS FLOODED 
noe vo 
No.8. 4 
nad. s 
WO.5. VESSEL anil WATERTIGHT OECK, 
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(4945.0) Ordinate Scale-One Half Abscissa Scale. 


CURVES SHOWING VARIATIONS IN HEIGHT OF METACENTRE ABOVE BASE RESULTING FROM FLOODING. 
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sufficient 


ship’s loss Ang erretie lena oe yy is just os 
ara ms 


to cause the 
ship subdivided : ay by oa talibenda, ant 
signed to with ay | two compartments flooded, Si 
sink if she chances to be under water from the 
fore side of one bulk’ after side of the first 
bulkhead abaft it ; in — words, her damaged jong 
requires merely to ga however slightly, one-half of 
bor flood floodable length Whatever flotation standard— 
BAF Hy of floodable — 





Ftg.7. 
8-896" 


eR ae er 


sastlatusl a 
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Aim A oe 








fem Nee le 


“6 
Curve as FLOODING pt vy hg | NO WATERTIGHT DECK 1§ FITTED. 
UN. 


2 


7 
snirias. ORAUGHT” 34 


over wr ‘bece 3 
‘eo: 


” 
” 


3: 
4 re 
transverse bulkheads of the ship having the water- tight 
deck are spaced on the ‘‘two-compartment” basis. The 
curve giving the len of a compartments, 
therefore, would be damageable-length curve of the 
ship having no water- tight deck, were she also a ‘‘ two- 
compartment” vessel. Here it should be ee that 
the ordinates of all the floodable and damageable- 
curves have drawn to one-half the abscissa scale, so 
as to enable the lengths of compartments to be toad by 


ts—be | using a 45 deg. sebt-square. 


necessary to ey J about| The ery Yep eye as shown 
speed she damaged y just exceed the floodable oot a If a bulkb laced at A, the floodable 
le minus the length of one compartment. ahheih Worki aft from A, | 
@ additional security against longitudinal damage anes of bulkheads are seen to C, D, and 


whioh results from intricate transverse subdivision may 
be shown graphically (Fig. 1). It is clear that the 
ss of a “‘six-compartment ” over, say, a “‘ three- 

t” ship is by no means so great as the | posi 
dieparity i in the sumber of floodable com, ts would 








sequently, no greater length than A E LT i +H. be 
flooded, since the next bulkhead abaft E will clearly 
be — the length floodable abaft A. With this dis- 

of bulkheads, it is evident t mast 
ere at least from C to E before the vessel will founder. 


seem ab wabeln ag Ly me fp ane wadectle Thus the height Saree Dene Sivet F, which is mid- 
floodable and length may be bx 4 between © and E, represents the damage- 
i deo extend of euch temanen'é able about that SS Cas > Se ave 
Gon oe £pace below the wasentl mainly slope of the floodsble | curve another starting-point 
bears to the space between it and the bulkhead deck. deck. | a can be found, from which it will be possible to flood 
With a view cook peas the increase of longitudinal | four consecutive compartments ; therefore the height of 
tet dock, inves wy be froodgens og oy sana isugth of thee St (atidway between o and 2) oa 
in in case partments, which must opened u 
eens nies :— | at that # in order to canes Joss. Hence it will be seen 

Length 660 ft.; breadth, | thatu a water-tight deck increases 
68 ft. 6 in.; depth to oa deh ms UF by from the point of its minimum value. Its curve 
34 ft. ; load displacement, 29,330 ton | resembles an eee RR 7 eee 
* bulkbead ou curvé,” as may observed by referring to 

°*Pp read before the Institution of Naval Architects, Fig. 4, on which also the length curves of | Mr 
March 24, 1915. j the vessel witbout a water-tight deck are drawn to 


20 


v. BECK 170° AELOW BULKHEAD DECK. 














midships, on account not only of the 
water-tight deck in way of 


fogs 


cbical difficulty of 
machinery space, 


tie 


use it is in connection with damage for 


that there is most likelihood of the water-tight deck 
being brought into play. In obtaining thése curves, the 
method of jing the internal water as lost buoyancy 


length | was adopted, the ship’s displacement and position of 


centre of gravity thus remaining unaltered. 

The rise of metacentre shown on curves Nos. 2 and 3 
is due almost entirely ‘to the rise of the centre of buoy- 
aney. Curve No. 3 may be considered as coinciding with 
curve No. 1 up to the point at which the free-water 
surface becomes destroyed through contact with the 
water-tight deck. When flooding takes place over 
water-tight deck, the rise of the centre of buoyancy is 
relatively slight, and is mot sufficient to counterbalance 
the uction in moment of inertia, even 


though the ratio of i — draught to breadth isas favour- 
able to stabili im the hip condition as it un- 
oa S is in ship under discussion. The result of 
fi percentages of the lengths of similar 


vessels g the same same drought but greater breadth has 
been determined, and Figs. 6, 7, and 8 show such results 
calculated for ships with breadths of 79 ft., 89 ft. 6 in., 
and 100 ft. respectively. The rapid fall of metacentre 
caused by the flood: — above a water-tight deck of the 
broader shi ly understood when it is borne in 
mind that redwotion i in ite height above the centre of 
buo varies as the square of the ship’s 

series of curves demonstrates that, although a sub- 


* Vol. lv., Part Il., page 26: Discussion following 
Hillhouse’s paper on “Safety of Life at Sea, 
ENGINEERING, vol. xcv., pages 881 and 893, 
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merged water-tight deck will probably limit the lossof buoy- 

resulting from a given length of damage more effeo- 
tively than one placed above the water-line, yet there is | 
a — _ stability may suffer > bo = of 
initial stability varying, approximately, as length | 
flooded ; further, the risk on this account becomes greater | 
as the ratio of breadth to draught increases. 

The chief danger of the ripping blow lies in the fact 
that its length cannot be predicted; in addition, no 
assistance from outside, such as may reasonably be looked | 
for by a vessel damaged in collision, is to be expected, 
consequently the greatest value of the water-tight deck | 
will be realised on occasions when the necessity is | 
greatest. Be eon = .—~¢ ys ~ - 
garding the permeability o spaces, the 
water-tightness both of the bulkheads and of the ship’s 
sides up to the bulkhead deck are sound, the effect of 
being cut into by another vessel can be determined, and 








the bulkhead-deck. The metacentric height in the 
intact condition is 18 in. 

The first curve in Fig. 10 applies to the vessel when 
struck on one of its bulkheads, where the spacing of these 
is one-half the floodable length. For the second curve, the 
damage is identical, but the ing of the bulkheads has 
been reduced to one-third of the floodable length. In 
neither of these cases is the existence of a water-tight 
deck assumed. Curves Nos. 3 and 4 show the results 
obtained when two-thirds of the floodable length above 
the water-tight deck are flooded in combination with the 
entire length below it in the former case, and with one- 
half the floodable length below it in the latter. 

The following table may be referred to in connection 
with Fig. 10 :— 























































































































transverse bulkheads spaced so as to ensure flotat'on, | . Top of either 
even though injury be sustained by one of these. In| No of  gytent of Flooding ee 6 Balkhiead 
accidents of this nature, the chief source of danger would | Curve. ‘ *”" | Booded Portion 
probably be the resultant loss of dynamical stability. Touches the 
A water-tight deck fitted in a ship which has trans- Water. 
verse bulkheads of the usual type, extending from the —_— — —_—-— 
double bottom straight up to the bulkhead-deck, will be | 1 |wees Gestant ft. ft. 
of no service in such an event. It is bound to suffer | ionath oodable ass | 2.50 |\Lew then 14 
damage ; the water will be free to rise above it, and the 2 |Two-thirdeditte || 92 1:95 17 deg ae 
result will be the same as if there were no water-tight 3 |Wholedittobelow and : 
deck. B aposing Seihiaeds more closely above the two-thirds ditto 
water-tight deck t below it, however, it is possible to above water-tight . 
effect some improvement in stability. As the length ‘ ona us wee 4.5 2.80 10 deg. 
of ship increases, the Internati Convention pro- poe — thirds 
vides for a gradual reduction in the ratio which the ditte above water- 
length of compartment bears to the floodable length, and tdeck . a 2 1.32 19} deg. 
the writer has endeavoured to ascertain whether the all PRR Oe 
Fig. 10. CURVES OF STABILITY IN DAMAGED CONDITION. SHOWING EFFECT OF 
COMBINING A WATERTIGHT DECK WITH TRANSVERSE BULKHEADS 
3 2 SPACED DIFFERENTLY ABOVE AND BELOW IT (SEE TABLE). 
4 
§ g 2 
N 
Ss ae 
2 
4 3 
. 0 OF 30" a0 oO 0" 70° 80° 30" 
(43456) Angle of Heel. 
‘ [70 Fig.44 
Fig12. Fig.13. i 
te a enLine 
3 Jo rsonee 
7 ¢ 
& ss . 8 7 ° 
i $s $ 
ig . 
7 ke § . » 
# &s 6&8 8 4 § 
< ¥ 
29,210 29,540 IQASHOTONS. a) : 
oN 
Lo P 
wth. 
Dri aie ow oe os bs 6a 
“nen 8 expressed Ao tes | ength of Fase. 
queemesuedl —— 
greater 1 in of stability in the damaged condition,| From an examination of these curves it does not 
which will thus be ensured, could not be obtained by 


applying the “ factor of subdivision ” solely to the bulk- 
h above the water-tight deck, and leaving those 
below that deck at a spacing of not more than one-half 
of the floodable m Fig. 9, on the opposite page, 
will help to make this proposal clear. In it the spacing 
of bulkheads below the water-tight deck is shown to be 
one-half, and above that deck one-third, of the floodable 
length. With this arrangement of-bulkheads various com- 
binations of compartments may be opened up by the 
stem of a colliding vessel, but it will not be necessary to 
consider more than two of these. 

The greatest loss of freeboard must occur in the event 
of a bulkhead both above and below the water-tight 
deck being » four compartments being o 
thereby. In this case the whole floodable length w 
the water-tight deck and two-thirds of that length above 
it will be flooded. 

The test loss of metacentric height will be sustained 
when the only bulkhead damaged is one above the water- 
tight deck. Here, again, two-thirds of the floodable 
length will be flooded above that deck, while one-half 
will be flooded below it. 

The area enclosed by tLe stability curve of righti 
levers being the generally-accepted criterion of a ship’s 
ability to withstand capsizing forces, a series of such 
curves has been worked out for the ship already referred 
to. As before, the water inside the vessel has been re- 
— -. ae Desens , 60 Rad —, S the flooded 

roughout t olds and cargo ’tween- 
decks, and 96 per cent. in the pas‘enger spaces. Flood- 
ing 18 again supposed to take p'ace about the “half 
length forward.” The height of the water-ti t deck, 


Pega that, in the particular case under consideration, 
wider spacing of bulkheads below the water-tight 
deck is prejudicial to stability. Not only may various 
—- < bulkheads above and below a water-tight 
eck combined, but considerable variation is 
ae in other factors, such as the ratio of height of 
Ikhead-deck to height of water-tight deck. To show 
all the effects of such variations is hardly feasible within 
the limits of a short paper, and the writer cannot here 
do more than indicate the possibility of obtaining 
these lines one answer to the question, found in the Inter- 
national Convention, concerning the water-tight deck, 
viz.: ‘Whether there may be allowed any increase in 
the lengths of transverse compartments in way of which 
such longitudinal subdivision 1s fitted, and, if so, to what 
"Es poeganiag thi f profitably mad 
n preparing this paper reference was y made 
to catia elemmechintions recently read before the 
Institution, and to the discussions which ensued. The 
papers more especially referred to are :—‘‘The Calcula- 
tion of Stability itY Non-Intact Conditions,” 1913 (Part L.), 
by Professor W. 8. Abell (Member of Council) ;* “ On 
Safety of Life at Sea,” 1913(Part II), by Mr. P. A. 
Hillhouse (Member) ;| and “The Stability of Ships in 
Conditions,” 1914, by Mr. P. Y. Brimble- 
combe (Student) t 


APPENDIX. 


The curves of floodable given in this paper were 
derived hy a method similar in principle to that recently 








where fitted, is that for which the damageable-length 
curve, shown on Fig. 4, was 


calculated—+.ec., 17 ft. below | 


* See ENGINEERING, vol. xcv., 384 and 405. 
+ Ibid., vol. xcv., pages 881 
+ Ibid., vol. xovii., page 519. 


Angle of which 


put forward by Professor Abell. This method certainly 
1s, a8 its author claims, a ioe aqgocnimsation, ond the 
assumption, made in finding the floodable lengths, that 
of the ship up to the deck or margin- 
i ; le of safety. This 
tion, of course, is correct when flooding occurs 
ter-ti deck ; therefore, in order to obtain 
pony oy Eo comparison, the ordinates of 
curve in Fig. 2 were all calculated from a curve of 
ship’s transverse areas, as actually immersed, this cur 
yaring wih each longiadinaljaciation ofthe veal 
ing end spot, wi is 4 inv 
a method di hat in detail from that 
Professor Abell. AB is the length 
i the head, the 
ing at OC, and 
t (29,330 
tons). 
Now, the same draughts at which the vessel (as bilged) 


floats could have been arrived at by the loss either 
more buoyancy about a point nearer midships with the 





vessel having a smaller dis t, or by the loss of 


| less buoyancy about « point further from midships, had 


, her d + been ter. Hence it is to con- 
| Struct, on a base of O.G., a short curve ing the 
buoyancy which must be lost in order to give the draughts 


at which the ship is floating. 
The curve of immersed areas must now be integrated 
from the stem aft, 80 as to get two curves of buoyancy 


flooded, the one being drawn on a base of flooded a. 
base, 


the other on # base of C.G. The intersection D 

















(4905 4) A 


dicular (25.7 per cent.), which would have been the 
floodable length from the stem had the ship’s displace- 
ment been 99 330 + 6880-5700 = 30,510 tons. 
By trimming the vessel still further by the head, two 
tages for h shetioal i 


tained, and a small curve drawn, from 
which the actual end tage can be measured for the 


displacement (Fig. 12). 
In finding the Cas of the areas ting flooded 
volumes, the writer, instead of using Simpson’s rule 
with three ordinates, found it convenient to regard these 
areas as trapezoids. It is a familiar fact that the mean 
ordinate of such curved areas equals one-half of the sum 
of the two end ordinates plus two-thirds of the difference 


en so widely known that if a line 
ch ini end i 


wares Se eee Se ordinates dra 
the top of mean ordinates, and the end 
ordinates be u to meet it, the trapezoid thus 


formed not only is equal in area to, but has the 
longitudinal position of C.G. as, the curvilinear figure. 
Since this position in a trapezoid nay 
on the ratio of its ends, the writer has drawn a ‘‘O.G. 
curve,” from which, when the ratio which the lesser end 
ordinate bears to the greater has been determined, the 
peeeainge of the length of the base line at which the 
.G. lies from the ter end ordinate can immediately 
be read off. (See Fig 13.) | : 
When ing the variations in height . 
if 5, the water-plane breadths of the 
ship, as longitudinally inclined, were measured, so as to 
obtain the correct moment of inertia. The vertical posi- 
i of buoyancy was determined by 
measuring the areas enclosed within the Bonjean curves 
up to the flooded ae dividing the sum of 
functions of these areas by sum of functions of their 
top ordinates. (See Fig. 14.) 





Tue Panama Canat.—Early in March the Panama 
Canal was closed on account of a slide north of Gold 
Hill. It was re-opened on March 10, after about a week’s 
stoppage. 





Burma.—Surveys of three possible routes to connect 
Burma with India have béen undertaken, under the 
superintendence of Mr. G. Richards, The alternative 


kyina line 600 or 700 miles from 

a conaliien. on Nayaa sr d extensive cuttings. 
. and ex ve 

The frst is poe erm ebst 3,500,000/ , and the second 

4,500,000/., while the coastal line would entail an ex- 

penditure of 7,500,000. The coastal line would probably, 


* t an 
both would also involve 





however, develop fertile paddy country. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
OATIONS UNDER THE AOT OF 1907. 
The number of views paren Se eo Reine reine dete ne 


Where Casenttons ave eomnentmeesnes [ies Crees, , the Names, &c., 
ven in 

obtained at the Patent Office, Sales 
ildings, Chancery-lane, W.C., at 


the springs 

The date of aavortuement of Le afior the hetrecs, onleas the 
‘atent , wone is given. 

person may, ahd Ty SA Ty ee 

“a5 advertisement of the 


of a Complete 
notice at the atent Ofkes a ae f 
es ann a asaoinee in the ve 


GUNS AND EXPLOSIVES. 


28,681, A. Barr and W. Stroud, Glasgow. Con- 
tro pe ue-Fire: il Fig.) December 12, 1913.—This 
invention has reference to ‘the electrical transmission of indica- 
tions from a range-finder to a fire-control or other station where 
the electrical impulses actuate a receiving instrument which 
operates a visual indicator (for instance, one exhibiting ranges), 
= actuates further appa which pi motions corre- 

ponding to intervals of > < on & uniform or other desired 
oxale, ang & convenience, the term “transmitter” designates 
apparatus which controls electrical oe sent to a receiver, 
and the term “receiver” apparatus directly actuated by such 
impulses, — on the step-by-step system by means of three 
or more elec ets energised successively. Aopen 
operated by the pao head of a range-finder, according to this 
invention, comprises an electrical commutating device capable 
of being advanced by more than one complete revolution in 
either 7 forward _ te oe ~~ " — _ ition 
by operation from the working ro a differen gear, 
motor mechanism for driving a transmitter and receiver or 
receivers, — sz to the step-by-step system, in which 
three or more nets are energised rgised successively, os 
motor K+ ~ toler Vr to be aieng inte po ~y+y- 
electrical means. controlled yy the commutati to drive 
the transmitter in a forward or backward direction in oy pad 
with the extent and direction of advance imparted to the 
mutating device, the receiver, or one of them, being utilised by by 
operation through the differential gear to restore the commu- 
tating device to its neutral position. The drawing  ayanend 
one method of carrying the invention into effect. The u 
portion of the figure represents apparatus situated at or near the 
range-finder, and the lower portion that at the distant station. 
The range-finder is shown in section at 4, the working head 5 
which operates the measuring mechanism of the instrument is 
geared to a shaft 6, which by means of a clutch 7 drives a shaft 5, 
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to which the bevel 1 of the differential gear 1, 2,3 is fixed. The 
spindle of the jockey element 2 is fixed to ‘the shaft 9 which 
drives a commutator 10. The element 8 of the differential can 
be driven by the bevel-wheel 11 fixed to a shaft ble of being 
ae by a Paap 12. As the ie te 5 > — 
rough any given (say, Ay ph, angle the jockey 2 mov 
th a certain number fractions of a turn. 
thereby causing an equal rotation of o ee 10. This 
commutator acts as a device for recording the motion of the 
ay = hod 2, and it also serves as a means of operating mechanism 
to drive receiver 12 and bevel-wheels 11 and 3, eo en eventually 
to bring back jockey 2 to its zero position, in which case the 
number of turns 11 will be a measure of yp yn tet oo 


by means of the spur-wheels 15, 16 and screw 17. 


in the tion shown in the figure current will pass from the 
brush 18 through the part 14 to “7 cz, This cu current will 
operate mechanism shown in the lower part of the figure so as to 


cause 12 to rotate in such a os as to bring the commutator 
back to such a —_ on the brush 18 is 


insulating 2 separa 18 and 14. The motor mecha- 
nism consi rye te uously driven, to which is fixed 
ad = of the jockey 21 with the bevels 22 and 23. 
ane exe Save 

spur wheel 24 drives. 2 








= revolutions, thus bringing the brush to the position shown 


the part 14, current will flow through O? to 36, pull 

to the right, and ing the fly 34. The shaft 82 is then di poh 
1 the ate direction, causing the transmitter 38 (say of 
the type 


lescribea in No. 4422, of 1906) to rotate, 
and thus driving the receiver 12. This operation 


till the brush 18 is brought back to the insulating piece 19, when 





the current th C2 will be broken, and 35, under the influence 
of a suitable spring control (not shown), will be brought back to 
the neutral ition shown in the re. The transmitter 38 
may be cou! to any peuees 39 w it may be desired to 
move in accordance with motions of the working head of the 
range-finder. (Sealed February 25, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
6112/14. A. Waddell, Dunfermline. Vertical 
Retorts. [4 igs.) March 10, 1914.—This invention relates to 


vertical gas retorts, and has for its primary object to provide im- 
proved means for effecting discharge of —_ coke in ee ae 
uniform quantities at a time, when 

liability to disintegration of the coke. eta invention consists in 
the combination with a vertical gas retort having an inclined 
floor (plane or curved convexly), Whe inclination being almort 
sufficient to permit the coke to slide down the floor under the 
action of gravity, of a reciprocatory device for propelling the 
= along = inclined floor, the device moving as a whole 
in a path which is substantially equidistant from the floor. A, A! 
denote the retorts separated by the partition B, and provided 
with convexly-curved floors O, ol, constituting’ a continuous 
arch and symmetrically in relation to the partition B, 
which does not quite extend down to the floors. As shown, the 
summit of the arch represents the highest part of each floor, the 





chord of re &, arc lying on the surface of either floor being down- 
wardly inclin The curvature of the floors is such t the 
inclination is simont sufficient to permit the coke to slide freely 
down each fleor under the action of gravity. Fitted to travel 
closely above the floors O, OC! is a pusher D, of arcuate form, con- 
centric with the floors. The underside of the pusher is formed 
with rack teeth E, with which meshes a toothed wheel F on a 
rock shaft G housed in a lubricant-containing casing located 


beneath the floors, in vertical alignment with the partition B. 
As will be understood, when the shaft G is rocked, the toothed 
wheel F engaging the rack teeth causes the er D to be 


oscillated so as to propel in front of the same to either side 
material resting on the floors. The length of the pusher D and 
the length of its stroke are such that when the pusher is in one 
extreme position—i.e., projected into one retort—the floor of the 
other retort is exposed, so that the coke may fall thereon and be 
propelled along the same on the reverse movement of the pusher. 
Sealed March 11, 1915.) 


PRINTING AND ALLIED MACHINERY. 


1841/14. F. Waite and Waite and Saville, Limited, 
Otley. Offset Prin -Presses. {1 Fig.)| P' 
January 23, 1914.—This invention relates to improvements in 
rotary offset printing-presses of the kind constructed with five 
constantly rotating cylinders and being adapted to print alter- 
natively two-colour or perfector work, the object being to pro- 
vide a press, the cylinders of which shall be 80 proportioned and 
—— as to render the parts capable of easy access for make- 

pn Fe According to the —— invention, there are 

ve constantly cating cy _~— all of equal diameter 

Ses with another, and comprising one imp cylinder, two 
trans'er cylinders, and two p! cylinders, the two transfer 
o linders sod ei operative contact with their respective plate 
cylinders and being capable of co-operating with the impression 
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tad ey ies thedere all ve ear Phy ee cent equal diameter 
are in aval ph with their pins apes oy plate cy 




















and are be ane of linder 1. 
The transfer Ander fe looeted abe about | level er ith the ~ 
csieter tas lat ‘the side opposi' 


machine, and the 


transfer cylinder 2 is situated above the latter ; while the other 


transfer cylinder 3 is located below the impression cylinder 1, 
slightly to the rear thereof, with its co-a ‘linder 5 
situated in front and slightly below the level of the transfer 


cylinder 3. This me + linders causes the two plate 
linders 4, 5 ya be situated ctively at the back and front of 
e machine, and thus enables 01 easy access to be obtained to the 
said cy’ linders and to suitable damping mechanism 7, 8 and inking 
—— ™*, 8* with which they are respectively provided. The 
impression cylinder 1 and the two transfer cylinders 2, 3 are respec- 
tively = ed with rubber or equivalent offset blankets 1*, 2*, 3*, 
and the on cylinder 1 and the first or rear transfer cylinders 
2are ry od reapectively with grippers 9, 10, while in connection 
with both ler cylinders 2, 3 is provided tripping mechanism 
11, 12 for moving the said cylinders either together or peseety 
out of contact with the impression cylinder 1 when desired. 
printing in two colours on one side of a sheet, the latter 7 
~e way of the feedboard 6 to the grippers 2 "of the impres- 
r 1, which carry it round and bring it into successive 
ate contact with the first and second transfer cylinders 2, 3, 
80 as to cause it to receive therefrom the impressions carried by 
—_ respective blankets 2*, 3*, after which the sheet is taken 
rom the grippers 9of the impression cylinder 1 by suitable delivery 
aa’ 3 ada; to carry the sheet away and di tit upon 
the delivery . Thus the machine is enpable of printing in two 
colours uw} one side of a sheet at each revolution of the mpres- 
sion cylinder 1. (Seated February 25, 1916.) 


RAILWAYS AND TRAMWAYS. 


28,047/13. BR. Sawyer, W and Pintsch’s 
Patent Lighting Company, Limi London. Train- 
Lighting. (l Fig.) December 5, 1 6, 1918. it railwey-train gas- 

» ing oil gas or t 4k own to use a 
hi - kL AL. » should occur in the 
Such valves, however, = Soe automatically 
and so prevent the supply of to the burners under other con- 
ditions—as, for example, should the charging connection be un- 
coupled before the g-cock is closed. The object of the 
present invention is to prevent such undesired closing of this 
valve, and, ing thereto, a non-return valve is inte 
between the changing cock and the reservoir. The receivers a, a 








are filled with gas through the high-pressure pipe ») and safet 
valves c, which are adapted to close qubomediauliy should a beesk- 

e occur in the se -pipes—as, for example, in the supply 
pipes b or delivery pipe d | to the regulator, or in the hig 

pressure pipe e connecting the two receivers. The op pn) 
eocks f are interposed between the supply-pipe couplings g ond 
the high- poesnane pipes » leading to the receivers, and, cootrding 
to the present invention, spring-held non-return valves A of any 
suitable character are interposed between the charging-cocks f 
and the high- pressure Ay oy b, so that, for ex ——. should the 

ng led before the rging-cock f 

is closed, the jon a the non-return valve will prevent the 
automatic safety-valve coming into action and cutting off the 
supply of gas to the burners. (Sealed March 11, 1915.) 


ae ee MACHINERY. 








fbeisyie. Ww. Leach, Huncoat. Loose- Reed 
Motions. [1 Fig. = “April 21, 1914.—This invention relates to 
loose reed motions of 3s for weaving, and, Deway we J thereto, 
the usual duck-bills, | and bow = nsed with, 
and in lieu thereof, and secured to the g bracket, 
is a member com pped track and an inclined projec- 
tion at the front is member, working in conjunction 
with the usual ‘“ handle,” serves the same purpose as the 
— parts ve named, and readers unnecessary the use 


of guards, which are sy Ke my | required to cover the 
duck-bills and heaters. indicates the slay at the limit of its 
hackward stroke, Hd _ slay cap, 3 the , which, as usual in 
loose-reed looms, is y kept in place ‘by the arm 4 on rs 
shaft or stop-rod 5, — which are the usual dagger 6 adapted 

























engage the co buffer 7 when a shuttle is trapped, and 

the “ handle” 8 carryin = i — bowl 9. On o 
bow-spring bracket 10 is secu the usual bow- 

oe 11, which comprises sie tenth 13 for the bowl Band 


18, om the extremity of which the bow! bears at the 

end of ita forward stroke, so as to hold the reed firmly in position 
ae ee ctens | the cloth. When a shuttle is trapped, 

re of the reed causes a slight rota- 

ten at the rod 6 which causes the bow! 9 to run off ao 





ir may iG euaee = made in one piece, or, as shown in the 





, may be made of two pieces, and may be slotted to 
B, cafastment of the two ose relatively to each other. 
| Pace coepted December 


30, 1914.) 
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THE BROOKS AQUEDUCT, ALBERTA. 
By H. M. Grss, A.M. Can. Soc. C.E. 


One of the greatest irrigation developments of 
modern times has lately been completed in the 
province of Alberta, Canada. This development 
dates back to 1892, when, as the result of a series 
of dry years, settlers began to consider the possi- 
bility of assuring the growth of their crops by the 
artificial application of water. This question was 
taken up by the Canadian Government, which 
undertook a system of general surveys to determine 
the source and value of available water supplies, 
and the location of areas where water, artificially 
supplied, could be used to the best advantage. One 
of Game areas is situated along the main line of 
the Canadian Pacific Railway, and extends about 
150 miles east of the city of Calgary. It is owned 
by the Canadian Pacific Railway, and is known as 
the Bow Valley Irrigation Block ; it embraces an 
open prairie plateau, varying in elevation from 
3400 ft. above sea-level at its westerly limits to 
2300 ft. at the easterly boundary. This block is 
divided naturally into three sections, designated 
the Western, Central, and Eastern, each section 
having an area of about 1,000,000 acres. 

The irrigation works of the Western Section are 
completed, and have been in operation for several 
years, while last year construction on the Eastern 
Section was completed, for the irrigation of 440,000 
acres. On this section are hous ete structures : 
(1) The Horse-Shoe Bend Dam, on the Bow River 
at Bassano, which is the source of supply ; (2) Lake 
Newell, which is an artificial reservoir constructed 
in a large natural hollow, and which, when full, 
will be approximately 9 miles long and 4 miles 
wide ; and (3) the Brooks Aqueduct, which forms 
the subject of the present article, and which has 
two unique features. It is the first aqueduct in 
which the hydrostatic catenary has been adopted 
for the shape of the water section ; it has a length 
of 10,500 ft., and a capacity of 900 cub. ft. per 
second, and is the longest aqueduct yet constructed 
for carrying such a large quantity of water. 

The intake for the Eastern Section is on the 
Bow River at Bassano, where a concrete spillway 
and earth dam raise the water-level about 40 ft. 
From this point the East Branch Canal conveys the 
water to Lake Newell, about 30 miles eastwards. 
This lake feeds Bantry Canal, which irrigates prac- 
tically all the land lying east of Range 14, and north 
to the Red Deer River. About 24 miles beyond 
Lake Newell it is necessary to carry Bantry Canal 
across a long, flat valley on the summit of the water- 
shed between the Bow and the Red Deer Rivers 
by a flume at an elevation sufficiently high to deliver 
water to reach 135,000 acres of irrigable land on 
the other side. The narrowest crossing is right on 
the divide, between the two rivers; and at the 
elevation required it needed a structure 10,500 ft. 
long, with a delivering capacity of 900 cub. ft. per 
second. It was also necessary to cross the main 
line of the Canadian Pacific Railway, and as there 
was not sufficient clearance for an overhead struc- 
ture, the water had to be carried underneath the 
track by means of a (J-tube or inverted siphon. 

The form of water section chosen for the aque- 
duct is, as we have already stated, unique, being 
the hydrostatic catenary, or elastic curve. The 
reason for adopting this section was that the total fall 
was limited to 4.85 ft. in 10,000 ft., and that con- 
sequently it was necessary to use this head to the 
very best advantage. The water-section chosen is 
the most suitable, as it gives a maximum hydraulic 
radius for the given area, and a consequent low fric- 
tion head. Structurally it is economical, for, when 
full, the shell is in simple tension and free from bend- 
ing moments and shears. In intermediate stages 
of filling bending moments and shears are induced, 
and these are resisted by the double system of 
reinforcement used. The horizontal tension at the 
sides is resisted by struts between the main girders, 
placed at 10-ft. centres. The idea of using this 
catenary for the water section is due to Mr. H. B. 

Muckleston, assistant-chief engineer, and it was 
adopted after experimenting with a full-sized model. 

Hydraulics of Aquedwct.—The total fall from the 
canal at inlet to canal at outlet is, as stated above, 
4.85 ft., and is used as follows :— 


Ft. 

Velocity head at inlet 0.75 
Friction - die bie a 0.04 
% » siphon ... ik al 0.20 

” » for 10,166ft.ofaqueduct 3.86 


The water cross-section is 126 sq. ft., and it 
carries 900 cub. ft. per second on a grade of 
0.00038 at a velocity of 7.146 ft. second. 
The hydraulic radius is 4.37 ft. The formula used 
for the discharge is 

Log S = 1.735 (1.06 + log V-§ log R) - 6.0. 
At all water-levels except the full-flow level the 
aqueduct carries considerably more than the canal 
to which it is connected. 
After considering the kind of material to use in the 
construction of the aqueduct, reinforced concrete 
was adopted on account of its advantages over steel 
in first cost and maintenance, and over timber in 
durability and maintenance. 

g.7. 
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Design oy Aqueduct.—To support the water sec- 
tion various preliminary desi were worked out 
in detail, including arches and trestle design ; but 
on the score of economy the tiestle system was 
chosen, as it was about 25 per cent. cheaper than 
arches. Trestle designs were figured, ranging from 
15-ft. to 40-ft. spans, and a 20-ft. 5 chosen. 
The cost of the structure can be divided into three 


1. The cost of the shell and struts per foot of 
structure, which is a constant for any span. 
2. The cost of the girders and longitudinal braces 
per foot, which increases in (approximately) direct 
proportion to the span. 
3. The cost of the columns, pedestals, and trans- 
verse braces per foot of structure, which is a con- 
stant for any span, for the load carried is directly 
proportional to the span. 
It is therefore evident that the total cost per 
foot will be a minimum when the span of the 
girders is zero and the columns are a continuous 
wall on each side, and the total cost per foot will 





Total... 





be a maximum when the span is equal to the total 


crossing. It is therefore clear that the principle 
that for the greatest economy the cost per foot of 
the substructure is equal to the cost per foot of the 
girders does not apply, except to cases in which 
the total cost of a bent or pier or for 
any span, as in river-crossings, an ‘or most 
designs where the substructure is proportioned to 
the load carried it is economical to s the bents 
closer than oe the above principle for river- 
crossings. Nat y the unit cost of the members 
for small s would be greater than for large 
spans, as there is more work and more waste 
material in the small s 
The graph given in Fig. 1 shows. the costs for 
the aqueduct, the dotted lines giving the probable 
variations due to differences in work and material. 
An examination of the graph will show that the 
cost of the girders per foot run of structure varies 
directly with the s being zero for a continuous 
wall system of columns in which no girders are 
required, and a maximum for a span equal to the 
total crossing ; therefore the spacing of the columns 
was fixed from considerations of the minimum 
dimensions of column, conjointly with its length 
and the best system of bracing it against buckling. 
On this basis, a span of 20 ft. was decided upon, 
because this was a minimum spacing to give a sub- 
stantial column relative to its length, and it also 
ensured that the longitudinal braces would be 
short and stiff enough to give resistance 
against secon stresses and moments. The 
tower system of bracing each pair of bents was 
adopted. The spans between the towers were 
kept the same as those over the towers, for the 
sake of uniformity in construction. At expansion 
joints there was an objection to unequal as 
the unequal reactions might induce stresses due to 
eccentricity in the columns, which it was desirable 
to avoid. 
Shell.—The shell of the flume carries the ten- 
sion due. to its own weight and the weight of 
the water carried by it, and is designed so 
that if the steel alone carries all the load, 
its stress is 12,000 Ib. per sq. in. If the con- 
crete assists in tension, then the steel stress is 
1260 lb. per sq. in., and the concrete is 84 lb. 
per sq. in. The thickness of 5 in. for the shell 
was considered thick enough to prevent leakage 
under the maximum hydrostatic head. For inter- 
mediate stages of filling, the shell is liable to the 
distortions shown in Fig. 2. In Fig. 3 is shown 
what are the approximate live-load maximum 
stresses in the steel for different depths of water. 
This analysis neglects the effect of the concrete in 
resisting stress, as it is problematical to what 
extent it assists when the steel stresses are high, 
neither is it founded on the elastic theory as oe 
to the method of construction with joints at the 
ends ; it is uncertain to what extent the ends are 
restrained. The moments were arrived at from 
the distortion diagram, Fig. 2, and the stresses 
in the steel are shown in dotted lines marked 
‘fixed ends” and ‘hinged ends ;” the probable 
stresses lie somewhere between these two curves. 
The maximum compression stresses occur when 
the section is half full, and the maximum tension 
stresses occur when the section is two-thirds full. 
Struts between Girders.—These struts were 
designed to take the thrust due to the horizontal 
pull from the shell, and also to their own 
weight. When the flume is empty, it gives the 
worst case for tension in the steel, and when full 
the worst case for compression in the concrete. 
Main Girders.—The girders were designed to 
carry the total dead and live loads combined with 
the horizontal pull from the flume. The centre 


moments were taken as > and the end moments 


wL 

as a 
Colwmns.—In the design of the columns for 
wind stresses, it was necessary to assume planes 
of contraflexure to render them determinate in 
analysis, and these planes were assumed at their 
junction to the main girder, midway between the 
race-beams, and between the brace-beams and 
the pedestal. With these assumptions the maxi- 
mum moments and stresses were computed. On 
the transverse brace-beams, the splaye were made 
deep and long enough to take care of the rapidly- 
increasing moments, The cap was well splayed to 
give longitudinal stiffness, and reinforced to pre- 
vent cracking. The longitudinal brace-beams were 





made similar to the transverse ones, but were not 
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so heavily reinforced. The heights of the bents 
were varied by steps of 3 ft. in order to simplify 
form-work. : 

The stresses on the shell of the flume and on 
the towers, together with the chief structural and 
hydraulic data, are given in Fig. 4, while structural 
details are shown in Figs. 6 to 12, on Plate XXXII. 

Pedestals.—The pedestal-bearing area was de- 
signed to carry the full direct load and also the 
moment from wind within the working stress. The 
wind pressure was taken at 25 lb. per sq. ft. on all 
€ surfaces. On the shell it was taken on the 
vertical projection. This is to the side, but 
when the wind resistance of the inside of the shell 
to leeward is considered, the above allowance may 
not be too much to allow for both surfaces. Double 
expansion joints were made every 80 ft. by putting 
a sheet of tar-pap er on the top of the cap, and in 
girders and shell, making a clean cut clear across 
the structure witha tongue of sheet-copper 56 in. 
wide across the }-in. gap. This detail is shown in 


simple matter to calculate for each section the 
velocity head and friction head, and from these, 
combined with the varying depth, determine the 
grades of the various sections. Structurally the 


inlet is simple slab-and-beam construction. The 
first 50 ft. was lined with 6-in. paving, in slabs 
7 ft. square, laid on a 6-in. gravel cushion. The 


slabs had two 4-in. diameter bars running each way 
through them, to resist frost action. Where the 
paving joins the earth canal, 5-ft. cut-off walls 
were put down. At the first two bents on the 
inlet proper cut-off walls, 23 ft. deep and 8 in. 
thick, and reinforced, were run completely across 
the structure, and into the bank on each side for 
a distance of 12 ft. A wash-out around the in‘et 
might undermine the foundations of the structure 
for the first 1000 ft., and everything was done to 
prevent leakage, which would have such serious 
consequences. 

J .—When the water enters the siphon, 
which we have mentioned as being constructed to 





Fig. 11, on Plate XX X11. 


DL+L.L*120,720 Lbs. 





siphon was calculated, but it required no special 
vision in the structure to resist it. Thesiphon- 
rrel was designed to resist both the tension in 
the shell from the hydrostatic pressure and the 
moments in the shell due to the mass of water in 
the pipe. When the barrel is just full of water, and 
not under pressure, it gives the maximum moments 
in the shell of the pipe ; and when the siphon is 
completely full we have the maximum tension in 
the shell to resist the hydrostatic head. During 
operation no cracks or weaknesses have developed. 
A 12-in. blow-off pipe with valve was let into the 
bottom of the dukan to empty it, as shown in the 
section, Fig. 20, this pipe leading into a ditch. The 
track of the railway crossing the siphon is carried 
by a 20-ft. half-deck plate-girder span, so that the 
siphon-pipe is clearin all directions of the bridge. 
Outlet.—At -the-end where the aqueduct dis- 
charges into the continuation of the canal no attempt 
was made to recover any velocity head, and so the 
outlet structure is just a plain rectangular box 





carry,the water under the main line of the Canadian 





shape, equal in width to the -width of the canal, 
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Inlet or Reducing Ohannel.—The problem pre- 
sented at this point was to join up the canal, 
measuring 75 ft. wide on the water surface, with 
the aqueduct, measuring 21 ft. 44 in. on the water 
surface (see Figs. 13 to 16, Plate XXXII.), to 
increase the velocity from 2 th per second to 
7.146 ft. per second, to reduce the sectional area 
from 456 sq. ft. to 126 sq. ft., and to increase the 
depth from 7.7 ft. tc 8.7 ft. A length of 150 ft. 
was arbitrarily chosen in which to effect these 
changes, and this length was divided into sections 
for calculation. 


and tlume with a smooth reversed curve on a piece 
of squared paper; the depths were determined 
similarly. The first 50 ft. of the inlet was to be 
paved with concrete, so that it was convenient to 
warp the side slopes from 2to 1 to 1.23 to 1; this 
last slope was the slope of the chord joining the 
side and the bottom of the flume water section. 
For the next 45 ft. the slopes were constant at 
1.23 to 1, but in the next 15 ft. the slopes warped 
into the curved section s apart, with a flat 
piece on the pecinn | — for Ppa —_ 40 ft. this 
flat piece was ly reduced until it disa 

at the entrance to the flume section. Wine these 
restrictions on the form of section at each point it 
was possible to get the velocity, the area of the 
section, the depth, and the width at top and 
bottom in the order named. After this it was a 


The velocity was first. fixed for | of 
every section by joining up velocities in canal’ 


Pacific Railway, it flows at the same rate as in the 
flume—7.14 ft. per second; but as it descends the 
barrel gradually tapers from 12 ft. 84 in. to 9 ft. 9 in. 
in diameter, and the velocity increases to 12.25 ft. 
per second. After leaving the 9-ft. 9-in. barrel, 
which is the bottom of the siphon, it rises in a 
gradually expanding section, similar to the descent 
on the inlet, and enters the flume again at the 
same velocity with which it entered ; ,4,; ft. has 
been allowed on the siphon to cover friction losses. 
An elevation and plan of the siphon and a number 
of cross-sections at various points are given in 
Figs. 17 to 25, on Plate XXXII. At both the inlet 
and the outlet to the siphon it was n 

join up the flume section to a circle 12 ft. 84 in. in 
diameter. Toensure that there would be no eddies 
and consequent loss of head at these points, these 
junctions had to be made smoothly. e length in 
which each transformation took place was divided 
into four equal parts, and by trial and error the form 
of the sections at the different points were arrived 
at, by first dividing up the area of the flume into six 
horizontal pieces of equal area, and doing the same 
with the area of the 12-ft. 84-in. diameter circle ; 
these planes were then joined up by a smooth curve 
on the section, and their water-lines on the sides 
in the plan were treated similarly. Numerous trials 
had to be made before the intermediate sections 





were determined aecurately. The centrifugal force 
from the water flowing round the curves in the 
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and 30 ft. long. To prevent the stream of water in 
the flume driving in a bore along the centre of the 
canal and causing side whirls, which erode the 
banks, a baffie-wall, 21 in, high and 14 ft. long, 
was placed on the floor of the outlet, 20 ft. back, 
to create a disturbing wave upwards through the 
whole body of water and cause it to partly deflect 
to either side. This device has proved satisfactory 
in operation. The canal was paved for 18 ft. 
beyond the structure. The wing-wall and trans- 
verse-wall supports for the outlet were made to 
serve the purpose of cut-off walls. A 4-in. blow- 
off valve was let into the bottom of the flume at 
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to | the outlet, to drain the part of the flume below the 


grade of the canal back to the siphon. Structurally, 
the outlet is simple slab-and-beam construction. 
Setting Out Centre Line.—First, the existing cen- 
tre-line hubs in the canal were found, and a et- 
post set up at each end of the centre line in the bed 
of the canal, about 5 ft. back from the centre-line 
pin, this post being 5 ft. by { in. diameter, driven 
to the head, and truly aligned by the transit, and 
guyed with stakes and wire. The target was 
painted three colours, as when viewed from various 
points the hackground was sometimes the sky, or 
the brown prairie, or the dull canal bank, depend- 
ing on the height from which it was sighted. 
Difficulty was experienced with heat waves, but 4 
cool day was seized upon to establish a few inter- 





mediate centre-line hubs. The zero of all setting 





Aprit 23, 1915.] 





ENGINEERING. 453 





out was the intersection of the centre line of the 
structure with the centre line of the railway, and a 
300-ft. steel band was used ~ hout ; 24-in. 

were driven about 8in. deep at every 100 ft. 
or about 1200 ft., with one side on the line, and 
two slate-nails were driven in on the side of the peg. 
The level of each peg was then taken, and next the 
band was supported on the nails, and stretched to 
the required pull of 19 lb. (which balanced sag and 
stretch) by means of the spring-balance attached 
to the end of the band. A peg was driven at this 
point with a tack in top, and a mark put on it at 
the chainage and on the centre line. The cor- 
rections for level of band-supports and for tem- 
perature were made previously, and allowed for 
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and the chaining was checked by three different 
chainings. After station-pegs had been established 
every 300 ft. along the centre line, concrete monu- 
ments were made with a piece of 28-gauge zinc 
plate fixed in the top. 
S00-ft. 

ft. 
the su 
on the centre line and at the correct chai . 
These monuments were used 
centre line and stations, and only in a few cases 
were they interfered with by construction work. 
A line of bench- marks was established about 
200 ft. to one side of the structure at intervals of 


Fig.27. BROOKS AQUEDUCT,.GRAVEL TEST RECORD. 
Diameter of Mesh in Inches. 


The rate of chaining was about 900 ft. per hour, | sandy clay and very hard to excavate. The cost 
of this was materially reduced by sinking a hole 
4 ft. deep and shooting a cavity at the end of it, 
and charging it with black powder. This loosened 
up the material, and it had only to be shovelled out. 
en down{to grade four small pegs were driven, 
one in each{corner, with their tops on grade, to 
get the pedestal form to the proper level. To get 
e form square to centre line in correct position, 
pegs 4 in. square were driven on centre line of 
each bent, and a $-in. iron pin driven in on the 
intersection of the centre line of structure and 
centre line of bent. A large wooden template 
with a 20-ft. leg anda 12-ft. leg was made, with 
holes for the iron pins. This was set on two pegs 
and from the jecting arm by means of two 
ee and centre-line marks on the form ; the 
of form was set square and at correct distance in 
both directions. The pyramid part of the form was 












ese were set in the 
on the centre line, 6 ft. back from the 
and sunk with their tops 1 ft. below 
A mark was made on the zine plate 
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then set by the aid of a travelling crane, and the top 
or collar set by hand on top of that. The alignment 
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of the tops was checked by stretching a piece of 
wire along the tops. The steel gang then set the 
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reinforcing- bars, fastening them in position by 
hook-bolts fixed to the top of the collar form. 
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The mixer came behind on the track and poured 
them. Difficulty - in ing, as 
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when the tack was driven, by the following for- 


mula :— 
Correction for Slope.—Correction for slope 


=b-h=+ ha or + : very nearly (see Fig. 26). 


26 








Slope correction is added. 
If F= on tape in pounds. 

L = length of tape in inches. 

A = area of cross-section of tape in square 
inches = 0.0038 sq. in. 

E= = of —. = ag el 

y = distance apart of supports in inc! 

w = weight of tape in pounds per inch of length 
= 0.001075 Ib. 

W = weight of whole tape in pounds 
= 3.872 lb. 


S=stretch of tape for pull of 1 Ib. 
= 0.01165 in. for 100 ft. 
m = number of intervals between end supports. 
Then, correction for :— 
Sag = - au ) in inches. Sag correction is added. 


F 


Correction for :— 
Pall = a4 in inches. Pall correction is deducted. 


For corrections for sag and pull to balance :— 
: 3 /W?L 
Pall in lb. = F = 43 mi 
If tape is not supported at intermediate points, 
3 /WweL 
m=1land F = 2 ae” 
Correction for :— 
Temperature = 0.000065 per unit of length 1 deg. F. 
Above 62 deg. this cmentieis deducted. 
Below 62 deg. this correction is added. 


The temperature reached 122 deg. in the sun on 
several days. 


The following is a sample page of the field-book : 
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the pyramid forms had down from 
the sides of the excavation at the corners to pre- 
vent floating. Even then it was not possible to 

ur more than half a pedestal at a time and fill 
it to the top three or four hours after. The calou- 
lated lifting force was 15,000 lb., and 12,000 lb. 
failed to hold it down. A half- mixer was 
used, and in a day’s work of ten hours 10 to 15 
pes were poured, each pedestal containing 


e strip gang followed about two to three 
days behind; the forms were lifted on to a flat 
car and taken ahead, cleaned, oiled, and re-set. 
Sixty pedestal forms were used. A view showing 
a number of the forms assembled ready for erection 
is given in Fig. 28, on page 464. 

Erection.—The tops of the pedestals were first 
dressed off to grade, and then the splice-bars and 
U-bolts, clamps, and hoops all fixed. The erection 
was done by a derrick with a 60-ft. jib, travelling 
backwards on the skids on the centre line of the 
structure. The mixing plant ran on the track on 
the south side, and the building and assembling of 
forms took place on the north side. The steel for 
the columns was fabricated on a horizontal frame 
ahead of the structure, whilst the hoops were bent 
by a hand-bender at the rate of 150 per hour, and 
latterly by a power-bender at the rate of 400 
hour. These hoops were set on the columns with the 
laps os and with one end projecting. After 
being fabricated on the horizontal bars, the column 

was placed on the ground, and the projecting 
ends of the hoops hammered down and around the 
bar, so that both ends of the hoop were thus 
hooked aroutid the same bar. The fabricated steel 
‘was then placed on one half of the column form, 
and the other half of the column form placed on top, 
and the collars wedged up tight. For the erection 
of the long‘columns, between 33 ft. and 51 ft. 
long, crow were inserted in the two brace 
openings to keep the steel from slipping out, and, 
when hoisted, the removal of one crowbar allowed 
the steel to slip down sufficiently to clear the form 
and allow the splice to be made. A sling was 
attached, one end fastened to the top of the form, 
and the other about 20 ft. down the column ; the 
lifting-hook was then attached, and as the form was 
raised the hook gradually slipped from the centre 
to the top end of the sling. The column form was 
then hoisted into position, the bars all butt-spliced 
and fixed with (J-bolt clamps, and the form then 
let down to rest on the collar placed on top of the 

estals. Four light guy-wires, which were already 
astened to the form, were then made fast to adjoin- 
ing pedestals, and the erection of the other column 
followed. A view showing the erection of a 51-ft. 
column form is given in Fig. 30, 464. 

Brace- and girder forms and camber trusses 
were raised complete into position. Each bent 
had two diagonal ing-guys inside the structure 
and two outside guys. At each brace-beam cinch 
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about 1000 ft. These consisted of {-in. diameter iron 
pins 5 ft. long, driven with the head flush with the 
ground, and a stake alongside with the elevation 
marked on it. This line of levels was checked over 
three times, and care taken to make the foresight 
and backsights approximately equal, to counteract 
errors due to curvature and refraction. 

Summary of Oonstruction.—The contract was let 
in June, 1912, and the remaining summer months 
were occupied in building the camp, drilling two 
‘wells for water, constructing switches to the main 
line, grading and laying the construction track 
alongside the aqueduct, and excavating pedestals 
348 to 450 inclusive. The railway company built 
the bridge-crossing over the siphon, and the 
Government put their telephone line in a conduit 
under the structure. 

During 1913 two other wells were drilled, but 
sufficient water could not be got to supply the 
work. A reservoir was made alongside the track, 
about 90 ft. by 40 ft. by 6 ft., to hold 150,000 
gallons, and a water-train of six water-cars delivered 
about 30,000 gallons per day, brought from Suaf- 
field, about 40 miles away. From this reservoir it 
was pumped and piped to the concrete-mixers and 
the camp. All pedestals west of the track were 
poured and backfilled, and 480 ft. of columns and 
girders were constructed. Washed gravel was got 
‘from Keith, 140 miles west on the railway, and was 
shipped in cars. This gravel contained plenty of 
stone and was graded to have 40 to 50 per cent. 
of sand ; the resulting mixture gave 20 to 23 per 
cent. voids. Samples of gravel were screened and 
the grading recorded on the form reproduced in 
Fig. 27, which gives the grading for maximum den- 
sity. All cement was tested on the und and 
had to pass the specifications of the Ca Society 
of Civil Engineers. The concrete mixture in 
pedestals and foundations was 1:3:6, and in 
columns and girders and shell 1 : 2: 4; the maximum 
size of gravel in the shell was } in., and in the re- 
mainder of the work it was 14 in. 

During 1914 the whole superstructure of columns 
and girders (except the 480 ft. built in 1913) was 
built, including inlet, outlet and siphon, and 
finished by August 31. Progress was recorded 


daily on suitable forms by the use of a dating-| cables were passed around each pair of and 
stamp. Weekly progress Apes oe were als0|made fast, and between the towers timber 
taken, and progress for the week printed on the 


spreaders were inserted. The cross-strute were 
made on the ground, fifty-four forms being used, 
and about twenty poured each afternoon. These 
beams were cambered by cambering the supports 


negative. 
Deraits oF CONSTRUCTION. 
Pedestals.—The pedestal pits were staked out 





Sta- Rod 
tion. Reading. v. va ves. 
1500 2.72 0.88 0.80 0.0040 
1600 3.60 1.02 1,04 0.0052 
1700 4.62 1.14 1.30 0.0065 
es Re _ 
‘o ope correction + 00157 

92 deg. Fahr. temperature 

correction — 0.0573 
Above 62 deg. Fahr. — 0.0416 = - din. 








10 ft. square. The material was a hard-packed|to the forms, and the beams were erected when 
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two weeks old. Some erected, seven days old, 
gradually about 4 in. tolin. The cross- 
struts, before erection, had a centre-line mark 
painted on them, on the underside and edge; 
when in position, it was oo to line up the 
erection by wp ey the transit from a centre- 
line point ahead. hh column was also lined up 
by transit from the side. By means of an ee 
tion-hole in the bottom of each column, splices 
were ins and rubbish cleaned out. The steel 
gang followed close behind and set all steel in the 
brace-beams ; the mixer then filled the four columns 
and four brace-beams in each tower up to the to 
of the lower beams. The second lift was po 
about four to six hours later, after the top splays 
of the brace-beams had been boarded over, and 
after a similar period to allow setting, the top lift 
= poured up to the level of the underside of the 
ms. 


In pouring the columns, it was found that the 
first batch of concrete usually left all its cement 
and sand sticking to the steel and forms, and the 
bottom of each column was apt to be gravelly, with 
not sufficient grout to fill the voids. To avoid this, 
the concrete was shot down from a collapsible 
metal chute from the hopper on top of the structure 
into the centre of the brace-beams, the excess grout 
then ran along and down into the columns, and after 
sufficient grout had run in, the chute was brought 
right up into the splay and the column filled up. 
For filling the top lift, the hopper on top of the 
structure had four chutes—one to each column— 
and by this means they were filled, After the 
columns were full the expansion-joints were floated 
and covered with tar-paper, and then the steel 
gang followed behind with the fabrication of the 
girder steel. This was the most complicated of the 
steel fabrication, as the 4-0 wires to the shell were 
all anchored to two of the girder-bars, and their 
ends projected through the piano-board in the 
forms. e girders were poured by means of the 
four diagonal chutes from the hopper, and no difii- 
culty was encountered in pouring them. The 
forms were stripped in from four to seven days, 
and taken ahead by teams and wagons, and then 
cleaned, oiled, and re-assembled. The piano-board 
of the girder form was left on about ten to fourteen 
days, as it required heavy hammering to take it off 
the bars; 640 ft. of forms were used, and the 
speed of the construction varied from 80 ft. to 
140 ft. per day. Fig. 29, on page 464, shows two 
steges in the construction of the bents. 

Shell.—The construction of the shell followed 
three to four weeks behind the columns and girder 
construction, and at the rate of ten sections of 
80 ft. per week, equal to 800 ft. In the pre- 
vious week the 800 ft. of track would be laid 
ahead on the cross-beams. Starting on the Mon- 
day, two 80-ft. sections of shell were poured 
daily up to and including Friday, and in the 
following erder : 1, 3, 2, 5, 4, 7, 6, 9, 8, 10, forms 
on 1 being successively set on 3, 5, 7, 9, and forms 
on 2 successively set on 4, 6, 8, 10. 

The scheme of construction was as follows :— 
The track was first laid ahead, and then set 1 of 
forms was pulled out and ahead 800 ft. on the 
Wednesday by means of a cable hitched to the 
hoisting-engine on the mixer, and the other sets 
followed later in the week. Then, by means of 
the jacks, the forms were raised to the proper 
level and truly aligned. The grade was given from 
a plug on the ground at a known level and then 
measured up from that with the steel tape. Next 
the steel gang came along and cut off the long ends 
on the projecting hoop-bars from the girders, and 
then by means of a small ratchet bender turned 
the hooks on the bars. The longitudinal }-in. bars 
were then placed in the hooks and a trial hoop-bar 
used to determine the length of hoop-bar required. 
This length having been determined, the hooks in 
each end of the hoop-bar were bent on a table on 
the ground below; these bars were then hauled u 
and placed in position with the longitudinal steel. 
Every second crossing was tied with galvanised 
No. 16 wire and the ends bent down away from the 
inside form. Meantime the 5-in. copper expansion 
strip was soldered on the piece projecting from the 
girders, and the end bulkhead held it in position. 

e overhead traveller then the 5-ft. inside 
form section, and whilst in air its surface was 
sprayed with thin crude oil, or soap and water; the 
form was then lowered slowly into position and 
5-in. cement distance-blocks placed at intervals 
around the circumference ; usually five were used 
to each 5-ft. form, to hold it at the proper distance 


above the outside form. Both inside and outside 
shell forms were lined with sheet-metal. It was 
found that the plain sheet-metal gives a much 
better surface than the galvanised sheet-metal. 
The crystalline structure of the galvanising gives 
a slightly rougher surface than the plain sheet, and 
therefore cannot be stripped clean when the con- 
crete is vi . The inside forms were strongly 
wedged down from the splays on the cross-struts 
on to a longitudinal beam on top of the forms; 
the uplift was, of course, equal to the full hydro- 
static pressure of the full flume shell, and even with 
this wedging it was found advisable to stop pouri 

for an hour when the forms were half full and then 
continue pouring to the top. The concrete was 
mixed below and hoisted and dumped into a bin on 
the tower ; from this it was allowed to flow down a 
metal ehute into a large hopper, which travelled on 
the top of the structure. It was then taken out 
on each side by half-round metal chutesand poured 
into the shell at the top, the traveller being pushed 
back and forward between each pair of cross-strute, 
so as to distribute the concrete evenly along the 
length of the shell. At first difficulty was experi- 
enced in keeping the hoop-bars off the inside forma, 
because they were made tight ; but by making 
these bars to the long side this trouble was avoided. 

Both inside and outside forms for the shell were 
made of timber. Steel forms were used at first 
for the inside, but the heavy hydrostatic pressure 
was too much for them, and bulged the surface 
about 1} in. on the 5-ft. span. Clearing-holes, 
about 4 in. square, were cut in each 20-ft. section 
of outside form, so as to clean rubbish out of the 
form before setting the inside forms. The under 
forms, though strongly trussed with bars, sagged 
about $ in. to 1 in. under the hydrostatic pressure, 
and gave anywhere from 4 in. to 1 in. extra con- 
crete in the shell around the bottom. Fig. 31, on 
page 464, is a view showing a portion of the shell 
with inside forms. 

Water was run through the aqueduct last 
September. Under full head the shell sweated on 
the outside for a few days, and then dried and 
remained tight. Slight leakage occurred at the 
expansion joints until they were caulked with 
oakum and petrolastic. The siphon remained per- 
fectly water-tight under ite full pressure. Figs. 32 
and 33, on page 464, show respectively the crossing 
of the railway track over the siphon and the outlet 
of the latter under construction. 

In the construction of the aqueduct 25,000 cubic 
yards of concrete were used, and 4,000,000 lb. of 
steel bars ; the total cost was about 650,000 dols. 
The work was carried out by Messrs. Grant, Smith 
and Co., and McDonnel, contractors. The writer 
was in charge of the design and construction, under 
Mr. A. S. Dawson, chief engineer, and Mr. H. B. 
Muckleston, assistant chief engineer to the Depart- 
ment of Natural Resources of the Canadian Pacific 
Kailway Company. 
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The North-Eastern Railway: Its Rise and Development. 
By Wiiw1am Weaver Tomiinson. Newcastle-upon- 
Tyne: Andrew Reid and Co., Limited. [Price 21s. 


net. } 

Tue genesis of a railway is a particularly instruc- 
tive subject. Its development, telling of con- 
fidence and enterprise on the part of industrial 
leaders, is equally inspiring. To contemplate the 
results wrought by the provision of facilities of 
transport is to pass in review the economic growth 
of the country. It is difficult to conceive the 
condition of the trade, commerce, and industry 
when ham by inefficient communication, and 
still more difficult to understand what great things 
were achieved in the absence of means that now 
seem indispensable and to have been always at 
command. But progress has rarely been gradual 
and uniform. Some epoch-making discovery has 
banished stagnation, revolutionised anciént methods, 
and provided a stimulus for greater exertion along 
new lines. Such an impetus was supplied by the 
introduction of the stexm locomotive engine, dis- 
placing slower and less efficient means of transport, 
and particularly valuable in carrying weighty 
materials, as minerals, to distant centres at a cheap 
rate. Coal, in particular, was a commodity whose 
easy distribution was much needed to promote in- 
dustries, for only a few years before Mr. Tomlinson 

ins his main story, it was never seen except in 





the districts where it was produced, and those 


to which it could be carried by sea, while it 
was indeed known in the Metropolis and South of 
England by the name of sea-coal. Remote from 
a river or canal, the coal-owner could not find a 
market, the stores of latent energy neither enriched 
him nor his country. Obsolete and extravagant 

rocesses of manufacture retained their hold for 
want of the necessary fuel. Wood, for example, in 
many places was used for smelting, because the 
cost of coal carriage was prohibitive. Coal that at 
the pit’s mouth cost 5s. 4d., sold for 17s. at Dar- 
lington, only a dozen miles away. The advent of 
the railway, and all the railway implies, effected 
the needed change; but for years the problem of 
reducing this cost taxed the ingenuity of both coal- 
owners and manufacturers. How it was solved 
forms no inconsiderable part of the tale that Mr. 
Tomlinson has to tell. 

The network of railways that cover the kingdom 
may be said to have resulted from endeavours to 
overcome the difficulties in the conveyance of coal. 
Some measures had to be adopted to make the 
badly-constructed roads of the period available for 
heavy traffic, and the device of the wagon-way 
easily suggested itself. It is over and along some 
of these primitive roads, altered and adapted to 
the ever-growing demands of traffic, that the North- 
Eastern Railway runs at this day. This feature of 
continuity lends a peculiar interest to the story. 
Within the area between the Humber and the 
Tweed—the birth-place of the ramifications of the 
North-Eastern Railway system—can be traced 
every stage in the evolution of transport from the 
pack-horse, through the horse-drawn wagon, the 
stationary engine, to the locomotive. From the 
oe of minerals to gers seems an easy 
step ; but it was long in coming, and we may read 
here how it was brought about. Many another 
improvement—the result of happy experiment, 
wise organisation, and judicious enterprise—had its 
origin in the same district. 

Without entering into many details, it can easily 
be conceived that the history of the steps by which 
the wagon-ways of 200 years ago have oon slowly 
converted into the iron railway of to-day makes a 
fascinating study. The engineering feats of level- 
ling the road by raising artificial embankments and 
cutting away the more elevated portions were long 
regarded as marvels of ingenuity. The 6-ft. fir 
planks, ed down to oaken sleepers, providing a 
smooth on which the wagon-wheels could run, 
excited much curiosity. Then some genius con- 
ceived the plan of nailing sheets of wrought iron on 
those places where the draught was heaviest or 
the friction greatest, with such good success that 
an iron plate all the way was adopted. The “apr 
became a rail, flanges were added to the wheels of 
the wagons, and the railroad was seen in its infancy, 
but complete in its form. For a while the employ- 
ment of malleable iron wrestled with that of cast 
iron; but the former came out the victor in the 
contest, for the advocates were able to produce 
rails weighing only 17 lb. to the yard which had 
been in active use for upwards of three years with- 
out suffering any injury from wear or rust. 

Simultaneous with improvements in the per- 
manent-way went the development of the tractive 
force. Gravity and steam were made to replace 
the horse as the motive power ; self-acting inclines, 
stationary engines, and, finally, the true locomotive, 
all of which have their representatives to-day, made 
their appearance at short intervals of time. Gravity 
was the first in the field, and the descent of full 
wagons was made to haul empty ones up an incline. 
When there was no fall, stationary engines hauling 
on ropes were a necessity, and through an undu- 
lating country it was found possible to draw loads 
at the rate of 7 milesan hour. It was urged that 
economy, despatch, safety, and convenience were 
on the side of the fixed engine; but the latent 
powers of the locomotive were not to be denied, 
and the most far-sighted, practical men knew that 
its advent and supremacy were only questions of 
time. It is a little difficult to understand now 
why Trevithick’s engine did not sooner assert 
itself. As early as 1804 he succeeded in draw- 
ing five wagons, containing 10 tons of iron and 
seventy people, a distance of 9 miles, at the rate 
of 5 miles an hour. Probably the engine was not 
adapted to the rails on which it had to run, for at 
that time it was not known what relation the 
weight of an engine bore to the greatest load it 
was capable of moving from a state of rest. But 
after his initial success, Trevithick withdrew from 





the arena, and left the railway system to be de- 
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veloped by men of more persistent character than 
he 

the type of Hedley, Blenkinsop, and many others 
who made reputations in those days. 

Railway progress had greater difficulties to meet 
than any natural obstacles could raise, and more 
subtle opposition than deficient mechanism pre- 
sented. Antagonistic canal interests were early in 
the field: expenditure on water-ways had been 
large and water-carriage had been found effective. 
Conservatism fought on the side of tried methods 
and resisted the introduction of new schemes. 
The conflict of interests was bitter and prolonged, 
those who were served by canals and rivers saw 
themselves faced by new competitors, and feared 
to lose the advantage their limited foresight had 
secured. To suggest a new canal inspired con- 
fidence and aroused enthusiasm : the railway was 
to many of doubtful value, and to all a leap in the 


break down prejudice and remove misconception 
will ever be a hard task. Public spirit, if ill- 
informed, struggled manfully against odds ; laud- 
able business enterprise linked itself to a lost 
cause ; and engineering skill strove against destiny. 
The triumph of the infant railway could only be 
secured after a hard fight, and its full severity was 
borne by those who nurtured and carried to fruition 
the inception of the Stockton and Darlington 
Railway. All these details are forgotten now, or 
hidden under phenomenal success, but whenever 
innovation is proposed the same spirit of opposi- 
tion is awakened. The author offers an insight 
into the working of human nature, as well as a 
chapter on the development of the economic 
history of the country. 

The promoters of the first of many Railway Bills 
in connection with the North-Eastern Railway 
triumphed over the obstinacy of fox-hunting lords 
and landed interests as far back as 1821, and obtained 
permission to construct a railway ‘‘to haul or draw 
wagons and other carriages by means of horses or 
otherwise,” but there was no provision for 
senger traffic. This came later, about 1824, when 
the experiment of the Stockton and Darlington 
Railway had proved iteelf so far successful that the 
country awoke to the importance of railways, and 
both men of discernment and the dreamers of 
dreams came forward with ambitious but immature 
projects, destined to be followed by a period of 
doubt and antipathy as the fickle public decided 
that the new method did not progress so — as 
impatience anticipated. The use of the locomo- 
tive was a particularly disagreeable feature on 
account of the noise, smoke, and other ludicrous 
and childish objections. The far-seeing, energetic 
men of the north country proceeded with their 
scheme, neither elated by imitators nor dismayed 
by detractors, and the line was opened on September 
27, 1825, with, needless to say, a very inadequate 
supply of both engine power and wagons. 

Tn these days when accumulated experience and 
trained officials are at the service of railway com- 
panies, one is apt to forget that those pioneers in 
the field of practical salloay management had not 
the guidance of a single example. Mr. Tomlinson 
does well to remind us of the extent to which later 
comers in the field are indebted to this first Board 
of Management, and how great were the diffi- 
culties through which they successfully steered their 
way. Men had to be drawn from other walks of 
life to manage the first modern railway. So little 
was known of the proper working that, instead of 
keeping the carrying trade in their own hands, the 
company decided to let the conveyance of coals 
to contractors; but their enterprise was shown by 
the early introduction of the practice of fostering 
traffic by lowering rates. Passenger traffic, also 
sublet, was not a very successful venture. From 
October 10 to December 31 the total earnings 
from this source amounted to only 861. 4s. It is 
not surprising to read that the company were soon 
unable to meet current expenses, and that the 
wages of workmen would have been in arrears 
but that Mr. Pease, a name long to be honoured 
1» connection with railway administration, supplied 
the necessary funds, as he had done on more than 
one occasion when the infant company found itself 
In a tight place. 
After the efficiency of the locomotive had been 
established, order and method introduced, and a 
revenue-producing corporation demonstrated, a new 
phase of the railway problem confronts us. Com- 
not necessarily or intentionally adverse, 
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possessed, though not necessarily of greater 
genius. Certainly he left the path open to men of 


dark that might end in failure and disaster. To| So 


commerce. It is important to notice also that 
with larger pecuniary interests and more confidence 
in railway construction the struggles of the several 
companies for the occupation of new districts became 
more acute. 
tion. The fight for the possession of the Cleveland 
district, the tactics purs 
Committees, the astuteness of the railway mai - 
ment, invest this period with the excitement of a 
romance. The general policy pursued by the 
North-Eastern Railway was one of amalgamation, 
worked with a view to incor 
cordon of defensive lines 

intruder and ensure to the company the monopoly of 
the trade arising from working the rich mineral 
districts of Durham and Yorkshire. Many a hard 
but now forgotten fight, in which fortune favoured 
each side alternately, is recalled here. 
the affairs were ably directed is proved by the 
success in which both the shareholders and the 


















































compels the adoption of a definite policy. A revo- 
lution in the means of transport, in all its i 
forced itself on the attention of enter- 
prising men, and a very evident determination was 
manifested to profit by and extend the pioneering 
work which was proving eminently satisfactory. 
The carriage of coal from the mines of Durham was 
& prize worthy of contention, and the exploitation 
of the county of York promised even larger 
rewards. Here we meet for the first time the 
name of George Hudson, the great railway tactician, 
whose integrity was hardly equal to his business 
capacity, energy, and foresight. With or without 
his aid, a multitude of schemes was in the field, 
which can only be followed with great difficulty, 
though the author has struggled manfully to make 
in the many issues that were raised. We may 
something of the tactics and management 
that were necessary to pilot a Railway Bill through 
Parliament. Strategy to be met by strategy. 
me opposition had to be averted, some co-opera- 
tion secured ; compromises had to be arranged, and, 
if necessary, war carried into the enemy’s country. 
Here we may say that the original company of the 
Stockton and Darlington Railway, that numbered 
several Quakers among its foremost supporters, 
fought strenuously, and proved no mean adepts in 
the game of wits. But these men accomplished 
much, and deserved well of their country. Looking 
back on the railway movement of eighty years ago, 
one cannot but be struck by the extent to which 
the North of England contributed to the develop- 
ment of railway transport, and strove for its success. 
In the year 1834 the Royal Assent was given to 
the construction of 302 miles of rails north of the 
Humber, and by 1841 this number was increased to 
425 miles, all of which were subsequently incorpo- 
rated into the North-Eastern Railway. 
Besides meeting o 


ponents, there were questions 
of develo 


ment and of internal management to be 
conside Naturally, a com that was payin 
15 og cent. on its capital, and whose shares eel 
at 2} times their face value, did not escape envy 
and much competition. Mr. Tomlinson devotes an 
important —_— to the consideration of dividend 
and capital, the sources of income and charges, 
including also the consideration of expenditure on 
the maintenance of permanent-way and general 
management. Amalgamation and competition are 
very instructively considered, showing, if it were 
necessary, that low dividends and duplicated ser- 
vices were the fruits of excessive competition, and 
the desirability of pursuing a less suicidal policy. 
Naturally, all the North Country railways were 
not equally successful. Some worked at a loss, 
practically bankrupt, and had to be dealt with 
drastically ; but extensive amalgamation schemes 
een had the effect of obliterating the worst 
eatures and staving off the severest crises, though 
the Parliamentary Committees in the middle of 
the nineteenth century were more in favour of 


public participated. There have been periods of 
elation and of depression. Strikes and lock-oute 
in the manufacturing trades worked evil then, as 
they do now, the interest of the tale diminishing 
a8 we approach recent times, and reference is made 
to events still fresh in the memory. The author 
probably felt this, and the history of the railway 
since 1904 is much abridged. That he is able to 
hold the attention of the reader so long is a proof 
of his skill as an historian and of his mas’ of the 
facts, also cat clear evidence of the import- 
ance of the events described, that have left so deep 
a mark on our social and economic development. 
Altogether the volume before us is a most valuable 
addition to our records of railway enterprise. We 
may add that it has been produced in an attractive 
form and is well illustrated. 
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VARIABLE RESISTANCE HELICAL 
SPRING GEAR. 


Ir is well known that in the ordinary cylindri- 
cally-coiled helical spring, compression is approxi- 
mately directly proportional to the load applied. 
While this is often an advantage, it is not invariably 
so, as there are many cases in which conditions are 
much improved if the resistance offered inoreases 
with the pressure. Mechanical devices, such as 
pneumatic shock-absorbers, are designed with this 
end in view, for instance. Rubber under compres- 
sion offers the same advantage; as pressure is 
applied the resistance to deformation increases. In 
fact, this characteristic has led to the adoption of 
rubber in a number of different ways, especially in 
connection with railway rolling-stock. A very 
simple means has recently been devised of obtain- 
ing with helical springs an approximately similar 
effect—that is, an increasing resistance with an 
increase in load. The gear may be made in a 
number of modifications to meet almost any condi- 


are first worked in series, then one by itself, and 
finally the two springs in parallel. 

The action of the gear will be best followed by 
reference to a series of tests made by Messrs. David 
Kirkaldy and Son, for which diagrams are given 
herewith. The gear in its simplest form embodies, 
as already stated, two similar springs. Such a 
gear is shown in Fig. 3. Each spring in this case 
had an ultimate carrying power of 7.5 tons ani a 





the last the ferrules are each of different length. 
At the end of this first stage there is a period 
when a further increase of load produces no corres- 
ponding deflection, the load applied in this second 
stage being equal to that applied to the two springs 
in series in stage 1. Brief consideration will render 
the reason for this obvious. During the initial 
stage the two springs, when in series, act prac- 
tically as one long spring, the resistance off°red hy 




















tions. The essential feature of it consists of one or 
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Inches Deflection. 
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3. 


more pairs of flanged ferrules, cut away in such a | 
manner that they pass through each other, with 
—eawren and the necessary springs between 
them. 

In its simplest form this gear consists of two 
cylindrically-coiled helical steel springs, similar or 
not, as the case may be, separated by a pair of 
these flanged ferrules. Typical ferrules are shown 
in Figs. land 2. Their particular feature is that 
the movement of the projecting on one side 
of the pair, when in mesh together, corresponds 
with the movement of the flange on the other side. 
The projecting — or legs of the ferrules may 
be arranged either inside the springs or as sleeves 
on the outside, as may be found desirable from 
considerations of space, &c. Fig, 1 shows ferrules 
of the former type, and Fig. 2 a pair of the sleeve 
type. The leagues of the legs of the ferrules are 
determined according to the length and deflection 

r unit load of the springs, and according to the 
‘orm of load-deflection curve ms pr] of the gear 
in any particular case. The lengths of the ferrules 
and end-stops are so chosen that the two springs 


(4319.8.) 


Fie. 1. 





Tons Load. 





Tons Load. 





Tons Load. 


deflection of 0.407 in. per ton. The characteristics 
of these springs are given in Fig. 4. In that dia- 
gram, curve 1 shows the load-deflection curve of 
each spring tested alone. Curve 2 shows the 
deflection for the two springs in series when they 
act, in effect, like one long spring. Curve 3 shows 
the deflection for the two springs in parallel, 
iving twice the resistance shown in curve 1. 
ese are, so to speak, the base curves from which 
the compound curve of the variable-resistance gear 
is built up. 

Curves for different arrangements of the com- 
pound gear are given in Fig. 5. These different 
curves were obtained with different lengths of 
ferrules and stops. No. 4 shows the two springs 
working in series up to 3.6 tons; No. 5 shows 
them in series up to 4.6 tons; and No. 6 to a load 
of 6 tons. The curve No. 7 shows the two 
springs working in series up to 3.6 tons, and then 
on a single spring for a further 2.4 tons. 

These constitute the first stages in the compres- 
sion of the gear, and the first three are secu 
with pairs of ferrules of different length, while in 








. Fie. 2. 




















Fie, 6. 


the gear to deflection being that of one spring 
only. As soon as the compression allows the 
stops and ferrules to meet, the gear becomes trans- 
formed into two shorter springs working in parallel, 
and the resistanee to deflection is thus increased. 
Before any further deflection can take place, the 
initial load already applied has therefore to be 
doubled. In curve No. 6, for example, at the 
commencement of the second (parallel) stage, the 
initial load is 6 tons. This must be transferred to 
each of the two springs into which the gear becomes 
separated before further deflection takes place, 
giving a stage from 6 to 12 tons load without 
urther deflection. At the end of the first (series) 
stage the ferrules and stops are in contact. When 
the initial load in the second stage has been 
doubled, the two springs separate from each other 
at the centre, as they are further compressed, the 
stop and legs of the ferrule at each end being 
responsible for the compression of the y at 
the other end of the gear. The deflection from this 
point continues at a rate corresponding to that 
shown in curve 3, Fig. 4, as will be seen at the 
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right-hand end of curves 4, 5, 6, and 7. It will | individual compression of the three springs of the 
thus be seen that in the gear for which curve No. 6| system. The compression and subsequent exten- 
is given, for instance, the load taken for a deflec- | sion of the centre spring is interesting. With this 
tion of 5} in. is 15 tons, instead of only 74 tons for | arrangement the action is as follows :—First, the 
a single spring of the same type and length. | three springs are compressed in series to a load of 


Inches Deflection. 
































Fie. 8. Fie. 10. 
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Fig. 12. 

















A modified and interesting effect is produced by | 2.4 tons. During a further increase of the load»by 
the introduction of a third spring between the 1.6 tons only one spring compresses. When the 
flanges of the split ferrules, as shown in Fig. 6. load of 4 tons has been reached a further increase 
The deflection curve of this arrangement is shown causes the three springs to work in llel, and 
m curve 8, Fig. 7. Curves 9,10, and 11 show the the centre spring opens out until it is free from 





load. This stage lasts over an increase of load of 
about 4.5 tons, making a total load of about 8.5 
tons, the last stage giving only a deflection of 
0.325 in. In the final stage the centre spring is 
out of action, and the two main springs work in 
parallel, the deflection for 4.5 tons added in this 
stage amounting to 0.95 in. In this gear, there- 
fore, the unusual effect is introduced of a decrease 
in resistance after the application of a certain load. 
This is clearly seen by the increasing slope of the 
curve No. 8 beyond the 8.5-ton point. 

In order to examine further into the effect pro- 
duced by the centre spring, three similar helical 
springs of exactly equal capacity were placed in 
series with a plate separating one spring from the 
other two. A bolt was passed through the lot, as 
shown in Fig. 8, annexed, and tightened up to give 
a deflection per spring corresponding to a known 
load. This set was then placed in the testing- 
machine and a load applied through the plate, in 
the direction of the two springs. The resulting 


‘diagram is given in curve No. 12, Fig. 4, the initial 





Fie, 11. 











load on the three springs in series being 3 tons. 
Now if the deflection per ton of each spring be d, 
and the initial load applied to the three springs in 
series be W tons, then the deflection per spring 
will equal W d, and the total deflection 3 Wd. The 
plate is, of course, in equilibrium, and will com- 
mence to move as soon as the load is applied. 
Further, as soon as the plate has moved down 
through a distance W d, the top spring will be free 
from compression. The load applied to the plate 
must then be equivalent to the load initially 
applied to the gear plus the load required to com- 
press the two lower springs through the distance 
through which the plate has moved. At that point, 
therefore, the | on the two lower springs is 


Ww 
W+ 9 =14W. Hence the deflection per ton 


during this part of the stroke is 4 d, whereas on 
further compression the deflection per ton will be 
that of two springs in series—viz.,2d. The re- 
sistance of the gear to pressure at the end of the 
stroke ‘is one-third of what it was at the com- 





mencement, the change taking place at a point 
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dependent upon the initial compression of the 
three springs in series. ’ 

Curve No. 13, in Fig. 9, gives the load-deflection 
diagram for the arrangement shown in Fig. 10, of 
three similar springs with two sets of split ferrules 
between them. he action in this case is as 
follows :—In stage 1 the three springs are com- 
pressed in series. In the subsequent stage two 
springs are compressed in series, one being cut 
out. In the third stage two are cut out and one is 
compressed alone, and finally two springs in series 
are compressed in parallel with the third. The 
ultimate resistance of this gear is equal to that of 
two springs in parallel, and not, as might have 
been expected, that of three in parallel. s 

The three-spring gear can made to give a 
variety of different deflection curves by varying the 
centre spring and the spacing between the ferrules 
and stops. In order to obtain the maximum 
deflection and best form of curve, however, the 
total carrying power and deflection per ton of the 
centre spring must bear a correct relation to the 
main springs, as well as to the load applied during 
the first stage. The loads applied during the first 
and second stages must also have a correct relation 
to one another and to the total carrying power of 
the main springs. 

The total deflection, as well as the load required 
to produce that deflection, during each etage can be 
ascertained from the following genera! formule :— 

Let 

P = carrying power of each main spring. 
a = deflection per ton of each main spring. 
b = deflvcvion par ton of centre spring. 
Then 
2a+h = deflection per ton of three springs in series. 


“ = deflection per ton of two main springs in 
: parallel. 


ab — deflection per ton of three springs in 
a+26 parallel. 


Then if 
W, = load applied during first s (arbitrary), 
W, = load epplied Sa cael she Gat 
t , 
W,= loed applied during third stage, 
W, = load applied during fourth stage, 
and 


D, = total deflection during first stage, 
Dz = ” ” ” second 8 . 
Ds = ” ” ” third stage, 
D, = an ee » fourth stage, 


we can deduce the following :— 
w, = Wi la +20) 
a 
and 


w.=2 { P-w,(“*")- wa} 
a 

D, = W, (24 + b) 
D, = Wea 

D, = W, (*%3*) ( ab 


a a+2b 


D, = 2{ P-wi(*5*)- we} « 


am = Ww, b 


l 
= Pa - W, (a + b)- Wea 
The total deflection of the gear is the sum of 
these quantities, viz. :— 
Pa + W,a+ Wb. 


And the total power required to produce this 
deflection is :— 


te 


2P — W:. 

A form of the three-spring gear suitably designed 
for use in railway buffers is shown assembled in 
Fig. 11, while the parts are shown in Fig. 12. 
This gear is in use on the Lancashire and York- 
shire and the Great Northern Railways. The load- 
deflection curve is given in Fig. 9, and numbered 14. 

We have already referred to the fact that rubber 
offers an increasing resistance as the applied pres- 
sure is rai ‘This characteristic renders that 
material very suitable for buffer and draught gear 
where climatic and economic conditions allow of its 
uss. In some circumstances, however, rubber may 
not prove suitable. The effect of the climate may 
be to destroy its lasting power, or its high cost 
may favour the use of steel springs. To show 
how nearly the rubber effect may be obtained 
with the variable-resistance gear described above, 
the load -deflection curve for a rubber buffing- 
spring is given in the dotted curve No. 15, Fig. 9. 
The ideal of resistance increasing with the load, 
so well met by rubber, is thus fairly well imitated 
with the gear in question. 

This gear, devised by Mr. Cecil Watson, 





M.I. Mech. E., Queen Anne’s Chambers, Tothill- 
street, S.W., has been applied not only to railway 
buffing and draught gear in this country and on the 
Indian and South African Railways, but has also 
been adopted for shock-absorbers for the slewing- 
chains of heavy hydraulic cranes, for the landing- 
chassis of aeroplanes, and other pu . It may 
be of interest to state that the late Mr. 8. F. Cody 
employed them on two of his machines. 





_ INDUSTRIAL NOTES. 

Tue Director of the Department of Labour Statistics 
reports as follows on the state of the labour market in 
March :— 

Employment in March showed a rong improve- 
ment, and there was a shortage cf male labour in 
many industries, especially in engineering and ve 
building, coal-mining and agriculture, and of fema 
labour in some branches of the clothing trades. 

The trades affected by war contracts continued to 
be very busy. There was a further improvement in 
the iron and steel, cotton, linen, jute, lace, silk- 
bleaching and dyeing, food preparation, and pottery 
trades. There was also some improvement in the 
furnishing and wood-working trades, and & seasonal 
advance in the building and leichanahing industries. 
The coal-mining, pig iron, tin-plate, and glass trades 
showed little change. 

Compared with a year ago, there was a great 
improvement in all trades affected by war contracts, 
especially the engineering, shipbuilding, woollen, 
hosiery, boot, and men’s clothing trades. Employ- 
ment also improved in the iron and steel, building, 
and wood-working trades. On the other hand, the 
tin-plate, cotton, linen, lace, silk, bleaching and 
dyeing, pottery, brick, and glass trades were con- 
siderably below the level of March, 1914. The number 
of days worked by the collieries was about the same 
as a year ag», but the number of men employed was 
greatly reduced owing to enlistments. 

The advances in wages during March were very 
numerous, the total increase amounting to 73,000/. in 
the weekly wages of nearly 450,000 workpeople, or, 
on the average, 3s. 2d. per head. In the shipbuilding 
industry practically the whole of the operatives 
throughout the —— received an increase, and in 
the engineering trades increases were granted on the 
North-East Coast and the Clyde, and other centres at 
Lzeds, Sheffield, Hull, Southampton, and Belfast. The 
linen and jute operatives at Dundee received a war 
bonus, whilst there were several important increases 
to dock labourers and carters. 

The number of disputes beginning in March was 74, 
and the total number of workpeople involved in all 
disputes in — was 33,903, as compared with 
31,060 in February, 1915, and 92,788 in March, 1914. 
The estimated number of working days lost by disputes 
during the month was 151,200, as compared with 
208,600 in February, 1915, and 1,016,100 in March, 1914. 

Cases dealt with during the month included boot, 
shoe and slipper ratives at Rushden, Kettering 
and Rossendale; plumbers, London ; crane-drivers, 
Darlington ; electrical workers, Birmingham and 
Stoke-on-Trent ; tramwaymen, Musselburgh ; bobbin- 
workers, Garston; brassmoulders, Clyde district ; 
motor - cab oilers and washers, London ; joiners, 
Glasgow ; canal porters and checkers, Liverpool ; 
watermen, &c., Port of London; and labourers, 
Pembrey, Carmarthenshire. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the four weeks ended 
March 12, 1915, was 34,477, as compared with 34,006 
in the previous four weeks, and with 24,774 in the 
four weeks ended March 13, 1914. The average 
weekly number of vacancies filled for the same periods 
were 24,797, 24,966, and 18,642 respectively. 





In reply to a question in Parliament on the 15th 
inst. as to whether the Government had appointed a 
committee to supervise contracts for munitions of war, 
Mr. Asquith said: The appointment of such a Com- 
mittee was decided upon a month ago, and the 
departments have been busy preparing the ground for 
its activities. The function of the Committee is to 
ensure the promptest and most efficient application of 
all the available productive resources of the country 
to the manufacture and supply of munitions of war 
for the Navy and Army. It has full authority to 
take all steps necessary for that purpose. The com- 
position of the Committee is as follows :— 

The Chancellor of the Exchequer (chairman). 

Mr. Arthur Balfour. 

Mr. E. 8. Montagu. 

Mr. G. M. Booth. 

Major-General von Donop. 

Mr. H. Baker, M.P. 

Sir Frederick Block and Admiral Tudor (re- 
presenting the Admiralty). 

Mr. A. Henderson, M.P. 

Sir H. Llewellyn Smith. 


In this Committee Mr. Montagu re nts the 

Treasury, Mr. Baker the War Office, Maderdienenel 

von Donop the Army Council, Sir H. Llewellyn Smith 

the Board of Trade, and Mr. Henderson represents 
ur. 





In Parliament, on the same day, Mr. Tennant, 
Under-Secretary to the War Office, gave a complete 
list of names of the War Office Armaments Output 
Committee. This departmental body is not to be con- 
fused with the larger Munitions Committee above 
referred to. Mr. G. M. Booth’s name was mentioned 
on page 416 ante. The War Office Committee con- 
sists of :— 

Lord Kitchener, as Secretary for War. 

Maj r-General Sir Stanley B. von Donop. 

Sir Herb-rt J. Walker, chairman of the Railway 
Executive Committee. 

Sir Algernon Firth, president of the Associated 
Chambers of Commerce. 

Mr. George M. Booth. 

Mr. Allan M. Smith, secretary of the Engineering 
Employers’ Federation. 

The functions of this Committee are to arrange for 
an increase in the production of armaments and 
munitions of war. 





Figures compiled from the actual hours for which 
the men were paid during four weeks in March have 
been sent by the Shipbuilding Employers’ Federation 
to Mr. Lloyd George, and the following summarises 
the inf»rmation. The results are obtained from 
figures taken out for four weeks during March, 1915, 
by 48 representative firms, of whom 15 are in the 
Clyde district, 27 on the North-East Coast, and six at 
Birkenhead, Barrow, or Hull. 

Comparison of hours worked by the ironworkers in 
the Clyde district and North-East Coast district 
gives the following results :— 

Clyde North-East 
District. Coast. 
Per Cent. Per Cent. 
Over 53 or 54 hours per week... 27.6 19.7 
Between 40 and 53 or 54 hours 
per week ao ve ... 989.4 40.5 
Under 40 hours per week ... 33.0 39.8 

The following is a statement of the hours worked 
individually during March by the whole of the iron- 
workers employed by the firms referred to. The 
number is given per 1000 :— 

Men (per 1000). 
Over 80 hours per week ... ne 1.18 


»» 75 hours and up to 80 hou eee 4.74 
o = @ - oe wie 15.16 
a i « - a oul 36.37 
co ao Re - ~ 62.02 
»» 53 54 ,, ce ee .. 129,42 
oo Ow » 83-04 ,, si 113.80 
o~ a i 50 (Cy, a 147.10 
no ew se 4 4, ae 139.00 
— mt 40 ,, ai 138.10 
~_ # ‘ 35s, om 91.70 
— we so 30. Ci, a 55.30 
” 20 9. ” 25 .” soe 30.30 
20 hours and under = , ia 40.60 


The statement shows that 36 per cent. of the men 
worked, including overtime, under 40 hours per week 
during March ; a that the total working hours of 
practically one-half of the men were less than 45 hours 
per week, while the nominal working hours of peace 
times are 53 or 54. 

The aggregate amount of ordinary hours avoidably 
lost represented during the same four week of March 
in all 668,000 hours, equal to a loss of 25 per cent. of 
the normal working hours. 

In view of these figures, it is interesting to note 
that Mr. Asquith said at Newcastle on Tuesday night 
that he was told on the best authority that the main 
armament firms register the very high average figure 
of from 67 to 69 hours per week per man. If his 
intention was to suggest that this result was repre- 
sentative of the workers on all war munitions, the 
figures given above prove that his suggestion was mis- 
leading. Nodoubt some armament firms gst the high 
average he mentioned—we referred last week (page 441 
ante) to the splendid example of Sheffield ; but the 
figures given ens from 48 representative firms are 
fairer average, and show, not 67 hours per man per 
week, but well under 40. To other points of Mr. 
Asquith’s speech reference is made in our leading 
article. 





Inquiries by one of our representatives on Saturday, 
the 17th inst., says the Manchester Guardian, showed 
that during the last fortnight the factory inspectors 
of the ety Lave been visiting all firms engaged in the 

roduction of munitions of war, and filling in forms 
esigned to give the War Office accurate statistics as 
to the men and plant available, and what opportuni- 
ties there are for extensions of premises. To-day 
practically every engineering firm in the city and 
neighbourhood which has any means of producing for 
the needs of the War Office is actually en on 





With power to add to their number, 


that work, though in many instances not to the extent 
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that they might be. Some are devoting themselves 
exclusively to War Office contracts, and in these in- 
stances the Government is guaranteeing them a maxi- 
mum profit, and has induced them to make consider- 
able extensions of premises and machinery. No case 
was revealed of Manchester firms being prohibited 
from supplying the ordinary wants of their private 
customers, such as has been reported from Birming- 
ham, but all the munitions of war, and materials used 
in the manufacture of them, must, of course, be for 
the Government. 

Some of the many chemical works of the city have 
also been engaged from the beginning of the war 
producing materials for explosives, and wherever it 
was p: ssible these firms greatly reduced, if they did 
not entirely pm mag a number of their ordinary pro- 
ductions in order to cope more effectively with the 
requirements of the War Office. Several firms have 
made, and are still making, substantial extensions to 
their premises and plant, and the progress is bein 
closely watched by the authorities. Early last wee 
General Saville and three other representatives of the 
War Office paid a round of visits in the Manchester 
ares. 





We read in the Birmingham Duily Post that a 
meeting of local manufacturers was held on Monday 
last at the Midland Hotel, Birmingham, with a view 
to consider the question of the manufacture of 
ammunition. 

Lord Elphinstone represented Mr. G. M. Booth, 
and stated that since the War Office Armaments Out- 
put Committee came into existence, many misunder- 
standings had been removed. The Committee came 
into ¢xist not b of any panic, or because it 
was thought the men in the armament factories had 
done badly ; on the contrary, the figures showed that 
the men had been, and were, doing splendidly. But 
owing to the unexpected nature of the war, and the 
fact that it had developed into siege warfare, a very 
much larger output of war material was now required 
than was anticipated. What was now sought was a 
businesslike method of increasing the sources of 
supply, and generally co-ordinating all the efforts 
to that end. The question he was there to ask 
Birmingham was the same as was being asked in 
every industrial centre in this country. It was 
this: —‘‘Can you do even more than you are 
doing? Is every single suitable man and every 
single machine employed to the fullest capacity?” 
The great desire of the Government in securing & 
larger output of munitions of war was not to upset 
legitimate and necessary trade more than was abso- 
lutely imperative. The general prosperity of the 
country must, as far as possible, be preserved in order 
that when the time came to pay for the war we should 
be the better able to do it. At the same time it was 
felt there were many smaller factories in the country 
which had not been called upon to co-operate, and were 
at present engaged on civil work that could be tempo- 
rarily suspended. After careful consideration the best 
method seemed to be, as conditions were not exactly 
similar all over the country, to divide up its industrial 
areas into two classes—‘‘ A” and ‘‘ B” areas. The ‘‘ A” 
po he a as a district in which. were firms 
already producing munitions of war, possessing plant 
available for use fn excess of the labour ame In 
order to ensure the whole of such existing plant being 
fully utilised on Government work, it might be neces- 
sary to draft in from outside skilled labour employed 
on private contracts. ‘* B” areas were those in which 
at present no direct War Office contracts or sub- 
contracts had been placed. Such areas would be 
scheduled in relation to plant and labour suitable for 
the manufacture of guns and shells, and a scheme of 
co-operative production would, if possible, be de- 
veloped. In some districts there would be a “B” 
area within an ‘‘ A” area, and that was where it was 
hoped Birmingham would come in. It was pro 
to leave to the locality concerned the outlining of the 
arrangements which would best be suited to it. Their 
proposals, after consideration by Mr. Booth’s Com- 
mittee, would be acted upon if they seemed feasible. 
Dealing with procedure, Lord Elphinstone said the 
system adopted hitherto had been to call a repre- 
sentative meeting such as that, and then to forms 
small committee to carry into execution whatever plan 
was adopted. On that committee labour ool be 
represented. The fullest assistance would be given to 
the local committee by the War Office. 

Lord Elphinstone then dealt with the question of 
compensation to manufacturers whose interests the 
reorganisation of factories might damage. It was 
a that where a firm undoubtedly suffered 
mm, clther by the temporary transfer of their men or 

y “ae cancellation of private contracts, the question 
. compensation should be fairly and expeditiously 
- — with. The trade unions were co-operating to 

¥ fullest extent of their great power, and it was, 
th course, clearly understood” that in all cases where 

- regulations had been suspended such removal 
oF restrictions should be only for the duration of the 





war. Everything that was being done was of a tem- 


pee nature, with the sole aim of ending the war. 
t was confidently believed that the Birmingham com- 
mittee would be able with their local knowledge of 
the possibilities of the district to formulate a scheme 
whereby Birmingham’s contribution to the munitions 
of war would be greatly increased, not by asking 
more of those who were already overworked, but by 
bringing in as yet undeveloped sources of supply. 

The meeting elected an executive committee aa the 
Birmingham district as follows :— 

Mr. Dudley Docker (chairman), Sir Hallewell 
Rogers, Sir Gerard Muntz, Mr. Neville Chamberlain, 
Mr. Arthur Chamberlain, Mr. A. T. Keen, Mr. E. V. 
Hiley (town clerk), Mr. T. Harris Spencer (chairman 
of the Midland Employers’ Federation), Mr. Steven 
(chairman of the Engineering Employers’ Federation), 
— R. 8. Hilton (secretary). 

he committee were given power to add to their 
number and to appoint any necessary sub-committee. 

After the general meeting, the executive committee 
met and decided to invite the following Labour 
representatives to join them :— 

Mr. George Ryder (Amalgamated Society of Engi- 
neers), Mr. J. Beard (Workers’ Union), Mr. Solomon 
Hill (secretary of the Allied Trades’ Federation). 

If these gentlemen cannot serve, they will be invited 
to <r. & representative from each of the bodies 
named. 





At a conference of trade-union representatives of 
the dyeing, bleaching, finishing, and kindred branches 
of the textile industry at Bradford on Saturday, the 
17th inst., it was stated that advances had been ted 
by firms to over 45,000 employees. At the conclusion 
of the conference, which lasted four hours, Alderman 
J. Hayhurat said the National Society of Dyers were 
authorised to accept the terms of the Huddersfield 
Master-Dyers’ Association, which were similar to those 
of the Bradford Dyers’ Association. This will affect 
the whole of the men employed in the Huddersfield 
and Col: e Valley districts. The Yeadon ard Guiseley 
Factory-Workers’ Association are also authorised to 
accept similar terms. Messrs. Lister and Co., Limited, 
have this week granted to all their employees, includ- 
ing 4000 who were not represented at the conference, 
advances similar to those of the Bradford Dyers’ 
Association. The conference has decided to recommend 
all societies to write again to those employers who 
have not yet conceded the terms, and to hand in seven 
days’ notice to terminate their employment if the 
employers do not comply. The Leeds Cloth-Dyers’ 
Association are to be written to demanding that the 
wage-limit of 40s. should be withdrawn. 

By arrangement of the General Union of Textile 
Workers a meeting was held in the Mechanics’ Insti- 
tute, Bradford, on the same day, to protest against 
the refusal of textile employers to give advances. Mr. 
J. H. Watson, the local secretary of the union, pre- 
sided, and Mr. Ben Turner (the general president), 
Mr. Allen Gee (general secretary), and Mr. W. H. 
Leach, were the chief speakers. No resolution was 
put to the meeting. About 250 people, mostly women, 
were present. 

A largely attended meeting of the textile union 
members in Morley and district was held at Morley 
also on the 17th inst., for the purpose of receiving the 


ropoeals of the Morley Manufacturers’ Association | Go 


or @ war bonus to textile workers in the district. It 
was resolved by a large majority to ae the terms, 
which are the same as those accepted at Huddersfield. 





Whilst the Conference of the Miners’ Federation 
referred to on page 430 ante was being held in London 
last Wednesday, the 21st inst., Mr. Runciman sent an 
invitation to the ne of the Federation, 
asking them to meet him at the Board of Trade. The 
representatives accepted the invitation. The situa- 
tion was discussed at the Board of Trade, and the 
Conference sat again yesterday. 





According to the Yorkshire Post, a mass meeting of 
members of the General Union of Textile Workers 
was held a few days ago at Huddersfield, when the 
terms of agreement offered to the union by represen- 
tatives of the Huddersfield and District Woollen 
Manufacturers and Spinners’ Association, the Hudders- 
field and District Yarn-Spinners’ Association, and the 
Huddersfield and District Fine-Cloth Manufacturers’ 
Association wereagreed upon bya substantial majority. 
War bonuses will be given to the operatives on the 
following scale :—All persons earning 10s. and under, 
6d. per week ; all males earning over 10s. and not 
exceediog 20s. per week, ls. per week ; over 20s. and 
not exceeding 30s. per week, 2s. 6d. oo week ; over 
30s. and not ex g 403. per week, 2s. per week ; 
all women workers earning over 10s. per week, & 
bonus of ls. per week. The employers will continue 
to grant this war bonus until the expiration of three 


months after P aggre is declared. The bonus is to be 
paid fortnightly, and in the case of piece-workers is 
to be caleulated. on the earnings each fortnight, 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 7. 

Tuer indifference of American railroads to extension 
and improvement can be largely explained by a recent 
Interstate Commerce Commission report, which shows 
as unfavourable conditions as those fur 1914. Net 
earnings were reduced 96,460,125 dols. No dividends 
were paid on 34.94 per cent. of capital stock, or on 
11.94 per cent. of funded debt. Reduction in number of 
employees amounted to 119,756. Three thousand more 
miles of road were operated than in 1913. It is now 
believed that exports of iron and steel products have 
reached the high level of 1912, despite the curtailment 
to certain countries. Steel exports are, as frequently 
intimated, much heavier than is openly known, ard 
the volume is roughly estimated at 15 to 20 per cent. 
of current steel production. Very recent irquiries 
indicate that a much heavier demand is near at hand. 
Mention has been made in recent reviews of the grow- 
ing demand for lathes and machine-making \ools. 
Recent contracts emphasise the importance and 
growth of this dem Capacity is taxed and shop 
expansion is in rapid progress. A comparatively new 
source of extraordinary demand is material fur motor- 
cars. Large orders are being placed in advance of 
the usual dates. Material for agricultural implements 
is being urgently ordered, and the cast-iron pi 
interests have been in the market for about 100/000 
tons of low-grade pig-iron to cover recent contracts 
for extended pipe-lines. 

The great drawback is the lethargy in domestic 
consumption. It is only moderate. A strong under- 
current of opposition to the continuance of the policy 
of low import duties seems to be asserting itself in 
hidden ways, and it is probable the tariff issue will, 
in 1916, occupy a prominent place in the opposition 
platform unless economic conditions should radically 
change in the meantime. 





Foreign Motor Dicrionaries ror THE Front.—The 
Commercial Motor-Users’ Association has, at the request 
of the Director of Transport of the British Expeditionary 
Force, presented a further supply of sev thousand 
copies of the ‘‘Sternol ” pocket motor dictionary for the 
use of the motor transport drivers on active service. The 
dictionary, which is printed in English, French and 
German, is of a size suitable for the waistcoat pocket, and 
comprises twelve pages, containing 500 references to the 
construction and running of a motor-vehicle. Any one 
interested may obtain a copy from the secretary, the Com- 
mercial Motor-Users’ Association (Inc.), 83, Pall Mall, 
London, 8.W., by sending a stamp to cover postage. 





Tue Moror ORGANISATIONS AND Private LeGisia- 
TIon.—In with their usual tice, the Royal 
Automobile Club and the Automobile Association and 
Motor Union carefully considered all Private Bills intro- 
duced into Parliament last session, and it was ascertained 
that in a number of instances the “oa were seeking 

wers which, if granted, would be opposed to the 
interests of motorists. In several Bills power was sought 
to make water used for washing motor-cars a non-domestic 
supply, which would have meant that the water com- 
panies could have refused to supply water for this 
purpose except on their own terms. In some cases the 
opposition has resulted in Bills which are being amended 
to meet the objections raised, while in others, which are 
pending, representations have been made to the Local 
vernment Board as to the unsatisfactory nature of 
particular proposals. Among the other Bills which have 
received attention are various Tramway Bills, in which 
the municipal authorities have sought power to erect 
tramway equipments, and these ve care- 
fully investigated, with a view to avoiding unnecessary 
obstruction on the highway by central standards, &c. 
Mention should also be mele of the Blythe Corporation 
Bill, in which it was ) ae to charge certain tolls 
which a to be of an unreasonable character; this 
Bill has consequently been opposed. 





Tue tate Prorgsson W. Grrits Apams, F.R.S.— 
We regret to learn that Dr. Grylls Ad M.A., D.Sc, 
F.G.S., Emeritus Professor of Natural Philosophy and 
Astronomy in King’s College, London, died on the 10th 
inst. William iam Grylls Adams was born in 1836, in Corn- 
wall, where the ry ey. He was educated at 
Birkenhead and at St. John’s College, Cambridge, of 
which he became a Fellow. Among his scientific pub- 
lications were eee on Magnetic Disturba on 
Selenium, on Measuring Polari and on Baui- 

tential Curves and Surfaces. of these papers 

brought before the Royal Society and before the 
Physical Society ; his investigations on the testing of 
dynamos and on ~~ ay Mg generato:s as motors 
were communicated to Institution of Electrical 
i over — — ae oe. sm 
& past-president si iety. In 
1906 he retired to Broadstone, in Dorset. Professor 
Grylls Adams, it is interesting to recall, was a brother of 
the Cambridge astronomer and mathematician John 
Couch Adams, who in 1843 calculated from the irregu- 
larities of the orbit of Uranus that there must be an 


was also 


unknown planet of a certain mass further out. The 
Paris astronomer Leverrier a little later in ently 
came to the same conclusion, and in Septem , 1846, 





N i pot at 
Bonin Observatory by Galle, who had been informed of 
these calculations, 
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In a former issue (see page 196 ante) we referred 
briefly to the Brayshaw industrial furnaces which 
were exhibited for a few weeks in the Large Hall, 
Nursery-street, Sheffield, from February 8. We now 
illustrate several of the types shown. 

Among these may be mentioned, in the first place, 
the pressure-gas annealing furnace illustrated in Figs. 
1to4. This furnace has a chamber, the inside length 
of which is 15 ft., and is heated from above; the gas is 
supplied to it at the ordinary pressure, the air supply 
being at a pressure which does not exceed 1 lb. per 
8q. in., and it is provided with two patent Brayshaw 
mixers of the type which has been adopted by the 
Royal Mint. The two mixers are worked in conjunc- 
tion, and supply twenty-eight inlets, there being 
fourteen on each side, each mixer supplying alternate 
pairs of inlets, so that when a low temperature is 
required a uniform heat can still be obtained through- 
out the furnace by shutting off one mixer. The gas 
and air supplies are controlled by rods fitted with 
universal joints, whose action is combined with that 
of the quadrants at the end of the furnace, so that the 
operator can look down the interior of the furnace 
when adjusting the gas and air supply. 

The arran tt of the pipe-work to the inlets is 


inlet-blocks, illustrated in Figs. 3 and 4, by collars 
bedded in mage! ; by this means all a is pre- 
vented. Fig. 2 alsoshows the arrangement of the flues 
and dampers ; these, it will be seen, are easy of access. 
Fig. 3, already referred to, is a section through the 
furnace ; it illustrates the brickwork lining a row 
of bafile-bricks, which runs over the whole length on 
each side, these preventing the flame from _— 
directly upon the piece under heat treatment, ai 
thus doing away with the risk of uneven heating. The 
flame, which enters in a vertical direction, impinges 
upon the baftle-bricks, and is then deflected to the roof 
of the furnace, the heat radiating from thence distri- 
buting evenly throughout the chamber. In this con- 
nection we may state that, in the course of tests 
carried out at the exhibition, by pyrometers placed at 
various intervals through holes in the roof of the 
furnace (which are provided for the purpose of such 
temperature tests, and are closed by spec‘al bricks 
when not in use), it was ascertained that there was a 
difference of only 5 deg. throughout the entire length 
of the chamber, a result which affords a proof of the 
efficiency of the Brayshaw burners and mixers. 
Balanced doors are provided at each end of the 
furnace ; these doors, when closed, can be locked in 





shown in Fig. 2. The inlets are securely fastened to the 


position by a special device which is fitted to al] the 





furnaces of this type. The device consists of four 
pulleys mounted on a shaft supported at the top of the 
framework of the furnace; the two outside ones are 
connected to counterweights, and the two inside ones 
to the furnace-door, which is able to move up and 
down freely when the locking device is not fastened. 
This is an interesting feature of the arrangement, 
since close-fitting doors: are liable to become im- 
movable owing to the expansion of the brickwork, 
which is bound to take place under a constant heat. 
A piece of flat iron, oe a stop at the lower end, is 
provided in the centre ofthe door, and at a slight 
distance above the door there is a fixing, through 
which a bar is allowed to move freely, the bar being 
so connected to a shaft that by means of two handles 
on the right-hand side of the furnace the door can be 
locked in any position. The bar being free to move, 
it slides up and down the flat iron, and when the door 
is raised the stop at the bottom engages with the bar 
and so lifts it, leaving the mouth of the furnace 

uite free. The device in question is illustrated in 

igs. 10 and 11. 

Rollers are provided at each end of the furnace to 
facilitate the entrance of long bars at one end and 
their removal at the other. 





The furnace casing is lagged throughout with 
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asbestos pecking, thus reducing considerably the| meter traces two differently-coloured records. The heated by Bunsen burners. This t ‘ype is very suitable 
amount of gas es for keeping the furnace at | clockwork mechanism is arranged to switch in succes- ‘or close annealing, and is — for lower tem- 
the sequined heat. All the inlet. ocks are easily | sively and in rotation two pairs of thermo-couples, so — than the pressure- furnace. It is heated 
accessible at all times. that four entirely independent, continuous, and clearly m the bottom, instead of from the top, by seventeen 

The furnace is connected by four thermo-couples to a | distinguishable records are obtained side by side on | burners of the "Brayshaw design, of which is 
ary e thread-recorder, manufactured by the Cam-| the one chart. The zeros of all four records may be | fitted with a separate tap, this enablin BS the operator 
bridge Scientific Instrument Company, Limited, which | set up by the use of two scale control-boards only, | to adjust the temperature accurate pyrometer 
gives four records on one chart. In this instrument | instead o four, as usually required. helestee geovided | in the roof, as in the ormer furnace. 
two differently coloured threads are employed, and a| In Figs. 5 to 9 we illustrate the Brayshaw draught- | The illustrations, “ty = 5 and 6, show the general 

rocking mechanism brings them alternately under the furnace, which was also exhibited. The inside | arrangement of the brickwork, ‘and the seventeen 
galvanometer booms, y this means each galvano- aes of the chamber of this furnace is 16 ft. It is| bricks specially designed, through which the flame is 
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carried ; they also show the position of the seven flue- 
outlets. 

The burner in position is illustrated in Figs. 8 and 9. 
The flame enters on the under sides of the floor slabs; it 
then parts, and comes up the special provided 
along each side, shown in Fig. 7, so that no heat is 
wasted on the passage to the flues. When the articles 
to be annealed have been brought to the required 
temperature, the furnace can be entirely closed to the 
air. The burners are then each withdrawn from the 
inlet-bricks, and a damper is pushed forward (see Figs. 
8 and 9), thus preventing any cold air from passing 
through. The rs in the flues are closed, and the 
doors, which are of the same type as those fitted to the 
pressure-gas furnace, can be sealed with fire-clay if 
necessary. The furnace is also provided with rollers 
at each end for facilitating the pushing of the bars and 
lug-pieces through. Each burner can be easily de- 
tached for removing any dirt that might fall into it; 
this should, however, not happen, as when work is 
being pushed through the furnace the burners should 
be withdrawn, and the dampers closed. 

This furnace is provided with three thermo-couples, 
connected to a single-thread recorder, with triple com- 
mutator, giving three records on one chart. This 
instrument is also manufactured by the Cambridge 
Scientific Instrument Company, Limited, and was 
designed for use in cases where the temperature varies 
comparatively slowly. The thermo-couples are switched 
on to the recorder one at a time, and in definite order. 
A different system of record dots is given by each 
couple, so that it is ible to separate out one record 
from the others. Fhe longest interval between two 
record dots for the same thermo-couple is 3 minutes. 

A Brayshaw barium-chloride bath also formed part 
of the Sheffield display. It is provided with a pre- 
heating chamber, provided with sliding doors similar 
to those of the twin-chambered furnaces, which we 
described in a former issue * 

In this apparatus, the vy eaves patent mixer is 
placed at the back of the furnace, there being a 
— ignition hole on the left-hand side, which is 
closed atter ignition by a firebrick plug held in 
a metal frame, which slides on bars so as to prevent 
any rough handling and to enable the plug to be 
forced well home; the plug is then tightened by 
a small hand-screw attached to the bars. On the 
right-hand side is a slag-hole for removing the salts, 
should any overflow. The flame strikes the pot base 
at an angle, and a whirling motion is set up which 
encircles the cylindrical-shaped crucible containing 
the barium chloride ; the flame then rises upwards 
into the flue which leads into the preheating chamber, 
meeting in its course a baffle fo: med by a ring of fire- 
brick extending round the upper portion of the pot, 
there remaining only a small opening through which 
the flame can ultimately pass. The main chamber is 
covered by a firebrick slab, which is removable, for re- 
placing the pots; the tools are through an 
opening in the slab into the pot, this hole being filled 
up by a fireclay plug attached to a balanced lever in 
such @ way that it can be raised and swung round out 
of the way for the insertion of the tools. The whole 
furnace is compact and easily worked ; an iron grid 
acting as a sletherns and attached to the front enables 
the operator without any undue exertion to look down 
into the pot. If necessary, an extra flame can be 
directed into the preheating chamber through a small 
hole provided in the base, to raise the work to a higher 
temperature. 

Fig. 12, page 461, shows one of the Brayshaw crucible 
furnaces, two of which were exhibi in Sheffield, 
one being heated for demonstration purposes. The 
furnace is equipped with the Brayshaw patent mixer. 
It is lined with a special refractory material, eur- 
rounded by a thick lagging to retain the heat and 
thus reduce the gas consumption. The flame, which 
enters horizontally at the rear of the furnace, strikes 
the crucible stand at an angle and then whirls round 
and up the tide of the crucible ; when it comes in con- 
tact with the cover it is deflected over the centre of 
the pot, thus giving "F more of its heat before it finally 
reaches the outlet. The products of combustion are 
then led away through a flue in the balanced swivel- 
ling cover. The cover is so arranged that by pullin 
forward the lever L, which acts in conjunction with 
a crank and disc, it is raised slightly on the ful- 
crum F ; the height to which it is desired to raise the 
cover can be adjusted by the screw A. When raised, 
the cover and baiance-weight can be pushed aside 
from the top of the furnace, without any exertion, for 
removing the crucible or placing it in the furnace. 
The device has, amongst other advantages, that of 
mage. Sega A with all risk of damaging the furnace to 
by the continual scraping of the cover upon it. 
smaller cover, shown in Fig. 12, located above the 
larger one, serves for feeding heated metal into the 
pot, and also for inspection purposes. In the front, 
at the base of the furnace, an emergency outlet is pro- 
vided, to be used should the crucible accidentally get 





* See ENGINEERING, vol. xciv., page 568. 





broken, or in any other emergency. When in work, this 
outlet is securely plugged, as shown. The labour con- 
nected with these crucible furnaces is less than that 
connected with coke furnaces. Melting is rapid and 
the heats are under perfect control. 

Messrs. Brayshaw also exhibited three salt-bath 
furnaces, similar to those we described in former 
issues, and illustrated in our vol. xciv., page 568. One 
of these was working, and was connected to a Cal- 
lendar recorder, manufactured by the Cambridge 
Scientific Instrument Company, Limited. This latter 
company also supplied the Féry pyrometers, which 
were in constant use during the time the Exhibition 
remained open, in connection with the furnaces ex- 
hibited. 





THE ROYAL METEOROLOGICAL SOCIETY. 

THe monthly meeting of this society was held on 
Wednesday evening, the 21st inst., at the Surveyors’ 
Institution, Great George-street, Westminster, Captain 
H. G. Lyons, F.R.S., President, in the chair. 

A paper was communicated from Mr. H. Helm Clayton, 
of the Argentine Meteorological Office, on “‘ A Study of 
the Moving Waves of Weather in South America.” It is 
the custom in most meteorological services for the fore- 
caster to make a mental estimate of the changes to be 
anticipated during the succeeding twenty-four or forty- 
eight hours. In order to improve on this method, and 
to raise forecasting to a science, the author believes it 
is essential to replace estimates by quantitative mea- 
surements of expected changes and to make quantitative 
forecasts. He gave an interesting example of such a 
method as applied to one of the Argentine weather 


ma: 

Mr. E. H. Chapman read a paper on ‘‘ The Correlation 
between Changes on Barometric Height at Stations in the 
British Isles.” This was an attempt to discover the 
relationships existing between the changes in the baro- 
metric height at one place and another during the same 
and also different intervals of time. The conclusion 
arrived at is that the best information for foretelling 
barometric changes at any station is from a station south- 
west of it, the statistical measure of the accuracy with 
which such a change can be foretold being expressed in a 
correlation coefficient. 





Tue tate Mr. Joun ALEXANDER MacLE.ian.—We 
et to have to record the death, which occurred on 
at hey the 14th inst., at Newton Abbot, Devon- 
shire, of Mr. John Alexander MaclI.ellan, a director of 
the firm of Alley and MacLellan, engineers and ship- 
builders, Sentinel Works, Glasgow. Mr. MacLellan was 
one of the founders of these works. The concern was 
converted into a limited liability company in 1903, when 
the deceased was appointed one of the directors ; of late 
years, however, he had retired from active participation 
in the m ment, and resided in the south of England. 
Mr. MacLellan was sixty-one years of age. 





Tue Iron And Sregt Instirvuts.—The annual meeting 
of the Irun and Steel Institute will ba held at the Institu- 
tion of Civil Engineers, Great George-street, Westminster, 
on Thursday and Friday, May 13 and 14, commencing 
each day at 10.30 a.m. In the event of Mr. Greiner being 
unable to attend, Mr. Arthur Cooper, LL.D. (immediate 
Past - President), will preside at the meeting. The 
Bessemer gold medal for 1915, which has been awarded to 
Mr. Pierre Martin (formerly of Sireuil, near Paris), will 
be received on his behalf by His Excellency M. Paul 
Cambon, the French Ambassador, who has kindly con- 
sented to attend. On Thursday, = | 13, at 3 p.m, 
Professor Hubert, Liége, University, will deliver a lecture 
on “Large Gas-Engines.” The Andrew Carnegie gold 
medal for 1914 will be presented to Mr. E. Nusbaumer, 
Paris. The papers that are expected to be submitted for 
reading and discussion are the following :—‘‘ Diffusion of 
Carbon in Iron,” by Mr. F. W. Adams, B.Sc. ; ‘‘ Supple- 
mentary Notes on the Forms in which Sulphides ma 
Exist in Steel Ingots” (Part II.), by Mr. J. O. Arnold, 
D.Met., F.R.S., and Mr. G. R_ Bolsover ; ‘“‘ Researches 
on Iron, Silicon, and Carbon Alloys,” by Mr. G. Charpy 
and Mr. A. Cornu; ‘Corrosion of Iron in Aqueous 
Solutions of Inorganic Salts,” by Mr. J. A. Newton 
Friend, D.Sc., Ph.D., and Mr. P. C. Barnet, B.Sc. ; 
(a) ** Relative Corrodibiluies of Grey Cast Iron and 
Steel,” (b) ‘‘ Note on the Removal of Russ by Means ot 
Chemical ts,” by Mr. J. A. Newton Friend, D.Sc., 
Ph.D., and Mr. C. W. Marshall; ‘*Communication on 
the Heating of an Open-Hearth Furnace by Means of 
Tar,” by Mr. A. Greiner, D.Sc. ; ‘‘Sound Steel Ingots 
and Rails,” wy Sir R. A. Hadfield, D.Sc., D.Met., F.R.S., 
and Mr. G. K. Burgess, D.Sc. ; ‘‘ The Nature of the A. 
Transformation in Iron,” by Mr. K. Honda; “ Brineli 
Hardness and Tenacity Factors of a Series of Heat- 
Treated x. Steels,” by Mr. A. McWilliam, D.Met., 
and Mr. E. J. Barnes; “‘ 0-Electric Properties of 
Special Steels,” by Mr. A. M. Portevin and Mr. E. L. 
Dupuy; ‘‘Stress-Strain Loops for Steel in the Cyclic 
State,” by Mr, J. H. Smith, D.Sc., Wh.Sc., and Mr. 
G. A. Wedgwood, B.Sc., Wh.Sc, ; “‘ Detection of Burn- 
ing in Steel,” and ‘‘Iron, Carbon, and Phosphorus,” 
by Mr. J. E Stead, D.Sc., D.Met., F.R.S. The Coun- 
cil bave decided that, on account of the war, it will be 
inadvisable to hold the annual dinner this year. It has 
been provisionally decided that the autumn montieg tae 
be in London during the week ending September 25. 
Further particulars of the arrangements will be announced 
in due course. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with an easier tone, and 3000 
tons of Cleveland warrants were done at 67s. 31., 67s. 34d., 
and 67s. 2d. cash and 67s. 9d. one month, with sellers over 
for the latter position, and at 67s. 4d. cash. In the after- 
noon there was little change, and the dealings amounted 
to 2000 tons of Cleveland warrants at 67s. 44d. eight 
days, and 67s. 9d. and 67s. 8d. one month. Closing 
sellers quoted 67s. 44d. cash, and 67s. 9d. one month. 
On Frida morning the market was rather weak, and 
Cleve warrants fell away in value. The turnover 
was 5000 tons, at 66s. 7d. cash, 67s. 1d., 67s., 67s. 2d., and 
67s. 14d. one month, and 68s. 3d. three months, and 
sellers’ quotations at the close were called 66s. 9d. cash, 
67s. 2d. one month, and 68s. three months. The after- 
noon session a hardening tendency, and 2500 tons of 
Cleveland warrants changed hands at 67s. 3d. and 
67s. 4d. one month, and 68s. 2d. three months, with 
seilers over at 67s. cash, 67s. 4d. one month, and 68s. 3d. 
three months. On Monday morning the market was 
quiet and easier. The business consisted of 2000 tons 
of Cleveland warrants at 66s. 6d. and 66s. 74d. cash, 
and 67s. one month, but closing sellers named 66°. 10d. 
cash, 67s. 3d. one month, and 68s. three months, 
with buyers at 66s. 7d., 67s. O4d., and 67s. 74d. respec- 
tively. In the afternoon Cleveland warrants were 
~~ 4 irregular, and were easier at 66s. 3d. cash 
and 10d. and 66s. 9d. one month, but steady at (8s. 
three months. The turnover was 3090 tons, and the 
closing quotations were 66s. 34d. cash, and 66s. 9d. one 
month, but for the three months position there 
were no quotations given. A steady tone charac- 
terised the market on Tuesday morning, when 3500 
tons of Cleveland warrants were put through at 66s. 34d. 
nine days, 66s. 4d. and 66s. 5d. fourteen days, and from 
66s. 8d. to 66s. 6d. to 66s. 74d. one month, and at the 
close sellers quoted 66s. 3d. cash, 66s. 8d. one month, and 
67s. 9d. three months. In the afternoon Cleveland war- 
rants became a trifle weaker, especially for the three 
months position. The only dealing was one lot at 67s. 3d. 
three months, with sellers over at that figure, and at 
66s. 14d. cash, and 66s. 64d. one month, buyers naming 
65s. 10}d. cash, 66s. 34d. one month, and 67s. three 
months. When the market opened to-day (Wednes- 
day) prices of Cleveland warrants showed a decline, 
and at the close marked a fall of about Is. 6d. 
The turnover was 6500 tons, at from 65s. 74d. to 64s. 
cash, at 64s. 74d. thirteen days, and 64s. 7d. and 64s. 9d. 
one month, with closing sellers at 64s, 7d. cash, and 65s. 
one month, and buyers at 3d. less in each case. In the 
afternoon the tone was a shade better, but dealing was 
confined to 2000 tons of Cleveland warrants at 64s. 9d. 
cash, 64s. 11d. seven days, and 65s. and 65s. 24d. one 
month. The session closed with sellers naming 64s. $d. 
casb, and 65s. 3d. one month. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is not very heavy at present, and lower prices 
have had to be accepted. The current rates for prompt 
lots are from 13/. 10s. to 13/. 12s. 6d. per ton, Glasgow, 
and from 13/. 12s. 6d. to 13/. 15s. per ton, Leith. 


Scotch Steel Trade.—The intense activity in the Scotch 
steel trade still continues, and everything possible is being 
done to secure as large an output of war material as the 
managements can obtain. The present times are without 
parallel and plant is being kept running night and day, 
and the output is being increased. Although the Govern- 
ment demands are so heavy, there is quite a fair amount 
of material being turned out for general purposes ; but, 
on the other hand, much of that is for firms who are also 
working on Government contracts of another kind. The 
consumption of steel is on a very large scale despite the 
high prices now ruling, and with the shipyards so busy, 
there is a constant demand for plates. Structural sections 
can scarcely be produced fast ——_ and very active con- 
ditions are general. The makers of black sheets also report 
avery similar state of affairs, with export inquiriee showing 
a tendency to increase. The shipping business all round, 
however, does not exhibit much sign of improving, but a 
fair tonnage is, nevertheless, being exported each week. 
The following may be taken as the current prices :—Ship- 
plates, 107. per ton ; boiler-plates, 10/. 10s. per ton ; and 
angles, 102. per ton, all less the usual 5 per cent. for Clyde 
or equal delivery. Sheets are called 10/. 10s. to 10/. 15s. 
per ton, less 5 per cent., Glasgow. 


Malleable-Iron Trade.—Little change has taken place 
in the state of the West of Scotland malleable-iron trade, 
and very active conditions prevail. The shutting off of 
a certain class of Continental raw material has hampered 
local makers and increased their difficulties, but praise- 
worthy efforts are being made to surmount the trouble. 
Prices are high, and ‘‘ crown "bars are called 8/. 17s. 6d. 
to 9/. 10s. per ton, less 5 per cent. discount. 


Scotch Imports of Iron and Stecl.—The registered im- 
rts of the undernoted iron and steel material into 
tch ports during the month of March are as follow :— 
Iron bars, angles, and sections, ex Sweden and Netber- 
lands, 1 ton, valued at 7/. Steel bars, angles, and sections, 
ex Sweden and Netherlands, 20 tons, valued at 248/.; ex the 
United States, 490 tons, valued at 33017. Iron and steel 
tes and sheets, ex the United States, 2 tons, valued at 
21. Iron and steel hoops and strips, ex Sweden and 
Netherlands, 2 tons, valued at 23/. ; ex the United States, 
392 tons, valued at 44297. Total import, 907 tons, value 
80202. 


fcotch Pig-Iron he the past week there 
has been quite a steady demand for Scotch pig-iron, and 
prices have remained. firm, but without any change, 
although foundry qualities have an easier tendency. 





Hematite continues strong, and is still being offered 
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NOTICES OF MEETINGS. 


Tue Lancaseire, Cursmiak, AND NortH STAFFORDSHIRE Brancu 
oF THE Mining EvgcrricaL ENGINEERS. AND THE NortH STarrorp- 
SHIRE BRANCH oF THR COLLIERY MANAGERS’ ASS0CIATIUN.— 
Saturday, April 24, joint meeting, at 3.30 p.m., in the Technical 
College, Stoke. A paper entitled “‘ Colliery Electric Lighting” 
will be read by Mr. G. 8S. Corlett, of Wigan. 

Tas Surveyors’ InstrruTion.—Monday, April 26, at 8 p.m., 
when the adjourned discussion on the papers delivered by Mr. 
C. Joseph and Mr. R. Strachan Gardiner (Fellow), on “‘ The 
Report of the Land Inquiry Committee on Housing,” will be re- 
med by Mr. W. E. Riley, architect of the London Oounty 


Tus Roya. Socisty or Arts.—M , April 26, at 2 
Cantor Lecture. ‘‘ Foodstuffs,” by Mr. David Sommerville, B.A., 
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University of London, King’s College (Lecture I.). Wednesday, 
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resuming the discussion on Mr. Bound’s paper : ‘* A Review of the 
Art of Si ignalling, and some Suggestions,” and, if time permits, of 
hearing Mr. Bound’s reply. 
Tas InstiTuTION oF ELgcrricaL ExGingers.—Thureday, April 
29, at 8 p.m. “The Bombay Hydro-Electric Scheme,” by Mr. 
A. Dickinson, Member. 
Tus INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Friday, April 30, 
at 8p.m., at the house of the Royal Society of Arts, John-stree 
Adelphi, W.C. The following paper will be read :—‘‘ Oil-Wel: 
pny 4 by Mr. William Oalder, M. Inst. M.E. The chair 
will be taken by the President, Sir Boverton Redwood, Bart., 
D.Sc., F.R.S8.E. 

Tus Royat Instirurion oF Great Brrrain.—Friday, April 30, 
at 9 o'clock. A discourse will be delivered by Professor F. G. 
Donnan, M.A., Ph.D., F.R.S., F.LO., M.R.L, on “‘ Emulsions and 
Emulsification” —— Afternoon lectures next week 
at 3 o'clock. On esday, April 27, Mr. Banister Fletcher, 
F.R.LB.A., M.R.L, on “‘The War on Belgian Architecture” 
(Lecture III.). On Thursday, April 29, Mr. A. W. Porter, D.Sc., 
F.R.S., M.R.L, on “‘ Advances in General Physics” (Lecture I.). 
On Saturday, May 1, Professor J. A. Fleming, M.A., D.8c., F.R.8. 
M.R.1., on ‘* Photo-Electricity”” (Experimental). 
lectures (Lecture I.). 
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THE PREMIER AND WAR WORKERS. 


Tue Prime Minister has often proved in the 
past that he possesses commanding eloquence and 

etic personal influence to arouse the people 
of this country to a high conception of the ideals of 
the British race, and, consequently, much was 
expected of him when he addressed, on Tuesda 
evening, the war workers of Newcastle, and, 
through them, the whole nation. The occasion 
and the theme—the part the workers play in the 

t international struggle—were worthy of his 
Cont endeavours. Yet we must confess great dis- 
appointment with the speech, because it lacked 
the power to stimulate the work, and to elevate 
the aims, of the nation. One part was at variance 
with the other. It was too much concerned with the 
defence of the Government, and entered too much 
into details which have been already settled. It 
was therefore far from attaining the high standard 
of leading which one expects from the Prime 
Minister when delivering a serious pronouncement 
to a nation passing through a crisis in which it is 
necessary that forceful energy should be aroused by 
the printed as well as the spoken word. 

hat the nation wants to know is the truth, as 
far as it can be revealed without assisting the 
enemy. We thought a month ago, when there was 
not only of the 
Government, but of the nation, to a full realisa- 
tion of the need of war munitions, that there was 
to be a greater degree of mutual confidence 


forcing the view that we needed arms more even 
than men, and that delay in producing them was full 
of peril for this country, Mr. Lloyd George said that, 
** You may say that I am saying things that ought 
to be kept from the enemy. I am not a believer in 
giving any information which is useful to him. 
You may depend upon it, he knows ; but I do not 


mation which they ought to possess, because unless 
you tell them you cannot invite their co-opera- 
tion. 





ALBERTA, CANADA, 


The nation that cannot bear the truth is 
not fit for war, and may our young men be volun- 


have left behind them in their deed of sacrifice 
ought to satisfy the most apprehensive that we are 
not a timid race, who cannot face unpleasant facts.” 
Surely, with this statement from a member of the 
Government, there should have been an end to 
lack of information. It is this, we hold, which is 
largely responsible for any laxity that there may 
be in providing the munitions of war. 
There was displayed in the Premier's speech a 
sharp contrast to the facts expressed by other 
members of the Government on this question. Mr. 
Asquith stated that he had seen a statement the 
other day that the operations not only of our Army, 
but of our Allies, were being crippled, or at any rate 
hampered, save failure to provide the necessary 
munitions. e added, ‘*‘there is not a word of 
truth in that statement,” and he characterised the 
statement as ‘‘the more mischievous” because, if 
it were believed, it was ‘‘ calculated to dishearten 
our troops, disco our Allies, and stimulate 
the ho; and activities of our enemies.” The 
exact form of the statement made may not be 
accurate. The point of primary importance is as 
to whether the su pl of war material is ample. It 
was Mr. Asquith’s Lesdnen to make the nation 
realise the immense task before our Army, and 
the vital necessity of an enormous increase in the 
rate of production of such war munitions. We leave 
the reader to interpret accurately Mr. Asquith’s 
denial, and to ascertain how far it is, in its spirit, 
in agreement with the statement made by Lord 
Kitchener in the House of Lords on March 15: 
‘“*The supply of war material at the present 
moment and for the next two or three months is 
causing me very serious anxiety.” Two days 
afterwards Mr. Lloyd George introduced into the 
House of Commons the amendment of ‘The 
Defence of the Realm Act,” which was to authorise 
the Government to take over practically all the 
factories in the country rll of producin 
armaments. On that occasion the Chancellor o 
the Exchequer told the House that ‘‘ the Govern- 
ment had decided to take action, absolutely 
unprecedented action, in organising the industries 
in this country for the purpose of increasing the 
output. ... That organisation has already been 
achieved in France ; it was achieved voluntarily 
there, but it was done there under the pressure of 
invasion.” Repeatedly Mr. Lloyd George enforced 
the need for rnee. Thus, on March 10, 
he stated that ‘‘all those who knew the military 
position understood how much depended on getting 
adequate supplies, and even an overwhelmin 
supply, of the necessary explosives at the critical 
moment.” On March 1 he stated that ‘‘for one 
reason or another we are not getting all the assist- 
ance we have a right to expect from our workers.” 
In view of this statement it was surely unneces- 
sary, if not futile, for Mr. Asquith to state that 
there was no truth in the suggestion that the 
Government have only recently become alive to the 
importance and the urgency of need for war sup- 
-_ He stated that in the month of September 
e appointed a Committee of the Cabinet, presided 
over by Lord Kitchener, to survey the situation 
from this point of view, and that the Committee's 
labours and inquiries resulted in a very substantial 
enlargement both of the field and of machinery of 
supply. And yet our supplies are insufficient: 
uch light was thrown on the early efforts of the 

Government in the speech Mr. Lloyd George de- 
livered in the House of Commons last Wednesday. 
We are anxious to give credit for what has been 
done. Lord Kitchener has excelled his previous 
achievements in the organisation, equipment, and 
despatch to the Continent of an eapeliilooney force 
six times as great as that ever thought of. But we 
seem not to have — the ammunition needs 
consequent upon the new tactics of present-day 
warfare as readily as did the French. Nor did we 
set about organising our industrial resources so 

uickly and so effectively. Our great armament 
dows tees done splendidly, not only in extending 
their factories at great capital cost, but in selecting 
a large number of sub-contractors, and educating 
them in the special work required. They were 
soon faced with difficulties, due to shortage of men 
owing to recruiting for the fighting forces, and to 
the restrictions of trade-union rules. Men re- 
fused to work more than one machine, although 
able to do so; they would not allow ially- 
skilled men to attend machines, elie on ble 
of doing so. Otherwise the production per skilled 
worker could have been doubled or trebled. 








teers, while the unflinching pride of those they 


Months passed before this difficulty was tackled 
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by the Government. The great le at the 
Aisne showed that high-explosive shells were 
preferable to shrapnel, but we were later than 
the French in rearranging manufactures. Still, the 
use of shells was growing; at Neuve Chapelle 
there was as much ammunition expended in a 
fortnight as during the whole of the two and 
three - quarter years of the Boer War. Well 
might Lord Kitchener say that the supply was 
seriously deficient. It is not enough that our 
production has increased greatly. Mr. Lloyd 
George showed that, taking 20 as the unit of pro- 
duction last September, the figure for October and 
November oak was 90; for December, 156; for 
January, 186 ; for February, 256 ; and March, 388. 
Still, Lord Kitchener, with this knowledge, said 
the supply for April and May was causing him 
*‘ very serious anxiety.” 

His defence ended, Mr. Asquith admitted 
that there was not a single naval or military 
authority among us who, in view of our proximate 
and prospective requirements, does not declare 
that a large and rapid increase in the output of 
munitions has become one of the first necessities 
of the State. That is the real point, and one 
which he might have driven home with all his 
characteristically forcible diction. In view of this 
undoubted need, we are prone to ask the question, 
What has been done by the Government during the 
past month, since Lord Kitchener’s pronouncement 
of a *‘ very serious anxiety,” since the Government 

ot power to take over all industrial works, since 

r. Lloyd George met the representatives respec- 
tively of the trade unions and of employers’ federa- 
tions? All those events were designed to achieve 
the mobilisation of factories and the co-ordination 
of effort on the part alike of employers and workers. 
It was only last week that the announcement was 
made that a committee had been appointed to 
achieve this purpose, with Mr. Lloyd George as 
chairman, a representatives of the Cabinet, the 
War Office, the Admiralty, and other interests. In 
the appointment of this Committee, in lieu of the 
strong man who was to be a sort of Cromwell of 
industry, there was three weeks’ delay. 

The names of the members of the Committee, and 
another for the War Office, are given in our 
** Industrial Notes.” Without considering whether 
a committee is preferable to ‘‘a man of push and 
go,” we agree with Mr. Bonar Law that Mr. Lloyd 
George’s Committee is not the right kind of com- 
mittee. In his view, with which we , ‘the 
mistake which this Government have made from the 
beginning of this matter is that they did not realise 
that the task before them was so colossal that it 
could not be met by stretching the existing machi- 
nery at all, but that they must bring in new 
machinery, and that the right kind of machinery 
was men trained in business who understood pre- 
cisely the way those things were done, and who 
would have shown the Government the way to get 
them done.” Then, if a War Office Committee is 
necessary, why not one for the Admiralty? Have 
they ‘‘ men of push and go” for their department ? 
Certainly there is competition between the two 
departments to get supplies, and consequent over- 
lapping and delay. There should instead be co- 
ordination. The French Government have com- 
mandeered the services of technical men to control 
supplies even from this country, and great advan- 
tage has resulted. 

Up to the present little has been done in 
the way of organising the industries locally. New- 
castle has led the way, largely by the voluntary 
action of the employers and people. Birmingham 
has quickly followed the example. Mr. Asquith 
was right when he enfo the importance 
of local co-operation, local knowledge, local zeal, 
and local energy, and that with these things and 
the patriotism of the locality working in harmony, 
and in conjunction with the representatives of the 
great departments, ee could be effectively 
maintained. Has Mr. Lloyc. George’s Committee 
made overtures to all manufacturing districts to 
encourage the selection of local committees to 
co-ordinate the work? We are amazed to discover 
that, although meetings have been held in Glasgow, 
which is the centre of one of the greatest engineer- 
ing districts in the world, yet, in the absence of 
any lead from Mr. Lloyd George’s Committee, the 
appointment of a comprehensive committee has 
been deferred. 

Such committees ought only to be formed under 
the stimulus and authority of the central com- 
mittee, if their influence is to be exerted with any 





degree of power. It is only through such com- 
mittees that. information can be collected and acted 
upon for the mobilisation of workers and war 
supplies, and for the distribution of orders to 
factories having machine-tools and other appliances 
capable of —e them. Mr. Asquith pointed 
out that it was of the first importance that in the 
factories which are already engaged in the production 
of munitions men should be taken away from civil to 
State contracts. This was done by the employers 
long ago. This can also be said as to his other 
requirement, that ‘‘ men should be taken away from 
the less to the more urgent work.” The difficulty 
has been to get men drafted from outside, whether 
skilled or unskilled, provided they can be utilised 
on existing appliances in order to keep them 
running full time on Government work. Beyond 
this, however, there is the possibility of utilising 
factories and plant on work not hitherto done in 
such establishments. We know of many cases 
where firms have written to the War Office placing 
their establishments at the dis: 1 of the stn 
ment departments for the production of war muni- 
tions, and the reply was a request as to the work 
the firm anniek themselves capable of carrying 
out, and beyond this no help could be got from the 
authorities. In normal times this might be the atti- 
tude of the buyer, but under the present exigent 
circumstances it is the duty of the Goumeeah de- 
partment to give the fullest information to any firm 
making such a communication to them. This subject 
is treated with a degree of directness and common- 
sense in a letter signed ‘‘ Employer,” published in 
The Times of Wednesday. e states that, in his 
opinion, sufficient labour can be got to increase 
the war supplies without much difficulty, but the 
immediate Taty of the Government is to organise 
the employers, who up to now have been ‘‘ grossly 
neglected.” What is wanted is that local com- 
mittees should be given complete information re- 
garding all the articles the war departments are in 
need of, how they must be made, and the prices 
these departments are prepared to pay for 
them. Samples of the work, or at least draw- 
ings of the manufactures, should also be avail- 
able to, if not in the actual possession of, the 
local committees. It would thus be easy for the 
committee to ascertain with promptitude the local 
factories where these respective supplies could 
be made. The War Department would then 
be in possession of the facts, and would also have 
some surety that the orders could be executed 
within the time guaranteed. The local committee, 
jealous of the credit of their district, apart alto- 
gether from patriotic motives, would take steps to 
make this confidence worthy of the acceptance of 
the Government departments. Only by thus at 
once securing the co-operation of local help and 
guidance can Mr. Lloyd George’s Committee hope 
to achieve any degree of immediate success in 
relieving that ‘‘ very serious anxiety ” under which 
Lord Kitchener works in making the necessary 
= tag for the prosecution of the campaign 
uring the next two or three months. 





POWER APPLICATIONS ON 
THE RAND. 

THE power supply which is given to a large 
number of the gold-mines of the Rand, and also 
to some of the towns in their vicinity, is remark- 
able, not only for the great capacity of the electric 
supply system, but also for the fact that it includes 
a supply of compressed air from central compress- 
ing-stations. The electric system is one of the 
largest in the world, and the compressed-air system 
is, we think, unique. The supplies are given by 
the Victoria Falls and | oe Power Company, 


Limited, and its associated company, the nd 
Mines Power-Supply Company, Limited. A paper 
describing the systems was read before the Fast. 


tution of Electrical Engineers by Mr. A. E. Hadley 
on March 13, 1913, while on the 15th inst. a further 
paper dealing with some aspects of the matter was 
read before the same Institution by Mr. J. H. Rider. 
This latter paper was concerned with the supply 
given to the Central Mining-Rand Mines group, for 
which Mr. Rider, until recently, acted as consulting 
electrical and mechanical engineer. This group of 
mines is — by the Rand Mines Power-Supply 
Company, which was formed for that e, and 
is independent from the Victoria Falls Com y; 
although the two systems are worked by this latter 
company, and, in an engineering sense, may 

looked upon asone. The whole of the compressed- 








air supply is given by the Rand Mines Company, 
the Victoria Falls Company having no system of 
this kind. 

Mr. Rider’s paper dealt with the subject from 
the consumer’s point of view, and was concerned 
with the various applications of the power. As it 
covered much ground, and dealt with power applica- 
tions for many different purposes, it was, in a sense, 
desultory. The paper was, however, of unusual 
merit, and contained matter of great technical 
interest. We cannot review the whole of it, but 
may deal with some of the more valuable parts. 
At the outset we should say that, in addition to 
being sound and informative, the paper had the 
uncommon virtue of dealing straightforwardly not 
only with the successful work which has been 
carried out on the mines, but also with the various 
failures which had been experienced. In the 
same way, the demerits as well as the merits of 
different practices were pointed out. It was in 
1908 that the group of mines with which Mr. 
Rider was dealing decided to change over to an 
electric drive, and the permanent supply under the 
terms of the contract began on March 1, 1911. 
The first three years of supply under the contract 
taught the outstanding lesson that ‘it is only 
courting failure to attempt to give a permanent 
and reliable supply without a proper reserve of 
generating and transforming plant.” During 1911 
and 1912 interruptions were frequent, both in the 
electrical and air supplies, and until October, 1913, 
when more generating plant was available, a con- 
siderable amount of load, principally in winders, 
was not changed over from steam to electric drive. 
Mr. Rider, as he was not a power-company man, 
pointed out that it is not his business to explain 
the cause of the troubles ; but, as the sentence we 
have quoted above from his paper indicates, he 
put it down to continuous overloading of the gene- 
rating plant. Since 25 per cent. of reserve plant has 
been available a satisfactory supply has been given. 

The maximum demand on the electrical system 
amounts to about 47,300 kw. This figure, how- 
ever, does not include the energy required for the 
electrically-driven compressed-air station at Robin- 
son Central Deep. Winders represent the greatest 
demand on the electrical system, those installed in 
1914 having a combined horse-power of 57,340. 
There are in all thirty-eight shafts in service ; 
some are inclined, following the gold-bearing reef, 
which dips from north to south, some are vertical 
and strike the reef at its lower depths, and some 
are compound, descending vertically until the reef 
is met, and then following its incline. Some of 
the a shafts have single-stage winders, 
in which the skip first travels vertically, and 
then turns the corner and follows the incline, 
but the majority now have a separate winder for 
the inclined part. The deepest shaft is No. 3 
of Village Deep, Limited. It descends 4144 ft. 
in the vertical, and then 1200 ft. in theincline. The 
inclined portion is to be continued for an addi- 
tional 5000 ft., making 10,000 ft. in all. The 
inclined part is at an angle of 35 deg. to the hori- 
zontal, and will probably be served by two winders, 
in addition to the surface winder for the vertical part. 

At the end of 1914 there were sixty-nine electric 
winders in use. Nine of these were of the Ward 
Leonard type, and the remainder were driven by 
three-phase motors. Of the total, forty-seven 
represent converted steam winders. The very 
large use of induction motors for driving winders 
is a point of great interest. It is a matter for 
which Mr. Robeson, Mr. Rider’s predecessor, was 
in the main responsible. They vary in size from 
400 to 1500 horse-power, and were installed with 
the idea of saving capital expenditure. Mr. 
Heather, Mr. Robeson’s assistant, in a paper read 
before the Institution of Electrical Engineers in 
1911, estimated this saving at 50,0001. Mr. Rider, 
in his paper, stated that, generally speaking, the 
three-phase winders were working quite satisfac- 
torily. He thought it questionable, however, if 
Ward Leonard winders would not have proved 
more economical in working in many cases. 

Mr. Rider pointed out that on a three-phase 
system, as in the case under consideration, a three- 
phase winding motor is per se a much simpler 
machine than a continuous-current Ward Leonard 
motor, with its necessary motor-generator. The 
control of the three-phase motor, however, proved 
not nearly so simple. The usual arrangement con- 
sisted of stator reversing switches operated by the 
first motion in either direction of the driver’s con- 
trol lever, and a variable rotor resistance, controlled 
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by the further movement in either direction. The 
rotor resistance usually consisted of a tank in 
which were suspended metallic electrodes con- 
nected to the three slip-rings. One side of the 
tank was closed by a moving weir, so that the level 
of the electrolyte, which was circulated by a small 
centrifugal pump, could be raised or lowered at 
will, thus varying the resistance across the slip- 
rings. The rate of rising of the electrolyte, and 
therefore the acceleration of the winder, was in- 
dependent of the driver, being determined by the 
rate of delivery of the pump, which was adjustable. 
This arrangement, Mr. Rider continued, was 
apparently and actually much simpler than the 
complicated resistances, switches, and connections 
demanded by the Ward Leonard system. In 
practical operation, however, ease of control 
proved to be quite the other way round, since in 
the first place the manual energy required for the 
Ward Leonard control was so much less. There 
was merely a switch of no appreciable weight or 
inertia to rotate. The induction-motor control, 
however, required the movement of the heavy 
weir, and although it might be balanced, the heavy 
inasses had still to be put in motion. This was 
not only very tiring, but militated against accurate 
and fine adjustments. In the second place, in the 
Ward Leonard system, the winding motor could be 
converted into a generator for braking by bringing 
back the control-lever just sufficient to lower the 
voltage of the generator of the motor-generator 
set below the back electromotive force of the 
motor, while in the three-phase system the 
control-lever has to be brought back beyond the 
neutral point befure braking, by reverse current, 
was obtained. This meant (1) the weir and electro- 
lyte had to be lowered, (2) the stator-switches 
opened, (3) the stator-switches closed again in the 
reverse direction, and (4) the weir and electrolyte 
raised. For these two reasons it was much easier 
to move the skip of a Ward Leonard winder a few 
inches, as was frequently necessary when landing, 
than to do the same with a three-phase winder. 
Attempts had been made to relieve the driver 
of a three-phase winder of the manual labour 
required to operate the control-lever, by using 
electricity or compressed air for operating the stator- 
switch and weir. For the stator-switches both 
agents proved successful, although Mr. Rider 
stated he preferred electricity and that it was in 
common use on the Rand. For the weir, how- 
ever, compressed air proved a failure, as, owing to 
the elasticity of the medium, the position of the 


weir could not be determined with sufficient | rods 


accuracy. It is clear that the use of either of these 
agents must increase the cost of a three-phase 
winder, and so reduce the advantage on the 
score of capital cost which it has over a Ward 
Leonard installation. Another point in favour of 
the Ward Leonard system was the obvious one that 
electric braking required no energy from the line, 
and that regeneration could be obtained by running 
the motor - generator slightly over synchronous 
speed. With a three-phase winder electric braking 
could practically only be obtained by using either 
reverse current or an auxiliary braking-machine. 
With both these methods energy was called for 
from the line. 

Several eddy-current brakes made by the British 
Westinghouse Company were in use. They con- 
sisted of a rotating field: magnet system revolving 
inside a hollow cast-iron stator, with a smooth 
circular face opposite the field-pole face. Eddy 
currents were set up in the stator face and exerted 
avery effective braking force. Water was circu- 
lated through the stator to carry off the heat 
generated. The energy for the magnet system was 
obtained from a motor-generator. Originally one 
motor - generator served the brakes on several 
winders, and the regulating resistance was placed 
in the main circuit of the brake-magnet system. 
The final breaking of the field-circuit at each opera- 
tion, however, proved very destructive to the 
switch-contacts, and set up insulation strains. As 
& consequence, a separate motor-generator was now 
employed for each brake, with a rheostat in the 
field of the generator, so that the main circuit 
was never broken. Each eddy-current brake was 
guaranteed to lower a net unbalanced load. of 
7200 Ib. at a rope not exeeeding 1750 ft. a 
minute, which was half the normal running rope 
speed of the winders. In practice the brakes have 
proved much more effective. With an unbalanced 
load of 9000 1b. the rope speed can be brought down 


in the field-magnet system at the rate of about 
45 kw. To obtain an equivalent effect by applying 
reverse current would have required an expenditure 
of energy at the rate of about 1600 kw. An eddy- 
current brake, with its motor-generator, costs 
nearly two-thirds as much as its winding-motor, 
and in the cases Mr. Rider was dealing with 
brought the cost of the total equipment practically 
up to that of a Ward Leonard installation. 
Before leaving the question of winding motors, 
we should say that a different type of control gear 
is in use on the three-phase winder at the Village 
Main Reef. This is of the contactor type, and has 
a metallic rotor resistance. It was constructed by 
the General Electric Company of America. At 
first trouble was experienced owing to the control 
gear being mounted on a light wooden floor, and 
owing to electrolytic action destroying the insula- 
tion between the grids, which were immersed in 
water to keep the temperature down. By improv- 
ing the mounting, and making the main part of the 
resistance of air-cooled rods, the gear proved quite 
satisfactory. It is interesting to note Mr. Rider’s 
information to the effect that, in order to obtain 
competitive arrangements, he, in July, 1914, sent 
particulars of the system to the British firm which 
claims to be expert in work of this class. It took 
five months to get a reply, and the information 
then sent was useless. We do not know if this can 
be put down to the war. Mr. Rider stated that he 
endeavoured to obtain reliable comparative 
figures of the costs of Ward Leonard and three- 
phase winders; but the conditions under which 
the various plants operated varied so much that 
he had not been able to put forward data of any 
real value. Generally, the deeper the shaft—i.e., 
the longer the relative period of full-speed windin 
—the cheaper the three-phase system compar 
with the Ward Leonard. 

The power supply to the mines is given under a 
contract which allows a variation of voltage of 
10 per cent. up or down from the means of 2100 
volts and 525 volts, or a total range of 20 per cent. 
Similarly, the periodicity may vary 5 per cent. up 
or down. Mr. Rider very reasonably stated that 
these ranges are much too great. An interesting 
example of the ill effects has been found in the 
case of the stamp mills. The older mills are 
driven by belts from a motor-driven line-shaft ; 
the newer ones have a separate motor for each 
group of ten stamps. The arrangement of the 
mills will be generally known. he stamp-rods 
carry tappets, and a rotating shaft alongside the 
is fitted with cams which lift the tappets 
in turn, the stamps falling by gravity when 
the cams leave the tappets. The speed of rotation 
of the cam-shaft—i.e., the speed of working—is 
determined by the fact that the tappet must ) ee 
completed its fall before the cam coming round 
attempts to lift it again. If the falling tappet 
meets the rising cam, there is great danger of 
breaking either the cam or the cam-shaft. The 
effect is known as ‘‘camming.” As arrangements 
must be made to allow of a variation of 10 per 
cent. in the periodicity, it is evident that for safety 
the working must be arranged to suit the highest 
motor speed. The result of this, however, is that 
if the periodicity falls, the output of the mills will 
be seriously reduced. If this cannot be allowed, 
and the lower periodicity is arranged for, there 
will be danger of camming if the periodicity rises. 
In the early period of supply this problem gave 
much trouble, but as experience showed that the 
higher frequency was more generally approximated 
to than the lower, the drives were altered to suit, 
the occasional lowering of output being a lesser 
evil than broken cams. Clearly, with a more con- 
stant supply this problem need not arise. 

So far we have dealt with but two features of 
Mr. Rider’s important paper, and find that we have 
occupied much space. any of the subjects he 
dealt with we will have to leave, but would like to 
give some account of the various causes of trouble 
which he narrated. He divided them into faults 
due to design and faults due to manufacture. One 
of the more important of the former arose in con- 
nection with three-phase winding motors. It was 
found that in many cases the stator frames were 
not stiff enough. e conditions under which a 
winding motor operates are onerous. A motor in 
many applications may be started and stopped once 
@ day or once a week. A winding motor is started 
in opposite directions about once a minute, and, in 
addition, has to stand severe mechanical strains 





to 260 ft. a minute, with an expenditure of energy 





due to electric braking. Mr. Rider found that in 


many cases the frames distorted visibly when 
current was switched on the stator, so much so 
indeed that the radial air-gap disappeared at certain 
points. Very frequently the rotor core had to be 
ground down, and radial stiffening-arms made 
for the stator. Mr. Rider added that deep frames 
of box section, with heavy external or internal 
stiffening-rings, were absolutely essential. Another 
trouble was experienced owing to insufficient insu- 
lation between the rotor slip-rings, between the 
slips-rings and the shaft, and between the brush- 
holders. The insulation was frequently insufficient 
even for the full open-circuit standstill voltage if 
kept on for any length of time. The idea appa- 
rently was that, as the motors are run with the 
slip-rings short-circuited, the insulation was of no 
importance. ‘Trouble was, however, frequently 
experienced at starting up unless the insulation was 
kept scrupulously clean. Further, the induced 
open-circuit standstill voltage is doubled if the 
motor is running at full speed, and reverse current 
at full pressure is applied to the stator. 
Mr. Rider instanced a number of other faults in 
design he had experienced, such as stator-core 
stampings secured by dovetail strips screwed to the 
inside of the frame, instead of being machined from 
the solid. In one case a number of motors were 
delivered with the strips secured by studs, with 
nuts on the outside of the frame within the hous- 
ing, and with no spring-washers or lock-nuts. The 
makers’ practice was to adjust the air-gap by 
means of the studs. In motors by the same makers 
the stator or rotor core-plates were clamped side- 
ways by bolts passing right through, and in one 
case the stator was 182 in. wide on one side, and 
only 18 in, on the opposite side, while the rotor 
corresponding dimensions of 184 in. and 178 in. 
Mr. Rider also criticised the method sometimes used 
for making semi-enclosed slots in core-plates by 
punching a hole, and when the core was assembled 
cutting through the periphery with a saw. This he 
had found to result in the springing out of the tips 
of the teeth, so that the ventilating spaces. were 
almost closed in many cases. He also mentioned, 
in connection with safe maximum working tem- 
ratures, that the reiteration, in hundreds of 
inquiries for plant, of the fact that the altitude of 
the Witwatersrand was 6000 ft. above sea-level 
seemed to have no meaning for some makers. 
Turning to faults of manufacture, Mr. Rider 
mentioned the case of a cast-iron bed-plate of an 
electric winder made in several sections. When 
received the sections would not fit together even 
by persuasion, although the maker seriously stated 
that they had been perfectly fitted in his shops. 
Mr. Rider suggests that doubtless the higher tem- 
peratures onl dry atmosphere of the Rand had 
something to do with it. Another case was the 
shaft of a 100-horse-power motor, which broke, 
and proved to be made up of layers like an 
onion. The layers had apparently been wound 
on spirally, and then more or less welded together. 
A serious case was a 3-in. steel pin for the 
brake gear of an electric winder. It should 
have been made of forged steel. When inspected 
on delivery it showed one or two surface 
flaws, and a slight blow with a hammer broke it 
into halves, when it proved to be made of cast steel 
and to have an internal blowhole covering almost 
the full diameter. Men’s lives would in all proba- 
bility have been lost had this pin been placed in 
service. Wecan quote but one more of Mr. Rider's 
cases. This referred to some three-phase 2000- 
volt winding motors, with the stator coils of which 
trouble had been experienced. The external taping 
of some of the end loops was removed, and it was 
found that the slots were only three. quarters filled 
with wire, the rest of the space being empty. To 
make it appear that everything was all right, pieces 
of tape had been screwed up, and pushed for a 
short distance into the slots. These pieces were 
gradually tapered off where they followed the core 
out, so that the external wrapping of tape gave a 
smooth finish right up to the core. 





GYPSUM IN CANADA. 

No small portion of the wealth of Canada consists 
in its minerals, and the position of the country 
among the great nations of the future will be 
largely determined by the use made of her abundant 
natural resources. e Department of Mines is 
apparently admirably , and is doing ex- 

ent work in distributing information concerning 





the mineral wealth of the Dominion by means of 

























































ws - 


ee ee 


468 


ENGINEERING. 


(AprRIL 23, 1915. 








publications that —_— to the expert, the capitalist, 
and the citizen. or a mine is at best but a 
wasting asset, and intelligent management from all 
concerned is needed to secure the most economical 
results. Where there is abundance there is fre- 
quently a tendency to unmethodical working in the 
present, and a reckless indifference to the interests 
of posterity. The richest portions attainable may 
be worked heedless of waste and deterioration ; 
development may follow uneconomical lines, pre- 
venting the complete exhaustion of the mine; 
facilities for transport may be insufficiently con- 
sidered, with the result that the cost of carriage 
may become prohibitive in the future. It would 
easy to point to particular instances where the 

rospective view has been inadequate, and disaster 
es overtaken injudicious enterprise from a neglect 
of obvious precautions. Such disapppintments are 
not only ruinous to the individual, but also in- 
jurious to the country at yng where every 
industry needs to be fostered, and prudent exploi- 
tation to be encouraged. 

Due mainly to the enlightened policy of a 
Government that has perceived the necessity of 
devoting its energies to turning its mineral re- 
sources to the best possible account, the dimen- 
sions of the mining industry are already consider- 
able. In 1913 the total value was nearly 150 mil- 
lion dollars, and though last year the trade of 
Canada had to face unprecedented conditions, 
owing to the war and other causes, it is not 
expected that the output of 1914 will be far 
behind. If this anticipation be justified, it will be 
due in great measure to the jealous attention 
Canada bestows on the extent and progress of the 
industry, and to the assistance she es 
offers to all who would benefit by her latent 
wealth. 

The Department of Mines possesses apparently 
an adequate machinery for the collection and dis- 
semination of information through its expert staff, 
who travel through the country, visit the mining 
centres, and issue reports, showing the progress 
made, the methods adopted, and the » any Se 
ties for future activity. In one particular, how- 
ever, some improvement might be effected by cur- 
tailing the length of time between the preparation 
of a report and its publication and distribution 
by the Government. The latest report to be 
issued, admirable in many respects, deals with the 
‘*Occurrence, Exploitation, and Technology of 
Gypsum,” by L. H. Cole, but the information 
does not extend beyond the end of 1912. In 
various directions in the interval, enterprise 
has been busy, both in working and prospecting. 
The alabaster mine at Thetford, in Quebec, is an 
example, and since 
by time, this report will need to extended, as 
it is itself an enlargement of a report, issued some 
years ago, by Mr. W. F. Jennison on the gypsum 
deposits in the Maritime Provinces, some portion 
of which is reproduced as an appendix. 

This report is the first to embrace the whole of 
Canada from Nova Scotia to British Columbia, and 
investigates in a very ample, comprehensive 
survey an industry that is great and has a very 
promising future. It will come as a surprise to 
some to learn that Canada is the third largest 
producer of gypsum in the world. France has held 
the first place, but in the last few years the 
United States has usurped the prominent position, 
though carefully analysed statistics might show 
that Canadian imports have swollen the total. In 
any case, Canada’s 550,000 tons is a very respect- 
able contribution to the world’s total supply, about 
twice the amount provided by Great Britain. It 
is necessary, however, to distinguish between the 
total mined and the quantity actually calcined and 
prepared in the form of a plaster of commerce. 
Canada’s energies are devoted to mining, rather 
than to treating, the product. She is content to 
ship the crude um to the United States for 
manufacture, and not only imports a large quantity 
at an enhanced price, but loses the benefit accruin 
to its calcining and subsequent treatment. We fin 
it not a little difficult to understand why Canada 
is willing to forego the handsome profit to be 
realised by handling her own products thoroughly, 
more = as no difficult technical processes 
are involved. 

Mr. Cole states that the exporting companies urge 
that, up to the present, there has not been suffi- 
cient demand to warrant the erection of any more 
mills in the part of the country where the greatest 
output of gypsum is mined. The statistics pro- 
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duced here will hardly support that contention, 
since the building industry in the West is pro- 
ceeding by leaps and bounds, obliging Montreal 
and the ports further West to import largely. In 
these days of stress, when the Empire can perceive 
so clearly the necessity for relying on its own 
resources for supplies of all kinds, it seems not 
only unpatriotic, but may prove suicidal, to fail 
to turn our natural advantages to their fullest 
account. For once, patriotism and commercial 
advantages ge hand in hand, and it is to be 
hoped that Canadian enterprise and capital will 
know how to reap a fuller reward from the stores 
of gypsum so bountifully scattered throughout the 
Dominion. 

Where the area to be served is so enormous as 
that of Canada, it might well happen that the cost 
of carriage of a low-priced bulky commodity would 
severely handicap the industry. But the distribu- 
tion of gypeum throughout the country is wide- 
spread, and there is no reason to think that the 
known deposits exhaust the supply. It is true that 
the largest output is from the extreme east in Nova 
Scotia, where the mineral is found in beds that in 
many cases have a thickness of 100 ft., and in 
gypsum content exceed 90 per cent. New Bruns- 
wick has a smaller supply, but is able to work ex- 
tensive deposits of economic importance, and can 
furnish large quantities of a valuable white, trans- 
lucent variety of alabastine. The overburden gives 
little difficulty in these provinces, and the mineral 


is frequently worked in open quarries. The Mag-| sary 


dalen Islands, in the Gulf of St. Lawrence, are a 
sufficient storehouse for the Province of Quebec. 
Both in the north and southern rtions of 
Ontario deposits have been located, though only 
those abutting on the east of Lake Erie are being 
actively worked. Coming still further west, 
Manitoba is liberally provided for, though Saska- 
tchewan is omitted from the list of gypsum-bearing 
ae. Alberta has vast stores, but railway 
acilities are not yet existent, and the same remark, 
of course, applies to the deposits that have been 
discovered in the Far North, on the Mackenzie 
River, and even on the shores of Baffin’s Bay. 
British Columbia is already producing, where trans- 
port facilities are available, and further notable 
exposures of gypsum occur in many parts, particu- 
ay around Kamloops, a district favoured by 
Nature‘in many ways, and these can well await 
further development. 

The mineral gypsum—a hydrous calcium sul- 
phate—is usually found in beds, and occurs gene- 
rally in the lower carboniferous measures, frequently 
associated with the mineral anhydrite—a calcium 
sulphate with the same chemical formula as dead- 
gypsum. But the process of deposition, 
or the origin of the material, is not ascertained with 
precision. No single uniform process would explain 
all the known facts. It has been suggested that 
gypeum deposits have been formed from anhydrite 

y the taking up of two molecules of water—a 
satisfactory explanation in certain localities. The 
change from anhydrite to gypsum can be detected 
in some of the deposits of love Scotia and New 
Brunswick, and, moreover, wherever anhydrite is 
exposed to the action of the atmosphere it is soon 
coated with a thin film of eo Such sugges- 
tions do not carry us very far, because the occur- 
rence of anhydrite has still to be explained. Mr. 
Cole puts before us the theories that have been 
received most favourably, but without attempting 
to decide on their respective merits. The change 
from anhydrite illustrates one class of these ; as a 
specimen of another class that has met with much 
support we may instance the theory of deposition 
from sea-water by evaporation. Calcium sulphate is 
not precipitated till about 80 per cent. of the water 
has evaporated; sodium chloride is not thrown 
down till some 93 per cent. has evaporated. Con- 
sequently it is not difficult to imagine conditions in 
which the supply of salt-water should be at such a 
rate as to keep the sodium chloride in solution, 
while the calcium sulphate is deposited. For 
instance, the Mediterranean might be in such a 
condition of evaporation that a smaller supply of 
sea-water than that at present received through 
the Straits of Gibraltar would maintain for an 
indefinite period the precipitation of the calcium 
sulphate, and keep the salt in solution. A nice 
adjustment would be needed, no doubt ; but in a 
much smaller arm of an ancient sea, in geologic 
time, such balanced regulation could, no doubt, 
obtain. Since, however, gypsum is found in 
various forms, very different conditions must have 





prevailed at the time of its deposition. We have 
the crystalline form, known as selenite, existing in 
veins sometimes a foot in thickness, associated 
with the massive or rocky gypsum, or more fre- 

uently as small crystals evenly desseminated 
through the rock. Another variety is the fibrous, 
constituting small narrow veins or seams in the 
massive gypsum, or in the rocks adjacent to 
these larger deposits. These deposits are of 
small extent. k um is the form that 
is economically valuable, providing the plaster- 
of - paris of commerce. Under ordinary con- 
ditions it is white and opaque, though im- 
purities colour the rock very variously. When 
very fine grained and translucent it is known as 
alabaster, and is somewhat extensively used in 
forms of art decoration. Gypsum is again met 
in another and impure form, known as gypsite. 
This is of secondary origin, and probably produced 
from gypsum deposits, in places, by wind erosion, 
and such agents. The impurities which render 
gypsite unsuitable for certain kinds of plaster are 
not without their advantage, since they keep the 
rock in a friable or lightly-cemented condition. 
The quarries are easily worked, more-especially as 
the deposit is near the surface with very small 
overburden. 

The mining gives little trouble, but, asa rule, 
has not been carried out systematically. The 
quantity of gypeum in sight is so large that, in the 
development of the deposit, it has not been neces- 
to consider the most judicious methods of 
exploitation. The practice has been to take the 
gypsum wherever it occurred, without any regard 
to future economy in the working. In consequence, 
many quarries are just a series of pot-holes, with 
no two — of the quarry alike. Much time is 
lost by the repeated handling of the gypsum, when, 
in many cases, one handling would be sufficient. 
In the a of this elaborate report, Mr. 
Cole and the Department of Mines, aware of the 
need of a more scientific control, have had in view 
the enforcement, or recommendation, of more 
thrifty habits, by suggesting methods of working 
that have been approved by experience. Neglect of 
legitimate methods of exploitation, and want of 
judicious arrangement of the mine, due in many 
cases to the superabundance of the commodity, 
have led to waste, to injury by exposure to weather, 
and to such serious losses that valuable and pay- 
ing ‘‘ propositions’ have been abandoned. 

e removal of the overburden is generally 
wan mynd easy.. The amount is frequently so 
small that it could not be held up if undermined, 
and is usually displaced by hand or by horse- 
scrapers. The steam-shovel is sometimes used, 
but the method of hydraulic stripping, carefully 
_—- here, has not been tevenndliie considered. 
Where there is a rock covering, or a heavy drift 
deposit, mining methods must be employed. In 
such cases, an inclined tunnel is preferred to a 
vertical shaft, but for no sufficient reason. The 
present practice is to obtain as high a face as pos- 
sible of clean gypsum, and to break it down by 
caving. This is accomplished by drilling the 
lower part of the face with auger and hand-power 
drills, and then blasting the holes with a low- 
power dynamite. A large tonnage of gypsum is 
thus exposed, which can be broken up into pieces 
of a convenient size, picked over for the removal 
of anhydrite, and loaded into cars. If the pro- 
prietors have no calcining plant, but simply export 
the crude mineral, all that is necessary is to 
arrange a cheap method of transport. Where 
mining methods are followed, es seta are 
laid out and the gypsum is recovered by a bord-and- 
pillar system, similar to that adopted in coal- 
mines in this country; but there is no carefully 
arranged plan by which the gypsum in the sup- 
porting pil can be subsequently utilised. 

In Nova Scotia there are seven companies operat- 
ting quarries ; of these, no less than five ehip the 
crude material direct to the United States - for 
further treatment ; but where calcining plant has 
been erected for the manufacture of plaster, c., 
the process is conducted on an efficient scientific 
basis. There is no sufficient reason why the process 
should not be extended—the technology is simple, 
and no great outlay involved in the vision of 
the apparatus. A’ preliminary operation consists 
in the crushing and —— of the crude gypsum 
before calcining. n Europe it is usual to 
crush after calcination, because the material, being 
then shattered by the calcination, is easier to 
crush, but the product is not so evenly calcined, 
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though the methods of burning are designed to 
deal with the lump gypsum. In Oanada and 
America generally, the ‘‘kettle system” is in 
almost universal use, and this system demands a 
finely-powdered material. It is usual to divide the 
crushing into three stages, in which heavy-jaw 
crushers break the rock down to about 2-in. size, 
rotary crushers reduce this to } in., and, finally, it 
is brought to flour condition by means of pulverisers. 
The ‘‘ kettle” is an iron chamber, designed to hold 
this powdered material, with a fire-grate set some 
6 ft. below the kettle bottom. Devices are 
arranged, by means of flues, to economise the heat 
and produce quicker calcination; but, notwith- 
standing considerable ingenuity, the kettle method 
is slow and wastefal of heat. Agitating apparatus 
by some form of paddle has to be provided to keep 
the gypsum constantly in motion, so as to prevent 
burning. On starting the run the kettle is kept at 
a temperature-of about 212 deg. Fahr., but the heat 
is gradually increased, according to the quality 
of the plaster being made, to about 390 deg. Fahr. 
In about three hours the charge is withdrawn, and 
allowed to cool in fire-proof-brick cooling-chambers 
beneath the kettle. is is a simple and primitive 

rocess, and Mr. Cole is oneated in asserting that 
if the industry is to make any material headway in 
the next few years, new methods will have to be 
adopted. These may be expected to take the form 
of a process of continual feeding, such as obtain in 
the continuous driers and roasters of cement and 
lime ; but though patents have been taken out and 
machinery erecied embodying this principle, the 
workmen entertain some prejudice against the 
introduction of the improved contrivances, and 
they have been withdrawn without sufficient trial. 

The conclusion to which we are rather reluc- 
tantly driven from the study of this careful digest 
of the condition of an important industry is that 
there is room for the exercise of greater enterprise 
and, possibly, for the employment of larger capital. 
In the last six or seven years the increase has 
been inconsiderable, and by no means uniform. 
The number :of operatives employed is compara- 
tively small, in the largest works usually not more 
than 100 or 120. In the arts and manufactures 
gypsum plaster and calcined gypsum are finding 
many new applications, and the demand for the 
raw material should steadily increase. The Gov- 
ernment are fully alive to the need of assisting 
development, and this report shows their po 
ness to foster an industry whose extension would 
be eminently beneficial to the Dominion. 





THE LATE DR, F. W. TAYLOR. 

Dr. F. W. Tayitor, whose regretted death, as 
we recently recorded, occurred at the compara- 
tively early age of fifty-nine, was a man who has 
left his mark not only upon the engineering pro- 
fession of his country, but upon the whole world. 
Few men by patient investigation and strong pur- 
pose have accomplished more, or have left a richer 
legacy to their profession. Opinions will differ 
perhaps as to whether Dr. Taylor should or should 
not be ranked with the great men among engi- 
neers. He has not left behind him any vast monu- 
ment of concrete form, such as often keeps green 
the memory of engineers; but he quickened the 
pulse of the engineering world, and will long be 
remembered as having done much to improve its 
general health, 

It is doubtful, as a matter of fact, whether 
Dr. Frederick W. Taylor would ever have risen to 
greatness as the world esteems it. His mind was 
not cast that way. The fact that for the fourteen 
past years of his life he laboured, without accepting 
any financial reward, at the dissemination of details 
of manual work on which he had set his heart, 
almost places him at once outside the pale of 
ae greatness. He was a man who, actuated 
by hig ideals, found his reward in the successful 
application—by himself or others seemed imma- 
terial to him—of the knowledge which his keen 
intellect acquired in long gropings after truth. He 
was an indefatigable investigator, but withal a 
worker who was able to show results which no one 
could gainsay. Though the prophet of scientific 
management, he was no party to those exaggera- 
tions which have, unfortunately, hea such 
obloquy upon the term. He was in favour of 
reducing work to order, because, 
his own immediate affairs, he had 
creased 


better conditions for those around him, 





Handicapped in early life by defective eyesight, so 
that his otbtlastia career was oammbedaeuh short, 
his determination to ‘‘win through” buoyed him up 
through his apprenticeship with Messrs. William 
Sellers and Co., of Philadelphia, only to land him 
at its close, in 1878, in such dull times that he could 
get nothing better than a job as labourer in the 
Midvale Steel Company’s machine-shop. Un- 
daunted, however, by this run of untoward cir- 
cumstances, which would have disheartened many 
a@ young man, he advanced in only six years from 
the position of labourer to that of chief engineer, 
and concurrently found such time to study at 
night, after the ten-hour day of the shops, that he 
was able in 1883 to take the degree of M.E. with- 
out the assistance of any teacher. Nothing shows 
so well the spirit of the man as the attainment of 
this success. Difficulties were to him merely 
the means of bringing into prominence his 
capacity for taking pains, of settling down to 
a subject, determined if necessary to start 
back at the very A BC and build thereon until 
he arrived at a point which led to some big 
advance. His life was a record of laborious investi- 
gation and keen observation. He was not satisfied 
if a thing came right until he knew why it did so, 
and could reproduce the results. His classical 
monograph on the. Art of Cutting Metals was 
typical of his character. He found &n inconsistent 
variety of methods in use having no relation to one 
another, and no one sure of producing the best 
results. With great pains and ioe experiment he 
was able to sort the good from the bad and to 
reduce the good to order. Though many may not 
be inclined to follow the whole length, there will 
be few unwilling to acknowledge the debt which 
engineering workshops owe to this piece of work. 
This work, with the be gute ory process of heat 
treatment, has produced complete revolution in the 
methods of many shops, increasing the output and 
reducing costs. 

The story of the Bethlehem Steel Comgeag® 
shops is typical of the changes wrought. This 
company was contemplating increasing its machine- 
shop accommodation to keep pace with the forge. 
Dr. Taylor took the matter in hand, reorganised 
the machine-shop on his own methods, and so 
increased its output that the expense of the new 
accommodation was saved, and the capacity of the 
forge had to be increased to keep it fully wry ener 
Having in this and other instances assured himself 
of the soundness of his contentions, especially on 
the subject of management, he became the devoted 
missionary of his cause, which he always put 
forward on the grounds of mutual benefit, alike to 
master and man. He always kept prominently in 
view the possible improvement in the workers’ 
conditions, and although he got out of the em- 
ployees more work than could be gained by other 
means, his friendly character and the means he 
employed always assured him of the men’s regard. 

n the actual facts connected with Dr. Taylor's 
work on tool-steels and methods of management, 
&c., there is no need to dwell. They have been 
dealt with from time to time in the past, and have 
long been available to all. It remains only to be 
said that in his early death the engineering world 
has lost the services of a keen intellect, while his 
comrades in the profession have lost one conspicuous 
for sincerity and truth, having at heart the welfare 
of his fellows. 





NOTES. 

Tre Institution oF MecuanicaL ENGINERRS. 

AN ordinary meeting of the Institution of Mecha- 
nical Engineers was held on Friday last, the 16th 
inst., at Storey’s Gate, Westminster, when the 
President, Dr. W. Cawthorne Unwin, delivered his 
presidential address. This we reprint elsewhere in 
the present issue, and it will be seen that Dr. Unwin 
embraced the opportunity to deal with a number 
of topical subjects. Most of these were con- 
nected with the war, the conditions existing when 
war broke out, or those which will have to be faced 
after its close. The attendance at the meeting un- 
fortunately was by no means as good as is usual when 
the President delivers his address ; but this was 
doubtless due to the fact that members of the Insti- 


| tution have come forward so well in placing their 


knowledge and abilities at the service of the 


by doing so in country. One category of members enjoying the 
: found that in-! privilege of such service was represented at the 
productiveness could thus be combined with meeting by officers in uniform. Another, and much 


larger, class is not so easily distinguishable. 





Some belonging to it were present on Friday last, 
but many more would undoubtedly have been there 
had not that very qed gt them from 
leaving the work they in hand for their 
country. At the close of Dr. Unwin’s address a 
vote of thanks to the President was proposed by Dr. 
W. H. Maw, as the senior past-president present 
at the meeting. Dr. Maw said that the address 
to which they had listened was of quite excep- 
tional interest, and of great value. It was par- 
ticularly valuable inasmuch as it laid before the 
members the considered opinions of one who had 
devoted his whole life to the advancement of 
engineering. Dr. Unwin, in his concluding remarks, 
had apologised for not giving what he called the 
‘*usual” address. This, however, was not a matter 
requiring an spology on his part, but rather 
demanding the thanks of his hearers. All present 
were delighted to hear his opinions on the various 
—_ of great national pee which he had put 

orethem. The vote of thanks was seconded by 
Mr. Michael Longridge (Vice-President), who said 
that he, with others, learned a great deal from 
Dr. Unwin, who ‘ad been largely responsible for the 
improved respect in which the profession was held. 
He had done as much as anybody in England for 
the advancement of technical education. The 
vote of thanks was then put to the meeting 
by Dr. Maw and carried with acclamation. In 
acknowledging it, Dr. Unwin said that it had prob- 
ably been noticed that he had not been entirely 
complimentary to British methods and activities. 
What he had said he sincerely thought, and what 
was wrong would, no doubt, be duly discounted. 
The President then announced that an ordinary 
general meeting would be held on Friday, May 14, 
when a paper on “ The Distribution of Heat in 
the Cylinder of the Gas-Engine,” by Professor 
A. H. Gibson and Mr. W. J. Walker, would be 
read and discussed. There would be no provincial 
summer meeting this year. The pi ings then 
terminated. 


Forest anp TimBeR PRESERVATION IN CANADA. 


One of the saddest features that strike the 
visitor to new districts which are being opened up 
is the ruthless destruction of the forests. Whole 
forests are burned down to be converted into 
arable ground at some distant future period, though 
there is often plenty of good land near at hand, 
and magnificent trees are cut down and allowed to 
rot away because transport difficulties finally prove 
too great. The governments generally do not in- 
terfere before it is almost too late. Canada estab- 
lished a Forestry Branch of the Department of the 
Interior in 1899, and two years ago the Forest 
Products Laboratories of this department were 
opened in the grounds of the McGill University 
of Montreal. In the list of Canada’s natural 
resources the forests stand second, after the 
mines. The wood brings in 150 million dollars 
annually, but it has long been recognised that 
the timber resources of the country are not 
unlimited, and that it will require careful methods 
of conservation to meet the permanent de- 
mand for wood, even within the country’s own 
borders. We quote this statement from a com- 
munication on ‘‘ The Forest Products Labora- 
tories,” which Dr. J. A. Bates brought before the 
Canadian Section of the Society of Chemical Indus- 
try at Montreal last December. The same meeting 
also received a paper by Mr. W. B. Campbell, B.Sc., 
on ‘‘ Preservative Treatment of Wood.” While 
the Forestry Branch is primarily occupied with the 
conservation of the forests themselves, the preven- 
tion of fires, re-foresting and regulating methods 
of lumbering, the laboratories study the proper 
utilisation of the wood. People in the old coun- 
tries are apt to underrate the difficulties that 
new countries have to face in these studies ; 
adequate knowledge of the characteristics of forest 
trees can only be acquired by observation continued 
for several generations. The Forest Products 
Laboratories of Canada owe their existence to the 
foresight of the Canadian Forestry Association, of 
the Canadian Pulp and Paper Association, and of 
some enlightened citizens. Mechanical, chemical 
and microscopic tests are being carried out, mine 
timber, the pulpand paper industry, railroad sleepers, 
pavement-blocks, and the utilisation of sawdust, 
tree-tops and stumps receive special attention. A 
very large portion of the treated wood is used for 
railway sleepers. Of these, 9 millions were made 
in 1910, and 21 millions in 1912; more than half of 
the sleepers were renewals, and it is estimated 
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that about 100 million wooden sleepers are in use 
in Canada. They cost the railroads each from 
12 to 15 cents per year for maintenance ; preserva- 
tion treatment can reduce that cost by up to 5 cents, 
and even if one cent were saved only, the saving 
would mean 1,000,000 dols. per year. With one 
exception, all the woods used — jack pine, 
douglas fir, hemlock, tamarack, western larch— 
are soft, and do not last more than from four to 
seven years ; the cedar is the only tree which does 
not rot easily. There are plenty of hardwood 
forests, beech, Lirch, maple, &o.; but those woods 
decay more rapidly still, though they suffer less 
from mechanical wear. Hence the great import- 
ance of suitable preservation processes. Some- 
times decay sets in even during the air-drying 
of the trunks, which are likewise exposed to 
special fire risks during this period. Impregna- 
tion is effected either by immersion in a solu- 
tion (zine chloride, mercuric chloride, sodium 
fluoride, copper sulphate), or by some pressure 
process. Sometimes application of the brush is 
sufficient, as when the lower ends of telegraph- 
poles are to be creosoted. Genera’'y, however, oily 
materials are forced into the fibre by some pressure 
process. The first step used to be to place the dry 
timber into a vacuum, and then to force the creosote 
in under pressure. That treatment, however, did 
not only saturate the cell-walls with oil, but also 
filled the cavities, where oil is not wanted. ‘*Empty- 
cell” processes are therefore preferred now. By this 
method a start is made with an initial air- pressure 
of 50 lb. per eq. in.; the creosote is then forced 
into the fibre against the initial pressure by four 
times that pressure. When the pressure is released, 
the excess of oil is forced out of the cavities, but 
the walls retain their oil. In another process the 
initial pressure is dispensed with, and a vacuum 
finally applied. 


German SUBMARINES. 


At the meeting of the French Society of Civil 
Engineers, held in Paris on March 26, M. Laubeuf 
gave the following data on German submarines :— 
Information from the British Admiralty states that, 
at the commencent of 1914, Germany had 24 sub- 
marines ready and 14 in construction ; of these 
latter, eight were completed when war was declared, 
the six others—U 33 to U 38—commenced in 1913, 


TABLE I.—Drensions or GeRMAN SUBMARINES. 





that Germany put in hand 20 new submarines at the 
end of 1914. In the summer of 1907 Germany had 
only one submarine in the service and seven in 
course of construction. The sum set apart for 
submarine construction in the 1907 budget 
amounted to 250,0001. It increased rapidly, amount- 
ing to 350,0001. in the budget for 1908 ; to 500,000/. 
in that for 1909; to 750,0001. in each of those 
for 1910, 1911, and 1912; to 1,000,000/. in that 
for 1913; and to 950,000/. in that for 1914. 
Germany undertook late in the day the construc- 
tion of submarines, since her first boat, the U 1, 
launched in August, 1905, only entered the ser- 
vice in February, 1907. By this means the German 
Navy was able to benefit by the experience gained 


elsewhere. Her first twelve boats resembled the | also 


French type Aigrette ; the eight following boats, of 
a larger type, resembled the larger Pluviose class. 
M. Laubeuf adds that, for equal displacement and 
age, the French submarines have better nautical 

ualities and a more powerful armament than the 

erman ones. Notwithstanding the great activity 
displayed by Germany in submarine construction 
since 1907 and the importance of the sums voted 
for this work, she has not had time to build a very 
large number of submarines. Her programme was 
rom ate by 1917 a flotilla of 72 boats ; by the open- 
ing of hostilities she was able to put in service 
slightly more than half that number. Austria 
commenced the construction of submarines in 1907. 
When war was declared, she had six ready, U1 to 
U 6, of 300 tons, and four, on the Krupp designs, 
under construction at Pola. The five built by Krupp, 
above referred to, were to be numbered U7 to 
U11. The four Pola boats have been completed, 
and are numbered U 12 to U 16. 


New Hon. Members or THE INSTITUTION OF 
Civit ENGINEERS. 


At the ordinary meeting of the Institution of 
Civil Engineers, held on the 13th inst., it was 
announced that two new honorary members of the 
Institution had been elected. The two new hon. 
members are Sir Thomas George Shaughnessy and 
Colonel George Washington Goethals. Both are 
well-known names, brought to the front through 
energetic lives, lived in the North American Con- 
tinent, and both will receive in this country a 
hearty welcome, not only for personal reasons, but 








“U 33” to 


| 

















| “UL” “U2” to “U9” to “U 18” to “U 21” to 
° “ U 8.” o 12.” U 20.” j oe U mm” U 38. 
| | 
Date of commencement... ee - 1903 1906-1907 1968 1909-1910 | 1911-1912 | 1913 
Displacement on the surface ee ie 185 tons 237 tons \ - 450 tons | 650 tons | 675 tons 
Disp twhen submerged .. 240 ,, 300 ,, | a 550 ,, 800 ,, 835 ,, 
Length .. 128 ft. Sin. | 141 ft. Sin. | a — 213 ft. 3 in. — 
eS ee Mate. i a os 20 ft. ea 
Draught ae dee: | sag dls Gee is Oa Sa — 11 ft. 10 in. dae 
Power of oil-fuel, surface, engines .., 400 E.H.LP. 600 ELH. P. £8 1200 E.H.P. 1800 E.H.P. | 2500 E.H.P, 
Power of electric under-water motors ..| 240 ,, 320 ,, be 600 .—(«,, 800 ,, = 
Maximum speed on surface ae --| IL knote 12 knote 2% 15 knots 16 knots 17 knots 
Maximum speed submerged is 8 ae 8.5 ,, > ae a x _ 
Radius of action on surface - ‘ — 1200 miles at | 3 _ 1600 miles at ~ 
| 9 knots = | 12 knots 
Radius of action submerged - ~ _ 50 miles at | -- 70 miles at — 
9 knots i) 6 knots 
One torpedo-| Twotubes | Two tubes Twoorthree | Four tubes _ 
( tube | tubes 
Armament J Three 17.7-in.| Four 17.7-in. Four 17.7-in. | Four or six Eight 19.6-in. “= 
= ‘i = “* “ay torpedoes torpedoes | torpedoes | torpedoes torpedoes 
| | One 1.456-in, Two 3.464-in. —_ 
gun guns 


were certainly not finished when hostilities opened. 
On the other hand, Germany added to her own 
number of submarines five Austrian and one Nur- 
wegian boats, which were at the time almost com- 
pleted at the Krupp Germania Yard, Kiel. The 
German Navy, therefore, had in all 38 submarines 
at the opening of hostilities. The first German 
submarine—U 1—was launched at the Germania 
Yard on August 30, 1905 ; this is largely an imi- 
tation of the French boats of the Aigrette ty 
commenced in 1902. The accompanying table 
gives some particulars of the German beats. As 
regards some of the later boats, iculars were 
iven in the ** Navy Annual.” Length, 214 ft. 1} in. ; 
m, 20 ft. ; displacement on surface, 750 
metric tons; submerged, 900 tons; reserve of 
flotation at surface displacement, 56 per cent.; 
speed on surface, 20 knots, submerged, 10 knots ; 
horse-power of oil-motors, 4000 brake horse- 
power, working on twin screws. It is thought 
that the five Austrian boats which Germany 
has kept have the same dimensions as the U 33 
to U Bs boats. The Norwegian boat may be 
considered a replica of the U9 type. It is stated 








also as affording further evidence of the close 
sympathy that exists between the engineering 
societies on the two sides of the Atlantic. Honorary 
membership is the greatest compliment that the 
premier engineering institution of the world can 
give, and in this case it reflects honour both on 
the donors and the recipients. 

Sir Thomas Shaughnessy’s life has been princi- 
pally spent in connection with railway work, and 
mainly with the Canadian Pacific Railway, which 
he joined in 1882, and on which he successively 
occupied the posts of assistant to the general 
manager, assistant to the president of the com- 
pany, Vice-president and director, and finally, in 
1898, president. His interests have not been 
confined exclusively to the Canadian Pacific Rail- 
way. He is a vice-president and director of the 
Duluth, South Shore and Atlantic Railway, the 
Toronto, Hamilton and Buffalo system, a director 
of the Dominion Dry Dock Company, and the Reid 
Newfoundland Company, while a number of other 
concerns of an industrial nature claim a share of 
his activities. He is one of Canada’s foremost 
public men, and has done much for the develop- 





ment of the country. He has been characterised 
as bluff, hard-hitting, and straightforward. He 
was a delegate to the International Railway 
Congress of 1905. He was knighted by King 
Edward VII. in 1901, and the honour of K.C.V.O. 
was conferred upon him in 1907. 

Colonel G. W. Goethals, whose name has become 
a household word in connection with the con. 
struction of the Panama Canal, graduated from 
West Point in 1880. He was made first lieutenant 
in 1882, captain in 1891, and advanced to major in 
1900. In the early part of his career he obtained 
a wide experience of river-improvement work, 
being e ed on improvements on the Ohio, the 
Monongahela, and the Allegheny rivers, &c , and 
on harbour improvements. In addition to 
undertaking hydraulic work in many parts of the 
country, he was, in 1891, assistant to the chief of 
engineers at Washington, and in 1898 Chief Engi- 
neer of the First Army Corps in Cuba. On relin- 
quishing active service he was appointed Instructor 
of Practical Military Engineering at West Point. 
In 1900 he was transferred to Newport, where he 
had charge of important fortification, river and har- 
bour work, the construction of bridges, &c. In 
1903 he was made a member of the General Staff of 
the Army stationed at Washington, which position 
he relinquished for that of Senior Engineer and 
Chairman of the Isthmian Onl Commission in 
1907. He now holds the position of Chief Eagi- 
neer of the Canal and Governor of the Canal Zone. 
Colonel Goethals will thus be seen to have had a 
varied civil engineering experience, and this, 
coupled with his military training, has, of course, 
greatly assisted his work at Panama. His principal 
duties there, however, lay not so much in the 
direction of engineering as in organisation, which 
times without number has been shown to be the 
greatest problem to be faced by those in charge of 
big —— undertakings. If we may use the 
term, Colonel Goethals has proved himself a captain 
of industry, in the most literal sense of the term. 
It has been his task to direct the canal forces, and 
to stimulate them to fine performances. Though he 
cannot, like the leader in commercial affairs, point 
to glowing financial reports, everybody is conscious 
that good work has been accomplished at Panama. 
Colonel Goethals once publicly spoke of Colonel 
H. F. Hodges, Commissioner and Assistant Chief 
Engineer, as the engineering genius of the Canal. 
Colonel Hodges and others certainly have had full 
charge of the design of important works, and it is 
probably ely due to this generous attitude 
towards the faithful services rendered by his staff 
that Colonel Goethal’s work has been carried out 
with that quiet perseverance which generally 
characterises the successful accomplishment of 
big undertakings. 





Tur Suppty or SutpHuric AciD FOR GOVERNMENT 
Contractors.—In view of the importance of sulphuric 
acid in the manufacture of materials required for Govern- 
— an Advisory Committee has been ap- 
pointed in connection with the High Explosives Depart- 
ment of the War Office to assist in ensuring an adequate 
supply of acid to Government contractors. All com- 
munications on this subject should be addressed to the 
Secretary, War Office, High Bxplosives Department 
(A.6), Storey’s Gate, S.W. 





Tue tate Mr. E. J. Lsunpperc.—The news that 
Mr. Eric Johan Ljundberg, chief of the famous Stora 
Kopparbergs ags Company, died at Falun, in 
Seeken, on the 5th inst., will cause widespread regret. 
He was one of the most eminent industrial men and metal- 
lurgists of his country, and had, since 1875, been at the 

of the great metallurgical company. He was a very 
popular figure at the meetings of the Iron and Steel 
Institute, and an honorary vice-president of that body. 
He attained an age of seventy-two years. 





Tue University or Hone Konc.—A copy of the 
Calendar of the University of Hong Kong for the session 
1914-15 has just reached us. The calendar contains a 
list of officers, a pa yon re my of the my < 
includes the general tions, particu of sc - 
ships, and regulations for the matriculation and local 
examinations. It includes schemes of study, regulations, 
and syllabus for each of the faculties of medicine, engi- 
neering, and arts. The faculty of engineering comprises 
the subjects of pure and applied mathematics, physics, 
chemistry, civil engineering, mechanical engineering, and 
electrical engineering, and the University confers the B.Sc. 
{Eng-) in ei : 7S. aoe , by = 
‘ourteen laboratories for the use of the engineering depart- 
ment, including the electric power etation, in which ¢ the 
students take duty asshift engineers. The laboratories are 
all well equipped, ly owing to the generosity of various 
engineeri in this country. Professor C. A. M. 
Smith, MSc. M.I. Mech. E., is dean of the faculty, and 
he also occupies the Taikoo Chair of Engineering. 
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FITTING FOR WAVE-LINING SHRAPNEL SHELLS. 


CONSTRUCTED BY THE REED-PRENTICE COMPANY, WORCESTER, MASS, U.S.A. 














Fig. 1. 





(e363.c) 


We: illustrated in our issue of last week automatic | 
and turret-lathe operations connected with the pro- | 
duction of shrapnel shells. Above we give illustrations 
ol a fitting for under-cut ting and wave-lining shells of | 
the British pattern. This fitting is designed by the | 
Reed-Prentice Company, of Worcester, Mass., U.S. A., | 
whose English agent is the Selson Engineering Com- | 
pany, Limited, 83/85, Queen Victoria-street, E C. | 
The fitting itself is shown in Figs. 2 to 4, while it is 
shown mounted on a 7-in. centre lathe in Fig. 1. The 
attachment consists of a fixed rest clamped between 
the Y/’s, and carrying three tools. Two of these are 
on independent slides a and b on the far side of the 
work, while the third is on a slide c on the near side. 
The back slides have guides d, d, arranged at an 
angle to each other, so that on being fed into the 
work the tools take a cut at an angle to the axis, 
thus effecting the required under-cutting of the 
groove. The tools are fed in by two inclined cam- 
faces on a plate or bar ¢ attached to the main 
carriage f of the lathe, operated by the regular apron 





feed motion, As the carriage moves to the left the 









Car 
7 


Ua. 





UN 


tools are fed in. 


On running the carriage back to | sccount, 


feeding-in, this tool is given a to-and-fro movement 
to the left and right. This movement is obtained 
by mounting the tool in a holder on an upper slide h 
which moves longitudinally on the main traversing 
slide «. The movement is controlled by a roller- 
bar j in contact with a circular cam-face ‘ mounted 
on the outside of the chuck. The front of this 
cam is waved, and this waving is reproduced on 
the work. The slide is provided with a spring for 
keeping the cam and roller in contact. The two 
processes of waving and under-cutting are carried 
out simultaneously. 





COLONIAL AND FOREIGN ENGINEERING 
PROJEOTS. 


‘ We give below a few oy — Bays mos ny 
ore’ enginee projects, en m the Board o 

Pp —— gy 2 information on these eve 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, E.C. 


South Africa : The office of H.M. Trade Commissioner 
for South Africa reports that tenders are invited by the 
Johannesburg Municipal Council for the supply of (1) 
twenty-four double-pole automatic oil-immersed circuit- 
breakers cf a continuous —e capacity of 200 amperes 
(Contract No. 971) ; (2) 400 gallons of grey paint and 
100 gallons of 1ed —_ being approximate requirements 
for twelve months commencing August 1 (Contract 
No. 972) ; and (3) 150 dozen swimming costumes, 50 dozen 
slips. and 25 dozen towels (Contract No. 973). The office 
of H.M. Trade Commissioner for South Africa also 
reports that, according to the Cape Provincial Gazette 
of March 19, the ee of East London proposes 
to raise a sum not exceeding 45,7091. for the carrying out 
of certain public works, embracing the following items : 
—Public abattoir. 17,9387. ; drainage and street improve- 
ment works, 6917/. ; disinfectant producing plant, 8201. ; 
extensions to electric power-station and distributing 
system, 20,0347. The office of H.M. Trade Commirsioner 
further reports that the Municipal Council of Worcester, 
Cape Province, proposes to borrow the sum of 15,000/. 
for the purpose of carrying out a hydro-electric scheme 
which has been approved by the ratepayers and the 
Administrator of the Province. 


New Zealand : With reference to the call for tenders 
for the supply and delivery of a three-unit exciter set 
(Section 49) and a wae we. genenneee (Section 50) for use 
in connection with the e Coleridge Power eme, 
H.M. Trade Commissioner for New Zealand telegraphs 
that the date for the receipt of tenders has been ex- 
tended, and sealed tenders will now be received at 
the Public Works Office, Welli , up to noon on 
May 21. A preliminary deposit of 10/. must accompany 
each tender. 


Cuba: The Gaceta Oficial, Havana, announces that the 
following persons have been granted ission to inetal 
electric power and lighting plant in Cuba :—Sefior Fran- 
cisco Arredondo y Bentancourt, at Jobabo, in the 
municipal district of Victoria de las Tunas; Sefior 
Dorindo Vazquez, in the town of Florida, province of 
Comegann and also Sefior Perfecto Rodriguez, in the 
town of Florida. In each case the concession will be 
rescinded if the plant is not in working order within a 
year from the date of the concession. 


Venezuela: The Gaceta Oficial, Oaracas, publishes a 
notice, issued by the Ministerio de Fomento, granting 
permission to Sefior Julian Carrefio fia to construct 
a telephone line, 15 km. (about 9 miles) long, in the 
district of San Casimiro, in the State of Aragua. 
Gaceta also notifies that permission has been granted to 
Dr. Jose A. Tagliaferro, of to construct a 
— line connecting the town of Timotes with the 
settlements of San José de Palmira and Pifiango, in the 
State of Mérida, and with M 
of Trujillo, coverin 
(about 37 miles). 


onte Carmelo, in the State 
an approximate distance of 60 km. 
further concession authorises S fior 

. Remien, of Carayaca, to construct a telephone line 
8 km. (about 5 miles) long, in the neighbourhood of that 
town. 


Argentina: The Bolctin Oficial, Buenos Aires, contains 
a decree approving the modified and estimates 
for the execution of port works at Puerto Posadas under 
the terms of the concession originally ted to Don 
Juan Jonghi. The estimated cost of the works under 
the new project is 1,443,770 pesos currency (about 
126,000/.), and the first section of the undertaking com- 

ises the construction of a road of access to the 

uildi: for the harbour authorities, and a wharf 120 
metres long and 30 metres wide. 





CaNapiIAN RatLtways.—At the close of June, 1914, the 
length of a in Canada was 30,795 miles, 
while 22,891 miles more were under construction, or had 
been planned. The increase of completed railway in 
1913-14 was 1491 miles, in addition to which 309 miles of 
previously opened line were double tracked. The capital 
embar'! in completed Canadian railways amounted at 
the close of June, 1914, to 1,808,320,761 dols.; and if 
securities of lines under construction are taken into 
the aggregate is increased to 1,962,128,070 dols. 


the right the tool-slides are forced away from the The gross earnings of Canadian railways in 1913-14 were 


work by two stiff springs. 


to the main carriage. 


The wave-lining attach- | (. Bh 
ment is similarly operated, so fsr as feeding into the | ; 
work is concerned, by the cam-plate g, also attached | Guarantees and 


243,083,539 dols., showing a decrease of 13,619,150 dols., 

eae cent as com with 1912-13. he net earn- 
ings declined in 1913-14 to the extent of 10,582,723 dols. 
subsidies granted by the Dominion 


The tool consists of a wide flat | Government and sundry provincial bodies amounted at 





chaser with only two notches. In addition to the | the close of June, 1914, to 406,259,165 dols. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Presidential Address* by W. CawrHorng Unwin, 
LL.D., F.R.S. 

I rirst desire to express my sense of the honour you 
have done me in electing me your President. So far as I 
have felt reluctance in assenting to the wish of my pre- 
decessor that I should be nominated to that office, 1t was 
mainly that my age is a disqualification. I lack some- 
thing of the energy and dan of an earlier time. But I 
did not like to shrink from an effort to be of service to 
my profession, and to an Institution of which I have 
been a member for thirty-seven years, and to which I owe 
so much. I trust, with the assistance of your Council 
and of your energetic and devoted Secretary, and with 
your good will, that the Institution will suffer no detri- 
ment during my term of office. noe: 

The direction of the affairs of the Institution in these 
anxious times is, I feel, a task for all that a man has of 
fortitude and delicacy. I follow a distinguished President 
who grudged no time or labour in the service of the 
Institution. 

I was diverted from the active practice of constructive 
engineering, and =, have been largely confined 
to the study, the 3-room, and the laboratory. But it 
has a matter of gratitude and surprise to me that 
what little I have been able to do has been so generously 
appreciated by other engi Nothing is more signifi- 
cant in the last half-century than the growing importance 
of engineering. The engineer is more and more looked 
up to for the solution of industrial, civic, and national 

blems. The war has not left us as we were before. 
n standing shoulder to shoulder in a common cause, in 
consenting to some abbreviation of liberty, we are losing 
a little of our extreme belief in individualism and our 
suspicion of State action, and that is likely to increase 
the sphere of work and the demands on the expert know- 
edge of the engineer. : 

Perhaps in war time there might well be a moratorium 
of presidential addresses. But it has been thought better 
that the tradition of the Institution should not be broken, 
though at a. time when ordinary engineering topics are 
overshadowed its fulfilment is difficult. 

The Institution.—The work of the Institution in the 
past session is fully described in the Report of the 
Council. The summer meeting in Paris, when visits 
were made to Lille and other manufacturing towns in 
France, now devastated, was pleasant and instructive. 
The rate of increase of membership, as would be expected 
in present circumstances, has diminished a little, and it 
may be that in the coming year there will be some actual 
reduction. The Institution owes to Mr. Charles Hawks- 
ley an exveedingly generous a+ forming the capital of 
the Thomas Hawksley Fund, to tuate the memory 
of his father, a Past-President of this Institution and 
also of the Institution of Civil Engineers. The income 
of the fund is applied to founding a lecture to be delivered 
annually both at the Institution and at some local centres 
of engineering. The lecture prepared this year by Mr. 
W. B. Bryan was, owing to his lamented death, delivered 
by his son, Mr. B. W. Bryan, here and in Manchester 
and Birmingham. The omas Hawksley Fund also 
permits the annual award of a cold medal for the best 
paper of the session. The awards for 1913 and 1914 have 
recently been made. 

By a still more generous gift Mr. Charles Hawksle 
has provided the cos) of a laboratory for hydraulic 
research at the City and Guilds College, which will be 
the most perfectly equipped of any in this country. _ 

The Institution as a corporate y of men of similar 
avocations is a source of strength to all its members. It 
gives publicity to the work of i 
essential in creating the estimation in which they are 
held by people outside the profession. It is able to 
secure facilities and gifts, and it elicits and records 
information of great value, which would otherwise 
remain private property. One has heard of persons who 
think that because they cannot attend the meetings in 
London, and have no time to study the Proceedings, 
they can get no benefit from the Institution. The case is 
rather an extreme one. Bacon said that every man is a 
debtor to his profession, and it follows that he has a duty 
to support whatever benefits it. Most of us subscribe to 
objects from which we expect no direct recompense, and 
few engineers could say that they receive no indirect 
benefit from the work done here. Knowledge diffuses 
itself in various channels, and improvements in industrial 
methods bring advantage to many who do not know 
where they originate. 

Recruiting. —The Institution, at the invitation of the 
Admiralty, took an active part, in association with the 
Institutions of Civil and Electrical Engineers, in recruit- 
ing an Engineer Unit for the new Royal Naval Division. 
A unit of 500 men was completed last September, and a 
number of the men received commissions. Part of the 
Division is already on active service. Later twenty-one 
candidates nominated by the <nstitution received tempo- 
rary commissions from the War Office in the Royal 
Garrison Artillery. Further demands are being made 
for the exercise of the influence of the Institution, and it 
should be acknowledged that a Tw deal of work in 
connection with recruiting has fallen on the Secretary. 
It is believed that not less than 400 members of 
Institution are serving in one capacity or another in 
His Majesty’s naval or military services. I think the 
Institution fully done its part in assisting the country 


in this time of gee, oy 
Local Meetings.—The Council has endeavoured to meet 
the wishes of country members, and to make the Institu- 


* Delivered on Friday, April 16, 1915, 


which is} Re 


tion more useful to them by holding meetings in local 
centres, for repeating a lecture or paper previously 
iven in London, and these have been very fairly success- 
ul. It is hoped that country members will realise that 
the Council is very willing to help them in such ways as 
are practicable. 7 

The Examinations.—Membership is accepted as, to 
some extent, a certificate of competence, and its value is 
due to the fact that entrance to its ranks is guarded. A 
candidate must be proposed, must state his qualifications, 
and must run the — of strict scrutiny by the 
Council, and finally by the members at large. Mistakes 
may be made, for it is human to err at times, but great 
care is taken. : : 

The appraisement of the qualifications of candidates is 
not easy, and is specially difficult in the case of younger 
— wes have ok long ere “a ore the 

nstitution, met example of the Civi i 

the Architects, the Surveyors, and others, hes instituted 
an examination for idates_under pry ba neng of age. 
No doubt an examination tes is not infallible, but it 
more often lets through the doubtful than it excludes the 
qualified. Dr. W when pointing out some evils 
of crude methods of public competitive examination, 
said that the attaining of a standard, rather than supre- 
macy over competitors, was the best means of selection. 
Now, our examination is of that ; also the diplomas 
of various universities and technical schools, ted on 
conditions which are trustworthy, are accepted in lieu of 
our own examination. ; 

The examination does secure that young engineers are 

stimulated to study seriously principles involved in 
engineering practice, and mathematical tools useful to 
the engineer. Though the examination looks like an 
obstacle, I do not think that in after life anyone who 
passed it will complain that he was driven to study, ata 
time when the mind was receptive and tenacious, ‘‘ wax 
to receive and marble to retain.” 
_ Although this year the examinations have been a little 
interfe: with, some candidates having gone to the 
Front, I think it is satisfactory that since the examina- 
tion was established 23 Graduates and 39 Associate 
Members have passed the examination, and 43 Graduates 
and 26 Associate Members have been admitted on the 
ground that they had passed an equivalent exempting 
examination elsewhere. 

Research.—This Institution has distinguished itself 
very honourably by fostering research in subjects im- 

rtant to engineers. Some of us who move in pro- 
essorial circles get, perhaps, a little tired of the insistence 
on the importance of research for students. h 
for the solution of new problems is of great importance, 
but itis not a task for young and immature students. 
Many so-called researches, in which well-understood 
methods are applied to materials or subjects not them- 
selves important, hardly deserve the name. They amount 
to little more than class exercises. Most scientific 
societies receive papers in which a much over-elaborated 
description is given of known proceedings and precau- 
tions, in which the new results are of limited value with- 
out establishing any general law. But the value of real 
research, based on a clear formulation of a definite un- 
solved problem, cannot be overestimated. 

Unfortunately, in engineering, the solution of unsolved 
but important problems is generally both difficult and 
expensive. Much, no doubt, is done by manufacturers 
who have a financial interest in the work. But their 


*Y | researches are, in general, not fally published. It is of 


great interest to the public at large and to other engineers 
that a scientific institution like this feels it part of its 
duty to advance knowledge by research, and is able to 
devote a fraction of its income for such researches as are 
beyond the means of private engineers. In most cases, a 
Research Committee of this Institution begins by an 
investigation of what has been done before, and the sum- 
a | of previous investigations which the Institution 
publishes is not only a safeguard inst mere repetition 
of experiment, but is valuable in itself. Professor 
Martens, the director of the great State laboratory at 
Grosslichterfelde, has said that in four cases out of five 
when a manufacturer brings him a problem, it is found 
that it has already been solved somewhere by somebody. 

The War and Engineering.—We meet in circumstances 
not foreseen a yearago. A war of unprecedented magni- 
tude, extending over a vast area, has broken on us with 
the suddenness and fury of a tropical storm. We are 
already proud of the courage and military skill of our 
Army, the magnificent work of the Navy, and the re- 
source of the Government in meeting extraordinary 
emergencies. As engineers, we know that our dockyards, 
arsenals, and armament firms are great schools of tech- 
nology where the utmost resources of science and ex- 
perience have been utilised. Victory, if we reach it, as 
we confidently trust we shall, will largely be the result 
of the general in mechanical engineering and in 
the capacity of our factories and workshops, due to the 
concurrent exertions of all engineers, civilian and mili- 
tary. As Mr. Lloyd George has said, ‘‘this is an engi- 
neers’ war, for equipmeat was even more needed than 
men.” An immense work is being done by private firms 
in supplying the wants of ourselves and our Allies. We 
have to overcome the material resources of an enemy 
who had made long, deliberate, and, as he believed, ade- 
quate preparation. 

In this war the question of transport for troops, for 
munitions, and for food has assumed an importance never 
experienced before. It is only by the use of every 
mechanical appliance that a war on the scale of the pre- 
sent one is possible. Conveyance of food, munitions and 
troops beyond railheads to the nearest possible point to 
the firing line depends almost exclusively on motor 
traction. The vehicles comprise columns of motor- 





lorries, box-cars, motor-ambulances, motor- buses for 





troops, motor-cars for officers, steam-tractors for guns and 
travelling kitchens. It has been necessary to provide 
large stores of spares and well-furnished repair-sho 
_1 think we may regard the conveyance of the Expedi. 
tionary Force asa triumph of o isation. A committee 
of railway managers, formed before the war, had studied 
the necessary arrangements. Three hundred and fifty 
trains were at work, and they arrived at Southampton 
from all parts of the country, between dusk and dawn, at 
twelve-minute intervals, during ten days. The troops 
and their heavy equipment were detrained and embarked 
without a hitch, and, guarded by the Navy, were trans- 
“wer to Boulogne without ail ei oid < 
engineers, we may recall wi ide the words of 
Mr. Churchill in regard 
Island Battle and the Cruiser Raid. He pointed out that 
**all of a sudden the test trial was led of the 
engines, and they excelled all previous peace-time efforts. 
Can you conceive,” he said, *‘a more remarkable proof 
of the excellence of British machinery, of the glorious 
industry of the engine-room branch, or of the admirable 
system of repairs and refits by which the Grand Fleet is 
maintained without exhaustion?” In this connection 
I should like to refer to the reform effected by Lord 
Fisher, conferring military rank upon the old-entry 
engineers of the Royal Navy. Hitherto, in spite of their 
invaluable service and the risks they ran, they were rated 
as civilians. Lord Fisher said that ‘the unap hed 
efficiency of the engineers in the Navy merited this tardy 
tion of their all-important part in the splendid 
fighting condition of our whole fleet.” 

If in this war the work of the mechanical engineer has 
assumed a new importance, if success depends on an 
enormous supply of munitions, if, as Mr. Lloyd George 
said, ‘‘the turning out of munitions of war not merely 
means success, but means the saving of lives,” then a 
great res ibility is placed on the shoulders of engi- 
neers. y are called on for the utmost exertions and 
perhaps for more sacrifices than others, except those at 
the Front. It is clear, though it has been slowly realised, 
that the magnitude of the war is such that all previous 
calculations of the requirements in war have been too 
small, especially as we have to supply our Allies’ needs 
as well as our own. The conditions are new and perplex- 
ing, and our enemy has foreseen the magnitude of the 
requirements and organised his material resources at 
leisure. But I doubt not that British grit and loyalt 
will not be called on in vain, and that engineers, both 
employers and workmen, will do all that is humanly pos- 
sible to meet the emergency. 

Foreign Competition. —Nevertheless a retrospect of our 
methods and activities is not entirely emia Fas est 
et ab hoste docers, and it is no condonation of the military 
crime of Germany to recognise that the enormously rapid 
industrial advance in that country has serious lessons for 
us. Before the war many of us had an immense respect 
for German science and learning. We have not lost that 
because we now appreciate the inordinate vanity, the 
preposterous political ambitions deliberately fostered 
among Germans, and the insolence of the army. Certainly, 
since 1870, the mind of the ruling and influential classes 
seems to have lost balance and reasonableness. So deep 
is the obsession of jive so-called Kultur, that even 
among Germans living abroad in freer conditions, and 
with sources of information not open to those at home, 
few seem yet to realise the evil of Prussian militarism. 
But it is striking that a German-Canadian, in the House 
of Commons at Ottawa, said that ‘‘ German art, science, 
and music is one thing, but Prussian militarism another, 
and the.reason so many persons of German origin left 
their fatherland was to escape military domination. 
To-day,” he said, ‘they are as eager as the British for 
the obliteration of the curse which has been weighing on 
Europe.” Consider these facts. In sixteen years the 
aggregate income of Prussia has nearly doubled. While 
our mercantile marine increased from 9 to 10 million tons, 
that of Germany increased from 1 to 24 million tons In 
1870 Germany had seven shipyards, employing 3000 
hands ; in 1900 she had 39 shipyards, employing 40,000 
hands, Although Germany has, on the whole, poorer 
qualities of iron ore and coal, her production of pig-iron 
increased from 11 to 19 million tons annually, while ours 
increased only from 9 to 11 million tons. To-day her pro- 
duction of steel is nearly twice as great as ours. 

I am not among those who think that to import 
materials or products is necessarily to diminish wealth 
or the demand for labour in this country. We quite 
rightly prefer home-made goods. But it is natural and 
desirable that each country should take full advantage of 
its natural resources, its position, its climate, and its 
enterprise. Broadly, imports are paid for by exports, 
and oo ceased to import we should have no foreign 
markets. Whether the sale here of surplus products at 
a low price, made possible by Protection; is an advantage 
to us 1s open to argument. But Lord Aberconway has 
pointed out that ‘‘to take one instance, which represents 
others, the tin-plate and sheet-mills in South Wales are 
to a large extent kept going, on a profitable basis, by the 
fact that they consume great quantities of German steel 
billets, ata price much lower than they could buy material 
made in South Wales.” . 

On the other hand, it is not satisfactory or safe that 
we import so many things from Germany for the produc- 
tion of which she possesses no special advantages, and 
that in some cases important industries have become 
absolutely dependent on foreign supplies of manufactured 
products. It is one thing to exchange goods with another 
country, it is another thing if, from sluggishness or want 
of enterprise, we allow another country to obtain 4 
monopoly of things we cannot do withcut. 

Various artificial conditions have fostered German 
trade, some of which might, and others could not, be 
imitated with advantage. The German Government is 
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poorer than ours, but it has much more clearly recognised 
the interdependence of science and industry, and the 
duty of the State to assist industry in matters beyond 


private initiative. It has spent very much more in pro- 


viding the highest type of technical instruction and State | of h 
R 


gsearch Laboratories. The railways and canals being 
under State control, differential rates can bs adopted to 
help traders. The hanks, advised by a staff of scientific, 
legal, and commercial experts, have been ready to pro- 
mote the trial of inventions, and to subsidise promising, 
but necessarily speculative, industrial undertakings on a 
scale unknown in this country. Amongst other influences 
which have adversely affected our manufacturers may be 
reckoned some perversities of the patent law. Hence it 
has come about that, since the war began, we find our- 
selves in want of important products we can no longer 
obtain, and we realise that Germany fights not only with 
her army, but with her science and industry. ‘ 

The most striking examples of the plight to which we 
have been reduced are found in the chemical industries, 
which, however, involve a good deal of mechanical en- 
gineering. Aniline mauve was discovered in this country 
in'1856. but the Germans, and, to a certain extent, the 
Swiss, have vractically captured the whole colour industry. 
Professor Meldola stated that, in 1886, nine-tenths of the 
dyeing colours used in this country came from Germany. 
Yet bee are essential to textile industries having an 
annual output of 200,000,000/., emplo; 1,500,000 
workers. The production of synthetic indigo in Germany 
has largely destroyed the cultivation of natural indigo in 
India. The value of imported indigo from India in 1895 
was about 3,500,000 ; at the t time it is about 
70,0001. Baeyer discovered synthetic indigo in 1880 ; but 
nearly twenty years were employed in research, and 
nearly a million pounds was spent before commercial 
synthetic indigo was placed on the market. That is 
immensely creditable to German faith in science. Before 
the war the world’s demand for electrical porcelain was 
practically met by Germany alone. There are many other 
similar cxses. In these industries Germanv had no 
natural advantages, but only a greater scientific intelli- 
gence, and greater confidence of financiers in supporting 
scientific advisers. ; 

Lord Moulton has said that ‘‘after the war, if we do 


not effect a change, the textile industries would step into | ‘ 


a slavery to the Germans as great as that in which they 
hoped to put us in a political and military sense.” — 

To take another instance of. more interest to engineers. 
Germany has acquired a practical woes 4 the trpat- 
ment of the complex ores of the baser metals. The whole 
of the ores of zinc, lead, and silver from the mines of 
Australia, the richest in the world, are, under contract, 
sent to Germany for retuction. The Australian Attorney- 
General stated that ‘‘ German influence exercised a mono- 
poly over the world’s bwe-metal industry so complete 
that it excluded effective competition.” 

Happily, in the iron and steel industries we are in a 
hatter relative position. Metallurgists here and in 
Germany, Belgium, and the United States have learned 
much from each other, and we have no reason for dis- 
satisfaction with onr part in the progress made. We had 
a long lead, and the discoveries of Bessemer. Mushet, 
William Siemens, Thomas and Gilchrist, and others, kept 
us in the front rank. We have been outpaced in volume 
of production, but in the higher qualities of steel and 
steel alloys, both in investigation and the quality of our 
product, we still hold a lead. The large demand for 
warsh.ps, guns, and projectiles has no doubt been a 
favourable factor. The establishment of laboratories 
direc’ by competent experts in steel works and the 
works of large consumers, like the railway companies, 
ban Spee to the improvement and standardisation of 
quality, : at ily 

Nevertheless, we do not maintain superiority in all 
depwtments. In-the heavy steel and machinery trades 
we have a dominant position ; but for lighter machines, 
Germany, the United States, and Scandinavia have se- 
cured a large market. In the case of light and medium 
steel castings—those required for motor-cars, for in- 
stance—this country has become almost dependent on 
Germany and Switzerland. The use of steel castings has 
very greatly increased, and = 7 add in an important 
way to engineering resources. far as a reason can be 
found for the better and more uniform quality of Conti- 
nental steel castings, it lies in the adoption abroad of the 
electrical furnace and » attention to heat treatment. 
Many of the steel castings come from Switzerland, where 
the cost of raw materials must be greater than in this 
country, and the cost of carriage must balance the lower 

ahour cost, , 

There is another point. After the war, when happier 
conditions return, our manufacturers must be willing to 
Rive designs, specifications, and estimates in metric 
maeasures for countries where the metric system is 
adopted. The use of the metric system is ised, but 
its compulsory adoption is not likely to be enacted, 
at any rate for a considerable time, if, indeed, it is desir- 
able, ahout which agoxd many of us have doubts. n- 

while in many ates oh the use of a double system of metric 
and English measures involves little difficulty. In fine 
machinery, no doubt, it is troublesome, but that at 
Present must be faced. ving: 
Technical Edu-ation.—Samuel Butler said that life is 
the art of drawing sufficient conclusions from insufficient 
Premises. It is certainly true of the engineer, not 
engaged in mere repetition work, that he has constantly 
to arrive at conclusions and to act on insufticient data. 
Probably no difficult eee | problem has ever in the 
strict sense been completely solved. The engineer has 
to make assumptions, to use approximate ies, to 
decide between material and negligible considerations, 
and to allow for unknown contingencies. Now, scientific 
training, if sufficiently advanced, does enable us to solve 


most problems which are clearly stated and data given, 
but its usefulness does not end there. The trained i- 
neer with incomplete data reasons correctly, estimates 
probabilities, and knows the limit of the trustworthiness 
















































is conclusions. He does not snatch at a pocket-book 
rule and ignore the assumptions on which it is founded. 

Among the various causes which have contributed 
German industrial development, a thorough and widely- 
diffused technical education must be given an important 
place. The branches of industry in which Germany has 
acquired a dominant position are those in which advanced 
Ay 1< science are most n 7.» 

notice that, in a report prepared by i 4 
Club of Manchester, it is stated that the British engi- 
neering aangog | would derive incalculable benefit from 
an increase in the number of highly trained experts, and 
would then be able to dispense with the services of 
Germans, who have had to be employed for lack of 
qualified Englishmen. 

In the — branches of scientific discovery this 
country has held a very distinguished place. That has 
been largely due to mon who pursued science without 
regard to any practical end, or even with a certain dis- 
respect for the fruitful applications of science. The 


be underrated. Manufacturers, on the other hand, who 
are interested only in applications of science have been a 
little contemptuous of scientific men who seemed indif- 
ferent to business. All that is, no doubt, gradually 
changing. The means of obtaining technical knowledge, 
and the desire to take advantage of it, have increased. 
But even yet we have no institutions quite equivalent in 
buildings, equipment, and staff t> the great technica! 
high schools on the Continent. In Germany and Austria, 
excluding chemists, there are four or five times as many 
students in technical high ls as in colleges of corre- 
oonties rank in Great Britain. America, Belgium, and 

witzerland in this respect bave closely followed Germany. 

If I speak with admiration of the intellectual efficiency 
of German education, it is not that I like the Germans or 
that I do not ses some serious evils in their system of 
education. Our English system is in manys ways intellec- 
tually deficient, but it encourages initiative, individualism, 
and a high sense of honou~. ion i 





In 1898 the Kaiser said that ‘‘he had firmly resolved that 
the theatre, the university, and the school should be 
instruments of the monarch.” In accordance with this 
the schools and universities are the seat of political pro- 
paganda, and cultivate the spirit of aggressive and 
arrogant patriotism revealed in the war. As never before, 
professors in Germany have influenced the course of 
events and taken public part in defending an aggressive 
war. 

But now, putting aside political and moral considera- 
tions, it is the thorough and advanced character of the 
education in the technical high schools, and the researches 
of their professors, to which indeed many of us are 
greatly indebted, which have so directly promoted 
German industry. It is sometimes said that the Germans 
only pick up other people’s discoveries and apply them. 
I think that is untrue, or at least greatly exaggerated. 
As Dr. Ormandy has well said, ‘‘ those who adapt scien- 
tific discoveries to industrial use are as entitled to honour 
and re as those who made the original discovery.” 
But there is another aspect of education in Germany 
which has a lesson for us—the German secondary school 
is far more efficient than ours. Lord Haldane said that 
“in this country we have never understood the signi- 
ficance of the secondary school. In Germany the whole 
educational fabric rested on it.” 
tion in 

. The gymnasium, the real-gymnasium, and 
the real-schule are organised to meet the wants of boys 
intended for different careers. Further, the universities, 
the professions, and higher government appointments 
(including those on railways) are practically closed to all 
who do not pass a severe State maturity examination after 
nine years’ schooling. The precise arrangements differ 
in various States, but in each there is an organised system 
and great pressure is put on boys to reach a high standard. 
Also those who pass the maturity examination are excused 
one year’s military service. The importance of that for 
us is that a great obstacle to really efficient technical 
instruction in this country is the inadequate pre tion 
for it in the schools. Practically a year the three 
years’ college course must be given to work which could 
well be and ought to be acquired in school by lads of 
seventeen or eighteen. Perhaps the excessive attention 
to athletics has something to do with our intellectual 
shortcomings. 

I readily admit, what is asserted on good authority, 
that the English system of classical education is the best 
for civil service and administrative posts. I feel gure it 
it is not a good preprration for an ineer. The Dean 
of Manchester, 
to him that to demand a knowledge of two dead languages 
from all boys who were going to a university was to 
cramp and fetter their intellectual development.” A 
fortiori, it is unsuitable for lads goi into practical 
careers. It is a part cause of our discreditable ignorance 
of Continental languages. 

T have spoken of the value of an advanced type of tech- 
nical education for engineers who aspire to positions of 
responsibility, but I do not overlook or underrate the 
necessity of tical ience. Both are » 
but one shonld not be cut down at the expense of t 
other. Sir Frederick Donaldson os the case for prac- 
tical training in an admirable address two years 
There are many branches of ineering, and as to 
relative importance of technical instruction, worksho 
field and office training. in different cases, there may 
differences of opinion. Further, Iam far from advocating 





the Germanisation of English education. Only it séems 
to me that some of our ed i 


of our faults need a remedy. If, as I suppose, 
the war must be paid out of the profite of industry, it is 


to} S 


of importance t our efficiency should ‘be 
ir George Reid has said that ‘‘ captures of German trade 
in time of war will only be retained in time of 
hy the capture also of the scientific methods the 
rmans.” 
Testing Materials.—Half a century most materials 


of construction were selected and bought on the reputa- 
tion of the manufacturer. Experience rough] i 
the sources from which the most reliable su 
obtained 


value of this pursuit of pure science is, of course, not to} d 


services, 

With the introduction of mild steel, the quality of 
which ranges between wide limits, the need i 
testing became urgent. Now there 
tories in the works of most railway companies 


gency of fications, 

given to the calibration of the instruments used in test- 
ing. 

to the determination of the errors of instruments and 


ceived too little attention. I do not su 
important errors in the ind ing- 
machines, though a comparison of results in different 


apparatus are probabl 


observer, 
or disagreement of different testing 


able to 


accomplished is partly of advantage to the manufacturer 
who calls for assistance. and so far should be paid for by 
him, and partly is of advantage to the nation in advanc- 
ing science, which is the justification for a State subsidy. 


lta as fi is possi 
Germany is State - supported. and definitely erway mony os 
At Grosslichterfelde the annual income from fees for 
testing amounts to 20,000/., and 
12,0002. On thestaff ope pe 
had university training, and techn 
training. Since 1880 the work accomplished has 
-_s regularly increased. 


larger scale, and does very similar work. It receives an 


rt. Welldon. has said that ‘‘it seemed | The 


















































































ucational tools, like some of our 
p tools, are mediz val Boy ee 


ly indicated 
ies could be 
Now hardly any material in use is 


The rapid develop- 
higher qualities of steel hes 


of their superiority by 


of systematic 
testing labora- 
and in 


mittee. But with the increasing strin- 
i perhaps more attention should be 


In physical investigations great attention is given 
methods, and per in material-testing this has re- 
do there are 
indications testi 
laboratories would be interesting. Errors in subsidi: 
y more frequent. Ib is possi 
jw < hy and a oes on ea used by 
same prac . measure the agreement 
-machines. I have 
found also the use of copper cylinders subjected to crush- 
ing to be a youy Seaeanene means of checking load indi- 
cations of machines. 

On the Continent and in the United States there are 
public laboratories, supported by the State, where any- 
one can have tests made, ab moderate fixed rates, by a 
trained scientific staff, and with great acouracy. Such 
institutions assist industry if, on the one hand, they meet 
industrial requirements, and, on the other, are unbiassed 
by private interests. They have the advantage over 
private laboratories that they are under the direction of 
exceptionsl experience and reputation, and are 
pursue investigation, contin often for | 
iods, beyond immediate uirements into fruitfu 
-paths. The view taken in Gonmeey is that the work 


with a stand 


Hence it is incumbent on Sopot institution to publish 
without injuring private 


the annual State subsidy is 
, of whom 75 have 
ical high school 

steadily 


of Standards at Washington is on a etill 


annual subsidy from the Federal Government of 100,000/. 
The equipment is extraordinarily com For instance, 
it has a 600-ton testing-machiine at Washington, and a 
1000-ton testing-machine at Pittsburg, both of the 
highest sensitiveness and accuracy. Such machines do 
not exist in this conntry. Happily, wehave now a similar 
institution in the National Physical Laboratory at Ted- 
dington. Its functions are somewhat restricted by the cha- 
racteristic English jealousy of State action, which, I think, 
is diminishing. It would be difficult to overestimate the 
service it has done in the solution of various mechanical, 
electrical, and physical pro! which were unlikely to 
be attacked by private Some of the researches 
started by this Institution have been carried out there, 
and valuable papers contributed to our Proceedings. 
superiority of English aeroplanes has heen demon- 
strated, end their services for scouting and for directin 
artillery fire have been invaluable. When the Govern- 
ment required difficult experimental investigations to be 
carried out on aeroplenes, it found at Teddington a staff 
and an organisation already in existence and suited to the 


—— is a condition of commercial testing that the results 
should be available in a short time and at small expense. 
Hence ordinary tests are of a somewhat arbitrary 
character, and do not completely imitate the conditions 
of actual service. We test specimens of steel to destruo- 
tion, and measure ductility by plastic deformation, 
though in ure the stresses do not exceed the elastic limit, 
deformation is elastic. We test cement = 

use it in com ion. There is need for 





474 


ENGINEERING. 





[APRIL 23, 1915. 








| alan although new tests must be cautiously intro- 


uced. 

One small change could be easily made, and in some 
cases would be interesting. When a set of tests on a 
material his been made, the mean of the results is taken 
as the best value of the measured. In physical 
investigations generally a further step is taken ty Seow 
lating what is termed “probable error,” which ay 
is @ measure of the trustworthiness of the resulte. - 
culation of the probable error is troublesome, but Martens 
has pointed out that the ‘‘mean error” is nearly as 
accurate, and enough for practical purposes. The 
mean error is the sum of the deviations ot the individual 
results from the mean, irrespective of sign, divided by 
paw number of observations. The —_ error is \atgge 
ently expressed as a percentage © mean value. 
the mean error is large, either the method of testing, the 
uniformity of the material, or the preparation of the test 
specimens is at fault. G lly the so of the error 
can be inferred. A mean error in tests of steel 
would indicate want of uniform quality in the material, 
in cement—probably faults in preparing the test bri- 
quettes. Of two supplies of a material, that with the 
smallest mean error is prefera . 

There is another kind of testing, likely in the future to 
be of increasing importance—thad is, the measurement of 
strains in members of completed structures, in order to 
determine the stresses to which they are actually sub- 
jected in service. Some years ago, after the loss of the 
Cobra, measurements of the strains in the skin of a tor- 
pedo-boat slung in various ways were made at the request 
of the Admiralty. The object was to obtain information 
on the stresses in a structure supported on waves. Strain 
measurements on the members of bridges during the 
paomge of trains have been made in Holland, in France, 

y Mr. La Touche and Mr. Sales in India, and by Pro- 
fessor Turneaure in the United States. These observa- 
tions throw light on two points : the trustworthiness of 
theoretical calculations of stresses, and the magnitude 
of the stresses due to dynamical actions which cannot be 
calculated. Recently, Mr. I. E. Howard, Engineer- 
Physicist at the Bureau of Standards, has initiated a very 
extensive investigation which is to extend to bridges, 
the Panama lock-gates, and steel-framed buildings. Some 
results on the stresses in the shell of a simple cylindrical 
tubular boiler have been published. A cylindrical boiler- 
shell is a “y simple structure, and the straining action 
is statical. It might be expected that theoretical calou- 
lations of the stresses would in that case be approximately 
verified by the observations. In fact, itisnotso. The 
distribution of stress is me much less uniform than it is 
assumed to be in theory and in the design of boi 
course, this is chiefly due to angle-irons and joints, which 
in most cases reduce the stresses, but, at any rate, greatly 
modify the stress distribution. 

I should perhaps a ise that I have not put 
before you the usual kind of address. I could not 
avoid looking at our own affairs in the light of PP. 
sent events. We are involved in a tragedy which is 
not less a tragedy because we believe we have acted 
deliberately, rightly, and without malice; not less a 
ti y because we believe that our cause is good and 
will prevail. Sooner or later, will come ; and with 
it a changed and, we trust, a better Europe. We shall 
have to repair the material devastation and reconstitute 
the moral checks on the brutal exercise of military power. 
I ho we shall be able to say, in the spirit, if not 
lite: what Euripides said Athens: ‘Ours is an 
old an happy land, which no conqueror has ever sub- 
dued ; its children walk in clear air, and wisdom is the 
very bread they eat.” 








Tue InsTITUTION OF AUTOMOBILE ENGINEERS.—The 
seventh meeting of the session of the Institution of Auto- 
mobile Engineers was held on the 14th inst., when Mr. 
F. W. Lanchester presented a paper entitled ‘“* The Screw- 
Propeller.” The paper being a long one, Mr. Lanchester 
“aekdlay oleh epanshansuanbedinaenn peosieed te 
concluding with an ion of @ 
meee we) by which ~ either for marine or — 
nauti purposes, can ~~ — entirely 
from theory. This diagram sho what variations 
would be necessary in pitch with a variation in diameter, 
and vice versa, and also the best number of blades. 
paper demands the earnest consideration of all those who 
are interested in the subject. The last meeting of the 
session will be held on Wednesday, May 12. pro- 
gramme for next year’s —~ 4 is in course of 
paration, of Institution will be 
pleased to receive promptly indications regarding prospec- 
tive papers to be read. 





Wuirenep Kerss in Darkenep Srreets.—The Auto- 
mobile Association and Motor Union recently communi- 
cated with the Commissioner of Police of the Me is 
suggesting that, in view —f ~ ee, nature 0! “ 

ighting regulations, it wou & great advantage to 
road-users if the responsible authorities in the Metro- 
politan area arranged for the kerbs at darkened corners 
and street-refuges to be whitened. The Association is 
now informed that this su ion has been communi- 
cated by the Commissioner of Police to local authorities 
in London, and is being given effect to by several authori- 
ties, who have instructed their surveyors to take the 
steps to whiten the kerbs at certain places 
within their Jurisdiction. This will undoubtedly be of 
considerable assistance in minimising the possibility of 
ccsident, aad 3 is Benad tet the action which is bei 
taken in London will be followed by the authorities in 
the various large towns where lights have been consider- 
ably reduced under the regulations made by the Home 


The | finest entrance is slight! 





THE RESISTANCE OF MERCANTILE 
SHIP FORMS. 


Further Model Experiments on the Resistance of Mercan- 
tile Ship Forms and the Influence of Length and Pris- 
matic Coefficient on the Resistance of Ships.* 

By J. L. Kent, Associate Member. 


INTRODUCTORY. 

Part I. of this paper is a continuation of that read 
before this Institution by Mr. G. 8. Baker in 1914,+ and 
gives the results of a further set of model experiments 
made to determine the effect of shape of area curve on 
resistance. PartII. gives a idea of manner 
in which the resistance of a ship changes with alteration 
in form and length, and may be as & continua- 
tion of a paper} read ‘ore this Institution at the 
summer meetings in 1913. The wave contours at dif- 
ferent speeds have been taken for a series of models, 
and from them an attempt has been made to give the 
physical interpretation of the formula — 


v =1%4/PL@) 
and thereby to define some of the conditions which will 
promote heavy or light wave-making. The results of 
methodical model experiments in other tanks have been 
examined, and some conclusions drawn from them on the 
effect of certain changes in form. 
Part I. 

In a paper on ‘‘ Model Experiments on the Resistance 
of Mercantile Ship Forms,” read before this Institution 
in 1914, the results are given of a series of experiments, 
with a mt poo y= earns the same ae dimen- 
sions and varying lengt parallel y- © propor- 
tion of body to the whole length of the ship covered 
by these experiments was 50 cent. to 10.45 per cent. 
A further set of models with no lel body has now 
been tested at the William Froude National Tank, and the 
results are here presented in the same manner as before. 
The models were cut from the same s drawings as 
those used for sets F, G, and H, the variation of entrance 
and run tried being also the same. The curves of cross- 
section area and water-line for entrance and run are given 
in Plate VI., Transactions of the Institution of Naval 
Architects, vol. lvi.g The dimensions of the 
models of this set brought to a standard length of 400 ft. 
are given in Table I. :— 

TaBLe I.—Model Dimensions Enlarged to those for Ships 




















o Constant Length Equal to 400 Ft. between Perpen- 
iculars. 

The draught both forward and aft = Beam _ 52.96 

2.25 2.25 

The len a9 ee es -. = 17,654 beam 

The mi ip section coefficient .. = 0.98 

Length of entrance .. ws .. = length of run. 

2/2, | Prismatic 
gs = | Coefficient. = 
> — oc 
HEE HE 
Set. | =e i -- 5 8 es Remarks 
235¢ ¢/; | as 
| \geggii gig 
| Aie™ a | a | 
| tons | 
| 108A | 25.0 | 0.72 | 0.688 | 9226 _— 
| 108B | 25.0 0.672 | 0.688 | 8898 Straight-line bow. 
| 1080 | 26.57 0.672 | 0.688 | 8898 Medium-line bow. 
I | 110B | 25.77 | Nil 0.672 | 0.638 | 8898 |Hollow-line bow. 
| 108 D 25.80 0.625 | 0.638 | 8581 — 

1090 | 26.0 0.672 | 0.678 | 8489 _— 

1009 B | 26.0 | 6.672 | 0.688 | 8898 Straight-line stern. 
| 108 B | 25.0 0.672 | 0.688 | 8898 |Medium-line stern. 
| 110A | 26.0 0.672 | 0.688 | 8898 |Hollow-line stern. 
| 100A | 25.0 0.672 0.700 | 9686 | ~ 











“The results are plotted in Fig. 1 in the form of ‘“con- 
stant” curves, to a base of and the (©) values have 
been corrected for skin friction so as to apply to vessels 
of 400 ft. length. 

Resvuits.—(Ser I.) 


Varying Bow Prismatic Coefficient.— At low speeds the 
worse than either the medium 
or full forms ; but for values greater than 0.53 it is 
better than either of them. This model has a good 
Admiralty coefficient up to a @) value = 0.8. The full 


and medium entrance models have the same ©) values 


up to (P) =0.45, and for higher speeds the fuller the 
entrance the worse is the result. At the highest speed 
to which the full entrance could be worked, viz., 
= 0.75, there is a loss of 20 per cent. in power over 
that f i i 
ee er Ee bans ime, eh 0 gute af only 7 per 
Varying Stern Prismatic Coefficient.—For all speeds up 
to ( P) = 0.77 the medium stern has a slight advantage. 
The full and fine sterns are practically identical up to 
(®) = 0.65, above which the fine stern becomes the better. 





* Papor read before the Iustitution of Naval Architects, 
March 25, 1915. 
t ‘‘Model Experiments on the Resistance of Mercantile 


Architects, 1914; ENoINEERING, vol xovii, pages 463, 406. 

i ; ENGINEERING, vol, xcvii., 

< “'Bffect of Form and Size on the Resistance of 

Sbips.” Transactions of the Institution of Naval Archi- 

_— (Part II.); Enorveerine, vol. xcvi., page 132. 
§ ENGrngerine, vol. xevii., page 467. 





Thus for all practical speeds a finer or a fuller stern than 
model 103C increases the value. The difference in 


value, however, is never more than 4 per cent., and 
is generally much less than this; and as the fuller form 
carries a larger displacement on given dimensions, this 
advantage may in some cases outweigh the small dis- 
advantage as regards resistance. 

Varying Shape of Entrance.—The hollow-line bow is 
the best for all speeds between = 0.47 and 0.72, but 
the medium-line bow is never more than 3 per cent. 
worse. The straight-line bow is much the worse for all 
speeds up to (P) = 0.77, which is too high for any ordi. 
nary vessel of this form. At @®) = 0.70 the hollow-line 
bow is slightly better than the medium, and both are 
about 17 per cent. better than the straight-line model, the 
dis’ ment being the same for all of them. 

‘arying Shape of Run.—The hollow-line stern is the 
worst for all speeds up to (P) = 0.715, when it becomes 


better than the straight-line stern to(P) = 0.78. Above 
this speed it is the worst form. The straight-line stern 
is very little different from the medium line, for all speeds 
up to () = 0.71, when a ‘“‘ hump” in its resistance curve 
causes it to become the worst of the three. Above 

= 0.785 it is again the best, but the performance of 


these models becomes very bad at these high speeds, 
owing to the formation of large transverse waves. 


Part II. 


Interference between Bow and Stern Transverse Wave 
Systems.—Dr. R. E. Froude* has described the ** principal 
wave-initiating operations” of the entrance and run of 
any ship, which give rise to two systems of transverse 
waves, and he has shown that the coincidence of a bow- 
wave trough with a stern-wave trough will cause increased 
wave resistance, whilst a bow-wave crest coinciding with 
@ stern-wave trough causes diminished wave resistance. 
An examination of the positions occupied by the points 
on the Teciduary resistance curves, given in Mr. W. 

length of parallel 
Froude’s 1877 paper for speeds— 


Vv =1% VP.L. (®)t 





when 
() =1; it FF &e., 


show that at these speeds the position of the transverse 
waves of the two systems relative to one another is such 
that a crest of the bow-wave system coincides with a 
point midway between the crest and trough of the stern- 
wave system. 
The purpose of the present communication is to give 
the results of tests made to confirm this, and to deter- 
mine the effect of form of bow on the resistance of the 
model, due to all possible phase difference between the 
bow and stern-wave systems. Two series of models, each 
yo ed of an oo = _— — on b 
ifferent lengths of parall y. ve mn tested. 
Their dimensions, &c., are given in Table IL : 
Tasie II.—Stem Vertical, Stern Ordinary Mercantile 


Form. All Models Run on a Level Keel. 

















Ft. 
Beam of all models .. = 2.09 
Draught of all models - i = 0.929 
Prismatic coefficient of entrance. . = 0.672 
Prismatic coefficient of run = 0.638 
Midship section coefficient = 6.98 
Length of entrance .. oe = Length of run. 
Model No. Ite th between) Percentage 
— — |} "Be ndi- Length of 
Set J Set K | jars. Parallel Body. 
1A 112 A 22.4 50 
111 B 112 B } 20.36 45 
111 0 1120 18.67 40 
111D 112 D 17.23 35 
lll E 112 E | 16.0 30 
111 F 112 F 14.93 25 
111 G 112 G 140 20 
lll H 112 H 13.17 15 
lit 112 I 12.44 10 
lJ 112 J 11.79 6 
11K 112 K 11.2 | _ 








| | 
i 





The difference between the two series was in the shape 
of the water-lines of the entrance ; in Set J being 
straight at the ends, and in set K hollow.t In all other 
respects the models were alike. These models were each 
tested for resistance through a ry le of speed, and 
the profiles of the waves against 
off at two defined speeds, and for one model, 111 D, at a 
number of speeds. It should be noted that the models 
were without propellers or appendages, but were free to 
take up any trim under the influence of the water forces. 
The residuary resistances of these models for a number 
of speeds have been calculated by deducting the skin 
resistance (using W. Froude’s friction constants) from the 
measured resistances, and these are plotted in Fig. 2. 


e tions of the Institution of Naval Architects, 


1881 
Transactions of the Institution of Naval Architects, 
1913; ENGINEERING, vol. xcvi., page 132. 
t See Curves 24 and 8, Fig. 1 (Plate VI). 
tions of the Institution of Naval Architects, 
ENGINEERING, vol. xcvii., page 467, Fig. 1. 





1914; 
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THE RESISTANCE OF MERCANTILE SHIP FORMS. 


MODEL EXPERIMENTS ON THE RESISTANCE OF MERCANTILE SHIP FORMS. 
CURVES OF €) TO BASE OF () 












THESE “CONSTANTS” MAY BE CONVERTED INTO 
€.H.P. AND SPEED AS FOLLOWS: 
atv’ 
.H.P. e Soe 
ea nadns © 427°1 
v= ) x 1°34 Je 
4 BEING THE DISPLACEMENT IN TONS. 
V THE SPEED IN KNOTS. 
L. THE LENGTH IN FEET. 
P THE PRISMATIC COEFFICIENT. 


THe “CONSTANT” CURVES ARE CORRECT FoR SHIPS 
OF 400 FEET LENGTH. 


SET I-VARYING SHAPE OF RUN 
PRISMATIC 





OF AREA 








ne 


OF ENTRANCE 


SET I- VARYING 
COEFFICIENT 
RUN 











SET I~ VARYING 
COEFFICIENT 
RUN | TOTAL 









ScaLe OF @ 
Fie. 1. 


The wave profiles at 340 ft. and 290 ft. per minute for all; The bow wave for all models of the same set at the 
the models are given in Fig. 3. These particular speeds | same speed was found to remain unaltered, irresp-ctive 
were chosen because at the higher speed the waves were | of the ee of parallel body, and the wave profiles al 

well defined along the whole | of the models, and | the run of the various models shown in Fig. 3, page 47 
the ship speed corres i relative to the 


cutting out the parallel body, the growth of the primary 
trough of the stern-wave om, as a trough of the bow- 
wave system passes through it, is clearly shown in Fig. 3, 
and ite =_— on the residuary resistance of the models 
in . 
“High” and “* Low” Wave-Making Speds.—1n the 
i of resid resistance (Fig. 3) the *‘ humps” 

** hollows” of the curves are ca pF eee | 
between the bow and stern-wave systems. ** humps” 
are evidence of an i waste of energy, and the 
wave profiles show that this is due to an increase in the 
heights of the resultant system of waves formed by the 
model. The residuary resistance due to the bow and 
stern-wave systems has been expressed in the well-known 
formula— L 

gm 


RweH,? + H,? + 2k H, H, cos ve” 


the last term containing a fluctuating factor dependent on 
the speed of the ship. 


In any model, when cos 2M E = 1, the last term is a 
maximum, and a “hump” occurs on its resistance curve, 
and when cos 25" = - 1 the residuary resistance is a 
minimum, and a “hollow” results. At some ~~" 
between these two the factor is zero. In Fig. 2 hori- 
zontal mean line has been drawn through each of the 
curves, and the conditions for which the fluctuating term 
in the above formula is zero will be given by each of the 


points where the mean line crosses the residuary resist- 
ance curve. Alternate points are given by— 


1 1 
@©=t 53 vse &e., 
in every case. 


Wave profiles have been taken for Model 111D at 
different speeds, and are shown in Fig. 4; page 477. The 
dimensions of this model are fairly representative of the 
ordinary intermediate and slow passenger or cargo- 
steamer. The lengths of the waves from crest to crest 
of the bow-wave system, measured along the parallel 
body, agrees closely with the theoretical formula for 
wave-length, 





La2tV? 
g 


but does not agree over the lengths of entrance or run. 
This is also the case with the wave profiles in Fig. 3, and 
is in accordance with the general experience of the tank. 
From the experimental positions of the crests and 
troughs of the bow-wave system along the parallel body, 
the positions occupied by other crests and troughs of this 
system, according to the above formula, have been worked 
out f and aft along the entrance and run. These 
itions are plotted in the lower part of Fig. 4 in the 
orm of a diagram, in which the horizontal scale repre- 
sents the length of the model, and the vertical scale its 
speed. Orest and trough-lines are drawn through the 
spots so obtained, each line showing the manner in which 
@ crest or trough moves relatively to the model as the speed 
A line B B has been drawn in Fig. 4 parallel 
to the first one-quarter wave-length line of the entrance 
A A, at a horizontal distance from it equal to P L. 
Alternate quarter wave-length lines of the bow system 
(obtained from the observed wave profiles as previously 
described) cross B B at speeds given by— 


1 1 
P)=1; —_; —~, &. 
® Jt J 

In Fig. 2 these (?) values always agree with alternate 

crossing-points of the mean residuary and undulati 
resistance curves ; in other words, they define the poem 1 
at which a trough of the stern-wave system and the mid- 
point between crest and trough of bow-wave system 
must coincide. Hence the line B B in Fig. 4 should be 
the apes | trough line of the stern-wave system, if 
formed without interference. (It must be remembered 
that the transverse wave profile against the model at 
both bow and stern is confused and hidden by the forma- 
tion of the divergent waves, which is probably the reason 
why the profiles at the stern appear to show the trough 
somewhat ahead of the above position. This was very 
evident during the experiments with the shorter models. ) 
From theory it follows that the speeds at which trough 
lines cross B B give (P) values at which the residuary 

resis! nants & maximum. 
At speeds 

_5, 9,18 
PL=~-3; 53 = 
4,,4° 4 
wave-lengths ; and since (®) at any speed is the ratio— 


a/ wave-length at that speed a 
PL 
the corresponding @) values are— 


Ji VES 


These (P) values are given in Fig. 2, and coincide with 
the positions of maximum resistance. Similarly, the 
speeds at which crest lines cross A B give (P) values 
for minimum resistance due to wave interference. These 

values are— 


WON LUNE 


&e., 








ponding to ft. inute is near | are in their correct fore and aft positions 
the practical limit such forms could be ran. - jentrance. As the stern is brought nearer the bow by 





and give positions of minimum residuary resistance in 
Fig. 2. The speeds at which the remaining quarter 
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SCALE OF LENGTH IN FEET. 
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CURVES OF RESIDUARY RESISTANCE FOR MODELS WITH VARYING LENGTH 
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THE RESISTANCE OF MERCANTILE SHIP FORMS. 


Fig.2. 
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THE RESISTANCE OF MERCANTILE SHIP FORMS. 


Fig. 4. 


a \ 
AN 


DRAUGHT OF MODEL In INCHES 


SPEED IN FEET PER MINUTE 


240 
220 


200 
(e380) O ‘ 2 3 


wave-length lines of the diagram, Fig. 4, cross B B give 
() values— 
Sis /5 
6 10 


dain tine, s 
—o 


<i &e. 

14 

The curves of Fig. 2 should meet 

o mean-resis mes = at - jicular —-. 
ere are some slight departures, but these are probably 

due to the fact that when there is serious wave-making, 

the ‘‘constant” curve of a model is flat in the neigbbour- 


hood of the @) values 1; 





1 

—-:;— <=; &e., buti uall 
J2’ V3 ee 
very steep where ™ —t 

® =n/4; 9/4; / 4, be. 

6 10 | oe 

Consequently, a small error in the measurement of the 
speed at the latter @) values leads to a much greater 
error in (©) value at these speeds. ~ 
If wave-making is considered “‘high” wien the resi- 


duary resistance is greater than the mean resistance line 
drawn through 


1 1 
P)=1;—~; —i3&.,, 
© J/2 v3 
for any one speed (Fig. 2), and “‘low,” if below this mean 


line, then the ranges of speed over which wave-making 
is “‘ high” are those between the values— 


4 1 4 1 
lto 3 ~ to — f = 
vs /2 NAS J/3 
These conditions for “high” and “low” resi 


resistance 
have been reduced to a simple graphical form in Fig. 5. 
For a number of prismatic coefficients, Fi “has been 


4 and so on. 
14 


calculated for the @) values at speeds giving mean 
residuary resistance. These -~— values are plotted toa 


base of prismatic coefficient, each curve corresponding 
to one(P) value. The areas shaded are those covering 
the “high” wave-making s referred to above; and 
the prismatic coefficient, and speed of a ship 
should be chosen to give a ®) value outside these shaded 
portions, if the vessel is to run at a speed at which wave- 
making is important. 

Only the interference due to transverse wave-making 
has been considered, presence of other wave 
systems may modify the above conclusions. From a 
resistance point of view, however, transverse waves are 


a 5 6 7 6 s 





PRISMATIC x 


o< awacce 


r-. 






10 " 
SCALE OF LENGTH IN FEET. 


Fig.s. 
DIAGRAM SHOWING RELATION BETWEEN 
PRISMATIC COEFFICIENT. 


LENGTH, AND 


SPEeo. FoR “HiGH" AND “Low” 
WAVEMAKING. 
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usually found to be the most im t of the various 
wave systems generated by a ship when running 4 its 


service 
(To be continued.) 
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1LES FOR MODEL ill D AT DIFFERENT SPEEDS. AND DIAGRAM 
— "OF BOW CREST AND TROUGH LINES DERIVED FROM THEM. 


5 


te 





‘3 ‘4 is 16 7 18 


Pho y,” by T. J. Boyer. The Premium was 
to Mr. Ram by Sir John Jackson, K.C.V.O., 

D., F.R.S.E., M.P., Associate of the Institution of 
i on the occasion of the 127th distribu- 

tion of certificates of the above school, at which he pre- 
sided on April 15. 





Tue Portas Inpustry.—The embargo on alkali pro- 
ducts in Gertiiany is likely to cause some inconvenience 
of powder absorbs large quantities, and has caused a 
rise in the price of many commodities. Thus 


tremendous 

chlorate of po which, under circumstances 

costs some 35 per ton, now fetches 115 dols. to 

125 dols.; owing to the pu by factories li 

the Du Pont-Nemour heen a sulphate of potash costs 
dols. per ton ; te, . i »” 


45 dols., &c. 


ance of the ordinary supply of German alkali 
for the United States. vo 





Tus Russian Peat Inpustry. — The remunerative 
exploitation of the vast peat deposits, which many 
countries possess, has for a been 
many experiments and much labour, although the results, 

in most_cases have been somewhat disappoi 
nm no country is there a 


near the railway stations the indus- 
trial centres. The State owns ~ very i ion of 
the country’s peat deposits, which, where this is found 
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voltage is obtained on the feeders. On the pivoted arm 16 are con- | the of the jet-tube B. A throttle E is mounted in the con- 

‘6 tact points.18, which in thei ts touch the other | duit © and controls the air-conduit C at ol, 
ENGINEERING” ILLUSTRATED PATENT t a. 30, lel bn tate mares ome ho cer and controls the sir-op at the part 0}, so that the 
RECORD. Ds = and a for — hang bmg yi = eS => Pong ew 3 - To part 
ABSTRACTS RECENT PUBLISHED SPEOIFI- from 30, tween r es between orifices hood D. th 
SELEOTED CATIONS Lt, THE cae OP 1907 males inserted a reversing ‘switch 31 operated by solenoids 82 | throttle is wide open, the orifices D2 do not ‘play any very ieee. 
» UBS 4 a Se and 33. The oscil -arm 16 is connected with one side of the | tant part, but as the throttle is moved towards the closing 
The number of views given in the Specification Drawings is stated | source of supply 30, the common terminal of the solenoids 32 | porition, and the suction upon the {7 is thus increased, the 


in each case ; the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, éc., 


iven in i 
ics of Specifications may 


none 


italics. 
obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
wore Tt 
The date of advertisement of the my ope of a Complete 
i ‘ion is, in each case, given after abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
advertisement of the of a Complete 
ive notice at the Patent O, of opposition to the grant of a 
atent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


390/14. The British Thomson-Houston Company, 
Limited, London, and A.A. Pollock, RB: . Dynamo- 
Electric Machines. (2 Figs.) January 6, 1914.—This inven- 
tion relates to self-regulating meg” of the type in which 
means are employed for modifying the field excitation of the 
machine so as to obtain as far as possible constant current with 
variable g tors are requi wn ay vehicles 
and for other purposes. These generators are usually driven at 
variable speed directly or indirectly from the axle of the vehicle, 
and a storage battery is used to supply the load when the gene- 
rator is stationary, or running at very low the ter. 
being recharged during normal running. According to this 
invention, the field magnets of the machine are provided with 
auxiliary coils which are excited by current flowing between an 
auxiliary brush on the commutator and the mid point of the 
battery. The auxiliary brush is located in advance of the equi- 
potential diameter of the commutator, with the result that the 
auxiliary coils are traversed by a current producing an ri: 
field, which, at low 8, assists the main field, and at hig 
speeds weakens the main field. A is the armature of the gene- 
rator, and B, Bare the main brushes on the commutator which 
collect the current and supply the battery O and lamps D. The 
field-poles are excited by shunt coils E. An auxiliary brush F is 
provided on the commutator located in advance of the no-load 
equi-potential diameter. In the example shown, the main brushes 
are located on the points of minimum sparking at full load, that 
is to say, on the electrical neutral points at full load, which, of 
course, are in advance of the no-load neutral points. In this 
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now ge case, therefore, all the brushes being given a forward 
ead, the auxiliary brush is located at an angle of approximately 


90 deg. to the n line of commutation. Auxiliary Ly | 
coils G are oe ge on the poles connected between bi F 
the mid-po 


t of the battery. An automatic switch H, which 
may be Jy ny with the L - we pene is —— — in 
series i Oe eens an to close when 
the generator is developing a predetermined fraction of its 
normal (no-load) voltage—for example, 25 per cent. When the 
machine is started, the automatic switch in the mid-wire circuit 
closes when the generator voltage reaches the termined 
fraction of its normal voltage for which the switch is designed. 
A current then flows through the auxiliary coils and excites them 
in a sense which strengthens the main field. The machine there- 
fore builds up quickly and Covetene ite normal or no-load voltage 
at a low speed. At normal voltage the main cut-out switch 
closes, and the machine commences to deliver current to the 
external circuit. The distortion of the main field caused by 
armature reaction on the axis of the main brushes reduces the 
potential diff bet the auxil brush and the mid- 
point of the battery to zero, and the auxiliary coils then remain 
unexcited. Increase of speed causes further distortion of the 
main field through armature reaction, and adifference in potential 
in the opposite sense develops between the auxiliary brush and 
the mid-point of the battery. This causes the auxiliary coils to 
be excited in the oppos'te sense, so that the field of the machine 
is weakened. The arrangement therefore provides a generator 





capable of — a constant current in the external circuit 
mas wide range of speeds and loads. (Accepted November 18, 
1914. 


on , y, 
U.S.A.) Automatic tors. [1 Fig.) March 6, 
1914.—This invention relates to contact-making voltmeters for 
automatic and more to an auxiliary switch 
provided in conn therewith as a protective device. The 
object of the invention is to so construct a contact-making volt- 
meter that in case t or temporary interruption of the 
voltage, the voltmeter will sutomatically operate to cause the 
regulator to move to the maximum lowering position, and on 
the resumption of normal concitions will again perform ite usual 
functions. feeders 1 are connected to an induction regulator 
2 of the usual construction which is operated by a motor 8. The 
movements of the motor are coutrolled by a contact-making volt- 
meter 19 having a solenoid core 11 operated by the coils 12 or 13. 
Energy for the coil 12 is obtained from the current transformer 14 
eonnected to one of the feeders, while that for the coil 13 
is obtained from the potential transformer 15 aleo connected 
to the feeders, The coil 13 operates the voltmeter by raising 
and lowering the core 11 in response to variations of voltage on 
the feeders, while the coil 12 is used to oppose the coil 13 and 
compensate for line drop, means being provided to inte: rupt the 
circuit of either coil. At its upper end the core 11 is linked toa 
pivoted arm 16 to which is connected a spring 17, so designed as 


and 83 is connected to the other side of the said course. Move- 
ment of the pivoted arm 16 in one direction or the other closes 
the ap ate current to operate the switch 31. 
Evidently the switch 31 could be omitted and ite work done by the 
arm 16, if desired. The construction so far is well 
known and only shown to aid in understanding the invention. 
Near the lower end of the core 11 of the voltmeter the patentees 
provide a spring contact-arm 40 e' ly connected with the 
contact 19. On this arm are contacts 41 which move between 
adjustable contact points 42 and 43. An vy Dime, is 
also provided for setting the spring-arm 40 in thed position. 
Suitable insulation separates the contact 40 from the sole- 
noid core 11. The upper contact 42 is connected with the solenoid 
83, while the lower tact 43 is cted with the contact 
point 20 with the solenoid 32. The parts of the voltmeter 
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are moe ont 08 —- that _o7n p epqoestantty 25 per 
cent. in voi iow the core to against oe. 
arm 40 and thereby close a circuit bet ~~ tact 
41 and 43. It will understood that this circuit by energising 
the solenoid 32 moves the reversing switch so as to cause the 
motor 3 to be driven in the appropriate direction to move 
the — —_ 4 2 to the maximum lowering position. In normal 
operation the arm 16 floats bet the tacts 19 and 20, 
but small variations in voltage will cause the voltmeter to 
close a circuit between the oscillating arm 16 and either 
of the points 19 and 20, and thereby energise the solenoids 33 
and 32, respectively, to move the regulator to the boosting 
and lowering positions respectively—that is to say, a drop in 
voltage below normal allows the core 11 to drop slightly and 
bring the point 18 against the contact 19, thus energising the 
solenoid 33. Similarly, an increase in voltage above normal 
raises the core 11 and closes the circuit of the solenoid 32. Ener- 
ion of the solenoid 33 moves the switch 31 so as to cause 
the motor to turn the lator towards the positive boosting 
position, and vice verad. Bovement of the arm 16 sufficient to 
cause the contacts 18 to close one or other of the circuite is not 
sufficient to the normally-closed circuit through the contact 
points 41 42, but when an abnormal lowering in voltage 
occurs, the spring 19! will bend and allow the core to drop against 
the spring 40. (Sealed March 11, 1915.) 
y- 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
Clench, Wemble: 
June 29, 1914.—This invention is 


rs Piped 3 Cc. E. 8. Car 
8. 
or relating to carburet for internal-combustion engines, and 








‘burettors. 
for improvements in 
tors 


has for its object to provide a carburettor which can be used for 
heavy fuels, such as pn. The invention is particularly 
applicable to the carburettor known as the Olaudel-Hobson 
carburettor, which comprises a jet-tube surrounded by a hood, 
the tube and hood being mounted in a single air-conduit through 
which all the air for —_ passes. It is found, however, 
that for paraffin or fuels heavier than the petrol commonly used, 








there is not sufficient suction in this type of carburettor at 
low speeds. The present invention therefore consists in com- 
bining with a carburettor of the type described above, an auxiliary 
throttle which automatically closes as the main throttle closes, 
and is so situated as to prevent the free passage of air to the lower 
orifices in the hood round the fuel-jet. The carburettor is 


D2 serve to let in air to the hood 
of suction 


and thus 

the jet is nullified in the required proportion for 
slower All the parts of the carburettor A far described 
are well known, and belong to the t of carburettor known as 
the Claudel-Hobson carburettor. ‘or starting this 
carburettor is usually provided with a flap-valve F w can be 
made to cover the mouth of the conduit C when required, so 
that the orifices D2 then once again perform very little part, and 
practically the full suction of the engine is allowed to directly 
operate upon the jet D. This flap F, however, has only been 


for purposes, and is closed and opened by hand, or 
closed by hand and opened by a pring. For the pu of the 
shutter is dispensed with, and an 


present invention 
auxil: throttle which may take the form of a butterfly-valve G 
is substituted therefor. This valve may be op ively ted 
by various means to the throttle E, provided such means permit 
it to be moved to the full open position when the main throttle is 
open, say 80 deg., and then remain fully open, whilst the main 
valve is opened to its full width, and until such time as the main 
valve is brought back to the original 30 ¥ tion, when the 
butterfly-valve should again to move with it, so that they 
both move in the closing direction together. A convenient 
mechanism is shown in . 1 for this purpose, which comprises 
& toothed sector G! mounted on the spindle of the butterfiy- 
valve G, and a toothed sector E!] mounted on the spindle 
of the main throttle E. The sector G! may be controlled by a 
spring-finger G2 secured to the casing of the carburettor, and 
having a detent = which enters a recess to hold this against 
movement when gaged from the sector E). The operation 
of this device is as follows :—The main throttle E is shown open 
at a distance of about 30 deg. in Fig. 1, and the sector E! is then 
free of the sector Gl. The throttle E can therefore be moved to 
the full open position without disturbing the sector G! which is 
held meantime by the detent, and in this tion holds the 
butterfly-valve G wide open. As the throttle E is moved back to 
the closing position, the sector E! will engage the sector G!, and 
when the throttle is moved beyond the 30 deg. from closing, the 
butterfly-valve G will also move with it. The two valves will 
then be moved in the direction of the arrows and the sectors El, 
G! are so Bee. ey pe that when the throttle E is fully closed 
the butterfly-valve G will also be fully closed. By this arrange- 
ment the carburettor which before would only serve for light 
fuels such as the e of petrol commonly cmpieged, is made to 
serve for heavier fuels, such as paraffin, as the carburettor works 
a on the high speeds with paraffin without alteration, 
but on the lower = increased suction on the jet is found to 
be necessary, and this is obtained by the automatic closing of the 
valve G as the main throttle E closes. (Sealed March 11, 1915.) 


MISCELLANEOUS. 


10,949/14. G. W. Heath and G. A. Heath, Crayford. 
Sextants. (4 Figs.) May 4, 1914.—The nt eee 
relates to sextants and other like instruments, and has for its 
object to provide means for obviating an error which occurs to a 
greater or lesser extent in all edge-bar and plate sextants and 
other like instruments, owing to the strains thrown upon the 
frame of the instrument by its own weight. The effect of the 
strains referred to above on the adjustment of the instrument 
varies according to [the position in which the instrument is held 
—that is to say, whether it is held vertically for observing alti- 
tudes, or horizontally for measuring horizontal angles. For 
example, if an instrument is adjusted by means of collimators in 
the horizontal ition, as is practised at the National Physical 
Laboratory and all other observatories, and the instrument is 
then held in the vertical position for observing altitudes, a small 
side error will be ap; mt. In accordance with the present 
invention, one end of the handle is attached to the eentral portion 
ofa ble bridge-piece, the ends of which are at ed to 
the frame go as to form part of the mountings of the telescope and 














With this construction it is 


tively. 
impossible for the telescope to get out of collimation, 


the horizon glass 
racticall 


e ordinary rocking adjustment of the collar carrying 
the same is unnecessary. a is the main frame of the instrument 
carrying at b the tele: c and its fittings, and at d the horizon 
glass ¢ and ite neseeneaten: Extending across the back of the 
frame a from the point } on the one side to the point d on the 
other side, and attached thereto by any suitable means, is the 
bridge-piece f, constructed of a curved girder form, with a deep 
web g in the middle to impart great stiffness thereto. The 
handle h of the instrument is attached at its top end to the web 
g of the bridge-piece /, and at a point near its lower end to the 
second | i, which 

and be 


may be made of less length f 
attached at suitable points j to the intermediate bars of the 
frame a of the instrument on either side of the handle h. By the 


em t of this arrangement of mounting for the handle h of 








to aid in balancing the weight of the core when the desired 





rforations LD! and lower perforations D®, 
upper pertenstine being situated at approximately the level of 


vided with a fioat-feed chamber of known construction the instrument, the axis of the telescope c is always maintained 
feeds fuel to the fuel-nozzle B which is vertically situated in the Ss oe of the arc, and the horizon € perpen- 
air-conduit O, The fuel-nozzle is surrounded by a hood D lar to such plane, whether the instrument held‘in the 
having upper D?, the | vertical or horizon’ before-mentioned error is 


‘tal positions, and the 
ecepted December 3), 1914.) 


or 
thereby avoided. 
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DETAILS OF EXPANSION JOINT & SHELL. 
BETWEEN SHELL & GIRDERS. 


























\\ DETAIL OF CONSTRUCTION JOINT 
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RECENT THAMES BRIDGE AND 
TUNNEL CONSTRUCTION. 


Ir is twenty years since there appeared in 
ENGINEERING a series of articles describing the 
bridges spanning the River Thames, and it is not 
inappropriate that we should return to the subject 
to review the work since completed, or now in 
progress, carried out to improve the cross-river 
communication. During the period named the 
population of Greater London has increased by 
about 1,600,000, although the rate of growth now 
tends to diminish. In the first fifty years of last 
century the population grew from 1,114,644 to 
2,680,935, or at the average rate of only 30,326 
per annum. In the next ten years, 1851-61, the 
average annual increase was 54,178; between 
1861-71 it was 88,100 ; the following decade added 
86,700 each year ; from 1891 to 1901 the mean 
yearly increment was 94,760; but between 1901 
and 1911 it dropped to 67,000. The explanation of 
this is to be found in the increasing facility of rapid 
transit from the Metropolis to residential suburbs 
beyond the Greater London area. In the first 
place, the widening of the ordinary railway lines, 
and the adoption of electric traetion on some of 
these for suburban traffic, has conduced to the ex- 
pansion of the residential area for London workers; 
but even more operative is the extension intu the 
country of the tube railways, and the improve- 
ment and growth of the motor-bus service. The 
reduction in the rate of growth of the population 
of Greater London, however, does not necessarily 
mean a diminution in the rate of growth of traffic 
in the streets or bridges. 

Traffic within and into Greater London has grown 
with the additional facilities afforded, as is shown 
by recent statistics. Table I. gives some remark- 
able figures of passenger traffic in Greater London 


TaBLe I.—Passenger Traffic in Greater London. 








Number of Passengers Carried. soES a8 

1— 1000. \2 38s SB 

a = as " a 

e-\.. > 
| By Tra Total £ 23 3 Ed 

. | By Railway | By m- J ies P 

«| "deel | way (ap- p ten? (approxi- Aa: § § 3 

= |Companies).| proximate). mate. @*OU 7" 
1867 40,547 Not { 41,424 81,971 | 3605 22.7 
1871 72,636 avail- - 43,556 116,192 3885 29.9 
1876 115,326 able 51,157 166,484 4303 38.6 
1881 233 72,038 58,389 269,662 4766 56.6 
1886 165,050 132,529 90,708 388,289 5182 | 74.9 
1891 180,026 198,569 158,926 537,521 65633 | 95.4 
1896 189,584 279,518 212,628 681,732 6124 | 11L.8 
1901; 236,506 340,772 269,938 847,212 6581 128.7 
1906 329,521 508,700 291,563 | 1,129,784 6908 163.5 
1907; 356,233 589,745 330,000 1,275,979 | 6975 182.9 
1908) 399,666 636,009 340,000t 1,375,675 7043 195.8 
1909 410,744 687,138 311,000+ 1,408,883 7112 = 198.1 
1910; 425,271 763,797 000+ 1,487,069 7i8l | 207.1 
1911; 436,498 821,819 340,669 1,598,987 7251 220.5 
1912 436,492 797,487 492,858 | 1,726,839 | 7321 ber 
1913, 462,019 811,397 733,931 2,007,348 7393 | 271.6 


* The omnibus figures are incomplete. They relate only to the 
principal companies. 

+ The figures for these years are based on receipts, and are 
probably under-estimated. 


for each fifth year from 1867 to 1906, and foreach 
subsequent year up to 1913. It will be seen that 
even during the t five years, for which the 
figures are available, the total number of pas- 
sengers travelling by railway, tramway, and 
omnibus has increased by over 632 millions, or 
about 45 per cent. Nearly all of this is accounted 
for by increased road traffic, and by far the greater 
part of it is due to motor-buses. The latter carried 
some 394 million more passengers in 1913 than in 
1908, while the trams account for another 175 
million extra passengers, and the railways for 
some 63 millions only. The figures in the last 
column are even more striking than the others, as 
they most — show —_ the ‘‘travel habit” 
increases as travelling facilities areaugmented. The 
figures show that the number of journeys per head 
of population has increased very nearly twelve-fold 
since 1867, while in the same time the population 
has been more than doubled. We should, however, 
point out that all the passengers in Greater London 
are not necessarily resident within the London 
area, so that the figures given for the journeys per 
unit of population are, perhaps, a little misleading. 
This is more especially the case now that increased 
travelling facilities induce a large number of 
persons employed within the London area to reside 
at considerable distances from the Metropolis. 
Such persons are, of course, not included in the 
p>pulation of Greater London, but their movements 
all go to increase the passenger traffic, as do those 





of visitors to Lundon. This would have the effect 
of raising the apparent number of journeys per 
head of population, so that the figures given in the 
last column of the table are rather too high. For 
comparison, one year with another, they are inte- 
resting. No one, however, can possibly dispute the 
fact t local travel has increased enormo 
during the last fifty years. Even in the last five 
years, for which period the figures are strictly com- 
parable, the number of journeys per head has 
increased by nearly 40 per cent., and it may be 
taken that the traffic across the river has also 
grown at a proportionate rate. 

The question with which we are immediately con- 
cerned is as to whether the of this increased 
travel which flows across the river has had adequate 
provision made for it. It is difficult to find com- 
parative data for twenty years ago and nowas to the 
cross-river traflic. The nger traffic to London 
Bridge railway station i undoubtedly increased, 
and for this London Bridge was widened to give 
footpaths 15 ft. instead of 9 ft. 6 in. wide. Simi- 
larly, there has been a great addition to the numbers 
of passengers arriving at the Waterloo railway 
station, and this will grow still more when the 
electric-traction system of the London and South- 
Western Railway is completed ; but the Bakerloo 
and the Waterloo and City tubes now assist towards 
the transit of passengers across the river. Waterloo 
Bridge still remains the narrow structure it has 
always been, and the footpath on Hungerford, or 
Charing Cross railway, bridge is of limited utility. 
The increase in tramway traffic from the Surrey 
side in the eastern part of the Metropolis directly 
intensifies the traffic across the river, as great 
numbers of passengers are landed on the south 
= ego in the morning, and have to be taken 
thence in the evening. Thus, the Tower Bridge is 
more used ; the Southwark Bridge has had to be re- 
built ; a new bridge is shortly to be built at St. Paul’s. 
The tramways now run over the widened bridge at 
Blackfriars, the Westminster Bridge, and the new 
Vauxhall Bridge. In the East End of the Metro- 
polis, as shall be described presently, four tunnels 
have been built, which have relieved to some 
extent the Tower and London Bridges. But 
withal it cannot be said that the cross-river lines 
of communication have grown with the increase in 
volume of traffic. 

Another source of relief, however, falls to be 
consideied, and that is the greater rate of flow of 


-traffic due to the introduction of motor vehicles. This 


is specially effective on bridges, as there is little or 
no pedestrian traffic from pavement to pavement. 
But for the achievement of the best results it is 
necessary to enforce the regulation that slow-moving 
vehicles shall have a line of advance which cannot 
interfere with that of the faster vehicles. It is 
found that since motor-cabs have displaced hansoms 
and ‘‘ growlers,”’ the central bridges, notably West- 
minster, have a much faster flow of traffic than the 
East or West End bridges, where there is a pre- 
ponderance of trade vehicles in which mechanical 
traction has not so largely displaced horses. We give 
in Table II. statistics of the vehicular traffic over the 
TaBe IIl.— Vehicular Traffic over London Bridges 
between 8 a.m. and 8 p.m. on One Day in 1913. 


| Trade 





, | Passenger | Barrows 

Bridge. Vehicles. | Vehicles. | and Cycles, TOt#l. 
Tower 10,286 | 740 1488 = |«:12,464 
London .. 7,442 6,602 8084 17.228 
Blackfriars 9,326 | 4,992 3455 | 17,778 
Waterloo. . 5,782 4,488 2089 | 12,259 
Westminster 4,154 | 12,170 2351 | 18,676 
Vauxhall .. 8.578 | 4,957 31°6 11,696 
Chelsea .. 1,468 | 1,873 3578 6,419 
Albert 546 | 498 1434 2,478 
Battersea 1,245 | 1,478 1479 4,197 
Wandsworth 1,141 | 122 1484 


«Southwark Bridge closed for reconstruction. 

Thames bridges for twelve hours of one day in 1913 
—the latest year for which figures are available. It 
should be mentioned that the conditions under 
which the census was taken were not quite normal, 
as Southwark Bridge was closed for reconstruction 
at the time. The traffic over this bridge for twelve 
hours of a certain day in 1912 was 2112 trade 
vehicles, 439 passenger vehicles, and 1531 barrows 
and cycles. e 4082 vehicles thus diverted would, 
of course, go to increase the volume of traffic in 
1913 over neighbouring bridges—Blackfriars and 
London Bridges being probably most affected. 
Excluding barrows and cycles, the proportions of 
trade a passenger vehicles passing over most of 
the bridges are not very different, the percentages 


usly | cent. of the total number. 





of trade vehicles varying frum 42 to 56 of the total. 
The conditions on the Tower Bridge and West- 
minster Bridge are exceptional. On the former, 
nearly all the traffic (93 per cent.) consists of trade 
vehicles ; while on the latter, passenger vehicles 
predominate, and trade vehicles make on!'y 25 per 
Other notable excep- 
tions are Blackfriars and Wandsworth Bridges, on 
which trade vehicles account for 65 per cent. and 
90 | oa cent. of the respective totals. 

already stated, the greater number of trade 
vehicles are horse-drawn ; in no case ed 
is the proportion of horse-drawn trade vehicles 
passing over the bridges less than 86 per cent., 
this being the figure for Vauxhall and Battersea 
Bridges. On the Tower Bridge nearly all trade 
vehicles are horse-drawn, the proportion in this 
case being 97 percent. Similar conditions, as might 
be expected, exist on the other bridges in the City, 
95 per cent. of the trade vehicles passing over 
London Bridge being horse-drawn, and the corre- 
sponding figures for Blackfriars and Waterloo 

ridges are 91 and 96 per cent. respectively. 

With passenger-carrying vehicles the conditions 
are exactly opposite ; most of the traffic of this 
class is self-propelled. In the case of Westminster 
Bridge only 5614 (4 per cent.) of the 12,170 
passengers vehicles were horse drawn cabs and 
carriages, the remainder being made up of 3216 
tramecars, 2395 motor-buses, 4845 taxi-cabs, and 
1200 private cars. The extreme western bridges, 
generally speaking, carry a large proportion 
of horse-drawn passenger vehicles, the percentage 
rising to 30 in the case of Wandsworth Bridge. As 
Vauxhall and Battersea Bridges tramway 
lines, the proportion of horse-drawn vehicles is only 
5 per cent. in both cases. Of the bridges east of 
Westminster the greatest proportion of horse-drawn 

nger traflic is carried by Waterloo Bridge, the 
lou or which is 19 per cent. Blackfriars Bridge 
carries two tramway tracks, over which 2070 cars 
passed during the period we are considering ; the 
other self-propell og vehicles were 1185 
taxi-cabs, 859 motor-buses, and 240 private motor- 
cars. This accounts for 87 per cent. of the total 
number of passenger vehicles, the remaining 13 per 
cent. being composed of horse-drawn omnibuses, 
cabs, and private carriages. On London Bridge 
more than half the total number of nger 
vehicles are motor-buses, the actual hell ws being 
3876, while taxi-cabs account for another 1990 ; 
horse-drawn vehicles make only 7 per cent. of the 
total in this case. As previously stated, the 
passenger vehicle traffic over the Tower Bridge is 
uite insignificant, only 740 being recorded during 
the twelve-houx period ; of this number, 11 per 
cent. were drawn by horses. 

In view of these statistics it is interesting to 
study the dimensions of the bridges. These are 
set out in Table III. The heaviest traffic, it will 


Tasie III.—Road Bridges over the Thames in Greater 
London. 
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Name = l*eul | 2 | Bae 3s |s 
| gg FEE | Ba HEE 
e \|oF 2 = p 
| 4= \55 | 4 gee So s 
| Year. |ft. in.|/ft. in. ft. in, | ft. in.| ft. in. 
Tower .. ..| 1894 | 880 0| 2700' 8 209 6 | 36012 6 
closed 
141 0 
} open 
London .. ..| 1881 | 784 8) 1619 5 2 0 |80\'9 0 
London, as 
widened .. 1904 | 7843/1519) 5 | 28 0 | 870/14 O 
Southwark(New) — | 7085/1406 5 | 26 0 | 850/10 0 
Blackfriars ..| 1869 | 923 4 1865) 5 2% 0 | 480/16 0 
Blackfriars, as 
widened 1909 | 928 4186 5} 5 | 25 0 | 780/16 0 
Waterloo 1817 |1240 0} 1200} 9 | 2% 8 | 276/7 6 
Westminster 1962 | 811 0/1200| 7 | 20 0 | 585 13 0 
Lambeth 1862 | 828 0 2680) 38 20 0 |167\5 8 
Vauxhall 1906 | 760 0} 1497) 5 | 20 9 | 600/15 0 
Victoria.. ..| 1858 | 704 0) 8880) 8 | 2110 | 2904/7 2 
Albert .. _..| 1879 | 710 0| 884 9) «638 «| 19 9 | 2783/7 0 
Battersea 1890 | 726 0| 168 0) 5 20 0 | 26/610 
Wandsworth 1878 | 620 0 126 0} 5 | 19 9 | 180! 5 104 
Putney .. 1886 | 7000} 1440 6 | 20 0 | 20'9 6 
Hammersmith. .| 1857 | 784 0 4006, 8 | 15 1 | 270/511 
Kew .. 1908 | 402 0, 1880 8 | 20 0 | 3680/9 4 
mond 1777 | 2010] 600, 6 |21 6 | 169/48 
Kingston 1828 | 3150) 600) 6 % oF sing 0 
K " 4 
ening ..| 1914 | 3150) 600 65 | | 85 0 |10 0 











* Includes widths of piers. + Headroom over local high water. 


be seen, is over London, Blackfriars, and West- 
minster Bridges, the roadways of which are 

ively 37 ft., 73 ft., and 58 ft. 5 in. wide ; 
but when one considers the rate of flow of traffic 
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on these several bridges it will be recognised that | Brid 
Westminster Bridge is the least crowded of the 
three. Blackfriars, since being widened, has the 
broadest roadway (73 ft.). 

minster Bridge, built in 186 
and it is, in a measure, surprising 
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2, had the advantage, | should have two or t 
that Vauxhall of the existing bridge. 
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which should be reconstructed soon, has now & 27-ft. 


was, in 1906, given a roadway of only 50 ft. 
outhwark Bridge now being b 
35 ft. wide ; St. Paul’ 
wide; Lambeth, when it is rebuilt, 
hree times the 16 ft. 7 in. width 
Hammersmith Bridge, 


be rebuilt with a greater 
f the neighbouring Kew 
too, has been widened, 
There is equal, if not 
ichmond Bridge, 


roadway, and ought to 
width than the 36 ft. o 
Kingston Bridge, 
from 17-ft. to 35-ft. roadway. 
greater, necessity for widening R 
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number of openings of the bascules for each 
year since 1906, the average number per day, the 
average delay to vehicular traffic, and the greatest 
number of openings in any one day. The average 
delay has m steadily decreased from 5.25 
minutes in 1900 to under 5 minutes now, while the 
average number of openings per 24 hours has 
varied from 22.41 in 1900; but the highest was 
reached in 1902 with 25.23. Since 1905 it has 
varied in normal years between 24 and 25. The 
maximum number of openings per day was as high 
as 55 in 1906, but since that year it has not exceeded 
53. It will be noticed that during the year 1912 the 
number of openings of the bascules was very much 
reduced, due to strikes, &c., on the river; and 
that last year the number was very much further 
reduced, due, of course, to the war. 

Although the opening of the Tower Bridge tended 
to relieve the traffic on London Bridge, it was de- 
cided to widen the latter structure, principally to 
add to the footpaths, which at certain hours of 
the day are crowded by _—_ from and to 
London Bridge station and the tramway terminus. 
Proposals for widening the bridge had frequently 
been considered, and that of 1899 was embodied 
in a Bill promoted by the City Corporation in 1901, 
and granted the yal Assent in the following 
year. The engineer was Mr. G. E. W. Cruttwell, 
M. Inst. C.E., now a partner of Sir John Wolfe 
Barry, and illustrations of the work are given 
on page 480. Work was commenced in April, 
1902. The width between the pets was 
formerly 53 ft., and this was divided into a road- 
way 35 ft. wide, and two footpaths each 9 ft. 
a as shown in Table III. The width between 
the parapets has now been increased to 65 ft., 
most of the width having been added to the foot- 
paths, which are now each 14 ft. wide, the road- 
way being only 2 ft. wider than formerly. The 
method alegted in obtaining the greater width was 
to fit granite corbels at intervals on the top of the 
arches and side walls of the bridge in the position 
originally occupied by the dentil courses, and to 
carry the widened footpath on these corbels, with a 
cornice and open parapet on the outer edges. This 
mpsten most efficient and attractive in appearance. 

‘o carry out the work it was, of course, necessary to 
close the footpaths, and, to accommodate the pedes- 
trian traffic, temporary footbridges were con- 
structed on both sides of the bridge. These foot- 
bridges were each 1006 ft. in length, and had a 
clear width, inside, of 11 ft. 2in. They each con- 
sisted of tive spans of steelwork supported by steel 
trestles built upon the cut-waters of the piers. On 
the top booms of the girders, which were of a modi- 
fied Warren type, longitudinal sleepers were bolted, 
to which were fastened the rails for a crane-road 
used in the construction of the permanent work. 
The footbridges were roofed with corrugated iron 
to protect pedestrians from the weather and from 
dirt, &c., falling from the cranes overhead. The 
cranes, which were operated electrically, had a 
lifting capacity of 3 tons, and two of them were 
mounted on each footbridge. 

As soon as the footbridges were completed, the 
work of widening was commenced by the removal of 
the engine Epes parapets, cornices, and dentil 
courses on both sides simultaneously. The details 
of the new work are clearly shown on e 480. 
Fig. 1 is an elevation of the south abutment looking 
upstream and shows the bridge as it now appears. 
Fig. 2 is a cross-section through the new footpath 
and part of the roadway of the bridge after being 
widened, while Figs. 3 to 7 show details of the 
corbels, dentil courses, and parapet. There are 325 
corbels on each side of the bridge, each having a 
total depth of 3 ft. 3in, and a length of 10 ft., 
except at the abutment buttresses, where they are 
9 ft. Sin. long. On the centre arch the width of the 
corbels is 18 in., and the spacing is about 3 ft. 1} in. 
centres, while on the two arches next to the centre 
span the corbels are 17 in. wide, and they are 
spaced 2 ft. 11 in. centres. The width of the cotbels 
on the shore arches is 16in., and the spacing 
2 ft. 8} in., while those on the abutments are the 
same width, but are spaced 2 ft. 7} in. centres on the 
south abutment, and 2 ft. 4} in. on the north abut- 
ment. At the inner end of the corbels a chase was 
cut for the reception of a 6 in. by 4-in. channel, which 
is continuous over the spans and abutments, and is 
best shown in Figs. 2and 3. Two 1}-in. holding- 
down bolts were provided for each corbel. The lower 
ends of the bolts were enlarged and jagged, and 
grouted with neat cement inte the masonry of the 
voussoirs or side walls. The upper ends, which were 





formed with swelled threads, passed through the 
channel, and were fitted with nuts, which, when 
screwed down on to the top flange of the channel, 
formed a very effective cramp. A beam, made up of 
a 6-in. by 3-in. T-bar and a 3-in. by2$-in. angle, was 
fixed to the top of each corbel by lewis-bolts and 
also attached to the continuous channel, as shown 
in Figs. 2, 3, and 5; its object is to prevent 
the end of the corbel from falling in the event 
of a fracture. The face between the corbels was 
made up with string stones, upon which stand 
plain as stones extending to the top of the 
corbels, and the s between the corbels were 
closed by the cornice and by 3-in. slabs resting on 
the corbels. This pe of the work is most clearly 
~ ag in the left-hand side of Fig. 2, and also in 

ig. 7. 

All the stones are of granite, some 15,000 cub. ft. 
of old stone having been re-shaped for the new 
work, the remainder being brought from Dart- 
moor; thirty of the corbels were obtained from 


ing, lighting, and incidental work. 

Southwark Bridge, which is now undergoing re- 
onstruction, crosses the river at a point a little 
more than a quarter of a mile west of London 
Bridge. In Figs. 8 and 9, page 481, we reproduce 
drawings of the old structure, which was designed by 
Rennie, and was completed in 1819. From these 
drawings it will be seen the bridge consisted of 
three openings, of which the central one was 240 ft. 
wide, and the other two-each 210 ft wide. The 
openings were spanned by arches composed of 
cast-iron segments, and these carried a roadway 
29 ft. wide and two footpaths, each 6 ft. 9 in. 
wide. The very interesting work of demolishing 
the old arches was dealt with in our issue of March 
6, 1914 (vol. xcvii., page 313), so that on this 
occasion we need only deal with the new structure, 
drawings of which are reproduced on Plate 
XXXUL It may, however, be worth mentioning 
in connection with the demolition work that, on the 


baie 60001. being accounted for by clean- 














Fic. 17. Arch ovER BANKSIDE, UNDER SOUTHERN APPROACH TO THE New SoutHwARK BRIDGE. 


large stones removed from the old structure. It 
is interesting to note that all the corbels were 
tested before being placed in position, and the 
results are given in Mr. W. B. Cole’s paper at the 
Institution of Civil Engineers (vol. clxi., page 290). 
A load, which varied according to the width, was 
ge by means of an hydraulic jack, 4 tons being 
the test-load for corbels having a width of 18 in. 
None of the corbels failed under the tests, and in 
order to determine their ultimate resistance a few 
were tested to destruction. In one of these tests, 
a corbel, 16 in. wide, with lewis-holes drilled on 
the top side, broke through one of these holes at a 
point 2 ft. 54 in. from the centre of the jack. The 
depth at the point of fracture was 2 ft. 0? in., 
and the load was 30 tons, which gives a coefli- 
cient of resistance of 1419 lb. per sq. in. ; other 
vests on Devonshire granite gave coefficients of 
resistance of 2059 lb. and 2206 lb. per sq. in. The 
destruction tests showed that a 17-in. corbel sus- 
= a load 11.4 times the maximum working 

The permanent work was completed and publicly 
opened in March, 1904, and the temporary foot- 
bridges were all removed by August of the same 
year. The traffic over and under the bridge was 
not impeded in any way during the progress of the 
work, except during the relaying of the roadway, 
when vehicular traffic was limited to two lines. 
The cost of the work amounted to 92,0001., of 
which 36,0001. was expended on the temporary 
footbridges, and 50,000]. on the permanent work, 


removal of the Southwark Pier, a foundation 
stone was found containing matter of considerable 
archeological interest, and bearing an inscription 
stating that the stone was. laid at ‘‘ the glorious 
termination of the longest and most expensive war 
in which the nation has ever been engaged.” 
The remarkable point about the inscription is that 
it was dated about a month earlier than the battle 
of Waterloo. Now we are building the new bridge 
during a European war far transcending in every 
way any campaign in the world’s history. 

The principal reason for reconstructing the bridge 
was the impediment offered to road traffic by the 
steep gradients of the approaches and on the bridge 
itself. On the City side the gradient of the 
approach was about 1 in 18, so that heavy traffic 
| would naturally choose another route, if possible. 
In the new bridge the gradients have been reduced 
to 1 in 32.7 on the City approach and 1 in 46 on 
the Southwark approach, while on the bridge itself 
they do not exceed 1 in 45.24. Another objection 
to the old bridge was the arrangement of the piers, 
which made navigation difficult. Cannon-street 





railway bridge, it may be remembered, is less 
than 150 yards to the east of Southwark Bridge, 
and as the former and the other neighbouring 
| bridges have five spans each; river craft had to 
|follow a tortuous course in order to thread their 
| way between the various piers of these bridges. 
|The new Southwark Bridge,’of which Mr. Basil 
| Mott and Mr. David Hay, MM. Inst. C.E., are the 
‘engineers, and for the construction of which Sir 























APRIL 30, 1915.] ENGINEERING. 483 
William Arrol and Oo., Limited, of Bri n, portion now under review is given only an account 
Glasgow, are the contractors, has therefore been LITERATU RE. of the manipulation and processes which have to be 
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Referring to the elevation, Fig. 10, on Plate 
XXXIIL., it will be seen that the cant-al opening 
is to be 140 ft. 6 in. wide, and that there will be 
two intermediate openings, each 131 ft. 9 in. span, 
and two shore openings of 123 ft. each. As shown 
in the cross-sections, Figs. 12 and 13, the openings 
are to be spanned by seven steel arched ribs, + paced 
on 8-ft. 9-in. centres, except the outer pair on each 
side, which are to be 5-ft. centres. The half cross- 
section shown by Fig. 12 is taken through the 
centre span, near the pier, and shows the cross- 
bracing, while Fig. 13 is a half cross-section a‘ the 
crown of the a. The method of carrying the 
flooring, which will be of buckled plates covered 
with ? in. of asphalt, can also easily be followed in 
these figures an! also in Fig. 14. 

The total width of the bridge between the 
parapets is to be 55 ft., made up of two foot- 

ths, each 10 ft. wide, and a roadway 35 ft. wide. 

t was desired to utilise the masonry of the old 
abutments for the new bridge, so that the trans- 
verse distance between the centre lines of the outer 
ribs could not be increased. At the same time it 
was necessary to widen the bridge, and this will be 
accomplished by supporting part of each footpath 
on cantilevers, as is most clearly shown in Fig. 14. 
The cantilevers, which will be spaced at intervals 
of about 14 ft., will have openings in their webs, as 
shown, to permit pipes and cables to pass through 
them, while at their outer ends they will be con- 
nected by a concealed girder built up of plates and 
angles, which will serve to support the footpath 
between the cantilev. rs. 

Figs. 15 and 16 are end elevations of the piers, 
Fig. 15 representing the two piers nearest the 
centre, which are exactly similar, and Fig. 16 the 
two piers nearest the shores. The piers are to be 
faced with granite, and will have a solid hearting 
of Bramley-Fall stone, removed from the piers of 
the old bridge. 

We believe that the caissons used for the pier 
foundations are the largest yet made in this 
country, though they will probably be exceeded by 
those for the new St. Paul’s Bridge. Views of one of 
the caissons are given on page 492, Fig. 18 showing 
the exterior, and Fig. 19 the interior. The views 
were taken this week, while the caisson was being 
erected on staging over the site of the old piers. 

Two of the cairsons are each 102 ft. long by 
30 ft. wide, and the other two are 100 ft. 3 in. 
long by 29 ft. wide; the weight of the larger 
caissons is about 200 tons. ey have parallel 
sides and semi-circular ends, and are, in all cases, 
15 ft. high from the cutting-edge to the top shelf- 
plate. This plate projects inwards round the 
perimeter, and the bottom strake of the temporary 
caisson will be built on, and bolted to it. Access 
to the working-chamber, which is 8 ft. 6 in. high, 
is obtained by two vertical shafts (Fig. 19), and the 
sloping side and end- plates are riveted to tri- 
angular shoe-brackets or stiffening diaphragms, 
which also the ends of transverse horizontal 
girders above the roof-plates. The concrete filling 
will be placed above and between these cross- 
girders, and in the triangular space formed by the 
shoe-brackets, pending the deposition and packing 
of concrete into the working-chamber when the 
ultimate foundation-level is reached. 

The caisson illustrated on page 492 is that for 
the pier numbered 4 in Fig. 10, on Plate XXXTII., 
and it will soon be ready for lowering. It will be 
sunk in the London clay to a depth of 50 ft. below 
Trinity high water. The caisson for the next pier 
is already partly erected on the staging. 

The contract time for the completion of the 
bridge expires in about two years, and although 
the work naturally been hindered by the war, 
considerable progress has been made. The con- 
struction of the ribs has been commenced, and the 
masonry for three of the piers is now in store. 
Work on the a proaches is well advanced, and the 
new bridge, which carries the southern approach 
over Park-street, Southwark, has been completed. 
This bridge is constructed of steel girders, with 
jack arches between. The view, Fig. 17, on 
page 482, shows the arch ing the southern 
approach to the bridge over Ban ide. 

(To be continued.) 
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WHEN we accidentally opened this octavo volume 
of 323 pages on page 52 and found a view of a 
— assay-balance and a picture of a charcoal- 
urner’s pile facing one another, we thought that 
the author had good reasons for expressing, in his 
preface, the fear that the order in which his 
chapters are arranged might be criticised. The 
case is not so bad, however. For the two illustra- 
tions belong to Chapter II., ‘“‘Hints for Pro- 
spectors,” in which the prospector is told what he 
must take with him in any case, and how he can 
procure himself charcoal, if his stock should be 
exhausted, and improvise a makeshift cupellation 
furnace. Yet we do not think that we should have 
adopted the author’s sequence, a it does not 
matter, of course, whether tables, &c., are on the 
first or on the last pages of a book. He begins 
with numerical data, physical constants, con- 
version factors for gravimetric analysis, loga- 
rithms, and anti-logarithms. There follow four 
diagrams illustrating in plan the arrangement of 
a laboratory—without text; ten lists of appa- 
ratus and chemicals for assayers; and a dozen 
on ‘‘ Minerals and their Characteristics.” 
hese pages contain name, colour, specific gravity, 
hardness, appearance, chemical composition, and 
general remarks of a large number of minerals 
distinguished as vein stones and as something else— 
ores probably, but no term is given ; whether the 
information is of much use, considering that the 
‘* general remarks” column is generally left blank, 
we are doubtful. Part II. of the book deals 
with what is called ‘‘dry assaying,” briefly stating 
the characteristic tests for the metals in alpha- 
betical order, to which monazite and sulphur have 
been added evidently as an after-thought. Why 
this part is headed ‘‘dry assaying” is not clear ; 
for the information is entered under (a) dry, and 
(b) wet, and there is much more asa rule of (b) 
than of (a). More about the dry assaying of Lead, 
Tin, Gold, Silver, Bullion, Mercury, follows later on. 
Hints for Prospectors, Sampling, and Fluxes and 
Reagents are first inte » however, whilst the 
chapters on the Examination of Solid Fuels and on 
Refractory Materials follow. This sequence is open 
to criticism certainly ; but that does not appear to 
have occurred to the author. After refractory 
materials comes Part IIT. on Wet Assaying, chapters 
dealing with Iron, Copper, Zinc, and Aluminium ; 
Lead and Bismuth ; Tin ; Tungsten ; Arsenic and 
Antimony ; Manganese; Chromium; Sulphur in 
Ores ; Veiatium Uranium, and Molybdenum ; 
Cobalt and Nickel; and, finally, Part IV., on 
Cyanide and Mill Tests and Amalgamation and 
Cyanide Tests. However, an excellent alphabetical 
index will help the reader over any sequence 
troubles. 

The book is not more than fairly well stocked with 
references, and the references given are sometimes 
disappointingly defective, inasmuch as only the year 
or the volume of the publications are mentioned. 
Selenium just gets four lines—not much, but suff- 
cient in a book on assaying. Cadmium hardly fares 
better ; the bare statement that graphite is not 
attacked by basic oxides is misleading, and some 
recommended methods of assaying are no longer in 
favour. That is about all we might criticise. The 
subject-matter is certainly good, on the whole, and 
is put with commendable lucidity. The methods 
explained are those with which Mr. Wraight has 
had actual practical experience and on which he 
has foobar at the Royal School of Mines for 
twelve years. That is a certain guarantee that the 
author speaks as an expert who has followed up 
the modern improvements of old-established prac- 
tices, which the references indeed demonstrate. 





Modern Plumbing Practice. Vol. I. An Account of 
Practical Lead-Working and Plumbers’ Materials. By 
J. Wriest Crarxe, M.RS.I. London: B. T. Bats. 


ford, Limited. [Price 10s. net.] 
Everyone will share the regret of Mr. Walter 
Scott, who has contributed an introductory note to 
the volume before us, that the eminent practical 
authority who designed this work for the instruc- 
tion of the craft and the improvement of plumbing 
and sanitation did not live to complete his task 
and see its full proportions and merit. In the 


fully with sanitary work in all its branches, tracing 
the course of water from the reservoir to the house, 
its usage in the house, and its ultimate disposal as 
sew A third and last section will treat of the 
metal coverings of roofs. It is intended that the 
three volumes in their entirety should constitute a 
thorough and comprehensive treatise on ‘‘ plumb- 


——— 
erhaps in this section the author can hardly do 
himself justice, his vision seems to be narrowed by 
the accumulation of petty details. He haa to 
describe how ‘‘ wiped” joints are made, how to 
bend a pipe, how to make a tool-bag. In such 
matters the author occupies the humble position of 
a drill-sergeant, who has to instruct recruits in the 
simplest military duties. The most. conscientious 
martinet cannot rivet our attention on small 
matters with the completeness that we yield our- 
selves to the master of strategy, who explains the 
larger tactics of war. The humbler may be very 
useful, very necessary work, but the mechanical 
9 is apt to induce weariness, if the out- 
ook is limited solely to small manceuvres. The 
author here adopts too much the attitude of the 
foreman towards apprentices; he is so anxious that 
the work should be executed only in the manner 
that he approves that he thinks lees of the result 
than of the method. Like the drill - master, 
he cannot see beyond the accuracy of company 
evolutions and the immaculate correctness of pipe- 
clay. He is continually reminding us of what he 
achieved in his own apprenticeship days, and we 
have no doubt the discipline was gocd for him, 
but possibly the very severity of his training in 
ractical work interfered with that leisure that 
is necessary for the acquisition of literary skill. 
If the author had spent less time in the work- 
shop and more in the library, he would have 
given us a better book; one that would have been 
equally practical, but at the same time pre- 
serving a juster proportion among the many details 
of which it treate. There is evidence that he 
despises that information which can be drawn from 
books which seek to assimilate the knowledge and 
experience of others, while he overvalues the train- 
ing gained by the beginner in his coe 
struggles to acquire deftness and mechanical skill. 
Complaint is made that educational authorities are 
doing the trade a serious injury by not confining 
examinations to practical work, and are so in- 
discreet as to conduct examinations on matters 
entirely outside the trade of plumbing. ‘‘ At times 
the examination will deal only with such matters 
as can be read about in books, so that they may be 
considered more as memory tests than tests of actual 
knowledge on the subjects of examination.” Cer- 
tainly, if some of these subjects include, as they 
might very well do, some elementary knowledge of 
chemistry, metallurgy, physics, &c., the informa- 
tion — by the writer would be insufficient to 
enable the candidates to satisfy the examiners, for 
though the volume opens with some account of 
the metals used by plumbers, this information is 
scrappy and superficial, going ‘‘ only so far as a 
working plumber ought to informed.” Mr. 
Clarke’s deliberate opinion is that a working 

lumber ought to know very little. It may not 
be the task of many of us to line or to cover 
coffins with lead, or to take part in the gruesome 
details at which Mr. Clarke hints, but it can be 
easily understood that exact and accurate infor- 
mation on metal alloys, as of tin and copper, or of 
antimony and copper, would be very generally 
appreciated. Sb Cu, may not be used by plesabess, 
but another alloy about which more details would 
have been welcome is a combination of lead and 
antimony, spoken of very favourably for ite resist- 
ance to changes of temperature and to the action 
of acids and oxidation. On account of its malle- 
ability and elasticity, it is recommended for cover- 
ing roofs instead of zinc, with which it can com- 
pete on the ground of economy. The chemical 
composition of solders, also, is a large subject that 
might have been more adequately treated. 

e author is seen at his best when endeavourin 

to economise time and labour. His mastery o 





method is then conspicuous, and his practical know- 
ledge of plumbing and of the difficulties that the 
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uninstructed have to encounter enable him to drive 
home his points with telling effect. Those who have 
watched the unskilled artisan — struggling 
to. accomplish a task a little beyond the most 
ordinary operations will have noticed the high 
price paid for ignorance. Let a plumber, for 
example, have to make and fix, say, a double 
elbow over a seme or projection ; his uncer- 


tainty of p ure is betrayed by his continual 
cutting and bending of the pipe, placing it in 
position, with loss of time and injury to the 


material. The author, annoyed by the exhibition 
of incompetence and consequent wastefulness, is 
then willing to admit that a little elementary geo- 
metry would be of as much assistance as that 
knowledge of soiling, shaving, and soldering which 
many consider sufficient equipment for the prac- 
tical plumber. We with the author that the 
subject of plumbing is a large one, deserving of 
grave consideration, and giving scope for the skilled 
craftsman to display excellence in various direc- 
tions. On that ground we welcome the chapters 
on fret and lead-light glazing, a branch of the trade 
that in cities at least is es out of the hand of 
the working plumber, affording him fewer —_ 
tunities for exercising his artistic sense and deft- 
ness of manipulation, obliging him to be content 
with a lower rung of the industrial ladder. We 
are sure Mr. Clarke would never have admitted 
that working in-lead, though it were only to join 
pi by a wiped joint, was to accept a position of 
a lower grade. e was conscious that good work- 
manship, in whatever material, deserved its meed 
of recognition, and would have insisted upon its 
full appreciation. ‘* Much work,” he wrote, ‘‘ has 
been so wretchedly executed that there is reason for 
thinking the plumber’s services have been dis- 
msed with, and the village blacksmith employed 
instead.” ‘*My advice to plumbers is: do your 
work so well and in such a way that village black- 
smiths and itinerant tinkers are ata discount. Those 
men may be highly —— and be very good 
at their own trades; they cannot, however, do 
good plumbing, and a plumber lowers himself very 
much when he copies their ways of doing work.” 
Other processes considered here in some detail 
include ‘*lead-burning,” or the joining of two 
pieces of lead together by placing the edges of the 
two pieces in juxtaposition and melting them, so 
that the molten portions flow together, forming one 
iece on solidification. This method is very satis- 
actory when efficiently performed, but fell into 
disuse as soldering grew into favour ; but now that 
devices have been contrived by which intense 
heat can be applied conveniently, locally, and with 
precision, there is reason to think that the process 
— be revived with advantage. Pipe-bending 
and joint-making are not so much processes 
operations, but they are very effectively dealt with. 
In the chapters describing the details that have 
to be carried out there are many useful hints of 
which even experienced plumbers may be glad 
to avail themselves. The making of traps for 
drains and of lead-lined sinks is becoming 
a specialised branch in the trade, and one that 
is passing away from the hand-worker and 
even from the metal-worker. The patterns 
followed by the inexperienced are usually 
obsolete and rarely free from some defect. Mr. 
Clarke defends his description of imperfect designs 
on the unconvincing ground that ‘‘a trap of even 
poor form is far better than not having a trap at 
all.” Much space is devoted to siphons as used in 
flushing cisterns. The number of these in the 
market is legion, and the arti-an is more often 
called upon to repair than to make. Some know- 
ledge of the principles on which siphonic action is 
based is necessary to deal efticiently with the 
numerous patents, while the want of this know- 
ledge has done much to make the visit of the 
= dreaded by the ordinary householder who 
as too often suffered from incompetence. 
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ELECTRIC IRON-ORE SMELTING IN 
NORWAY. 


In Sweden the adoption of electric furnaces for the 
reduction of iron ore is apparently spreading, and the 
results obtained are encouraging, and likely to lead to 
further developments in this direction. 

In Norway matters have not progressed quite so 
smoothly, owing to the different conditions prevailing 
in the two countries. In Sweden charcoal is used as 
the means of reduction, but in Norway charcoal 
becomes too expensive, and unless coke can be used 
the process cannot be worked with advantage, in spite 
of Norway’s wealth of water-power. The first attempt 
with coke at the Hardanger works proved so little 
oes that the whole works eventually stopped, 
— the ores used were rich in iron. 

At Tinfos, however, the very opposite experience 
has been encountered. A regular and remunerative 
manufacture of electric iron has now been going on 
for some time, and the production for the present year 
is estimated at 10,000 tons of electric pig. This satis- 
factory result is all the more noteworthy inasmuch 
as the ores used are rather poor so far as their per- 
cen of iron goes, but otherwise what may be 
called good ore, hailing from three mines—Klodeberg, 
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ordinary cheap and less strong pig, used in the foun- 
dries with or without addition of oupaitinnn. 

Tinfos pig, inasmuch as its chemical composition 
can be altered and regulated, can also profitably be 
used in basic Martin steel-smelting, for all electric 
ae or for softened castings. Among the 

08 


different Tinfos pig-irons are such as contain :— 
Si. Mn. 8. P. 
per cent. r cent. per cent. per cent. 
0.3 with 0.1 to 1.0 0.03 to 0.1 0.0 Sto 0.04 
04 ,, 08 0.1 ,, 10 0.04 0.02 ,, 0.04 
BM on te 0.1 ,, 1.0 suspicion to0.02 0.02 ,, 0.04 
1.0 ,, 20) 1.5 , 20 om 0.02 0.02 ,, 0.04 
1.5 ,, 20 
20 “ 2.5 f 0.1 ” 0.02 0.065 


The cost of production, including ore, coke, lime- 
stone, and electrodes, besides wages, crushing, weigh- 
ing, transport of materials, mounting of elec- 
trodes, repairs, storage of iron, the laboratory and 
electric energy, can, according to what so far has been 
experienced, be kept at from 73s. to 75s. 6d. per ton 
of pig-iron (perhaps based on cheaper coke than present 
quotations) when all three furnaces are kept going, 
exclusive of management, sinking fund, and taxes. 





From the —s of the present year all four 
furnaces have m worked regularly, one being 
always kept in reserve. Each furnace produces about 
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Grevinde Wedel, and Fon Anker—averaging some 
45 -_ cent. of magnetic iron ore. 

ur illustrations show the Tinfos electric furnace as 
used in the first three furnaces. It differs from the 
Swedish furnace used at Trollhittan (which has 


a8 | been fully described and illustrated in ENGINEERING, 


on pages 778 and 780 of our issue of June 16, 1911), by 
having a shaft on each side, so that the ore is led on to 
the two square electrodes. The upper electrodes each 
consist of three or four smaller electrodes. The elec- 
tric current proceeds from the electrodes through the 
charge, the slag, and the liquid pig-iron, down to the 
bottom electrode. This furnace, consequently, differs 
from the Swedish furnace, not only in having a bottom 
electrode, but, also, it has no gas circulation and requires 
very little water for cooling purposes. The fourth 
furnace differs from the three others by having three 
heavy round electrodes, with nipples. The question 
of a furnace with but one shaft is by no means 
excluded. 

The charge consists of iron ore, coke, and, according 
to circumstances, limestone, the quantity of which 
depends upon the nature and blending of the ore, the 

uality of the coke, and the quality of pig-iron wanted. 
harcval, as already mentioued, is not used. 

A couple <= patient experimenting in different 
directic ns, not always under the most favourable 
conditions, have led to the production of pig of high 
quality, strong, and comparatively tough. Kven at an 
early stage of the experiments it rae 5 be ascertained 
that the iron produced promised exceedingly well, 
thanks to certain good qualities in the ores used. 

When coke is used, the shafts of the furnace need 
not be very high, and, as a rule, the charge does not 
reach higher than a little beyond the bend in the 
shaft. e upper part of the shaft serves as & 
chimney, which produces the necessary draught in 
the furnace. To fill the shafts any higher with ore 
than shown in the illustration is not to ba recom- 
mended when the ore contains zinc. 

The Tinfvus electric pig-iron is close, being produced 
prmaneagg S cg mys any air bsing blown into the 
furnace. is pig can thus with advantage be used 
for all kinds of foundry s which require much 


:| Strength, such as cylinders, » pumps, pro- 
pellers, &c., and it can with slventage be added to 











=i 
9 tons per day, or 27 tons for the three, making some 
10,000 tons per annum. The percentage of pig-iron 
from the ore varies from 44 to 47 per cent. according 
to the quality of the ore. The current in the furnace 
may be as much as 1200 kw. to 1400 kw. 





Fise Tgsts with AvTomATic SPRINKLERS.—The British 
Fire-Prevention Committee, of 8, Waterloo-place, Pall 
Mall, 8. W., bave —- issued a report on a series of 
tests of automatic sprinklers submitted by the Associated 
Automatic Sprinkler Company, of Philadelphia, Pa., 
U.S.A. The particular sprinklers tested were designed 
to operate at a temperature of 165 deg. Fahr., and were 
intended to be installed in an upright, or inverted, posi- 
tion, as is commonly employed in the United States, 
instead of in a pendant position, which is the usual practice 
in this country. In construction these sprinklers do not 
differ fundamentally from other appliances for the same 
a ayo They comprise a bronze frame with a distri- 

tor and a valve held in position by a pair of levers 
which are in turn secu by a lik of fusible metal. 
There is, however, a copper jacket placed between the 
valve and its seat in order to ensure a tight joint when 
the sprinkler is out of action. Three groups of tests were 
made to determine the sensitiveness and certainty of 
action, the distribution and flow of the water, and the 
ability of thesprinkler to resist very high water pressures 
and other forms of maltreatment. It is some ten years 
since the Committee previously carried out tests on 
_— heads, and, as might have been expected, 
the methods adopted in b»th the scientific and prac- 
tical tests show a considerable improvement on those 
employed in the earlier tests. For instance, to ascer- 
tain the quantity of water delivered in different zones, 
a large, semi-circular tray, baving vertical partitions 
dividing it into concentric channels, each 1-ft. wide, 
was employed. The tray was placed with its centre 
below the sprinkler under test, and the amount of water 
collected in each compartment measured. For full parti- 
culars of the results obtained we must refer our readers 
to the report itself, which is published at the price of 
$s.6d., and can be ob‘ained from the Committee’s offices 
at the above address. We believe that in the future 
the Committee to carry out a similar series of 
tests on all sprinklers on the market. The results should 

of great value to the insurance companies, as well as 
from a technical standpoint, and should do much to 





settle the relative advantages and limitations of the 
| different makes of these very useful fire-appliances, 
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INDUSTRIAL NOTES. 


Tue conference of the Miners’ Federation was con- 
tinued last week-end, and the miners’ representatives 
further discussed the situation with the Prime Minister 
and the President of the Board of Trade. The con- 
ference was also resumed on Monday last, when Mr. 
Robert Smillie, who presided, stated that the Execu- 
tive Committee had met that afternoon, but that no 
definite reply had been received from the Government 
regarding the calling of a national joint conference of 
coal-owners and miners to deal with the men’s demand 
for a general advance in w of 20 per cent. to meet 
the increased cost of living arising out of the war. 

On Tuesday the Executive Committee met again, 
and it was announced at the close that the chairman, 
Mr. Smillie, had reported that the Prime Minister 
was not yet able to give a definite reply on the ques- 
tion of convening a joint conference. The meeting 
again stood adjourned. Since then, representatives of 
coal-owners ‘of Scotland, Durham, Northumberland, 
the Federated Area and South Wales, and representa- 
tives of the Miners’ Federation have separately met 
the Prime Minister, with the result that Mr. Asquith 
has arranged that there will be a joint conference, at 
which he will preside. 





The adjourned meeting between the representatives 
of the Cleveland Ironstone Mineowners’ Association 
and the Cleveland Miners’ Association (see page 430 
ante) was held at Middlesbrough on Monday last, the 
26th inst., when it was ne that wages should be 
advanced from that date by 24 per cent. 

On Saturday last, the 24th inst., Major-General Sir 
Stanley B. Von Donop, Master-General of Ordnance, 
visi the works of the Birmingham Small Arms 
Company. He was received by Sir Hallewell Rogers 
(chairman of the company), Messrs. E. Manville, T. 
F. Walker, Neville Chamberlain, and Percy Martin, 
directors, who conducted him through the various 
departments. In the course of an address to the 
men, he said he was very glad tohave the opportunity 
of coming down to see them at their work. He was 
only able to see a certain number of them ony So 
very short visit, but he would ask them to pass his 
words on to their comrades working in other parte of 
the factory. 


Not only for himself, but on behalf of Lord he 


Kitchener, the Army Council, and the whole Army, 
he could say that they appreciated to the full the 
excellent work carried out at the B.S.A. They 
appreciated very much the number of rifles. turned 
out. He received returns of the output, which were 
very carefully watched week by week, and they were 
looking forward to further increases. The whole 
country was working for the common cause of the 
Army, and the B.S.A. men were doing their share. 

**T know,” added Sir Stanley, ‘‘ that what you are 
doing means working at great pressure, but I want 
you to work harder and harder, so that we may make 
the Army feel that we are giving them all that they 

uire.’ 

e General next visited the works of the Birming- 
ham Metal and Munitions Company at Adderley Park, 
where he was received by Mr Mills, Mr. Anderson, 
and Mr. French ; and also the works of Messrs. 
Kynoch, Limited, where he was received by Mr. 
Arthur Chamberlain, who personally conducted him 
over the factory. 





Sir Vincent Caillard, one of the directors of Messrs. 
Vickers Limited, arrived in Barrow on Monday 
morning from London, bearing the following message 
from Lord Kitchener to the employees of Messrs. 
Vickers, Barrow :— 

‘**T impressed upon you last September the import- 
ance of the Government work upon which you are 
en, , and marked my appreciation of your efforts 
and the quality of your work. After seven more 
months’ experience of war und of the enormous expen- 
diture of arms and munitions which its successful 
prosecution requires, I again appeal to you to continue 
to exercise your skill and experience at full pressure 
for the purpose of delivering to the Army the great 
supplies which our fighting men are relying upon. 

**Tt is not your privilege to be able to exhibit acts 
of valour in the field, but your efforts in the workshop 
are as necessary to a s y and successful end of the 
war as the bravery of your comrades in the fighting 
line. By concientious work and good time-keeping 
you enable the full output to be obtained from the 
machinery of the works. Anything less than the 
full support means gallant British lives sacrificed 
unnecessarily, and victory postponed. 

“T ap to every employee, whether engaged 
directly upon the manufacture of munitions or upon 
the erection of buildings or machines for their produc- 
tion, to give his best service, and so to co-operate fully 
with our brave Army in the field.” 





The Clyde engineers are asking for a further in- 
crease in wages. Many of their number have taken 


up the position that the war bonus of ld. per hour 
alrealy granted them does not meet the demand for 
an advance which they made some months before the 
outbreak of the war, and does not preclude them from 
oe forward that demand again. The question 

as been before the branches, and all have fallen in 
line in declaring that a further claim should be put 
forward. A meeting of the District Committees of 
the Amalgamated Society of Engineers was held in 
Glasgow on Wednesday last. At the time of writing 
we had received no information concerning the pro- 
ceedings at this meeting. 

We hear from Glasgow that many of the men work 
on Sunday and stay away on the Monday ; also, that if 
a firm ceases to have Sunday work the men leave, and 
take up oecupation with another firm where there is 
Sunday work. 

The following cutting from the Times of last Tuesday 
is interesting in this connection :— 

“‘The earnings of the men on the Clyde have in- 
creased considerably of late. A wages return from 
Greenock shows that one riveter has earned as much 
as ll/.in a week. His weekly wages for the month 
ending April 14 were as follow :—March 24, 7/. 5s. 3d.; 
ae ~" 6. 5s. 5d.; April 7, 10/. 10s. 4d.; April 14, 





We are informed that at a meeting of the Birming- 
ham Chamber of Commerce, held it Monday, the 
26th inst., the President (Mr. H. W. Sambidge) re- 
ported the steps which the Chamber had taken to 
assist the Government in obtaining supplies of muni- 
tions of war. He stated that if the Admiralty and 
the War Office, instead of sticking so closely to the 
departmental procedure which been followed in 
times of ce, and in the small wars in which we had 
hitherto been engaged, had at the outset availed them- 
selves to the full of the services awaiting them at the 
hands of the Chambers of Commerce of the country, 
the present urgent needs of the Army and the Navy 
would have been considerably minimised. He ex- 

lained the work of the local committee which had 
appointed to organise the output of munitions, 

and said it was intended that they should endeavour 
to organise output on a voluntary co-operative basis. 
The Government had powers to complete the desired 
organisation by compulsory means, but at the moment 
it — not anticipated that these would have to 


used. 

Mr. Sambidge added that the War Office had sought 
to do too much. It had kept too many strings in its 
own hands. If the War Office had devoted itself to 
organising the armies, and left to business men the 
task of organising industry, it would have been very 
much better. 





The American Machinist for the 24th inst. contains 
an article on machine-tool construction in Germany, 
in which it is stated that wages have been fairly 
steady in that country during the past few years, and 
a fair conclusion can be drawn from the different wage 
conventions entered into between manufacturers and 
workmen during the same period. The figures given 
are only for certain branches of the industry and 
affect only workmen who belong to the recognised 
organisations. It appears from these that of 51,261 
skilled workmen, none drew w less than 6 cents 
(3d.) per hour. But in 1911, the year to which the 
figures apply, 129 unskilled workmen, from a total 
number of 35,711, earned less than 6 cents per hour. 
From 6 to 9 cents (3d. to 44d.) per hour was paid to 
923 skilled and 4444 unskilled workmen. The foliow- 
ing figures show the distribution of wages between 
skilled and unskilled workmen in the German 
machine-tool industry :— 


Wages per Hour. Skilled §Unskilled 
cents. d. Workmen. Workmen. 
Less than 6 = less than 3 _ 29 
609 ... =Sto4% ... 923 4,444 
9 to 11 = 44 to 54 ... 17,225 7 
11 to 14 = 64007 ... 18,815 3,998 
14 to 16 =T7tos... 9,438 774 
16to19 ... =8to9%} .. 3,484 _ 
Above 19... == above 94 .. 1,376 _ 


The same journal adds that notwithstanding a con- | both 


tinued and intensive agitation from the side of the 
German workmen, working hours are stilllong. About 
three-quarters of all the plants making metal-working 
machinery have a working day of 9} to 10 hours. 
Statistics recently published show that 652 men 
worked less than 8 hours, 2365 worked 8 hours, 490 
worked 84 hours, 1728 worked 9 hours, 14,916 worked 
94 hours, 7393 worked 10 hours, 48 worked 10} hours, 
and 65 worked 11 hours. As wages are paid mostly 
by the hour and not by the day, the length of the 
working day has little influence on the labour charges 
for the completed machine; but, of course, longer 
working hours reduce the overhead expenses of the 
plant toa point which has to be taken into consider- 
tion in estimating the competitive power of the 
German industry. Lately there had been a decided 








periments had been made in several of the largest 
lants in the Rhineland. But experts did not seem to 
ve made A their minds with regard to the respec- 
tive value of long and short hours, and there were large 
differences bstween some of the plants. A number of 
strikes had been declared upon the question of re- 
duction of the working hours ; the eight-hour day was 
one of the demands of German social democracy. The 
strikes of 1912 affected the metal-working machinery 
industry in 439 cases, involving 146,246 men ; of these, 
however, only 34,663 actually ceased work. In 241 
cases wage disputes were the reason of the differences; 
74 were over the question of working hours. In 37 of 
these strikes the men were successful, 95 ended with 
———s for the employers, and 114 remained unde- 
cided. 





‘“*THEORY OF THE TESLA TURBINE.” 
To tHE Eprror or ENGINEERING. 

Srr,—I would like to point out certain flaws in the 
argument of last week on the Tesla turbine. Although 
the professor you mentioned used a very analogue 
to illustrate his work on the subject, and your analogue is 
sey better than his, neither of you have got down to 
the bed-rock of the whole matter. 

You will see what I mean directly you consider the 
possibilities of allowing the exhaust water from your 
moving pipe to go into a second moving pipe, and so on. 
It then becomes obvious that by having the first pi 
move nearly as fast as the water from the nozzle, and | the 
second pipe move nearly as fast as the first pipe, and so 
on, that a much higher efficiency than 50 per cent. is 
possible with such a system. Now, this action is almost 
a true analogue of what happens in the Tesla turbine (I 
will show later the respect in which it differs from it), for 
in the Tesla turbine we have high-velocity liquid firstly 
giving up a small + of its energy to the outer parts 
of the discs, and then gradually moving to the inner 
parts of the discs, which, of course, have a smaller circum- 
ferential velocity than the outer parts. So far as the 
motion of liquid between the discs is concerned, we 
** may” say that we have elemental rings of liquid which 
are mongesg | shrinking in radius, and which have each 
of them a “circulation” or a moment of momentum 
(angular momentum) which is being gradually given up 
to the discs. 

Now we come to an important difference between the 
above analogue and the action of the Tesla turbine. 
Every engineer knows that if we have a cylinder of liquid 
rotating on an axis, that the pressure of the liquid is 
greater near the walls of the cylinder than at a point on 
the axis; he would explain it by saying that “the cen- 
trifugal force on the liquid causes it,” and, of course, he 
is quite right. Now it cannot be difficult to see that if 
we have an elemental ring of liquid “circulating” (we 
will say, for argument’s sake, circulating in a hollow 
annulus which envelops it), and if such ring be lessened 
in radius by some exterior means (say the hollow annulus 
is elastic, and that it contracts in radius), then work 
must have been done on the ring of liquid by the exterior 
means ; in fact, the work may be said to be done ‘‘against 
the centrifugal force.” The ring of moving liquid must, 
therefore, have gained in kinetic ys A as a matter of 
fact, the circumferential velocity of the liquid composing 
the ring is now greater than it was before, the law being 


that v « 1. where v is the circumferential velocity of 
r 


the liquid, and rv is the radius of the ring of it. (Those 
who have studied hydrodynamics will, of course, say that 
they knew this before, when I tell them that it is merely 
a case of the “conservation of the velocity potential of 
the circuit.”) This consideration makes it quite obvious 
that in the Tesla turbine there is a lov of energy traus- 
ferred to the discs which was not oe kinetic energy 
at the outer periphery of the rotor, and that the pressure 
of the liquid entering the outer parts of the discs must be 
considerabl ter than the exhaust pressure. The 
analogue w: ich I mentioned is therefore incomplete, in 
that it has no action analogous to this last-mentioned 
action. 
Yours faithfully, 
WALTER & M. Perrtinci1t, B.Sc. 
47, Francis-road, Edgbaston, Birmingham, 
April 19, 19165. 

[We are not quite certain, from our correspondent’s 
letter, whether he does or does not contend that the 
limiting efficiency of a radial-fiow friction-driven turbine 
is greater than that of the axial-flow analogue adopted in 
the article criticised. Asa matter of fact, it is nov diffi- 
cult to show that the limit of efficiency is the same in 


cases. if 
In what follows, we shall assume the fluid to be in- 
compressible, and will neglect the head necessarily 
expended in accelerating the radial velocity of flow. 
Then in any vortex the energy lost by 1 Ib. of fluid in 
crossing an annulus of breadth A r and mean radius r 1s 
va 

gar 

In the case of a free circular vortex the total energy 
of the fluid is the same at all radii, and the above expres- 
sion is equal to zero. ‘ ; 

In a ‘tesla turbine we must equate this expenditure 
of energy to the work done in the annulus, both useful 
and wasted. Hence we get 


= GU Ans @ aAr=f(v-syv At, 
rg 


12 
-Ar+— An. 
rg 


gar 
where f (v—s)" denotes the frictional resistance opposing 


tendency to reduce working hours; amd extensive ex- | motion, s is the velocity of the dise surface at radius 7 
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and v At is the distance moved tangentially by the fluid 
whilst crossing the annulus. Noting that ais the radial 


velocity, and s = rw, where w is the angular velocity of 
the discs, the above equation can be integrated when n=1. 
The result is, however, too complicated to be convenient, 
and is unnecessary for our present purpose. 

The useful work done is obviously 


f(v — s)"s. 
This will be larger the smaller n is. For fluid friction the 
least possible value of n is unity, in which case the flow is 
viscous. This fact shows the advantage of ing the 
inters) between the discs small, so as to damp out 
turbulence. With n=1 the useful work will be a maximum 


when 8 is KS in which case the efficiency of the annulus is 
_ Useful work done in annulus 


” = Energy expended in annulus 
—f(v—s)s 
#(v — s)v 
22 
= 4 = 4 when s= 
2 


Hence, assuming it to be possible that the surface speed 
of the disc at each radius is one-half the fluid velocity, the 
total efficiency will have the limiting value of 0. 
useful work done in each successive annulus being then 
one-half the energy accounted for in that annulus. 

Of course, with an elastic fluid the reheat factor must 
be borne in mind, an hydraulic efficiency of 0.5 being 
equivalent to an efficiency ratio of about 0.545. 

It is of some interest to note that if the friction were 
“solid friction,” and thus independent of the relative 
velocity of motion, the turbine might have nearly unit 
efficiency by making the discs so rough that was 
no slip, and at the same time making the ratio of the 
outer to the inner periphery very large.— Ep. E.] 


v. 
2 





SAFETY OF SHIPS. 
To THe EprtTor oF ENGINEERING. 

Srr,—In your issue of March 26 you mentiored m 
contribution to the discussion on Professor Welch’s 
paper, reproducing the sketch of a suggestion which I 
made at the time. The suggestion was not very detailed, 
as it was made to expert naval architects, who would, of 
course, be fully aware of all its advantages and disad- 
vantages ; but it has occurred to me that some of your 
readers would wish me to enlarge on a few points. I 
therefore enclose a few additional sketches, in which 
Figs. 1, 2, and 3 are the midship section, the longi- 
a ee pale ay a part - S vessel 
desi, » as Bu y me, with longitudinal wing 
bulkheads and cross-channels. B 1, 3, 5 are the cross- 
bulkheads stiffened by large cross-water channels. B 2, 4, 
are small wirg cross-bulkheads, and L, L are the longi- 
tudinal wing bulkheads. The dotted lines across E F, or 


the | stock, which is now to hand. Further, whi 


lengths of compartments being the same ir both cases. In 


cargo boats this question of stability does not, as a rule, 
affect the safety, and the bulkh need not be placed 
closer together on this account. In rsbips, with 
their high superstructures, the conditions are reversed, 
but in these vessels relatively little inconvenience would 
result if the wing compartments were fitted with water- 
tight —— 7 Se. water-line, and if this condition 
were carri out, under-water damage to & passenger 
ship would not affect its stability even if the injury ex- 
tended over half the vessel’s length ; she would, of course, 
sink bodily due to an addition of at most one-sixth of her 

i t, say, an additional 5 ft. on a 30-ft. draught, 
but she would retain her stability and float perfectly 


upright. 
- Yours faithfully 
C. E. MEYER. 
** Lancefield,” West Didsbury, April 21, 1915. 





*““TITANIUM AND STEEL.” 
To THe Epitor or ENGINEERING. 


ing ‘Titanium and Steel,” you comment on an 
article by Mr. G. F. Comstock in the February issue of 
the Journal af Industrial and Engineering istry. 

We felt that some of your sentences might convey 
some meaning not intended, but deferred a © you 
pending receipt of copy of original article b . Com- 
we quite 
realise that your article was more a summary 4 
review, we venture to think the t, and, we may add, 
almost exaggerated, modesty with which the claims made 
for titanium were put forward by Mr. Comstock has been 
written into your summary in a manner which is likely 
to cause the reader to relegate titanium unfairly to an 
insignificant position, which it by no means holds, even 
in the steel industries of Great.Britain. In the United 
States, where the relative extent of its use has hitherto 
been greater than here, the amount of steel treated with 
—- is now rapidly approaching 2,000,000 tons 
annually. 

The points in your summary to which we desire, with 
your kindness, to draw attention are as follows :— 

Quoting your summary :— 

1. ‘*Thus the oxide is the most stable titanium com- 
pound, and as it is more stable than iron oxide, steel 
is treated with titanium in order to prevent segre- 
gation.” 

Standing alone, as it does, this statement is hardly 
likely to commend itself to metallurgists, who ordinarily 
do not iron oxide as a direct cause of segregation. 
In Mr. tock’s paper, however, an explanation of the 
undoubted fact that titanium does lessen segregation is 
put forward, depending on the prevention of the gas 
reaction between carbon and iron oxide taking place in 
the ingot. Whether the explanation is the correct one or 
not we do not know ; other explanations have been put 
forward. But the practically important point is that the 
use of titanium lessens the segregation in a remarkable 
manne’ 





across k G and F H, represent permanent gratings. Two 
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2. “This (titanium) treatment is particularly recom- 
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Opposite wing compartments, shown sbaded in Fig. 2, 
are sup to be flooded, due to damage to one of 
them. For the sake of comparison I have now added 
Fig. 4, which is a horizontal section through a ship having 
ordinary bulkheads placed to close tcgether that the 
volume of water in one flooded compartment is exactly 
equal to the volume of the wings shown in Fig. 3. From 
& comparison of Figs. 3and 4 it will be seen that for equal 
safety the vessel which has only got transverse bulkheads 
would have to be very much more closely sub-divided than 
the one with wing bulkheads, for the cross bulkheads, 
according to the old oa. would have to be placed six 
— closer together t in the arrangement suggested 
y me. Supposing that a vessel according to modern 
op haz its holds cut up into twelve compartments 
eleven cross-bulkheads, the suggested arrangement 
would reduce the number of cross-bulkheads to one, 
and would increase the lengths of the individual holds 
ale. The fact must not, however, be lost sight of 
at the admission of loose water into a com t at 
the 





mended for ‘A’ raile—that is, rails rolled from the top 
portion of an ingot, next the discarded part.” 

Also: “‘The tests are to prove that ‘A’ rails treated 
with titanium become as uniform and hom as 
good rails, though not better than the rails of best un- 
treated steel.” 

It should be made clear that the molten steel is treated 
as a whole in the ladle. It is not possible to treat ‘‘ A” 
rails only, a meaning which might conceivably be read 
into this quotation. That the other rails, “b vai, > Sh 
&c., rolled from the part of the ingot below the “‘ A” 
rail benefit distinctly from the titanium treatment is 
collie naeuiebe cane deoaunaeal mie of salts 
an experience upon ti is of miles ways. 
The claim is that the ‘*A” rails, which, in untrea: 
steel, have in the past given most of the troubles, are 
won, the use of titanium, being made at least as sound 
and reliable as the ‘‘ B” and “CO” rails of best untreated 
steel, which constitutes a very distinct and, we submit, 
quite a ee improvement. The incidental advan- 
tage of i life is one which railway will 





partmen' 
once reduces a vessel’s metacentric height, but with 
Suggested ment this reduction is only 0.7 of what 


it would be if only transverse bulkheads were fitted, the 





not be slow to appreciate and one which meets the needs 
ef the present time on heme railways (especially electri- 


Par your issue of March 5 last, page 279, under | T® 


ted | Denmark and 


fied and underground lines) and upon colonial railways, as 
the relative cost of the increased life gained we the 
titanium treatment is insignificant. 

3. “*. . . titamium oxide rises up in the molten steel, 
and is removed with the slag and by the rolling . . . ” 
We have failed to find this passage in the original 
article. Perhaps the passage to which this incorrectly 
refers is one in which it is suggested that in very low 
carbon mild steels, which usually contain blow-holes 
whe titanium treated or not, the use of titanium 
ensures that the surfaces of the blow-holes are clean and 
free from iron oxide, and therefore when the steel is 
worked the blow-holes —— weld up, so giving a 
clean steel, free from surface defects which are so objec- 
tionable, for example, in sheets which are to be gal- 


van 
Mr. Comstock has been most reserved, his claims bei 
supported by scientific research and data accumula 
over a considerable period, and we trust that the above 
explanation may enable a truer view to be taken of the 
position of titanium as a steel deoxidiser and cleanser. 
g@ you in advance for finding space for these 


We are, Sir, yours faithfully, 
: T. RowLanps AND Co., LimITeEp, 
British and Continental Representatives for 
the ‘'._ Fu, + ceed Com- 
April 23,1915. =a 


_ [Our Note was, as Messrs. Rowlands and Co. presume, 
intended as a short summary of a fairly long article, and 
not as a critical review. The additional information they 
send adds to the interest of the subject. As to 1, we did 
not say that iron oxide is a direct cause of segregation. 
We have nothing toadd to2. As » regret that 
this point was not as clear as it should have been; the 
passage should read: ‘Titanium oxide, however, acts 
as a flux for silicates and other slags that may be in the 
steel, making them fluid enough to rise to the top of the 
metal and pass into the slag under conditions that might 
otherwise have held them back in the metal.”—Ep. E.] 





WomEN AND THEIR WorkK.—There is to be o 
to-morrow, at the Royal Horticultural Hall, West- 
minster, an exhibition to be known as ‘‘Women and their 
Work.” It has been organised by the Dasly e838, 
under the oe tronage of Queen Alexandra, and will be 
opened by Princess Arthur of Connaught. The exhi- 
bition has a two-foldaim. In the first place, it is designed 
to give an epitome of every phase of women’s work, and, 
in the second place, to give women ideas for new means 
of earning a livelihood. 1¢ will be open from to-morrow 
to May 7, and all inquiries should be addressed to the 
Organising tary, r. Ernest ©. Digby, Daily 
Express Office, 23, St. Bride-street, London, EO. 





Tue BritisH AssociaTion.—The British Association 
will hold meetings at Manchester from September 7 to 11 
next, under the presidency of Professor Arthur Schuster. 
The presidents of sections will be :—Section A (Mathe- 
matics and Physics), Sir F. W. Dyson; B (Chemistry), 

essor H. B. Baker ; C (Geology), Professor Grenville 
Cole; D (Zoology). Professor E. A. Minchin; E (Geo- 
graphy), ptain H. G. Lyons; F neni, Dr. 
y Bz Scott ; G. (Regineer ri ), Dr. H. 8. Hele: haw ; 
nthro . Dr. C. G. gman ; yeiology). 
Professor W. Yi Bayliss ; K emer. Professor W. H. 
Lang; L (Education), Mrs. enry Sidgwick ; M (Agri- 
culture), Mr. R. H. Rew. Evening addresses will be 
elivered by Mr. H. W. T. Wager on ‘‘ The Behaviour 
of Plants in Response to Light,” and by Dr. R. A. 
Sampson, Astronomer- Royal for Scotland. 


Py. ~ Lost bey TO Bone _ hey Yo from 
6 statistics publish y Lloyd’s Register ipping 
that a total of 152 steamers and 60 sailing ships have boon 


removed from for various causes during 
quarter ended December 31 last. The aggregate 
of these vessels amounts to 273,720 gross tons in the case 
of steamers, and 46,310 net tons in the case of sailing 
ships. greater part of the loss is accounted for by 
the war, 68 steamers, totalling 153,513 ae tons, and six 
sailing ships, making 11,683 net aving been sunk 
ips or mines. As would expected, Great 
ritain has been the greatest sufferer in this ~~" 
36 steamers, of 95 552 tons in the te, an 
one tailing ship, of 1591 net tons, having b sunk by 
the enemy, who have also sunk two Colonial ships; one 
of the latter was a steamer, of 473 tons, and the 
other a sailing ship, of 1798 tons net. Of our Allies, France 
has lost one steamer, of 4803 gross tons, and four sailing 
ships, making 8294 tons — while Russia bas lost 
four steamers, ge | groes tons. Nine enemy 
shi have been sunk by Great Britain and her 
ies, seven of them being ry with a 
total tonnage of 28,348 =o ; the two 
were Austrian steamers, ing 1399 gross tons. 
Among the neutral nations, Sweden sustained the 
heaviest losses, seven Swedish steamers, with an aggre- 
gate tonnage of 7341, having been sunk during the 
ay under a poy Ft = = 
ve steamers, making 5566 gross ther, an 
Holland follow; these countries have 
te tonnage of 3038 
. Only one other loss 
. is was a small steamer, 
of 758 gross tons, owned in Persia. It should be men- 
tioned that, in compiling the statistics from which the 
i i _ have been Lloyd’s 





lars ’ 
Register does not include steamers of less than 100 gross 
tons, or sailing ships of lese than 100 net tone; 
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HYDRAULIC PLANT FOR THE KING GEORGE DOCK, HULL. 
CONSTRUCTED BY MESSRS. HATHORN, DAVEY AND CO., LIMITED, ENGINEERS, LEEDS. 


Fig. 10. 
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pe from Accumulator 


WE illustrate on pages 485, 488, 
and the present page the hydraulic 
pumping plant installed for operat- 
ing the lock-gates and coal-hoists 
at the new King George Dock, Hull. 
We dealt with this dock in con- 
siderable detail at the time it was 


opened last summer, and gave 4 
description of the pumping plant at 
that time.* We are now enabled to 
supplement that description with 
more detailed information. As may 
be remembered, the whole of the 
dock machinery is supplied with 
power from the Hull Go ration 
electric supply system. me of 
the dock services—as, for instance, 
the cranes and coal-conveyors—are 
operated directly by electric motors, 
but the lock-gates and coal-hoists 
are fitted with hydraulic machinery, 
the electric power being indirectly 
— through the intermediation 
of the pumping-station which is the 
subject of this escription. 
he plant, which was supplied by 

Messrs. Hathorn, Davey and Co., 
Limited, of Sun Foundry, Leeds, 
consists of three three-throw hori- 
zontal pumps, each capable of forcing 
250 gallons of water a minute against 
an accumulator pressure of 850 Ib. 
per sq. in. Each pump is driven by 
@ 200 - brake - horse - power, 440-volt, 
direct-current motor. In‘ addition, 
there are various subsidiary gears in 
connection with the pumps, and 
three hydraulic accumulators, two 
in the pump-station and one on the 
pier-head, some mile away. The 

neral lay-out of the pumping plant 
is shown in Figs. 1 to 5, on page 485. 
We reproduce these from our 
earlier article, in order to make the 
present description more complete. 
One of the ag ay me is shown to 
a larger scale in Figs. 6 to 9, on 

e 488. The arrangement of the 

rive will be quite clear from these 
fi . The motor, which runs at 
560 revolutions per minute, drives 
the pump crank-shaft at 55 revolu- 
tions per minute, through single- 
reduction, machine-cut, double helical 
gear. The rams are of hard man- 
ganese bronze, 54 in. in diameter, 
and with a stroke of 18 in. Each 
pump is provided with single-deli- 
very and double-suction -bronze 
valves and seats, fitted in cast-steel 
valve-boxes, which are bolted perpen | 
to the ram-cases. The motors, wi 
their controlling-gear, were supplied 
by Mesers. Crompton and Co., Limi- 
ted, of Chelmsford. . 

The starting and stopping of the 
motors is carried out automatically 
by the rise and fall of the acoumu- 
lators in the pump-house, which 
operate tappet-rods through tappete 


-* See ENGINEERING, vol xovii., 
page 863. 







































when at the tops and bottoms of their strokes. 
The tappets and rods can be seen in Fig. 5. In 
order to ease the motors at starting, and to prevent 
undue flow of current, a paten arrangement is 
provided whereby the motors are s againet 
no load owing to a — which is fitted to each 
pump, being open. The by-pass is automatically 
closed when the motor has started up. The arrange- 
ment is illustrated in Fig. 10, annexed. The tappet- 
rod is a square mild-steel shaft carrying an eccentric 
at its lower end. The eccentric controls a slide-valve 
in an accumulator change-box, which can be seen in 
Fig. 10. The action of the accumulator tappets 
is to partially rotate the Seer. so that the 
slide-valve is operated when the accumulator reaches 
either its upper or lower position. When the accu- 
mulator gets to the bottom of its stroke, and the 
pump is to be started, the action of the slide-valve in 
the change-box is to admit pressure water behind the 
ram in cylinder A of the control gear. The ram then 
moves forward, and rates the electric controller 
through the lever B the links, which can be seen 
in Fig. 10. This starts the motor. During the whole 
of this time the pump om is open. The ram of 
cylinder A, still moving forward, then strikes the 
point D, and pushes over a slide-valve in the by-pass 
ro -box. This valve then admits pressure water 
to the top of the valve E on the pump, so that this 
valve closes and shuts down the by-pass. The pump 
then runs under load. 

When the accumulator is at the top of its stroke, 
and the pump is to be stopped, the action of the accu- 
mulator change-box causes the ram of cylinder A to 
move back,; As a result, the slide-valve at point D is 
first rated, and opens the controlling piston of 
valve E to exhaust. This opens the pump by-pass. 
The ram of cylinder A, still moving back, then throws 
over the electrical controller, and the motor stops. 
The speed of travel of the ram of cylinder A, and so 
the time interval between the throwing over of the 
electrical controller and the closing of the by-pass, 
can be adjusted by means of the screw-down valves F 
and G. The various pipe arrangements in connection 
with this automatic control are clearly shown in 
Fig. 10. At the official trial of the plant the over-all 
efficiency of the motors and pumps varied from 81 to 
85 per cent. 

tails of one of the accumulators are given in 
Figs. 11 and 12, annexed, from which the al 
method of construction will be easily followed. The 
accumulavors in the ——s have rams 16 in. 
in diameter, with a stroke of 18 ft., the corresponding 
dimensions for the accumulator on the pier-head being 
18 in. and 23 ft. One of the accumulators in the 
station is weighted less heavily than the other, so 
that it rises first. To prevent them rising too high, 
bayonet joints are provided on the rams, as can be 
seen in Fig. 11. In addition, top ing beams are 
fitted, as shown in Fig. 2. These are bolted directly 
to the of the steel guides, and as these guides are 
carried down and built into the foundations, all un- 
balanced load is taken off the building. A te!]-taleboard 
for the accumulators is fixed in the station, as shown in 
Fig. 4. The return water from the hydraulic system is 
led to three tanks fixed in the pump station, as shown 
in Figs. 2to 4. Kach of these has a capacity of 5200 
gallons. Indicators show the level of the water in 
the tanks. In the event of the return water suppl 
being interrupted, the main pumps can be fed ath 
dock water. Three gh Sy centrifugals 
are fitted for this service. They can be seen in 
Figs. land4. Each main pump, ther with one 
tank and « centrifugal, can, if desired, be worked as 
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an ind ent unit se te from the rest of the 
plant. There is space in the station for a further 
ons unit of this kind, as will be obvious from the 
gures. 





THE HASLER REVOLUTION AND 
CUTTING-SPEED INDICATOR. 

Our attention has been called to a handy revolu- 
tion, circumference, and —, speed indicator, 
manufactured by the Hasler Telegraph Works, 
26, Victoria-street, Westminster, 8.W. is instru- 
ment, the body of which is less than 3 in. in diameter, 

sesses @ great advantage over the ordinary counter 
in conjunction with which a watch has to be used, for 
in this case the watch and the counter are combined, 
and no time-taking is n The instrument 
contains a watch mechanism which, on pressing 4 
button, runs for rather more than 3 seconds. he 
revolutions are counted during 3 seconds of this 
time, and are read off on the dial direct in revolutions 
per minute. 

The instrument is provided with a friction-point 
which is held in the countersunk hole in the end 
of the revolving shaft. The friction-point is free, 
so that it may be placed carefully in position with- 
out affecting the reading. The indication is onl 
commenced when the button which starts the cloc 
is depressed and released again. As soon as the 
three seconds have elapsed the indicating gear is 
automatically disconnected, and the friction - point 
is again free. Thus there is no liability of get- 
ting an incorrect reading from the contact of the 
point and shaft exceeding the proper time, and the 
counter may be held against the shaft before or after 
the actual recording ey without any effect on the 
indicating pointer. It is immaterial to the instru- 
ment in which direction the shaft and point rotate. 
The pointer, which in conjunction with a ‘‘ thousand ” 
dial reads up to 10,000 revolutions per minute, 
remains at the figures which it reached in the 
3 seconds until reset to zero by means of a small knob 
at the back. 

In taking cutting speeds, the friction-point is fitted 
with a small india-rubber disc or roller, the periphery 
of which is held up against the revolving work. The 
circumferential and cutting speed of the work is 
then given on the dial in yards per minute, by 
figures print.d in red. These figures run up to 
1000 yards per minute. The instrument is non- 
magnetic, and is said to be unaffected by vibra- 
tion or changes of temperature. The case, which 
is of aluminium, is a convenient shape to hold. 
The friction-point and the watch -starting button 
are at right angles to one another, so that when 
the former is held up against a shaft, the latter is in a 
convenient position under the thumb, and is readily 
depressed and released again. The roller, for cutting 
speeds, and two rubber points, together with the 
instrument, all pack in a handy little velvet-lined case. 





Personat.—Messrs. Fredk. ag & > Co., Limited, 
inform us that Mr. Kenneth D. McKenzie has t 
appointed general manager, and Mr. David Macmillan 
assistant manager, of their Eclipse Iron and Galvanising 
Works, Glasgow, in the place of Mr. W. H. Luther, the 
late Glasgow director of the firm. 





Tue tate Mr. Tuomas AsBraHam Bay .iss.—We 
regret to have to record the death, which occurred sud- 
denly on the 2ist inst., at St. Leonards-on-Sea, of Mr. 
Thomas Abraham Lo: the chairman and managing 
director of the King’s Norton Metal vemeeng, Birming- 
ham, which, in conjunction with his father, Mr. T. R. 
Bayliss, he founded in the year 1889. Mr. T. R. Bayliss 
died in July last. Mr. T. A. Bayliss was fifty-three 
of age, and was a member of the Iron and Steel In- 
stitute, and a Member of Council of the Institute of 
Metals. 





INSTITUTION OF Muntcr?AL AND County ENGINEERS. 
—A programme of a meeting of this Institution, to be 
held in the North-Eastern district at Scar h on the 
8th prox., has recently been issued. Mem will 
assemble at the Town : “ 
tion by the Mryor, a paper entitled ‘‘ Catering f 
Wants of the cliday Maker,” by Mr. H. W. Smi 
A.M. Inst. O.E., will be taken as read. The Spa im- 
provements, beach bungalows, and other objects of 
interest will then be visited, and similar excursions have 
been arranged for the afterncon. Members must give 
notice of their intention to be present to Mr. J. P. Wake- 
ford, M. Inst. C.E., the Town Hall, Wakefield, on or 
before Saturday next, the 1st prex. On the occasion of 
the forty-second “Rr pea, be the Institution 
is bes been deeded to old a — wees ce in nae 
junction with the and Ex! on arrang 

y the County Onuncils’ “Association, The Conference 
will i from J == ha 26 ——- yo will = 
held at Westminster. iminary of papers 
be read and discussed at the Conference includes several 
tic brigad re ation, treatment, and 
tion, fire-brigade ion, sewage : 
other subjects. Farther particulars can obtained 
the gt of the Institution, Mr. J. W. Dud 

i B. 


Robinson, , 92, Victoria-street, Westminster, 5. W. 


1 at 10 a.m., and, after .cenep- brickla 
or the 


ribeye tay eo pereoal thie, 0 
can be o ica! 
from | head-quarters, ictoria Park stan, Datiend Gesean 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 14. 

Latest statistics of pig-iron production show a daily 
output for February of 59,813 tons, for March, 66,575 
tons, and on April 1 production had reached 70,591 
tons, representing a yearly production } 25,745,715 
tons, inst an average capacity on January 1 of 
18,000,000 tons. Most of the increase was in stecl- 
msking irons, and especially in basic pig, for which 
there is at present much forward inquiry. Forge and 
foundry irons continue in rather moderate request. 
Numerous inquiries for pig from abroad are not pro- 
ducing much immediate businees, owing to the undesir- 
able conditions insisted on. The demand for forgings 
for machine-tools and war munitions is helping steel 
billets materially. 

European demands continue important, among 


which are 1000 tons for England. Italy has taken | 


10,000 tons of ingot crop ends; much business is done in 
steel for shrapnel. There are also large orders placed 
with Eastern mills for heavy steel plates, details of 
which are unobtainable. Shipyard activities become 
more interesting. Within a comparatively recent 
period twenty-three ocean and coastwise vessels have 
been placed under contract, and mills are now 
engaged in turning out the material. Prices for 
steel products are slowly hardening. Railroads buy 
very little. Steel construction uirements show 
some improvement, but not much. Employed produc- 
tive capacity is increasing, but with disappointing 
growth. There is a hidden obstacle to normal expan- 
sion of general business. Very large construction 
expenditures will soon be inaugurated at three or four 
steel centres. Estimated outiays by the Bethlehem 
Steel Company exceed largely 20,000,000 dols., includ- 
ing extensive operations in Chilean ore-fields. The 
possibilities of a termination of the war before the 
coming winter impels conservative programmes for 
plant expansion, not only in steel, but in many indus- 
tries in which German supplies figure. 





Rew’s Hanpy Coiiigry Guipe.—We have received a 


‘copy of this guide, which covers the counties of Northum- 


ber! . Dur and Yorkshire. It gives a map of these 
counties, the names of the collieries, their owners and 
the officers in charge. A separate section forms a direc- 
tory of the agents. It reproduces also the Coal-Mines 
Acts, the Explosives in Coal-Mines Order, the Minimum 
Wage Act, and other information of interest to miners 
and merchants. I is issued at kd gs of 2s. 6d. by 
— Andrew Reid and Co., Limited, Newcastle-upon- 
yne. 





internal-combustion engine to be used for the propulsion 
of submarine-boats on the surface is reviewed by the 
Moniteur de la Flotte, which states that as the four-cycle 
Diesel engine was at first better known than the two- 
cycle engine, its application to submarines was easier and 
could be effected more rapidly than the latter, and met 
with success at the commencement. The two-cycle engine, 
having been frequently built by firms having insufficient 
experience, did not at first give the results which were 
expected of it, and this type of engine acquired discredit 
in several instances. It was too hastily put u the 
market—notably, by German manufacturers. But one 
or two builders of two-cycle engines have obtained during 
the last few years most satisfactory results with this type, 
from the points of view of safe working, simplicity of 
design, and economical running. In to simplicity 
of design, the two-cycle engine offers marked advantages 
over the four-cycle t and it may be surmised that for 
powers exceeding 500 horse-power it will supersede com- 
pletely the four-cycle type. For the same number of 
revolutions, the same power, and the same work, the 
two-cycle — can be built lighter than the four-cycle 
engine. It takes up less space, runs more smoothly, 
and is much more easily reversed than the Soupepels 
engine. 


Roya Enaingers.—The 1st London Divisional Engi- 
neers have recently enlisted a large number of recruits as 
a result of the special efforts put forth, but further men 
are still required for both field and signal companies in 
the third line formations. Men urgently required are 
those connected with the building constructional trades, 

yers, carpenters, harness-makers and saddlers, 
blacksmiths, wheelwrights, shoeing-smiths, telegraphists, 


SuBMARINE Proru.tsion.—The question of the pulson 





th, | electricians, instrument-makers, telephone-operators, and 


men 5 ene eae to se The +. Lond oe Com- 
pany received very mag or its work in France, 
ay ae yl Ay tp 
ing ence wor tempo; zx 
streams and water channels, pec» gn and the estab- 
lishment of field er communications, &c., under 
very ous, and ing conditions. It is de- 
sired that the men ing forward for the new com- 
panies shall maintain this splendid reputation for skill in 
work, individual pluck, and collective enterpriee. 
need for skilled men is and, of course, the pay is 
——s higher t in most other arms of the 

vice. A fully qualified carpenter can bmp Ayden 
a week whilst in ion, and 33s. 6d. plus usual 

whilst at camp. Full 


10, 
N.E., or to the Branch Recruiting Office, 451, Edgware- 
road, W. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market o with a firm tone, and Cleveland 
warrants marked a distinct advance. The dealings 
amounted to 6500 tons at from 64s. 10}d. to 66s. cash, 
and from 65s. 3d. to 66s. 4}d. one month, and closing 
sellers quoted 66s. cash and 66s. 5d. one month. In the 
afternoon the market was a shade easier, and 3000 tons of 
Cleveland warrants were done at 65s. 9d. cash and 66s. 3d. 
one month, and at the close sellers named 65s. 104d. cash 
and 66s. 3d.one month. On Friday morning the tone was 
in the turn easier, and the business consisted of 1000 
tons of Cleveland warrants at 66s. twenty-eight days and 
66s. 14d. seven weeks. The quotations were 
65s. 9d. cash and 66s. 2d. one month sellers. The after- 
noon session was quiet, but firm, and one lot of Cleveland 
warrants hands at 66s. 6d. one month, with 
sellers over at 65s. 104d. cash and 663. 4d. one month. On 
onday morning the market was irregular and prices 
fluctuated. The turnover was 3500 tons of Cleveland 
warrants at 65s. cash and three days, and from 66s. 
to 65s. 5d. to 65s. 11d. one month, with buyers over 
at 65s. 5d. cash and 65s. 10d. one month, and sellers at 
2d. more in each case. In the afternoon there was 
little change in the tone, and the total business con- 
sisted of one Cleveland warrant at 66s. 9d. three months. 
Closing sellers quoted 65s. 7d. cash and 66s. one month, 
with buyers 1d. lower thanin the morning. For the three 
months itions the quotations were 66s. 10d. sellers and 
66s. 8d. buyers. The market was again very idle and 
weak on Tuesday morning, and only one Cleveland war- 
rant changed hands at 65s. 3d. one month. At the close 
the a were called 65s. 2d. cash, 65s. 7d. one 
month, and 66s. 44d. three months sellers. In the after- 
noon there was a little more activity, and the tone was 
stronger. The dealings totalled 3500 tons of Cleveland 
warrants at from 65s. 2d. to 65s. 6d. cash, and at 66s., 
66s. 1$d., and 66s. one month, and closing sellers quoted 
65s. 6d. cash, 65s. 1ld. one month, and 66s. 9d. three 
months. When the market opened to-day (Wednesday), 
the tone continued strong, and 3000 tons of Cleveland 
warrants were dealt in at 6s. 10}d., 65s. 9d., and 65s. 104d. 
cash, 65s. 44d. nine days, and at 66s. and 66s. 14d. one 
month. There were sellers over at 65s. 104d. cash and 
66s. 34d. one month, but no quotations for the three 
months position. The afternoon session was quiet, and 
Cleveland warrants were easier. The business was 
limited to 500 tons at 65s. 74d. cash, and closing sellers 
— 65s. 9d. cash, 66s. 2d. one mcnth, and 67s. three 
monthe. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia keeps fairly good, and the “?—~ for prompt lots 
is steady at from 13/. 12s. 6d. to 13/. 15s. per ton, Glasgow, 
and from 13/. 15s. to 13/. 17s. 6d. per ton, Leith. 


Scotch Steel Trade.—The urgent cry of the Government 
is being faithfully answered by the makers of the muni- 
tions of war, and the output of that class of material is on 
@ large ecale. Of course, in the matter of shells, at any 
rate, it would of necessity require to be thus, as our 
gunners’ needs are very large indeed, and, if we are to 
win through, the men who are “‘doing the deed” must 
be kept well supplied with the deadly engines of war. In 
the recent fighting round Hill 60 an enormous amount of 
firing has taken and ultimate victory largely depends 
upon the united efforts of the workers at home. The 
different steel works are working at top ure, and 
despite the heavy requirements of the "Allies" Govern- 
ments, there is still a fair amount of business of a general 
character ay | run through. For the heavier gauges of 
black sheets there is a good demand, but the lighter 
gauges are less active. Ship-plates are in great request, 
so also are boiler-plates ; while for structural sections 
there is exceedi ay heavy pressure for deliveries. The 
export trade is still slow, and little expansion need be 
looked for in thatdirection in the meantime, owing to the 
scarcity of available tonnage. The high cost of material 
and the dear freights now ruling are not to the liking of 
the foreign buyer, with the result that only necessary 
works of one kind and another are being proceeded with. 
The following are the current quotations, but each deal 
is really a matter of special arrangement :—Ship-plates, 
10/. per ton ; boiler-plates, 107. 10s. per ton ; angles, 10/. 

ton—all less 5 per cent., for Clyde or equal delivery. 
heets (7 to 11 b.g.) are quoted 10/. 15s. per ton, less 
5 per cent. 


Malleable-Iron Trade.—The malleable-iron makers in 

the West of Scotland have their hands very full at the 

~ time and employment is excellent. The demand 

‘or material is very pase ae. pe 

ducers’ prices are very firm. Quotations are based on 

81. 17s. to 92. 10s. per ton for ‘‘ crown” bars, less the 
usual 5 per cent. discount. 


Scotch Pig-Iron Trade.—Conditions have varied very 
little in the Scotch pig-iron trade during the past week, 
and quitea steady demand is being experienced on home 
account. Export business is suffering through the pre- 
sent shipping difficulties, but for the week ending last 
Saturday, April 24, the export totalled 3866 tons, as 
against 3759 tons for the corresponding week of last year. 


The | An interesting item included in the latter total is 1550 


tons to Germany. For the year to date the 


75,357 tons for the 


yde, 85s. 6d. ; 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The house-coal demand 
is declining towards the usual summer level, but owing 
to wagon difficulties, pit stoppages, irregular deliveries 
and other causes, maximum prices are firmly held. 
Whether any alteration will be made in the next month 
or so is not at all certain. Merchants, who are strongly 
opposed to the South Yorkshire Coal-Trade Associa- 
tion’s recommendation with regard to contract renewals, 
contend that if an advance of 5s. to 6s. on —— 
contract prices is generally observed by collieries, 
any chanee of reduction in current retail prices 
will be precluded. The steam-coal market has under- 
gone very little change. Collieries and merchants report 
considerable difficulty in meeting a constantly-growing 
demand. aye no + at the local ———— works, 
already on a record scale, tends constantly to expand as 
works extensions are put into use. a on export 
account are more numerous, and a eal of new busi- 
ness has resulted, principally with France, Italy, and 
Sweden. An increased tonnage is going viz the Humber. 
Slacks are a difficult market. erchants have more 
orders on their books than they can promptly meet, and 
new business is coming forward at a rapid rate. Coke of 
all kinds is scarce and dear. Foundry coke is selling at 
1/., as compared with 10s. 9d. six months ago, and steel 


coke is making up to 26s,, against 14s. to 15s. Quota- | jg 


tions :—Best branch hand-picked, 20s. to 21s. ; Barnsley 
pest Silkstone, 17s. to 18s. ; Derbyshire best brights, 17s. 
to 18:.; Derbyshire house, 163. to 17s.; large nuts, 15s. 
to 163.; small nuts, 13s. 6d. to 14s. 6d.; Yorkshire hards, 
7s. 6d. to 20s.; Derbyshire hards, 17s. 6d. to 19s. 6d.; 
best slacks, 11s. to 12s.; seconds, 9s. 6d. to 10s. 6d. ; 
smalle, 8s. to 9s. 


Iron and Steel.—Manufacturers are still paying excep- 
tionally high prices for raw and semi-finished material. 
Many of the highest quotations, however, are nominal, 
and are subject to constant change. East Coast hema- 
tite mixed numbers, for instance, ne as high as 
116s. 3d., have been sold at 106s. 8d. est Coast makers, 
on the other hand, are able to command and steadily 
maintain record prices. Ordinary West Coast sorts have 
advanced 2s. to 122s. Special qualities are maki 
upwards of 130s. Common iron values are firmly held. 
Lincolnshire masters are asking 76s. 8d. for foundry 
sorts and 75s. 8d. for forge. rbyshire makers are 
quoting 72s. for foundry and 69s. to 70s. for forge. 
Iron and steel hoops have made another advance of 
10s. to 11. 2s. 6d. Scrap of all kinds is now dearer. 
Heavy steel scrap is selling at 78s., and special-quality 


scrap at 97s. 6d. Output at the big engineering works | begii 


continues to expand. The difficulty of recruiting suffi- 
cient men not only to fill the places of those who enlisted 
before Christmas, but to man the new machines, has been 
largely overcome by the co-operation of works agents and 
labour leaders, and most of the works extensions recently 
completed are being fully utilised. That Messrs. Vickers, 
Limited, are employing 50 per cent. more men than at 
any other time in their history is an indication of the 
extent to which staffs have been augmented to meet 
abnormal requirements. Messrs. Vickers are also placing 
a large amount of work in semi-finished and finished mate- 
rial with other engineering concerns that are not working 
under such great pressure on Governmentaccount. There 
are a good many inquiries in circulation for railway and 
tramway steel. Shell-makers are taking big quantities of 
high-speed tools. The high- section, in fact, is one 
of the stro t features of local industry, and output 
will have to be largely augmented if it is to be sed on 
a par with requirements from all sources. In the lighter 
branches generally work is plentiful, orders poring 
mn received from India and South Africa. Sev 
Sheftield firms have contracted to make tyres, axles, and 
tie-bars for the Manchester Corporation. The scarcity of 
billets becomes more pronounced in proportion to the 
increased consumption. Makers have no difficulty in 
securing advanced prices. Siemens acid steel is quoted at 
11/., Bessemer acid at 10/. 10s., basic hard at 8/. 10s., 
and basic soft at 8’. High -carbon billets make up 
to 12/. 





Fire Inquests.—We desire to put on record the state- 
ments recently made in the daily Press, to the effect that 
the fires which have occurred in numerous works and 
factories where Government contracts for the —- 
ment of troops are i executed have greatly 
strengthened the arguments in favour of holding a public 
inquiry into all serious outbreaks. In the City of London 
fire inquests are held even when there is no loss of life. 
If this practice obtained generally, it is believed by those 
best competent to judge that there would be fewer 
incendiary fires. Special noteshould be taken of the fact 
that since the war broke out there bas been a series of 
serious fires at factories where soldiers’ equipment is 
being made. In some instances the origin’ been 
traced to an accidental cause, but in others there have 
been circumstances which have led to the suspicion that 
enemy aliens may have been serving their country by 
hampering our output of war material. In this con- 
nection, Mr. J. 

did not think the public realised what a large number 
of fires had occurred since the outbreak of war upon 
remises where Government work was in progress, 

Nowhere outside the City of London, he added, is 

public inquiry held into the circumstances con- 
nected with an outbreak. Some of these fires may 
be of an incendiary character, and it is essential that 
there should be a public inquiry to determine the 
fact. Such a course would act as a deterrent in many 
cases, 


C. Merryweather has stated that he | been 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleland Iron Trade.—Quietness rules, so far as 
business in pig-iron is concerned. Buyers, for the time 
being, are very backward, but producers generally are 
well placed, and, so far from pressing sales, some of them 
intimate that they are not pre to consider offers at 
recognised market quotations. Fluctuations in Middles- 
brough pig-iron warrants, due to manipulation of specu- 
lative outside holders, has a disturbing influence upon 
the market, but the chief complaint at present is the pro- 
hibition of shipments poll te except under licence. 
As each application is dealt with on ita merits, there is so 
much delay in ern ng that uae is almost 
impossible. Next week a joint deputation of the iron- 
masters of Cleveland and of Scotland is to wait upon 
the War Trade Committee of the Board of Trade 
with regard to the matter, and the result of the inter- 
view is looked forward to with the keenest interest. 
Output of pig is almost fully taken up, thanks to the 
—— y heavy home consumption. The number 
of blastfurnaces in operation on the North-East Coast 
now stands at 70, of which 35 are making Uleveland, 
24 are producing hematite pig, and 11 are manufacturing 
basic, epiegel, and other special kinds ofiron. Manipula- 
tion of Middlesbrough pig-iron warrants by outside specu- 
tors causes fluctuations, and this is reflected in unsteady 
quotations for makers’ Oleveland pi . No. 3 g.m.b. is 
in the neighbourhood of 65s. 9d., whilst No. 1 is 68s. 3d.; 
No. 4 foundry, 65s. 3d.; No. 4 f 64s, 9d.; and mottled 
and white iron, each 64s. 3d. East Coast hematite pig 
is weaker, notwithstanding reluctance of producers to 
acknowledge any actual reduction. 8, as & rule, 
adhere to 105s. for Nos. 1, 2, and 3, but second hands are 
ready enough to sell at 102s. 6d., and some would accept 
even below that ~— There is nothing at all passing 
in foreign ores, and sellers are at length prepared to make 
concessions. Nominally they base market rates on 30s. 
ex-ship Tees for Rubio of 50 per cent. quality, but con- 
tracts could be made at 6d. less. Very large supplies of 
foreign ore are coming to hand. To date this month the 
imports to the Tees reach 154,901 tons. Freights Bilbao- 
Middlesbrough are stated to have been fixed at 12s. 6d. 
Coke is in good request. Local consumers report adequate 
supplies coming in. Durham bee-hive blast-furnace coke 
of —— quality is 27s. 6d. to 30s. delivered at Tees- 
side wor! 

Stocks and Shipments.—Stocks of Cleveland pig-iron 
in the public warrant stores at Middlesbrough now stand 
at 140,737 tons, all of which is No. 3 quality. Since the 
inning of the month, stocks have increased by 
11,556 tons. Shipments of pig-iron from the Tees to 
date this month average 747 tons per working day, the 
total dispatches being returned at 16,438 tons, all of which 


is 
have from Middlesbrough. To the same date last 


month the loadings were given at 9665 tons, or a daily 
average of 402 tons, and for the mding part of 
April, a year ago, the clearances reached 96,446 tons, or 


an average of 4018 tons per working day. 


Manufactured Iron and Steel.—There is little new to 
_—_ concerning the finished iron and steel trades. 

anufacturers are busily onmeres on Government 
work. Prices all round are fully maintained. Prin- 
cipal market quotations stand :—Common iron bars, 
91. 10s.; best bars, 9/. 17s. 6d.; best best bars, 10/. 5s. ; 
packing-iron, 7/. 10s.; iron ship-plates, 9/. 10s.; iron ship- 
angles, 91. 10s.; iron ship-rivets, 11/. 10s.; iron girder- 
91.; steel bars (basic), 9/. 10s.; steel bars (Siemens), 
l. 10s. ; steel ship-plates, 9/. 10s. ; steel ship- ies, 91. 5s. ; 
steel boiler-plates, 10/. 10s.; steel joists, 9/.; steel hoops, 
91.; steel strip, 8. 10s.—all less the customary 24 per 
cent. discount; cast-iron columns, 7/1. 7s. 6d.; cast-iron 
railway chairs, 4/. 7s. 6d. to 41. 10s.; heavy steel rails, 
71. 151.; steel railway sleepers, 8/.—all net f.o.b.; galva- 
nised corrugated sheets, 24 gauge, in bundles, 14/. 10s. 
f.0.b.—less 4 per cent. 





AGRICULTURAL MAcHINERY.—The ex 
cultural machinery from the United Kingdom are greatly 
reduced owing to ett . In — years these 
exports were principally je to European countries, 
and especially to Germany and Hungary. The value of 
the machinery delivered to our remaining European 
customers in the first three months of this year sank to 
21,658/., as compared with 220,005/. and 140,380/. in the 
corresponding periods of 1914 and 1913. The value of 
the shipments to South America also declined in the first 

months of this year to 30/., as compared with 

12,4907. and 25,7167. The colonial demand was somewhat 

—_ maintained, but showed at the same time a large 
jecrease. 


rts of agri- 





ANGLO-Rossian TRADE Revations.—One of the features 
of the Russian commerci initiated some 
eight or nine years was the establishment, contem- 
porar y, in London and Petrograd of the Russian 
Section of the London Chamber of Commerce and the 
Russo-British Chamber respectively. The work that has 
accompli in the intervening years has placed 
the organisations in question in a position to meet the 
new situation brought about by the war in a manner that 
would obviously have been impossible without a lengthy 
ad of preparation. At the present moment the 

hamber is busily engaged in epplying its unequalled 
resources with the object of meeting the present demands 
arising both here and in ia. Full information can 
be obtained on application at the London Chamber of 


Commense, 1, 9, and & Cateedcomt, and Wf, Cosmee- of 





NOTES FROM THE SOUTH-WEST. 

ge steam-coal trade has exhibited a quiet 
tone. It is still possible for buyers of parcels for prompt 
shipment to secure easy terms irom sellers of secondary 
and lower qualities, but the attitude of holders as 
regards the end of April and the commencement of May 
has been to quote more firmly. Exporters are expecting 
that recent activity in chartering will result in an im- 
i vessels. Quotations for the best 


; per ton. 
regards iron ore, Rubio has ranged from 28s. to 30s. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 

Welsh Pit-Wood.—Tondu Woods have been acquired 
by North’s Navigation Collieries Company, the manager 
stating that this course has been pursued in consequence 
of the scarcity of foreign pit-wood. It rut y to lay 
a horse tramway for the conveyance of wood across 
Derllwyn-road to the company’s private railway. ‘The 
line will be required for about two years. 

Pembroke Dockyard.—Mr. J. D. Milton, who has 
served as constructor at Devonport since April, 1907, 
has been appointed chief constructor at Pembroke in 
succession to Mr. E. R. Bate, who was transferred from 
Hong Kong to Pembroke, and has since been appointed 
Admiralty overseer of contract work. Mr. Milton joined 
the Repel Corps of Naval Constructors at Portemouth 
in 1889, and he has since served at the Admiralty and 
Hong Kong, and at every home yard with the exception 
of Sheerness. He was in charge of the buildi the 
Warspite, the Marlborough, the Centurion, the ing- 
wood, the Lion, and the Indefatigable. 


Dowlais.—All departments have been fairly busy at 
Dowlais. In the old works, however, the Bessemer 
furnaces were recently damped down for a time. Full 
time was worked at both the Siemens and blast furnaces, 
and a good output was the result. The Goat Mill bas 
been engaged upon steel rails, steel sleepers, billets, and 
a large quantity of tin bar. 2 ee ee hee 
occupied with heavy demands for railway material as 
well as colliery and siding plant, and has been turning 
out fish-plates, curves, tram-rails, and light steel bars. 
The mechanical, locomotive and fitting shops and foun- 
dries have been well employed. 





Tue tate Mr. AtexanpgR Banks Jounson.—We 
regret to record the death of Mr. Alexander Banks 
Johnson, which resulted from pneumonia, following in- 
fluenza, at his home at Berkhampstead on the 23rd inst. 
Mr. Johnson, it will be remembered, was a partner iu 
the firm of Fiannery, Jay and Johnson, Limited, 
consulting engineers, and was therefore responsible, 
with his partners, for the design and construction of a 
number of large oil-tank and other steamers. He was 
apprenticed for three years to Messrs. Brune and Co., 
and afterwards served in the drawing-office of Mr. N. P. 
Burgh. For a few years he worked as a journeyman 
with Messrs. Oswald, of Southampton, and with Meesrs. 
Lamport and Holt, in their marine engine works. Later 
he served at sea as engineer in the employment of the 
latter firm, and of Messrs. G. N. Wilkinson. He entered 
Mr. (now Sir) J. Fortescue Flannery’s service as assistant 
in 1880, and served as managing engineer until the end 
of 1886, when he became a partner. He superintended a 
large amount of practical work for his firm in the con- 
struction and repair of ships and their machinery, his 
duties bringing him into close connection with many of 
the leading shipbuilders and engineers in the country. 
The deceased gentleman, whose age was sixty-eight, was 
a member of the Institution of Naval Architects, and 
an associate member of the Institution of Civil Engineers. 





Tus Tyng.—The Finance Committee of the Tyne 
Improvement Commission, reporting upon the opera- 
tions of the Commissioners last year, observed that the 
great European War could but affect local trade and 
commerce. the war ccmmenced, the Commis- 
sioners were not engaged in any serivus capital expendi- 
ture; at the same time, they were also in a strong 
financial position. Not only had they paid debt to the 
amount of 285,000/., but they had accumulated in the 
same periéd 312,955/. The revenue for the first seven 
months of last year amounted to 269,391/., as compared 
with 265,036. in the cosvespen ting period of 1913,show- 
ing an increase of 4355/. In the five war months of last 
year, however, the receipts declined to 141,%31/., as com- 

with 212,2411., leaving a net deficit for the year of 

\ and coke exports from the Tyne in the 
first seven months of Jast year were 12,182,619 tons, as 
——- with 11,636,245 tons in the jirst seven months 
of 1913, showing an increase of 546,374 tons. In the last 
five months of 1914, however, the corresponding exports 
eunk to 5,330,455 tons, as compared with 8,663,710 tons. 
There was, ingly, a net decrease for last year of 
2,786,891 tons. The expenditure on revenue account had 
been reduced by 14, There had also been a reduc- 
tion of 24,0252. in capital expenditure. The bonded debt 

the i rs stood seven years ago at 4,404,925/. ; 
at the end of 1914 it had been reduced to 3,806, 9147, 
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NOTICES OF MEETINGS.**~— 

Tus Brrrish FounpRyMen’s AssoctaTion : LANCASHIRE BRANCH.— 
Saturday, May 1, at 4p.m., in the Municipal School of Technology, 
Manchester. Busi :—Election of officers for 1915-16, after 
which a paper, by Mr. J. Edgar Hurst, of Tintwistle, Cheshire, 
entitled “‘ Free Carbon in Oast Iron,” will be read. 
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BUILDERS (INCORPORATED) : GRapUATE SrcTion.—Saturday, May 1, 
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Closing general meeting for the session. Business: Declaration 
of the result of the ot. for the election of officers for next 
session, 1915-16. The secretary of the Institution will intro- 
a ¢ a discussion on “The Making and Filing of Engineering 

‘otes.” 

Tas Roya Socisty or Arrs.—Monday, May 3, at 8 p.m. 
Cantor Lecture. ‘‘ Foodstuffs,” by Mr. David Sommerville, B.A., 
M.Sc., M.D., Assistant Professor of Hygiene and Public Health, 
University of London, King’s College (Lecture II.). Tuesday, 
May 4, at 4.30 p.m. Colonial Section. ‘‘The Empire's 
Resources in Paper - Making Materials,” by Mr. S. Oharles 
Phillipe, M.S.C.I. The Hon. Sir George H. Perley, K.C.M.G., 
Member of the Canadian Government, will preside. Wednesday, 
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Domestic Fires, and on a Simple and Smokeless Grate,” by 
Mr. A stus Vernon Harcourt, D.OC.L., LL.D., D.S8e., F.R.S. 





Mr. F. W. Goodenough, M. Inat. Gas Eng., will preside. Thurs- 
day, May 6, at 4.30 + Special lecture (in mch). ‘*Oon- 
stantin Meunier et les Sculpteurs Belges de son Temps,” by 


M. Paul Lambotte, Directeur des Beaux Arts au Minisiére des 
Sciences et des Arts de Belgique. Lord Sanderson, G.C.B., 
K.C.M.G., will preside. 

LysTITUTE OF SaniTARY ENGINRERS.— Wednesday, May 5, at 
Caxton Hall, Oaxton-street, Westminster. ‘“ halte and Its 
Application in Sanitary Work,” illustrated by lantern-slides, 
by Mr. Nandy Hoskins (Chairman of Council). Mr. H. Percy 
Boulnois, Past President, will take the chair at 8 p.m. 
Tue Concrars InstiruTe.—Thursday, May 6, at 7.30 p.m., at 
Denison House, Westminster, S.W. The sixth annual general 
meeting of the Institute will be held, after which discussion will 
be resumed on Mr. Osborn ©. Hills’s paper, entitled. ‘‘ The 
London — T Acts, with Some Suggested Aniendments.” The 

by Mr. A. W. Phillips, M. Inst. O.E., M.O.L, entitled 
e Concrete in the East,” which was to have been read on 
May 6, will be read on May 22, at Denison House, Westminster, 
8.W., at 7.30 p.m. 

Tus Roya InstirvTion or Great Brirain.—Friday, May 7, at 
9 o'clock. A discourse will be delivered by Professor 0. W. 
Richardson, M.A., D.Sc., F.R.S. The subject is ‘** Electrons and 
Heat” (Experimental). Afternoon lectures next week at 3 o'clock. 
On Tuesday, May 4. Professor Charles 8. Sherrington, M.D., 
LL.D,, D.Sc., F.R.S., on “‘The Animal Spirits” ( ure I.). 
On Thursday, May 6. Mr. A. W. Porter, D.Sc., F.R.S., M.R.L, 
on ‘* Advances in General Physics” (LectureIlL.). OnSaturday, 
May 8, Professor J. A. Fleming, M.A., D.Sc., F.R.8., M.R.L., on 
** Photo - Electricity” (Experimental). The Tyndall Lectures 
(Lecture IL.). 

Tue Association OF Mintna ExecrricaAL ENeingers: Norrs 
AND DerpysHirne Brancu.—Saturday, May 8, at the University 
——- Nottingham, at 3.30 p.m. prompt. Joint meeting wi 
the National Association of Colliery Managers. Mr. Scott’s paper, 
“ Protective Devices,” postponed from April 24. 
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LIQUID TRADE-WASTES. 


TuHE subject of liquid wastes from manufacturing 
processes has been a thorny question ever since 
manufactures arose in this country. A visitor to 
Yorkshire finds it difficult to conceive that the 
inhabitants of the county ever ‘‘drank of the 
Calder and washed in the Aire,” as is asserted by the 
ancient couplet, and he realises that the immense 
activity of the district is now quite incompatible with 
such a delightful state of affairs. For years there 
have been disputes between the manufacturers, 
the municipalities, and the river authorities as to 
what should be done to convert the present black 
and foul streams into something less obnoxious to 
sight and smell. The Rivers Pollution Prevention 
Act of 1876 certainly provided drastic remedies, 
but it contained a saving clause to the effect that 
they were not to be applied if they were likely to 
inflict material damage on the industry of a dis- 
trict. In the then state of knowledge, they would 
have depopulated a considerable part of Lanca- 
shire and Yorkshire, shutting up hundreds of 
manufactories. The rivers would certainly have 
been the better, but the improvement would 


immense losses and widespread poverty which 
would have ensued. Naturally, the saving clause 


rest remained, to a great extent, a dead letter. 

In a recent issue we called attention to the Ninth 
and last Reports of the Royal Commission on Sewage 
Disposal. This Commission has been sitting seven- 
teen years, and during that period has both amassed 
and disseminated a vast amount of useful informa- 
tion, so that, at length, we begin to see light 
through the very obscure subject of sewage purifi- 
cation. 

The recommendations of the Ninth Report 
deal mainly with trade-waster, and are framed 
in a strictly compromising spirit. They aim at 
doing what is practically possible, both scien- 





BRIDGE OVER THE RIVER THAMES. 





tifically and financially. The authors realise that 


the ideal river is not to be had in a busy manu- 
facturing district; but, at the same time, they 
realise that an immense improvement upon the 
existing state of affairs can attained if manu- 
facturers will take such steps as are perfectl 
feasible, and will see that they are carried out wi 
the same care which they devote to other depart- 
ments of their businesses. Unfortunately, the 
urification of wastes offers little hope of a profit. 
certain instances there may be obtained by- 
products which tend to lessen the expense; but 
oftener the outgoings bring no return, and hence 
the process is apt to be carried out in a perfunc- 
tory spirit. Ifthese recommendations are adopted, 
and it looks as if the Local Government Board 
could adopt them under the Act of 1876 without 
further legislation, then we may expect at least a 

t improvement on the present state of affairs. 
ossibly further scientific discoveries in the future 
will enable greater demands to be made and readily 
complied with, and we may then attain to a condi- 
tion in our rivers which, for the present, is only a 
pious aspiration. 
The Ninth Report of the Commission* contains 
rticulars of a great number of purification plants 
id down by manufacturers, with analyses of the 
entrant and effluent liquids. These refer to many 
kinds of works and processes, such as coal-washing, 
tin, lead, and zinc mines, china-clay pits, stone- 
quarrying and polishing, cotton-dyeing, printing, 
and bleaching, wool-dyeing and scouring, the 
manufacture of paper and cardboard, breweries, 
maltings, sulphate cellulose works, fellmongers, 
tanneries, dairies, shale-oil distillation and spent 
gas liquor. The apparatus are, however, curiously 
alike, although the trades are so different. They con- 
sist of precipitation tanks, with or without filters, 
and by these simple means it is clearly possible 
to improve very many trade-wastes to such an 
extent that they may be turned into streams with- 
out giving rise to serious nuisance. It is pretty 
clear, however, that in many instances the existing 
= have been designed in too niggardly a spirit. 

ey are on the right lines, but they are not of 
sufficient capacity to allow the processes of agglo- 
meration and deposition, followed sometimes by 
bacterial — to develop to the required 
extent. ey effect a t improvement, but 
they do not always carry it to that point at which 
the river may be expected to complete the pro- 
cess without giving evidence of pollution. any 
trade-wastes are, of course, not amenable to 
bacterial purification, and a filter can only act 
mechanically upon them. Whenever possible the 
Commission favours their discharge, either directly 
or after precipitation, into the sewers, in order 
that they may be greatly diluted, after which iti s 
easier to deal with them by ordinary processes. 
Of course, this supposes that the trade-wastes are 
much less in quantity than the ordinary sewage, 
and this is not.always the case. For instance, at 
Burton-on-Trent, twenty years ago the brewery 
waste was three times the volume of the domestic 
sewage, and, for a time, rendered the sewage farm 
unworkable. ber pens speaking, however, a 
moderate amount of trade-waste does not seriously 
interfere with sewage purification, while the ad- 
mixture of sewage from a septic tank appears to 
render more easy the purification of many manu- 
facturing wastes. 

The general recommendations of the Commission 
are that the effluent from a works shall not contain 
more than four to six parts—the number depending 
on the type of waste—of suspended matter in 100,000 
parts, and shall not absorb more than two to six 
parts of dissolved oxygen in five days. It is not 
pretended that such discharges will produce pellucid 
streams, but that they will be a great improve- 
ment on many that now exist. At first sight it 
seems strange that a few grains more or less of 
suspended matter in nearly a gallon and a half of 
water can have any perceptible effect, but it must 
be remembered that the flow goes on day by day, 
and that the suspended matter is apt to accumulate 
in the bed and on the banks of the stream, and to 
produce a mud which is always unsightly, and 
which may be noisome, for the suspended matter is 
often of — origin, and may give rise to 
putridity. Even if the suspended matter is inor- 
ganic, such as coal or stone-dust, it may still form 
mud, and may be destructive of fish-life by sealing 
up the spawn beds. The dissolved impurities are, 





* Cd. 7819. London: Wyman and Sons, Limited, 
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however, in many cases of greater im ce as 
sources of pollution. There are several industries 
that turn out effluents that are four or more times 
as polluting as ordinary sewage, and the oxygen test 
is Eodagand to prevent the entrance of such effluents 
into streams until they have been enormously 
reduced in strength p hye nitrification of the 
organic constituents. e process of purification 
is continued in the river as long as it contains free 
dissolved oxygen, but when the oxygen is exhausted 
putrefaction sets in. There are many rivers in the 
manufacturing districts which have little or no free 
oxygen in dry weather in consequence of their 
receiving so much organic matter; hence the 
stringency of the tests in this respect. 

The Commissioners class 19 — of trade- wastes 
as those in which efficient purification is practic- 
able, seven as only partly practicable, and two as 
incapable of being so treated that the effluents can 
be discharged direct into streams. Those in which 
engineers are more or less directly interested 
mostly fall in the first category, and are coal- 
washing, mining, quarrying, tin-plating, galvanis- 
ing, and wire-drawing. The wastes from the first 
three can be dealt with by precipitation solely, 
and require no bacterial treatment, as they do 
not contain organic matter. Tin-plating, galvanis- 
ing, and wire-drawing furnish wastes which are 
strongly acid with mineral acid, and contain much 
iron in solution. The stronger liquids should 
not, in any circumstances, be discharged into 
streams, and there is no practicable means of 
rendering them innocuous. The only means of 
dealing with the waste-pickling liquor is to concen- 
trate it by evaporation in lead pans until it deposits 
green copperas in crystals. The mother - liquor 
can then be mixed with fresh sulphuric acid and 
used again. The hydrochloric-acid pickle can also 
be concentrated by evaporation and used as a dis- 
infectant, or it may be decomposed by lime, or by 
a mixture of lime and chalk, which transforms the 
muriate of iron into a muriate of lime, which is 
innocuous. The oxide of iron is precipitated in 
the process and is a saleable product. e wash- 
waters in which sheets and wire are rinsed after 
the pickling can be neutralised by lime and settled, 
after which they are fit for discharge into rivers. 

The industries which yield wastes for which 
efficient purification is not, in the present state of 
knowledge, practicable are bleaching, cotton-dye- 
ing and printing, woollen-dyeing and printing, and 
some paper works. Nevertheless, a great improve- 
ment can be effected in the effluent liquors by 
deposition and filtration. Unfortunately, it is 
just to the wastes from these trades that a 
great deal of the pollution of the northern 
rivers is due, and research is urgently needed 
to find new methods of dealing with them. 
The wastes from bleach works contain lime, 
chlorine, acid, starch, and organic matter in really 
enormous quantities. The report mentions one 
works in which 30 to 40 tons of dried sludge are 
removed every three weeks from the settling- 
tanks. The fact, however, that this quantity of 
matter is kept out of the rivers shows how ne 
it is that a reasonable standard of purity should be 
enforced on all manufacturers. e waste from 
dye works is of a much more innocent nature, 
being equal to a very dilute sewage, but it has the 
disadvantage of blackening the river into which it 
is turned, and rendering it unsightly, if it does not 
actually pollute. While it is possible to remove 
the colour by bleaching agents, the cost of the 
eer would, in many cases, be in excess of the 

enefit tothe river. A good deal of the colour can, 
however, be removed by chemical precipitation, 
and still more by filtration through land or through 
pressure coagulant filters. Wool-scouring, of course, 
produces an pert e luting liquid, which 
needs to be extensively diluted with the wastes 
from woollen-dyeing and other processes which 

ield a weaker liquor. It can then be dealt with 

y precipitation to produce a non - putrescible 
effluent which does not take up oxygen at an 
excessive rate. 

The two remaining industries are sulphite cellu- 
lose manufacture and gas and coke production, and 
for these the Commissioners are not aware of 
any method of treatment so that the effluent can 
properly be di direct into streams. The 
waste liquor from sulphite cellulose manufacture 
contains 10 per cent. of solid matter, of which 
four-fifths is organic. There are, however, only 
two works in this country, and one of these is 
situated on a relatively large river, and at the other 





the stronger liquor is not discharged into the 
stream, but is evaporated, so that the matter has 
no great importance. Spent liquor is pro- 
duced when gases are treated S the recovery of 
ammonia. It contains a large amount of nitrogen 
in various forms, and takes up oxygen with euch 
HN avidity that its entrance into a river is most 
eleterious. It also contains phenols, which are 
destructive of bacterial life; but the Commis- 
sioners say that up to 2 per cent. may be added 
evenly to sewage without damaging the filters. 
Failing this it may be evaporated or purified by 
Dr. Fowler’s process, but further research is 
urgently needed to discover some cheap and easy 
way of dealing with this liquor. 
is exhausts the list of trades dealt with in the 
report, and it is pleasant to find that at last a 
via media has been found between the demands of 
the more rigorous river authorities and the con- 
tentions of manufacturers. It is not put forward 
as final, but the suggestion is made that when a 
standard is prescri an undertaking shall be 
iven that it shall not be raised for ten years. 
hat would enable manufacturers to lay out 
money with some confidence, and it would also 
encourage them to give personal attention to 
the processes. No one expects that rivers 
like the Aire and Calder will ever return to 
their pristine purity, and reasonable people will be 
satisfied if they cease to be a menance to health 
and seriously obnoxious to sight. What is wanted 
is that the water shall be sufficiently pure for 
manufacturing purposes, for then the rivers will 
become again a convenience to the district through 
which they run, and will repay the cost of purifi- 
cation, although the gain may not always accrue to 
those who produce the result. The moderation of 
the demands of the Commissioners should ensure 
for them a friendly reception. 





COMPULSORY LICENCES. 

THERE has been at all times a tendency for 
certain sections of the public to raise an outcry 
against the evils produced by monopolies granted 
to patentees. The Legislature has from time to 
time made attempts to satisfy the demands of 
these sections of the public by amending the law. 
One of the amendments has been the provision of 
improved machinery for the grant of compulsory 
licences. The law having been amended, the 
demands of the sections of the public raising the 
outcry seem to have been automatically satisfied, 
and the number of cases in which persons have bond 
fide attempted to avail themselves of the machinery 
provided might be counted on the fingers. Al- 
though the present Patents and Designs Act, 1907, 
has been in force for over seven years, it was not 
until recently that the first petition for the grant 
of a compulsory licence came before the courts. 
The petition was unsuccessful, and it is therefore 
rather important to consider the reasons why the 
judge has decided not to grant a compulsory 

cence. 

The ae was presented by the Robin Electric 
Lamp mpany, Limited, under Section 24 of the 
1907 Act, and it prayed for the grant of a compul- 
sory licence under nine patents, six of which were 
owned by the British Thomson-Houston Company, 
Limited, and the remaining three by Siemens 
Brothers and Co., Limited. e petitioners were 
the proprietors of a patent for an improvement 
in incandescent electric lamps, consisting of a 
contrivance whereby, in a lamp with two fila- 
ments, the current could be readily switched off 
from one filament and on to the other, so that 
the lamp was not rendered useless by the failure 
of one filament. The petitioners alleged that 
double-filament lamps, fitted with their patented 
contrivance, were of much ter durability than 
that enjoyed by lamps of the ordinary type with 
one filament. The best material for the filaments 
in their lamps was drawn tungsten wire, and the 
petitioners desired to use such wire. The two 
respondent companies, together with the General 
Electric Company, Limited, were the owners of a 
large number of patents, including the nine the 
subject of the petition, relating tv incandescent 
electric-lamps with drawn tungsten-wire filaments. 
The three companies have pooled their patents— 
that is to say, they have granted each other licences 
thereunder, and they thus control to a large extent 
the industry connected with lamps of the kind 
mentioned. To prevent the cutting of prices, and 
thus to ensure their profits, they require 





dealers and from licensees an undertaking not to 
sell below certain list prices. The result is that 
drawn-wire lamps are considerably dearer in this 
country than abroad ; but no evidence was pro- 
duced to show that the price is a serious burden to 
the consumer, or is unreasonable. 

The petition was founded on the allegation that 
drawn tungsten wire is a patented article, or an 
article manufactured by a patented process, and 
that the patentees had failed to supply this to the 
petitioners or to t a licence to them on reason- 
able terms, and that therefore the petitioners were 
unfairly prejudiced, in that they were prevented 
from establishing what they called a new trade or 
industry concerned with the making and selling 
of lamps containing their patented improvements. 

We have already stated that the petition was 
filed under Section 24. Section 24 is the first 
section of a number of sections grouped together in 
the 1907 Act, under the heading ‘‘ Compulsory 
Licences and Revocation.” Section 27—a section 
about which we have written many times—is a 
section of the same group. It may be well to 
explain the difference between Section 24 and Sec- 
tion 27 ; the sections overlap, but there is a broad 
dividing line between them. Lord Parker, when 
Mr. Justice Parker, in the well-known case of 
in re Hatschek, made the following remarks as to 
the object and purpose of the two sections :—‘‘ The 
mischiefs which Section 27 and Section 24 of the 
Act were intended to meet are well known. It 
was felt to be intolerable that Letters Patent for 
inventions which create monopolies, and are there- 
fore in themselves contrary to the spirit of the 
common law as being restraints on trade, and 
which were only excepted from the operation of 
the Statute of Monopolies for the encouragement 
of trade and inventions useful in trade, and in 
consideration of the disclosure of such inventions 
to the public, should be used (as they had in fact 
been used) to prevent the development of 
new industries or to fetter existing indus- 
tries in this country. Sections 24 and 27 of 
the Act are intended to prevent this being 
any longer possible. Section 24 deals primarily 
with cases where the trade of this country 
has been injured by an abuse of the monopoly con- 
ferred by the patent, irrespective of anything which 
is being done abroad. Section 27 deals primarily 
with cases where the object or effect of the use of 
such rights in the way they have been used has 
been to favour the development of industries 
abroad at the expense of industries in the United 
Kingdom.” 

Section 24 is in the following terms :—(1) Any 

rson interested may present a petition to the 

oard of Trade alleging that the reasonable 
requirements of the public with respect to a 
patented invention have not been satisfied, and 
praying for the grant of a compulsory licence, 
or, in the alternative, for the revocation of 
the patent. (2) The Board of Trade shall 
consider the petition, and if the parties do not 
come to an arrangement between themselves, 
the Board of Trade, if satisfied that a prima 
facie case has been made out, shall refer the 
petition to the Court, and if the Board are nut so 
satisfied, they may dismiss the petition. (3) Where 
any such petition is referred by the Board of Trade 
to the Court, and it is proved to the satisfaction of 
the Court that the reasonable requirements of the 

ublic with reference to the patented invention 

ve not been satisfied, the patentee may be 
ordered by the Court to grant licences on such 
terms as the Court may think just ; or, if the Court 
is of opinion that the reasonable requirements 
of the public will not be satisfied by the grant of 
licences, the patent may be revoked by order of 
the Court. Provided that an order of revocation 
shall not be made before the expiration of three 
years from the date of the patent, or if the 

tentee gives satisfactory reasons for his de- 

ault. (4) On the hearing of any petition 

under this section, the patentee and any person 
claiming an interest in the patent as exclusive 
licensee, or otherwise, shall be made parties to the 
proceeding, and the law officer, or such other 
counsel as he may appoint, shall be entitled to 
appear and be heard. (5) For the purposes of this 
section the reasonable requirements of the public 
shall not be deemed to have been satisfied (a) if, 
by reason of the default of the patentee to manu- 
facture to an adequate extent and supply on 
reasonable terms the patented article, or any parts 


from | thereof which are necessary for its efficient work- 
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ing, or to carry on the patented process to an 
adequate extent, or to grant licences on reasonable 
terms, any existing trade or industry, or the estab- 
lishment of any new trade or industry, in the United 
Kingdom is unfairly prejudiced, or the demand for 
the patented article, or the article produced by the 
patented process, is not reasonably met ; or (5) if 
any trade or industry in the United Kingdom 
is unfairly prejudiced by the conditions attached by 
the patentee before or after the passing of this Act 
to the purchase, hire, or use of the patented articl-, 
or to the using or working of the patented process. 
(6) An order of the Court directing the grant of any 
licence under this section shall, without prejudice 
to any other method of enforcoment, operate as if it 
were embodied in a deed granting a licence and 
made between the ies to the proceeding.” 

The petition was heard by Mr. Justice Warrington, 
now Lord Justice Warrington, who in his judgment 
first pointed out that the words ‘‘shall not be 
deemed to have been satisfied” in Sub-Section 5 
ought to be read ‘‘shall be deemed not to have 
been satisfied.” From the judgment it ap 
that the petitioners’ own evidence established that 
there was no trade or industry with which drawn 
tungsten wire was connected, except that concerned 
with the making and selling of electric lamps, 
and that there was no demand for the wire 
except in that connection. It also appeared that 
the petitioners had applied to both respondent 
companies to supply them with the wire, and had 
also inquired on what terms each of the respondent 
companies would grant a licence to manufacture 
the wire, but they did not, however, specify any 
particular patents. The respondent companies 
did not comply with the request, though they did 
not in terms reject it. The question, therefore, to 
be settled was whether the respondent companies, 
in not complying with the * pecagaecerrd request for 
licences, had thereby failed to grant licences on 
reasonable terms within the meaning of the Act. 
Mr. Justice Warrington was of opinion that it 
would be obvious to anyone reading Section 24 
that what this section is designed to prevent is 
the failure of the patentee to satisfy the reason- 
able requirements of the public, as distinct from 
those of particular individuals. It is this failure 
which is in terms made the ground of the 
petition in Sub-Section 1 and the ground for the 
order of the Court in Sub-Section 3. The same 
conclusion is to be drawn from the language of 
Sub-Section 5, which specifies particular cases in 
which, if proved to exist, the reasonable require- 
ments of the public shall be deemed not to have 
been satisfied. Mere default to supply the patented 
article, or to grant a licence to an individual, would 
not, in Mr. Justice Warrington’s opinion, neces- 
sarily amount to default to supply the patented 
article or to grant licences, as there might well be 
an adequate supply of the patented article to 
satisfy the requirements of the public, or the 
patentee might have granted an adequate number 
of licences on reasonable terms to satisfy the same 
requirements. A patentee may use the advantage 
given by his patent either by putting it into 
operation himself and supplying the article to 
the public, or by licensing others so to do. 
Sub-Section 5 provides two alternatives, and it 
is not enough for a petitioner to prove that 
the patentee makes default in one alternative 
only, he must prove default in both, if he wishes 
to obtain a compulsory licence. That is to say, a 
petitioner must establish that there has been default 
not only towards himself, but towards the public 
generally, or that part of it which is interested in 
the matter in question. , f 

Section 24 uses the expression ‘‘ trade or indus- 
try.” The words “trade or indugtry” are very 
wide, and from the decision in the present case it 
must be understood that it is not sufficient for a 
petitioner to establish that a particular trader has 
been unfairly prejudiced, but that the trade or 
industry as a whole has been affected. The trade 
or industry in the present case was that of making 
tungsten-filament electric lamps. The evidence 
adduced proved that the respondent companies had 
not been guilty of the default indicated in the 
section, and therefore it does not seem that it could 
be argued that the electric-lamp trade or industry 
as a whole had been unfairly prejudiced by the 
action of the respondent companies. The manu- 
facture by the petitioners of their particular lamps 
would not be the establishment of a new trade or 
industry, but only the entry of a fresh trader into 


an existing trade or industry. 


pears | coal, and its consequent deterioration in fuel 


From a consideration of Mr. Justice Warrington’s 
remarks, it would appear that a petitioner is forced 
—— two things : one, that any existing trade or 
industry, or the establishment of any new trade 
or industry, is prejudiced, or the demand—i.e., the 
public demand, not that of a particular n—is 
not met. It seems to us that a petitioner has, 
therefore, a very difficult case to prove, and that 
an inventor who has made an improvement on an 
existing — machine or process will be 
debarred from obtaining a licence and working his 

tent unless he is able to prove both alternatives 

id down in the section. 





THE OXIDATION OF COAL 

Ir has long been known that the oxidation of 
coal is not restricted to those ranges of tempera- 
ture in which actual burning characteri by 
incandescence and flame is observed. It has also 
been understood for some time alJready, though it 
is less generally accepted, that the weathering of 
ue, 
is mainly due, not to a loss of volatile combustible 
matter, but to a slow combination of the coal with 
oxygen, and that spontaneous combustion, again, 
can mainly be ti to this cause, or that, at any 
rate, the presence in the coal of metallic sulphides, 
which by their oxidation heat the coal, is not indis- 
pensable to spontaneous combustion. But the 
actual chemical reactions taking place in the coal 
are not yet understood, and that is only natural ; 
for chemists do not know what coal really is. 
Though anthracite may be said to consist prac- 
tically of carbon, it is very doubtful whether free 
uncombined carbon exists in coal at all. Hydrogen is 
never absent. The essential constituents of coal are 
hydrocarbons and other carbon compounds, largely 
of unknown composition. In 1868 E. Richters showed 
that stored coal absorbed oxygen and actually in- 
creased in weight ; W. C. Anderson proved in 1897 
that a good coking coal lost its coking quality by 
long exposure to air or by being heated to 200 deg. 
or 300 deg. Cent. for a short period. Boudouard 
and others confirmed these observations and sug- 
gested that the slow oxidation of the coal resulted 
in the formation of humic acid and derivatives ; 
Taffanel demonstrated a few years ago that the 
absorption of oxygen made the coal inferior, not 
only use the additional weight of the absorbed 
oxygen was as useless as an addition of minerals, 
but also because the slow spontaneous oxidation of 
coal was an endothermic (heat-derivating) reaction, 
which means that it diminished the calorific value 
of the coal. 

The United States Bureau of Mines has re- 
cently taken the problem oP, and Technical Paper 
No. 65 of that Bureau, by H. C. Porter and O. C. 
Ralston, contains some instructive quantitative 
data which throw some further light on the re- 
actions and show also that the ordinary drying 
of coal previous to its being analysed may introduce 
errors which may become a serious matter in coun- 
tries like the United States, where the price of 
the coal is frequently assessed on an analytical 
basis. The observations are not exactly novel, but 
as we have not dealt with the matter for some 
years, we will give some particulars. In 1911 
the Bureau observed that when coal (coarsely 
crushed) was exposed to the air in bottles, 
and the oxygen content of the air was re- 
lenished as the oxygen was being absorbed, a 
ilogramme of pel sor Be 5.3 litres of oxygen 
(0.085 cub. ft. per pound) in five months ; yet only 
0.042 litre of carbon dioxide was found—that is, 
less than one-hundredth of the amount to be ex- 

if all the oxygen had been converted into 

O,. This experiment was conducted at ordinary 
temperature, and W. F. Hillebrand pointed out 
that hy en must be slewly oxidised as well as 
carbon, and that this reaction would probably be 
much more pronounced when the coal was, for 
analysis, dried at 105 deg. Cent. 

Quantitative experiments were therefore started. 
Powdered coal, dried at 100 deg. Cent. over calcium 
chloride, was kept in a vacuum-flask, surrounded 
by a water-bath at 41 deg. or 42 deg. Cent., and 
the flask was evacuated (to 25 mm. of mercury) 
until the temperature of the coal remained constant 
within 0.5 deg. Cent. Then dry oxy, was 
admitted until the pressure was a little above 
1 atmosphere. The temperature of the coal rose 
immediately, by 11 deg. within two hours, the tem- 

ture of the water-bath rising at the same time 





more than 5deg. In more exact experiments the 


tube containing the weighed coal was joined directly 
to a tube containing phosphorus pentoxide, P,O, (to 
absorb the water formed) and soda-lime (to absorb 
CO,), and then toa pump, connection being made 
by taps with two pressure-gauges = and oil) 
and with the oxygen cylinder. e sol, having 
been passed through 80 to 100 mesh, was quickly 
weighed and first dricd in the same apparatus, the 
tube itself being surrounded by an electric heater ; 
the drying at 110 deg. Cent. took about two hours. 
Four samples of coal were treated in this way: a 
coal from Wyoming (21 per cent. of moisture, 
33.5 per cent. of volatile matter, 40 cent. of 
free carbon, 5.4 per cent. of ash ; calorific value, 
5353 calories); coal from Illinois (7.5 per cent. 
of moisture, 32 of volatile matter, 53 of carbon, 
7.5 of ash ; calorific value, 6850 calories) ; a Pitte- 
burg coal (similar to the Illinois coal, but only 
1.8 per cent. of moisture, 7786 calories); and a 
coal from Western Virginia (1.13 per cent. of 
moisture, 20.5 per cent. of volatile matter, 73 per 
cent. of carbon, 5.5 per cent. of ash, 2 per cent. of 
sulphur, 8123 calories). The rates of the oxygen 
absorption by these four coals proved very different, 
when keeping the temperature at about 140 deg. 
Cent. and the oxygen pressure at 150 mm. While 
the Wyoming coal absorbed 26 cub. cm. of oxygen 
per gramme in an hour (7 cub. cm. in the first five 
minutes), the average values for the three others 
were 10, 4, and 2.4 cub. cm. in an hour (1.5, 0.6, 
and 0.3 cub. cm. in the first five minutes). The 
Wyoming coal proved in other tests the moet 
inflammable of the four, the Illinois coal following. 
Special experiments (Illinois coal only)demonstrated 
that the rate of oxidation was much more quickened 
by higher temperature (40 deg. to 240 deg. Cent.) 
than by increased oxygen pressure ; oxidation set 
in when the oxygen (not the air) pressure was about 
50 mm., and the rate rose steadily after the 
oxygen pressure exceeded 100 mm. or 150 mm. ; 
100 mm. of oxygen pressure would correspond to 
15 per cent. of oxygen in air. The addition to the 
air of 10 per cent. of CO, did not affect the rate at 
temperatures up to 200 deg. Cent., whilst the 

resence of the nitrogen in the air experiments 
interfered with the diffusion, and hence with the 
results. 

For the study of the chemical reactions the 
apparatus was modified. The sample—1 gramme 
of coal, previously dried for seven days over sul- 
phuric acid in a vacuum—was placed in a bulb 
provided with an inlet and outlet tube, and situated 
in an electric heater. The air, sucked through the 
tube at the rate of about 10 litres per hour, was 
previously purified by ing through potash, 
sulphuric acid, and over P,O,. “The air coming out 
of the tube was sucked through P,O, (to absorb 
water formed), and KOH (to absorb CO, formed), 
and then through a long tube in which iodine 
pentoxide was heated up to 165 deg. Cent. 
(to oxidise any carbon monoxide into CO,, which 
was then absorbed beyond the long tube). 
The results of these experiments were not very 
concordant, and that was foreseen. Coal is not 
a uniform substance; much depended, therefore, 
on the peculiarities of the sample of 1 gramme 
weight. Uniform expeiimental conditions could 
not easily be maintained either; some unsatu- 
rated hydrocarbons might be liberated, and be 
attacked by the I,0,, falsifiing the CO determina- 
tion. In order to see whether distillation effects 
entered into the experiments, the air-current was 
sometimes replaced by acurrent of nitrogen. 

But though deviations of 10 per cent. from the 
mean values were observed, the general trend of 
the reaction appeared pretty clear. The first step in 
the oxidation of coal seems to be the formation of a 
complex addition compound between oxygen and the 
several constituents of coal. As the temperature 
rises, this addition complex is decomposed with 
liberation of water, CO,, andCO. Below 200 deg., 
and sometimes up to 300 deg. Cent., it is chiefly 
water which is formed ; afterwards CO,, and later 
also CO predominate, in the decomposition pro- 
ducts. It is noteworthy that CO was formed 
even when an excess of air was present. The 
complex was most rapidly decomposed in the 
case of the Wyoming which, in fact, did 
no longer fix any oxygen after the temperature 
had risen above 100 deg. Cent., whilst the Illinois 
and Pittsburg coal continued to gain in weight (by 
fixation of oxygen) up to 260 deg., althou 4 of 
OO) tows and car (in the liberated H,O, CO,, 





at a far earlier temperature stage. The 
proportions of the different products (HL , CO,, 
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CO) differed with different coals, as we pointed out 
already, and with different temperatures of the 
same coal. The nature of the complex addition 
compound between oxygen and the constituents of 
coal remains unknown ; that such a complex is 
formed, and decomposed at higher temperature, 
and also when the pressure is reduced, is assumed, 
e.g., by Rhead and Wheeler, to whose experiments 
at the Eskmeals experimental station (Home Office, 
Explosion in Mines Committee) and elsewhere we 
have repeatedly drawn attention. Bone and others 
also demonstrated more than ten years ago that 
intermediate oxygenated molecules are formed 
when certain hy bons are oxidised, and that 
these complex molecules subsequently decompose 
into H,O, CO,, and CO. 

It may thus be said that the researches which 
we have just discussed do not bring out anything 
novel and do not exhaust the subject. t is 
true, of course ; a great deal more experimenting 
will be required. We recognise, however, that 
the absorption of oxygen isa factor to be reckoned 
with. It impoverishes stored coal—because the pur- 
chaser has to pay for the weight of the oxygen 
absorbed—and it impoverishes the air in coal mines, 
because the coal takes up the oxygen from the air 
and charges it with water vapour, carbon dioxide 
and carbon monoxide. None of these products is 
wanted in the air of the mine, and the last-men- 
tioned in particular, we need hardly point out, is a 

ison. The presence of abnormal percentages of 

O is generally taken as indications of some un- 
discovered gob-fire or of a gob-fire still smouldering 
in a sealed portion of the mine. But we see that 
CO is being liberated from coal when oxygen has 
access, though at a very slow rate as long as the 
temperature is low. Another consideration has 
already been alluded to. For the analysis and 
calorific tests coal has to be dried. As air drying 
takes days and depends upon the state of the 
atmosphere, drying. at 105 deg. Cent. is generally 
resorted to in the United States. But at that tem- 
perature decomposition of the complex is already 
to be expected, and that decomposition affects 
different coals to a different degree. On behalf of 
the Sub-Committee on Standardisation of Methods 
of Determining Water in Coal, Dr. R. Lessing, of 
London, reported to the International Congress 
of Applied Chesiten, held in New York in 1911, 
that for ordinary technical work, coal should be 
dried in an oven with a yood air circulation for a 

riod not exceeding one hour, at a temperature 
seca 104 deg. and 111 deg. Cent. It was 
advised to dry in this way two portions of 1 gramme 
each, one for an hour, the other for half-an-hour, 
to cool for the same period, and to accept the 
higher loss in weight as the water percentage. 
For exact work much larger samples and more 
elaborate methods were to be used. Even for 
technical purposes working in an inert atmosphere 
was recommended if the coal seemed liable to quick 
oxidation. Those practical men who see little good 
in testing in general, and do not see why coal 
should not be bought by weight as of old, will not 
fail to point to this difficulty, into which analytical 
chemists will have to look further. 





SUBMARINE-BOAT STRENGTH AND 
SPEED. 

On all questions regarding the design of war- 
ships, the views of no one are more highly appre- 
ciated, or considered with more interest, than those 
of Mr. E. Bertin, the well-known French naval 
architect. He has been responsible for some of the 
finest ships in the Navy of our Ally across the 
Channel, and has shown by his treatises on some 
of the more difficult problems of naval architecture 
a grasp of first a which has brought him 
the confidence, as well as the admiration, of his 
confréres, and particularly of students. Special 
importance, therefore, attaches to his recently 
expounded view on the submarine boat—a product 
of ‘shipbuilding science which at present attracts 
the widest interest. While the submarine boat 
has not by any means achieved the results anti- 
cipated even by moderate estimates of its poten- 
tialities, it has, assisted Germany more than any 
other unit of thé Kaiser’s fleet. And yet the 
success has been without military value, since the 
ships sunk have all been small and of low speed, 
or hove been old cruisers attacked when patrolling 
at cruising speeds. The limitations of the sub- 
marine, due to her low rate of progression, have 
been demonstrated—that is the one reliable de- 





duction from her sea operations, and it is therefore 
a welcome that such an authority as Mr. 
in should direct attention to the possibility of 
increasing the speed and radius of action of this 
type of craft by enlarging the dimensions of the 
vessel. His contribution on this subject was read 
at the Académie des Sciences on March 29, end 
appears in the columns of Le Genie Civil. In this 
communication Mr. Bertin reviews the two 
elements by which the distribution of the weights 
making up the displacement of submarines is dis- 
tinguished from what obtains in other ships. 

In the first place, the advantages to be derived 
from an increase in the dimensions of a submarine 
boat are influenced by the very heavy handicap 
which arises from the weight of the electric 
machine required for propulsion when submerged, 
and by that of the electric accumulators, equal 
to about 30 kg. (66 lb.) per horse-power hour, or 
between fifty and a hun and fifty times the 
weight of fuel, considered as source of power. 
Were this consideration alone to come into play, 
the other elements making up the weight being 
taken as subjected to the same laws as those 
which rule in the case of ordinary ships, the 

ualities of speed and fuel endurance on the surface 
or submarines would fall within very narrow 
limits. Calculation shows that a maximum 
would be reached with a surface displacement of 
about 1000 tons. The fuel endurance at a speed 
of 17 knots would not exceed 1400 nautical miles. 
No alternative for the electric accumulators has 
hitherto succeeded ; the working under water of 
an internal-combustion engine necessitates com- 
pressors and tanks equal to the weight saved ; 
whilst propulsion by a hydrogen-engine, exhaust- 
ing into the sea, would require an electrolysis 
apparatus which would not be less heavy. 

A second element, more difficult of determina- 
tion, would, on the other hand, work in favour of 
an increase in dimensions. It has its source in the 
law of increase of the fraction of displacement 
attributable to the framing, this fraction increas- 
ing less rapidly than is the case with ordinary 
— As is well known, the resistance of ships’ 
hulls to longitudinal flexure demands a fraction 
of the displacement, which increases as the cube 
root of the displacement. The resistance to 
hydrostatic pressure of the hull of a submarine 
is nut subject to this law, and it has only to 
be considered sufficiently to ensure a more than 
adequate resistance to longitudinal flexure on the 
surface. An empirical calculation based upon the 
comparison of two submarines having both hulls of 
satisfactory strength, with widely different displace- 
ments, shows an increase in the fraction of weight 
of hull in the proportion of the sixth root of the 
displacement to be sufficient, in place of the cube 
root. The adoption of this hypothetical law in- 
creases the fuel endurance from 1400 miles to 
2600 miles at 17 knots for the submarines of 
the future, having a displacement of 1000 tons 
on the surface. Beyond the displacement of 
1000 tons, the fuel endurance would continue to 
increase, and would not have reached a maximum 
at a displacement of 2000 tons. If the gain 
due to larger dimensions be applied to an 
increase in s , the fuel endurance remaining 
constant at 1 miles, the maximum speed, taki 
the first law, would be 17.73 knots only, and aoa 
be reached with about 1000 tons. or the same 
displacement, and taking the second law, the speed 
would reach 19.7 knots on the surface. 

In preparing the earlier études for a submarine to 
have a fuel endurance of 2000 miles when navigat- 
ing on the surface, the fraction of the weight attri- 
butable to the hull has been taken as constant (as 
is done with ordinary to: o-boats), no law of 
comparison applicable to the case of resistance to 
hydrostatic pressure being available. 

The theoretical determination of the resistance of 


‘submarine hulls to compression has been gone 


into by several French naval architects. Mr. 
Marbec has dealt with it in a report on the flexion 
of elastic rings submitted to compression, and 
Mr. Simonot hag carried out numerical calcula- 
tions on the subject. Mr. Doyére has also con- 
tributed an étude, which he has not, so far, carried 
toa conclusion. No very definite conclusions having 
been arrived at in regard to the relations between 
the moments of flexion in the case‘of similar sub- 
marines, Mr. Bertin obtained from Mr. Marbec, 
in May, 1914, a note on the similitude of sub- 
marines which shows more isely than a simple 
iri i ww of increase of 


fraction of weight attributable to the hull as the 
isplacement increases. 

e may recall that the hydrostatic varies 
from one point of the hull to another, the trans- 
verse dimensions of submarines being in no way 
negligible quantities in regard to the depth of 
immersion. 

According to Mr. Marbec’s formule, the fraction 
of weight attributable to the hull of submarines in- 
creases as the sixth root of the displacement, thus 
confirming the empirical calculation; but this 
law applies only to a degree of immersion such that 
the upper plating of the submarine is level with the 
water surfacé. Should the depth of immersion for 
which the resistance of the hull is calculated 
become such that the hydrostatic pressure on the 
hull might be consid uniform, the fraction of 
weight attributable to the hull relatively to the 
framing would be constant. In this latter case, the 
advantage of the increase in displacement would 

ually lessen, but would never become nil. 

e absolute limit beyond which there was a loss 
would only be found with large. displacements, 
where the exigencies of surface navigation would 
come into play. 

In the intermediate conditions, which are those 
of actual practice, between immersion at the water 
surface level-and immersion at infinite depth, the 
expression for the fraction of weight attributable 
to the hull includes two terms, one proportional to 
the sixth root of the displacement, and the other 
constant. : 

As showing the difficulty of establishing wholly 
satisfactory laws of comparison, Mr. Bertin observes 
that there can be no similitude between the stresses 
developed at corresponding points of two submarines 
of different dimensions. uality of stress may be 
obtained at two homologous points, but will not 
exist at other points. The results of compression 
tests made occasionally on models are therefore 
liable to error, except in the case of very high 
pressures corresponding to an immersion at a very 

reat depth. Equality in the stress at two homo- 
ogous points exists, moreover, only for a deter- 
mined depth, and disappears at other depths. 





DOCK WALLS. 

ENTHUSIASTIC professors occasionally claim that 
engineering has advanced from the status of an 
art to a science, but even the most sanguine would 
hardly venture to assert that it was an exact 
science. Given certain constants, the mathema- 
tician can readily deduce approximate expressions 
for the factor of safety of many engineering struc- 
tures, but at least one half of the engineer’s diffi- 
culties lie in fixing the values of the constants to 
be used by the computer, and in this task he finds 
himself between the devil of danger and the deep 
sea of excessive expenditure. Safety first is, no 
doubt, an excellent motto, and where human life 
is at stake is subject to but few exceptions, but it 
was a very experienced railway engineer who main- 
tained that in most countries a wash-out of some 
part of 1000 miles of line should be expected every 
ten years, if the line had been built with due regard 
to economy. In no department of work is the 
fixing of appropriate coefficients more difficult than 
in dock engineering, as was very clearly demon- 
strated in the noteworthy paper read week 
before the Concrete Institute by Mr. F. E. Went- 
worth Shields, M. Inst. C.E. Mr. Shields remarks 
that the structural engineer has reasonably definite 
ideas as to the factor of safety of such structures 
as he erects. Even so, however, it must be 
admitted that colossal mistakes are made at times, 
such as was exemplified, for instance, by the recent 


collapse of.the t crane built for Panama by the 
Deutache inen Fabrik, of Duisberg. Hap- 
penings such a8 ‘this show that even structural 


engineering has not yet been reduced to a science, 
a in fact, our own view is that such failures as 
do occur nowadays are generally to be traced to the 
computer’s misplaced confidence in the complete- 
ness and adequacy of the accepted theories of 
resistance. Calculations are in consequence used 
not as an-aid to,but as a substitute for, thought, 
and indeed details appear at times to have been 
designed mainly with an eye to easing the work of 
the computer rather than with prime regard to 
mechanical considerations. 

Nevertheless experience proves that a 
bridge-building has not wholly passed from the 
stage of an art into a science, it is undoubtedly true 





that it has progreseed much further in this process 
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of evolution than most other departments of engi- 
neering. Nowhere else are stresses so relatively 
simple and easily determinate. A fair guess can 
be made at the average stress on any bridge 
members, and accumulated experience makes it 
possible to fix factors of safety with reasonable 
certainty, though opinions may still differ widely 
on minor points—such, for example, as to the 
effect of impact, 

The dock engineer is in a much less favourable 
position. A dock wall is in some respects analogous 
to a masonry dam, but, unlike the latter, is com- 
monly founded not on solid rock, but on a soft and 
yielding bed. Moreover, in the case of a dam the 
lateral forces tending to move the structure parallel 
to its base, or to overturn it, are capable of being 
estimated with much accuracy, but no similar cer- 
tainty is possible when this thrust arises from earth 

ressure. Rankine, it is true, deduced formule 
or the earth thrust and for the supporting power 
of foundations, which appear to be reasonably reli- 
able when the material in question is sand or gravel 
or similar granular material, and these formule 
have been very generally used in fixing the propor- 
tions of dock walls. There, have, however, been 


Fig.1. 
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very many failures when these formulz have been 
applied to walls founded on a clay foundation and 
backed by clay. 

In his paper Mr. Wentworth Shields has given a 
most instructive discussion of observations made 
on the walls of the Empress Dock, Southampton. 
The general section of this wall and its original 
situation is indicated by the dotted-out line in Fig. 1. 
The wall was built in trench, the foundation being 
64 ft. below the intended bottom level of the dock, 
and its height was 45 ft. from the dock bottom to 
the coping-level. The lower part of the wall was 
backed by clay in its original state, and above this 
level the backing consisted of similar material ex- 
cavated from the dock. On removing the ground 
in front of one len of the wall, the latter slid 
forward bodily to a distance which, as a maximum, 
reached 23 ft. This it did although the foundation 
was slightly sloped from back to front, compelling 
the whole mass to move uphill. No tendency was 
shown for the wall to tip forward, but it simply slid 
outwards, pushing ahead of it the ground in front of 
the toe. 

As a result, the whole wall had to be taken 
down and rebuilt, with the foundations at a level 
of 15 ft. below dock-bottom, instead of 64 ft. 
The full lines in Fig. 1 represent the results of an 
attempt made to avoid the need for rebuilding in 
the case of the other walls of the dock. Buttresses, 
20 ft. long, 15 ft. wide, and 12 ft. deep, spaced at 
30-ft. centres in the clear, were constructed in 
front of the toe in the hope that the additional 
resistance thus provided would suffice to prevent 
sliding, but this hope was disappointed. 

Mr. Wentworth Shields expresses, however, the 
opinion that success might have been attained had 
the buttress been carried underneath the wall by 
underpinning. Another plan was tried to save the 
west wall, the backing being removed to a depth of 
13 ft. below quay-level and replaced by a viaduct, as 
indicated in Fig. 2. In this case no movement 
occurred until the water was admitted to the dock, 
subsequent to which small movements were — 
taking place, and elaborate strengthening wor 
had accordingly to be undertaken. 

Taking the angle of repose of the clay as 26 deg., 
and the coefficient of friction as 0.3, Mr. Went- 
worth Shields finds that Rankine’s formule give a 
resultant unbalanced outward lateral force of 6.3 
tons per foot run of wall, The of the 
backing thus calculated is 27.8 tons, which is re- 


sisted by the friction of the base and by the resist- 
ance of the ground in front of the toe. The latter 
is, however, only 2.9 tons by Rankine’s formula, 
the frictional resistance being 18.6 tons, or more 
than six times as great. It will be seen, there- 
fore, that much depends on the coefficient of 
friction adopted. Mr. Wentworth Shields notes 
that for clay the engineer has a choice of values 
snes from 0.1 to 0.6, as shown by the annexed 
e:— 


Coefficient of 
Friction. 
Dry gravel or sand or clay ... 0.5 to 0.6 
Moist < na pa 0.3 
Wet clay 0.1 to 0.2 


Adopting the same values of coefficients as before, 
Rankine’s formula shows that with the foundations 
deepened to 15 ft. the resistances to motion exceed 
| the outward lateral thrust by 1.6 tons, and the wall 
| thus rebuilt has stood without shifting, but the 
nominal factor of safety is small. 
| Not the least interesting part of Mr. Wentworth 
, Shields’s paper is a comparison he makes between 
| the stability of the wall as calculated by Rankine’s 





Mr. Wentworth Shields gives in his paper the 


oe values of k and a, as determined by Mr. 


k a 

Tons . Fe. o 

Very soft puddleclay _..... ete os 
Soft puddle clay... 0.3 3 
Moderately firm clay 0.5 5 
Stiff clay ed si 0.7 7 
Very stiff boulder clay 1.6 16 


As applied to the walls of the Southampton 
Dock, Mr. Wentworth Shields finds in most cases 
no great difference between the results given by 
Rankine’s formule and by the newer expressions 
of Mr. Bell, but with low walls he remarks that 
the lateral thrust would be greater by Rankine’s 
formule than by Bell’s; whilst with very high 
walls, the values given by Bell’s formule are much 
greater than by Rankine’s. This is in accord with 
experience, which shows that with low walls 
retaining clay, the lateral thrust is much less than 
that culated by Rankine’s formule, whilst 
failures are by no means infrequent with high 
walls retaining this material. 





formule (which, strictly speaking, are applicable 








) 


only to granular material), and by the new for- 
oe recently established by Mr. A. L. Bell, ina 

per read last session before the Institution of 

ivil Engineers, and of which a long abstract 
appeared in our issue of January 15 last. In this 
abstract it is pointed out that Rankine assumed that 
the resistance to sliding along any plane was 
directly proportional to the normal pressure on 
that plane, and Mr. Bell found this to be sub- 
stantially true for sand. When, however, clay was 
used instead of sand in his experimental apparatus, 
the resistance to sliding was no longer proportional 
to the normal pressure, but was a linear function of 
this pressure, being represented by :— 


q=k+ptana, 


With sand, gravel, or similar material, k is zero, 
and Rankine’s rule is correct. 

Using the true law for clay, Mr. Bell arrived at 
formulz for the resistance in various cases, which 
we reproduce below from our issue of January 15 
last, page 71 :— 





r; = maximum intensity of horizontal 
material in front of a wall at any depth d 
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Mr. Bell’s formule are, unfortunately, a little 
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7 3 
(samy p-Tons per Square Foot. 
complicated, and to facilitate their use Mr. Went- 
worth Shields has drawn out the diagram which we 
reproduce in Fig. 3, from which the lateral pres- 
sure exercised by different varieties of clay at 
different depths can be read directly. 

At Southampton the earth in front of the walls 
was excavated Sates filling the dock, a course which 
is obviously advantageous so far as the handling of 
the material is concerned. On the other hand, 
the admission of water before excavation greatly 
reduces the liability of the wall to move forward. 
In his ae Mr. Wentworth Shields gives a 
striking illustration of the success of this plan in 
the case of a dock wall at Calcutta, 46 ft. high, 
founded on material said to resemble putty. 
Although earth was left in front of the wall to a 
depth of 26 ft. above foundation, the yates oa 
to move forward when the backing was raised to 
within 24 ft. of cope-level. This slipping was 
stopped by admitting in water to a height of 42 ft. 
above the foundation level, and no further motion 
oceurred on finally removing the earth in front to a 
depth of another 16 ft. Mr. Wentworth Shields, 
accordingly, advises that during construction of 
dock-walls in the dry a certain amount of earth 
should be left in front until the water is admitted, 
unless the conditions are such that the wall is 
stable without this assistance. 

Where instability is feared, Mr. Wentworth 
Shields remarks that matters may be improved by 
increasing the width, and we reproduce from his 
paper Fig. 4, which represents a very successful 
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and economical wall built at Montreal. As shown, 
the base is very wide, being three-quarters of the 
height This great width was rendered necessary 
by the fact that the lower part of the wall is a 
massive timber crib filled in with rubble. Since in 
gravity walls much of the bulk is serviceable 
merely to im weight on the base, it is un- 
necessary to build the whole of the wall of solid 
and strong concrete, and Mr. Wentworth Shields 
recommends the use of hollow monoliths or 
caissons filled with sand, rubble, or weak concrete. 
An excellent example of this is, he says, afforded 
hy the walls at Avonmouth Dock, a section through 
which is reproduced in Fig. 5. 

Where trouble is experienced, much can be done 
/ replacing a clay backing by ashes where avail- 
able. Had this been done at the Empress Dock, 


+3241 


tion is low, its resistance can be increased by ex- 
tending the toe, as was done in the case of the 
wall shown in Fig. 6. The toe here projects 9 ft. 
in front of the wall, by which means the maximum 
bearing pressure has been kept down to about 
4 tons per sq. ft. The toe is secured against being 
broken off by a reinforcement of old ab. 





NOTES. 
STEAM FROM JAaCKET-WaTER OF JNTERNAL- 
ComBusTION ENGINES. 

In a paper read before the Cleveland (Ohio) 
Engineering Society by Mr. J. B. Merriam, the 
author advocates the use of the water-jackets of 
internal-combustion engines for steam - raising. 
With a water supply at atmospheric pressure the 
temperature of the jacket cannot be allowed to rise 
above 150 deg. Fahr., since at higher temperatures 
there is a tendency for bubbles to form on the 
jacket surfaces, which check the interchange of 


*| heat between the circulating water and the cylin- 


26° | der-wall. If, however, the jacket be put under 
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Mr. Wentworth Shielde calculates that the hori- 
zontal thrust tending to displace the wall would 
have been reduced from 27.8 to 16 tons per foot 
run, and he notes a case in which further move- 
ment of a wall 56 ft. high was arrested by replacing 
in this way the uppermost 10 ft. of the clay backing. 
Sloping the base from back to front is, he con- 
siders, an excellent device, as in such case the wall 
must, if it moves, either slide up-hill or shear through 
undisturbed and virgin material. This plan was 
followed in the case of the White Star wall at 
Southampton, the highest yet built on a clay foun- 
dation, and of which a section is shown in Fig. 6. 

Piling is, he notes, of little use to take Tateral 
thrust, but may help a weak stratum to the 
weight of a heavy wall. If used, piles should be 
driven, not plumb, but to sucha slope that the 
resultant of the weight and lateral thrust is parallel 
to the length of the piles. 

Anchor-ties have been frequently adopted, but 
are generally placed too far apart to be of effective 
service. At Southampton, for example, an 
attempt was made to secure, in this way, an old 
wall that was giving trouble, anchorities 2} in. in 
diameter being inserted at intervals of 30 ft. At 
best these would suffice to take a thrust of not 
more than 1 ton per foot run of the quay, whilst 
the pressure of the backing was from 10 to 15 tons 
per lineal foot, so that the gain was far from com- 
mensurate with the expense. In fact, Mr. Went- 
worth Shields states that an examination made 
some years after the ties were put in place showed 
every one to have been torn asunder, although the 
wall was still standing. 


Where the weight-earrying power of the founda-- 





pressure, higher temperatures involve, he finds, 
no danger, whilst the efficiency of the engine is, he 
claims, somewhat improved. If at the same time 
the exhaust gases be used in a well-designed gas- 
boiler, some 50 per cent. of the total B.Th.U. 
supplied to the engine become available for steam 
— In some experiments made by the author 
a jacket steam-generating plant was fitted to a 
gas-engine having cylinders 12} in. in diameter by 
14 in. stroke, and developing 150 horse-power at 
full load. A centrifugal pump was used to circu- 
late the water at a high velocity through the 
cylinder-jackets. Thirty minutes after starting up 
the steam pressure rose to 10 lb. per sq. in., and 
pressures as high as 50 1b. per sq. in. have been 
reached in subsequent tests. The results attained 
in tests at various outputs are tabulated below :— 














1. i. | Foll 
—- Load. | Load. | Load. | Load. 
Brake horse-power ae --| 4 77 112 151 
Gas consumption per horse- 
power hour (without boiler)) 17.53 | 12.58 | 10.35 | 9.58 
Gas consumption r horse-| 
power hour (with boiler) | 14.3 11.4 9.78 9.23 
Temperature of water supply 
eg. F.| 52 52 52 52 
Temperature of inlet to cylin- 
der oe ee eg. F.| 263 | 258 253 253 
Temperature of outlet to cylin- 
er ee oe deg. F., 260 | 262 266 2°67 
Temperature of exhaust mani- 
fold oe oe deg. F.| 256 257.5 260 260 
Steam pressure (gauge) | 
lb. per 8q.in.| 17.5 17.75 18 18 
Weight of water evaporated) | 
per horse-power hour Tb, 7.3 5 4.3 3.7 
Temperature of exhaust gases) | 
deg, — | — — | 950 





The weight of water evaporated per horse-power 
hour increases as the load falls off, because the 
engine takes more gas to develop one horse-power 
at low load than at full load. © engine experi- 
mented with was, Mr. Merriam states, of the vertical 
type, and he claims that with large horizontal 
engines a still higher proportion of the waste heat 
could be recovered m the jacket water and 
exhaust gases—enough, he declares, to supply a 
low-pressure steam-turbine developing from 12 to 
15 per cent. of the rated full-load output of the 
gas-engine. It appears to us, however, that the 
blocking up of the jacket-chamber and its con- 
necting passages by the deposit from the water 
evaporated would, in most cases, greatly limit the 
a plieation of the system advoca by Mr. 
erriam. 


Insurance AGarnst ACCIDENTS IN DENMARK. 


The Danish Government has introduced into 
the Legislature a new measure dealing with insur- 
ance against accidents, which very materially 
extends the obligation of employers to insure their 
employees. Its governing principle is this: that 
every employer must insure his em me B this 
applies to industry, commerce, and trade, and every- 

y who in Denmark carries on economic occupa- 
tion, and who in his service employs others—for 
instance, workmen, officials, clerks, shops assistants, 
servants, &c.—is under obligation to insure his 
employees. Officials and clerks with a yearly salary 
of more than 1701. are excepted, and persons 
engaged in accidental and tempo’ work. Ship- 
ping, fisheries, iculture, horticulture, &c., are 
separately dealt with. The State and municipalities 
are not bound to eover their risk by insurance, but 


all other employers have to insure in companies 
approved of by the Government. Should an em- 
ployer isil in this respect and be unable to 
meet any consequent claim, the State makes any 
deficiency good to the employees in question, 
having, of course, a claim upon the employer. 
Whilst the insurance, as a rule, must be effected 
under penalty, with approved insurance companies, 
& new organisation is introduced, an ‘‘ insurance 
union,” which comprises the different kinds of 
shipping and the fisheries. A peculiar feature of 
this insurance union is the rule that all employers 
to whom it refers are considered as members of the 
union, irrespective of their having entered the 
union or paid any contribution or subscription ; 
in consequence, it will always be for the union to 
y any compensation to the employees in question. 
n principle the new measure retains the present 
arrangement, according to which it rests with the 
insured to provide the necessary medieal assistance, 
&c. ; an exception is made with cases where the 
injured is a member of a sick fund, which does not 
rovide that special treatment which the Insurance 
rd considers necessary for the best possible 
cure. It is also proposed that the insurance 
companies shall provide bandages, artificial limbs, 
spectacles, &c., unless the injured is a member 
of asick fund which undertakes the necessary re- 
sponsibility in this connection. Aid of this kind 
on the part of a public institution is not to 
be looked upon as pauper aid. The daily com- 
pensation is reckoned from the day when the 
monetary assistance from the sick fund ceases, 
though not later than the commencement of the 
fourteenth week after the happening of the acci- 
dent. The maximum of compensation per day is 
increased from 2 kr. to 2.50kr., the minimum being 
1.33 kr. (ls. 6d). The eompensation in cases of 
disablement and death is also increased, the limits 
being 200]. and 3301. for continuous deterioration 
of ability, and at death 133]. and 2227. For a de- 
terioration of earning ability less than 10 per cent. 
no compensation will be given for the future. The 
rules for compensation to those left have also been 
altered. Widowers are placed on the same footing 
as widows when the dead woman regularly joined 
in earning the livelihood. The work of the Board 
or Council, as it is called, will, it is expected, be 
doubled by the new measure ; the present annual 
number of cases is about 6500; but, according to 
the new measure, 12,000 cases per annum are 
anticipated. 





Tuer InstITUTION OF CrviL ENGINEERS: AWARDS FOR 
Paprgrs.—The Council of the Institution of Civil Engi- 
neers have made the following awards for papers read 
and discussed during the session 1914-15 :— 
Gold Medal to Mr. A. L. Bell (Rosyth); Telford Pre- 
miums to Mr. C. W. Anderson (Chakrad 
Sir Thomas Mason aren 3 , ae Be 
ere ; and Mr. H. E. Yerbury (Sheffield); and the 

ton Prize to Mr. F. D. Evans (Kuala Lumpur, 
——- The awards for papers to be published in the 
P. ings without discussion will be announced later. 





Excingen VOLUNTEER TRAINING Corps.—The replies 
received to the ci recently issued by the Institution 
of Electrical Engi to the members residing in the 
London district have been communicated to the Central 

iation of Volunteer Training Corps, whose engi- 
neering adviser is of opinion that the response received is 
sufficient for the matter to be proceeded with, and enrol- 
ment forms have accordingly been sent to all those who 
have ~~ willingness (conditional or unconditional) 
to join posed corps. Further enrolment forms for 
members whose residence or occupation is in the don 
district can be obtained at the titution of Electrical 
Engineers, Victoria Embankment, W.C. 


Tue Late Mr. Giuseprpe Fara.—As announced on 
page 390 ante, Mr. Giuseppe Fara died at San Remo 
towards the end of February last. The following par- 
ticulars of the career of the eminent Italian engineer are 
taken from the Rivista Tecnica delle Ferrovie Italiane 
of the 15th inst. Fara was born at Fermo in 1856. After 
studying at the Arts and Crafts School of his native city, 
he entered the railway works at Rimini as a pupil ap- 
prentice. After four years of practical training, which 
revealed his ex! i engineering bilities, he 
was appointed a tsman in the rolling-stock de- 
partment of the Meri Railways at Florence, where, 
after a short time, he was placed a steege of the de- 
signing of new material. His work in this respect led 
to the formation of a body of Italian technical men 
whose efforts rendered the Italian railways independent 





of all foreign technics, particularly of t of German 
origin. W the Italian railways were placed under 
State t, Fara, in less than two years, was 
able to design twelve new types of engines and twenty 
new types of vehicles to meet the varying requirements of 
the service. He was of a most genial disposition, and 


was held in sympathetic admiration by all his colleagues 
en the Italian State Railways management 
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THE LATE MR. EDGAR N. MOONEY. 


WE regret to have to announce the death of Mr. 
Edgar Nunn Mooney, on the 24th inst. The Royal 
Corps of Naval Constructors has lost in him one of its 
most talented members. Although his devotion to duty 
prevented him from making any public contributions 
to the science of naval architecture, his practical work 
in warship design was known and acknowledged 
throughout the Naval Service, and among all those 
concerned in warship construction. 

He was born on July 12, 1869, and was the second 
son of the late Rev. T. P. Mooney, of St. Denys, 
Southampton. He received his early professional 
education in H M.S. meng 3 and the Royal 
Naval Engineering College, Keyham, tollowed later 
by three years at the Royal Naval College. There he 
had a most distinguished career, obtaining the highest 
honours, and was specially promoted on leaving 
Greenwich in 1893 to Second-Class Assistant Con- 
structor, when he was appointed to H.M.S. Empress of 
India, and later to H.M.S. Repulse for sea-training. 
As an Assistant Constructor he took charge of the 
drawing-office at Chatham, and afterwards at Devon- 
port. He took a responsible part in the building of 
H. M.S. Encounter. 

It was, however, on his appointment as Constructor 
at the Admiralty, in 1903, that he commenced the 
work for which he will be best remembered. He was 
there closely associated, under Sir Philip Watts, 
K.C B., with the designs of many of our later battle- 
ships. He was alsoa member of the Committee on 
Ventilation of Warships in 1913-14, for which service 
he received the thanks of the Lords Commissioners of 
the Admiralty. His death will be felt as a deep 
personal loss by all the Admiralty Constructive staff, 
and by warship builders with whom he came in con- 
tact, and the deepest sympathy will be felt with his 
widow and young family of two boys and one girl. 





UTILISATION OF SotaR Engrcy.—Last Wednesday, 
April 28, Mr. A. S. E. Ackermann, B.Sc. (Engineering), 
read a paper on “‘ The Utilisation of Solar Energy,” at 
the Royal Society of Arts. Ina paper of the same title, 
which he brought before the Society of Engineers a year 
ago, he dealt particularly with the plant which Mr. 
Frank Shuman had put down at Meadi, near Cairo, in 
Egypt; Mr. C. V. Boys and Mr. Ackermann bad been 
consulted in connection with this project. We com- 
mented on this plant in our issue of April 10. 1914, on 
page 495 of vol. xevii., and Mr. Ackermann replied to our 
remarks on page 569 of the same volume. Last Wednes- 
day Mr. Ackermann did not give any later particular- 
concerning this, so far the most efficient installation, in 
which an over-all efficiency of 4.3 per cent. was attained. 
His paper was & sy acceptable, detailed, historical 
résumé of the many little successful experiments and 
attempts made to drive machinery by sun-power since the 
days of Archimedes, and probably very long before that. 
The ‘“‘hot-box” (a wooden air-tight box, blackened 
inside, and covered with two sheets of glass, separated by 
an air space), we find. is due to the Swiss geologist, 
H. B. de Saussure (1766). Mr. Ackermann speaks first 
of William Adams, a registrar of the High Court of 
Bombay, 1878, as the only Englishman who worked on 
the practical side of the problem; but he mentions 
afterwards the distillation plant of J. Harding, 1883. 
Among the chief names in this domain are, of course, 
A. Mouchot, J. Ericsson, 8. P. Langley, A. G. Eneas, 
H. E. Willsie, O. Féry, G. Millechau, and C. G. Abbot. 
Mr. Ackermann added to his paper an appendix on the 
theoretical efficiency of solar-heat absorbers and engimes, 
and a bibliographical list. 





ELECTRICALLY - Conpuctine Oris. — The electrician 
generally wants his oil to be an insulator, while the 
engineer does not much trouble whether or not his 
lubricant is a conductor of electricity. It is, however, 
important to know that certain substances impair the 
insulating power of oils. B. Holde noticed in 1900 
that the heavy mineral oils will dissolve soaps (the 
alkali or pet! Fgue salts of the fatty acids), and 
form with them a kind of ointment. These pastes 
did not resist the long-continued action of water, however. 
From the Berichte of the Deutsche Chemische Gesell- 
schaft, which have now become accessible in, we see 
that the calcium and otber salts of the naphthalene acids 
resemble soaps, and that their emulsions with heavy 
mineral oils are not attacked by water. This property 
his already been utilised by B. Ubbelohde for i 
rifle grease required for neutralising the acid nitrous de- 
ae products of smokeless powders, which attack 
the barrels of the rifles. The naphthalene acids are by 
products in refining lubricating oils. The naphthalene 
acids themselves, Holde finds, do not affect the in- 
sulating power of heavy mineral oils to any great 
extent ; but the addition of soapy salts does. Whether 
this property could further be utilised is uncertain. 
There is a demand for conducting lubricants for 
rolling contacts; for these purposes, graphite seems 
more suitable than oil, however. Yet it is interesting 
to remember that benzene is, according to M. M 
Richter, rendered less liable to become electrified by 
friction, and to be ignited by the electric sparks which 
are dreaded in be ny oy Ne magnesium oleate is 
added to the benzene ; the benzene thus treated conducts 


ing | against 7.7 per cent. for the previous year. The change 


IRON AND COAL IN GERMANY. 


Reports from the Western Prussian district state that 
the upward movement, which commenced about the first 
week of February in the mining and iron industry, has 
extended in all directions at a rate no one could antici- 
pate. Coal is scarce and the Coal Syndicate is not in 
a —— to supply the home demand, although the 
military authorities also do their utmost to advance the 
output. The prisoners of war who have been placed at 
the disposal of the industry have so far behaved in the 
most excellent manner. ‘They work willingly and dili- 
gently, and after some practice they attain fair efficiency, 
th above and below ground. The production from 
coal-mines is therefore likely to increase within the next 
few months, but it will not suffice for the home require- 
ments. As both wages and, toa very greatextent, explo- 
sives and other necessities rise in price, coal-mining 
concerns nolonger find the recent increase in the quotations 
remunerative, and a further rise in the quotations for 
coal and coke from September 1 is expected. 



























































recently-i prices are paid without demur, and the 
demand for contracts for the second quarter is so r) 
that the Pig-Iron Union hardly knows how the available 
——— will be distributed. The foundries are 

ecidedly better employed than in the busiest times of 
peace, and they are asking for quantities two, three, and, 
In some cases, six times greater, which exorbitant require- 
ments the Pig-Iron Union has to reduce in proportion to 
the amounts available. 

The scarcity as 8 finished goods is no less pro- 


with specifications for bar iron, wire, and plates, and the 
time for delivery is being more and more extended. The 
demand sends the prices up, and in the first days of 
April 130 to 140 marks were asked and obtained for bar 
iron, and 130 to 140 marks for wire, at Oberhausen, 
according to iv and kind. Considerable orders are 
received from Holland and Italy, which is attributed to 
Germany’s submarine warfare against England. 

ming n>w to particular concerns, the large Gelsen- 
kirchen Company, which has a capital of 180 000,000 
marks, recently issued its report for last year. The divi- 
dend has fallen from 11 per cent. for 1913 to 6 per cent. 
for 1914. In August the union price of pig-iron was 
raised 5 marks, on account of increased working expenses 
and higher prices for iron ore ; a further rise of 10 marks 
for hematite pig-iron followed, on account of the difficulty 
in obtaining ore low in phosphorus. Of the Gelsen 
kirchen blast-furnaces, five were in operation when the 
war broke out, but two were put out, and one of the two 
in operation at Duisburg. © home business in cast 
pipes suffered to begin with, owing to the uncertainty 
about the continuance of the Cast-Pipe Union. More than 
one-third of the hands were called to the front, and the 
work was reduced ener The resumption of the 
goods traffic towards the end of August gradually brought 
about a somewhat increased activity in pipes, &c., and 
military contracts (ammunition) gave increased employ- 
ment. There was also a lively sale to Holland and the 
Scandinavian countries at ceomewhat higher prices during 
the last quarter of 1914. 

In the Aachen Hiitten Union ecection there was no 
disturbance in the working to speak of during the first 
seven months of last year, and all the six blast-furnaces 
of the Adolf-Emil Hiitte were in operation. Of the 9853 
men employed in the Aachen, Luxemburg, and Lorraine 
sections, 2368 had been called to the front by October 1. 
The working of the iron-ore deposits in Lorraine and 
wa; 3 was reduced to half the usual extent. At 
Deutech-Oht all the company’s blast-furnaces had to be 
put out; at Esch two, and at Adolf-Emil Hiitte three, 
and the production of steel was reduced in 8 gs ee to 
the decreased number of hands. Sales, which literally 
stopped when the war broke out, only increased little by 
little, the production eventually being brought up to 
60 per cent. of the normal. The number of ds em- 
ployed at theend of the year was 48,342, against 52,959 at 
the end of the pas year, to which must be added the 
number of 2381 officials, against 2435 a year previously. 
The output fell off as shown below :— 


1914. 


tons 
Coal 10,350,000 8,520,000 
Coke ... 2,430,000 2,230,000 
Rriquettes 243,000 200,000 
Ore... 3,990,000 2,630,000 
Pig-iron 1,580,000 1,140,000 
Steel ... = ... 1,000,000 780,000 
Rolled goods ... io 160,000 3,000 
Foundry products ... 220,000 116,000 


The Diisseldorf Tube Industry, which is a jointconcern 
with the Gelsenkirchen, paid 4.2 per cent. for 1914, 


in the manufacture of this branch by going in for steel 
bottles and pressed-steel shells only came into effect this 


year. 

The report of the Buderus Iron Works, Wetyear, 
which is paying no dividend for 1914, inst 7 per cent. 
for the preceding year, there being a loss of 611 marks, 
against net profits of 1,978,282 marks for 1913, tells the 
common tale of the effect of the war, which manifested 
itself in a further decline in the consumption of pig-iron. 
Some of the company’s iron works near the French 
frontier had to stop work ee 

The Silesia Iron Works, at Paruschowitz, in Upper 
Silesia, like the Buderus Company, is unable to pay an 
dividend for 1914, whereas 8 per cent. was paid i 1913, 
the net profits having fallen from 944,195 marks to 115,847 





tbe eurrent, as was demonstrated by G. Just: 


marks. The formation of a German enamelled wares 
union had been delayed by the war; and the union of 


The market for pig-iron is exceedingly firm; the} H. B 


nounced than that of pig-iron. The works are overloaded | th 








een cet marae wares works for export, which was to 
have transformed into a central selling bureau for 
German, Austrian and Hungarian works in 

1914, has under the circumstances been prolonged to 
December 31, 1915. The Kraft Iron Works pay for last 
year a dividend of 6 per cent., against 12 per cent. for 


the pooceting year. 

though the payem | Tron and Mining Company 
has not done nearly so well in 1914 as in 1913 (the respec- 
tive surpluses being 2,626,681 marks and 4,305,878 pee we 
it is able to pay a very handsome dividend—viz., 17 per 
cent. for last year, against 25 per cent. for 1913. It 
must be admitted that many of the large and medium- 
sized undertakings in this and kindred industries in 
Germany have been able to Lm bape J shareholders very 
substantial dividends fr a number of years, while at the 
same time care has always been taken to consolidate the 
financial position of the companies. 
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ImpeeiaL Institute: Leorures on THE Ewprre.—Dr. 
" Gray, formerly headmaster of Bradfield Coll 

has recently been appointed official lecturer at the ,~ 
perial Institute, in order to give short lectures on the 
resources of the countries of the Empire, illustrated by 
the unrivalled collections of exhibits which are to be 
seen in the various courts assigned to those countries in 
the public exhibition eries of the Institute at South 
Kensington. Since the beginning of last month a suc- 
cession of such lectures has been delivered at the Insti- 
tute by Dr. Gray, chiefly to schools in London and its 
neighbourhood, in connection with the school teaching of 

geography of the Empire. In addition to hase leo 
tures to schools, it is now intended to arrange a week! 
lecture in the exhibition galleries, of a less formal kind, 
for members of the general public in connection with the 
exhibits illustrative of the t condition and re- 
sources of the Colonies and India. The first of these 
lectures will be given on Wednesday, May 12, at 3 p.m. 
on “Canada and Newfoundland,” and will be followed 
each week in May, on Wednesdays, at 3 p.m. by short 
illustrated lectures on other countries of the Empire in 
turn. A separate announcement will be made with 
regard to the lectures in June. No charge will be made 
for these lectures. Admission will be by ticket, to be 
obtained at the Imperial Institute, South Kensington. 
jn number attending each lecture will be limited to 

ty. 





StanparD Rims ror Pneumatic Tyres.—A report of 
considerable importance to the motor-car and cycle 
industries has just been issued by the Engineering Stan- 
dards Committee. This report, which the Committee 
have prepared in conjunction with the Society of Motor 
Manufacturers and Traders and the Cycle and Motor- 
Cycle Manufacturers and Traders’ Union, gives the 
Committee’s recommendations with regard to standard 
rims for pneumatic tyres for motor-cars, motor-cycles, 
and ordinary cycles. The report contains particulars and 
drawings of the profiles of the standard rims, ther 
with instructions for marking or branding them. I also 
gives particulars of the tolerances allowable, and refers 
to the gauges which have besn brought out by the Society 
of Motor ufacturers and Traders and the Cycle and 
Motor-Cyele Manufacturers and Traders’ Union for ascer- 
taining whether or not rimsare made tostandard. Thereare 
eight standard rims for motor-cars, and a similar number 
for motor-cycles and 7 cycles; the latter rims are 
also suitable for side-cars carriers. The completion 
of the work marks a decided step forward in one of the 
most important of British industries, and we have no doubt 
that the rims will be largely, if not universally, adopted. 
We understand that the War Office and Admiralty are 
omy proposes to 4 o amy gg —y~ in 

is report. © price of the re is . 
and it is publis for the Gommitice ceasch Gece 
Lockwood and Son, of 7, Stationers’ Hall-court, E.0. It 
may be obtained through any bookseller, or direct from 
the offices of the Committee at 28, Victoria-street, West- 
minster, 8.W. 





Diese. Enoing-Users’ Association.—At the April 
meeting of this Association, held at the Institution of 
Electrical Engineers, several engineers having the control 
of Diesel-engine plant were elected members. A standard 
oy for insurance at we yabd ey breakdown, which 

formulated and idered at several meetings 
of the committee, was submitted for consideration and 


licy and its conditions 
J ed and ado . The question of lubrication 
of engines was brought forward for conridera- 
nr, the discussion of this subject was opened by Mr. 
H. L. Alderton, who emphasised the importance of care- 
fully selecting the best oil for cylinder lubrication. He 
further referred to the fact that apparently large engines 
required more oil in proportion to their output than the 
smaller engines. Jn the further discussion it was shown 
that practice varied considerably in regard to the use of 
one or several oils with Diesel ines. In some cases one 
class of oil was used choomsuent the engine. and in others 
different oil. for the bearings, cylinders, and compressors. 
The methods of filtration of oil and the extent to which 
filtration was carried out also showed a considerable 
amount of variation and difference of opinion. It was 
decided to ask for returns from the members giving infor- 
mation as to the methods of lubrication, with quantities 
and costs in connection with their various plants, and to 
further diecuss the subject of lubrication at a subsequent 
potion. The next meeting is to be held on Wednesday, 
May 19. Information and particulars concerni the 
Association can be obtained from the Saing Som 

tary, Mr. Percy Still, 19, Cadogan Gardens, ion, 5. W, 








500 ENGINEERING. [AprIL 30, 1915. 








UNIVERSAL HORIZONTAL DRILLING AND BORING-MACHINE FOR ORDNANCE WORK. 


CONSTRUCTED BY MESSRS, WILLIAM ASQUITH, LIMIT#D, ENGIN&ERS, HALIFAX. 
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I N the illustration above we show a large horizontal spindle. An idea of its size may be obtained from | which the standard carriage is traversed by — 
drilling, tapping, boring and milling-machine recently | the facts that the traverse of the standard on the bed the control being arranged on™ the saddle co as to, 
construc by Messrs. William Asquith, Limited, | is 10 ft., while the vertical movement possible of the | convenient of access to the operator. The carriage 
Halifax. This machinefoonsists of a heavy traverse | saddle on the standard is 8 ft. |ean be clamped in any position on the bed. ee r 
bed, a standard supported by it, and a saddle for the | The bed is provided with wide, flat slides, along | also slow hand adjustment of the carriage on the bec 
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as well as an independent feed motion for millin 
operations. The standard is of massive and rigi 
design, so as to stand well "P to the heavy work for 
which the tool is intended. It can be pivoted round 
on the carriage through 90 deg.; that is, 45 deg. on 
either side of the central position in which the spindle 
axis is at right angles to the bed of the machine. This 
movement is effected by a ratchet gear. 

The standard carries on wide, flat slides a saddle 
having, as already mentioned, a vertical adjustment of 
8 ft. The saddle is moved by power, the control bein 
on the saddle. Slow hand-adjustment is also provid 
for fine setting. For milling operations independent 
variable-feed motions are provided for the saddle, to 
permit of milling vertical and angular faces. The 
saddle is balanced, the balance-weights being suspended 
by chains carried over pulleys at the top of the stan- 
dard. The operator’s platform is attached to the 
saddle, and rises and falls with it. By an arrangement 
not shown in our illustration the saddle may be brought 
right down to the foot of the standard without being 
interfered with by the platform. The saddle is pro- 
vided with a swivelling arrangement, so that the 
spindle can be ranged over 60 deg.—namely, 30 deg. 
cheve and below the horizontal. The spindle can be 
locked in any position within this range. The spindle- 
sleeve is long and of large diameter. By a friction- 
lock the spindle can be held in any position in the 
sleeve for milling operations, &c., — 
accuracy. The spindle is 7 in. in diameter, has 
an adjustment of 5 ft. Quick hand-adjustment enables 
it to be run up to, or away from, work, while slow 
hand-feed is provided for fine adjustment. Eight 
positive self-acting feeds are available for the spindle, 
any of which can be used with any spindle speed. 
The latter range from 150 to 15 revolutions per 


minute, so that the tool can be used for light or heavy | p 


work. The spindle is fitted with a reversing motion 
for tapping, studding, under-cutting, &c. 

The tool is driven by a variable-speed electric motor 
placed at the back of the standard and coupled direct. 
All control-handles are within easy reach of the plat- 
form. The driving-shafte are of high tensile steel 
running in either gun-metal bushes or in ball-bearings. 
To prevent overrunning and damage, electric automatic 
stop; are provided in connection with the various 
adja:tmente. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information on these ~—" 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 


Canada: The Imperial Trade Correspondent at Toronto 
reports that a company has been incorporated, with a 
capital of 300,000 dols. (about 61,700/.), for the purpose 
of building a factory in Ontario for the manufacture of 
galvanised steel and iron sheets. 


Spain : The Gaceta de Madrid notifies that tenders wil) 
be opened at noon on May 10, at the Direccién General de 
Obras Publicas, Ministerio de Fomento, Madrid, for the 
construction of a dock at the port of Torrevieja, in the 
Province of Alicante. The estimated value of the contract 
is 705,211 pesetas (about 29,380/.); a provisional deposit of 
7053 pesetas (about 290/.) is required to qualify any tender. 
The works must be commenced within a period of sixty 
days from the date of the award of the contract, and must 
be completed within six years. The conditions of contract 
contain clauses to the effect that at the first competition 
the materials to be used will be confined, with certain 
exceptions, to products of Spanish manufacture, but that 
in the event of no decision being arrived at a second 
competition, in which foreign products may bys ac- 
cepted, will then take place. In the latter event 
Spanish products will have a 10 per cent. margin of 
preference over foreign. With reference to the invita- 
tion for projects for the construction of a railway from 
Madrid to tne port of Valencia, the Guceta de Madrid 
publishes a notice to the effect that the period fur the 
receipt of these proj-cts at the Direccién General de 
Obras Piiblicas, Madrid, has been extenaed to eighteen 
months trom February 21 last. The notice also contains 
the text of additional regulations governing all projects 
of electric traction submitted in this connection. The 
Gaceta de Madrid also contains a notice, issued by the 
Ministerio de Fomento, approving the distribution of a 
credit of 7,287,354 pesetas (about 303,600/.) for expendi- 
ture, during the current year, on hyd:aulic works in 
connection with various land drainage and canal, &c., 
schemes. With reference to the call for tenders for the 
construction of an electric tramway in Sin Cristobal de 
la Laguna, in the Canary Islands, the Gaceta de Madrid 
hotifies that the concession has been awarded to the 
Sociedad de Tranvias Eléctricos de Tenerife. 


Brazil: The Diario Oficial, Rio de Janeiro, publishes 
a Decree approving the p'ans for the construction of a 
Station and other buildings at L»yges, on the Central Rio 
Grande do Norte Railwsy, at a total estimated cost of 
384,158 milreis. Of this sum, 83,253 milreis is allotted for 
the construction of the railway station, 84,250 milreis for 
& goods warehouse, 160,854 muiireis for a locomotive dépds, 
45 670 milreis for a_wagon-shed, and 10,131 milreis for a 
coal-store, (Milreis = about 1s. 1d. at present rate of 
exchange, ) 


THE RESISTANCE OF MERCANTILE 
SHIP FORMS. 
Further Model Experiments on the Resistance of Mercan- 
tile Ship Forms and the Influence of Length and Pris- 
matic Coefficient on the Resistance of Ships.* 
By J. L. Kent, Associate Member. 
(Concluded from page 477.) 
Mopet Experiment REsvtts. 

To trace the effect on the resistance of a ship of a 
change in the prismatic coefficient or length, an exami- 
nation of the methodical series of model experiments 
biished by Messrs. R. EK. Froude, D. W Taylor, and 
. 8. Baker has been made. All the models are com- 
pared at the same displacement (10,000 tons), and the 


©) values for the residuary resistances at speeds given 


by— 
v2’ ¥ 

have been obtained and plotted to a base of length of 
ship. These values of (®) were chosen because, at the 
speeds so defined, the c: mparison of the general wave- 
making was not obscured by any fortuitous interference 
between the bow and stern systems ; except in ro far as 
form of ends—as distinct from fullness of ends—has a 
little Ae paw on the —_ at ae the hump occurs, as 
pointed out in an earlier paper. For present purposes, 
these speeds may be regarded as giving the same wave 
conditions in every case. It should be noted that shi 
with different prismatic coefficients and different lengths 
will have the same speed for the same () value, if the 


product of the prismatic coefficient and length is the 


same, rince V = 1.34 \/ P L (®). 

Dr. R. E, Froude’s Methodical Series A.t—In this 
series the midship section coefficient (0.8775) and the ratio 
D (= 2.59) remains the same, and all models of the same 


type have the same prismatic coefficient. Therefore, for 
the same displacement and prismatic coefficient a decrease 
in length is accompanied by an increase in B and D. 
For the value (*) = 1, curves of ©), for several 
prismatic coefficients are plotted to a base of length of 
ship in Fig. 6. The curves show that for these speed 
conditions :— 

(a) ©)n increases with prismatic coefficient, for the 
same length ship. 

(5) ©)p increases if the length is decreased, for the 
same prismatic coefficient. 

(c) An increase in the prismatic coefficient, accom- 
panied by a decrease in length, eo that the speed remains 
the same, will cause x to increase still more rapidly. 
The two following tavies illustrate these points :— 


Taste III.—TZable of ©). at (*)=1 and Varying 


Prismatic Coefficient for Ships of 450 Ft. Length and 
10,000 Jons Displacement. 


M'dship 


the prismatic coefficients, there should be a sufficient 
increase in length, accompanied by ad in Band D, 
to prevent In increasing ; and, conversely, a decreage 
in prismatic coefficient may be accompanied by a decrease 
in length and increase in B and D without increasing 
R at (P) = 1. 
Dr. R. K. Froude’s ‘‘Methodical Series B” (Trans- 
actions of the Institution of Naval Architects, 1904)* 
shows precisely the same characteristics as Series A with 
regard to the values of ©), at (®) = 1, and the same 
conclusions may be drawn. A cowparison of the A and 
B series is given in Tables V. and VI., and leads to 


Taste V.—Comparison of Dr. R. E Froude’s 
A and B Series 


©)p at (P) = 1 for Ships of 430 Ft. Length and 
10,000 J’ons Displacement. 


| | 














Ship Dimen- Prismatic B | “ 
Gertes. sions. Coefficient. | D ©), 
| tt ft | 

A 450 x 64.4 x 24.85, 0.554 | 259 0.266 
B 460 x 74.6 x 21.44) 0.554 | 3.474 0.301 
A 1450 x 62.5 x 24.15) 0.586 2.69 0.812 
B 1450 x 72.5 x 20.84, 0.586 8 474 0.339 
A 450 x 61.9 x 23.86 0.601 2.59 0.360 
B 450 x 71.5 x 20.59 0.601 8.474 0.430 


TaBLe VI.—Cumparison of Dr. R. H. Froude’s 








A and B Serves. 
©), at (©) = 1 for Ships of 10,000 Tons Disp'acem: nt 
at 20 Knots. 
| Ship Dimen- | Prismatic B 
Series. sions. | Voefficient. D ©)s 
| a ig, A, AS ck 
ay a 
A 402.0x68.1x26.3| 0.654 2.59 0.305 
B | 402.0% 78.9227) 0.644 8474 | 0.866 
A 380.0 68.1X26.3| 0.586 2.569 | 0.857 
B 380.0X78.9x22.7| 0.586 3.474 0.400 
A | $70.5 x 68.1 x 26.8 0.601 2.59 0.440 
B 370.6X789x22.7| 0.601 3.474 | 0.655 


the conclusion that for ships having the came displace- 
ment, length, prismatic and midship section coefficients 


(therefore having @) = 1 at the same speed), ©r ab 
()= 1 increases as the ratio D increases. Lieut.-OColonel 


Rota’s varying La Seriest also supports this con- 


clusion, as is shown in Table VII. 


TaBLE VII.—Lieut.-Colonel G. Rotfa’s Varying Briadth 
and Draught Series (Trans. Inst. N.A., 1905). 


Effect of ratio 4 on ©)r values at (?) = 1 for Ships of 
10.000 Tons Displacement at 22 3 Knots, 








Taste IV.—Talle of ©), at (*) = 1, the Suan 


Di creasing as the Prismatre Coefficient Increases so that 
the Specd Remains the Same, 


Midship 
Ship Dimensions. | Prismatic | Section Speed. (0 
Coefficient. Coefficient. | ©), 





fo. ft. ft. | knots 

402 x 68.1 x 26.3 0 554 9.8775 20 0.305 
380 x 68.1 x 263 0 586 0.8775 20 0.357 
370 x 68.1 x 26.3 0.601 | 0.8775 20 0.440 


For this scries of models it can be stated that with a 
fixe! midship sction coefficient, moving (*) =ltoa 
higher speed by increasing the prismatic cortticient and 
decreasing B and D, leads to greater ©n values at 
(®) =1; while increasing the length, keeping the same 
prismatic coefficient, and decreasing B and D so that 
G again moves to a higher speed, leads to lower R 
values at () =1. The Jatter charge, however, increases 
the wetteu area for a given displacement, and the gain 


due to residuary re+i,tance must be balanced against the 
loss due to skin friction. 





Ship Dimensions. Prismatic Section ©) Ship Dimen- _ Prismatic | B | 

Coefficient. | Qoefticient. " Type. "sions. Coefficient.) ob | ©r 
ft. fe. ft. ft. f ft. 

450 x @4.4 x 24.85 0.554 0.8775 0.266 1 492 x 49.2 x 29.36 0.564 | 1,667 0.20 
450 x 62.5 x 24.15 0.586 0.8775 0.312 2 492x615 xZ3.51 0.564 | 2.616 0.26 
450 x 61.9 x 23.85 0.601 0.8775 0.360 3 492 x 73.83 x 19.57 0.564 3.771 0.30 
4 492 x 86.12 16.78 | 0.564 6.130 0.36 
6 492 x 98.40 14.68| 0.664 6.704 0.40, 





The above is true if the midsh p section coetficient 
remains the same. The effect on the ©)n values at (?) 
=1of varying this coefficient can be oveained from Mr. 
D. W. Taylor’s paper. 

Mr. D. W. Taylor's Midship Section Series.t~—The 


©) values at ®) = 1 and Ji 


section coefficients are plotted to a base of length of ship 
in Fig. 7. There are two sets of curves for (P) =1:— 


One for each of the prismatic coefficients 0.56 und 0.68. 
All the models in each of these sets have the same dis- 


placement, prismatic coefficient, and a ratio. From 





fur the same midship 


these curves it is ._—~ that increasing the midehi 
section coefficient, keeping the same pnsmatic coeffi- 


cient, reduces x for the same length ship. (See also 


Tape VIII.—Efect of Change in (©), at (*) = 1 Due to 
Change in Midship Section Cor fficunt. 





: 7 = 
Midship | sealed 

p Dimen- Prismatic 
Section Coefficient. | Speed. ©)s 








If (@) =1 is moved to » higher speed by i ing 
* Paper read before the Institution of Naval Architects, 
March 25 1915. 
Dispt.)# ©) v3 
+ E.HLP, = (Disp ; = Total 
427.1 Orn © 
- ()s value for skin friction. 


tions of the Institution of Naval Archi 














Coefficient. | sions. 
i ow ww I | knots 
0.8 450x711 x2%4.3 0.56 21.27 0.308 
09 450 x 67.2 x 28.0 0.56 | 21.27 0.291 
1.0 450 x 63.75 x 21.8 


0.566 | 21.27 | 0.280 
| \ 


* ENGINEERING, vol. lxxvii., pages 459 and 466. 

+ Transactions of .——— as eee Soe 
1905 ; ENGINEERING, vol. lxxx., pages 90 an > : 

t Transactions of American Society of Naval Archi- 





> Tr 
1904 ; ENcIngERING, vol. lxxvii., pages 459 and 466. 








tects and Marine Engineers, 1908. 





i 
i 
| 





Ko? ENGINEERING. [APRIL 30, 1915. 


ing for ships having the same prismatic 
Table VIII.) The ©pn curves at On, for 0.68 ont, orem Be yd sd tans} i of parallel less the (C), value. 


’ body. Th th tic coefficients—viz., 0.68, < ae 
ae y- ere are three prismatic ’ At(p)=~—7= the lengths of parallel bod the 
prismatic coefficient show the same general characteristics 0.74, and 0.80. At @) = 1, 0 per cent. of parallel gives () J2 Y giving 


as those at (*) = 1, but in a less degree. The midship| 4. jeast z Values for all three prismatic coefficients. least ©rn values for the same length ship are :— 














section coetticients from 0.7 to 1 have practically no | 7. curves show that for the same percentage length of ae we me ee = gees 
effect on the ©r values for 0.56 prismatic coefficient at| parallel body, the larger the prismatic coefficient the — 68 = 

1 greater the ©)r value for the same length ship ; and for 0.74 24 
() g J2 | the same prismatic coefficient, the longer the ship the 0.80 30 


Pig. &. R.&. FROUDE’S METHODICAL SERIES A. 


TRANS, INST.N.A. 1904. 


CURVES OF RESIDUARY (c) FOR SHIPS OF 10.000 TONS DISPT. AT SPEEDS V =1'34 JPL KNOTS 


SCALE OF RESIOLARY © 









320 330 340 350 360 370 380 asc 400 410 ,~ & BS ‘Gr wanee ee one in oanv 470 460 490 500 
Dr. R. E. Frowde’s Type 1 A Series and Mr. D. W. Fig. 7. 0.W.TAYLOR’S ALTERATION IN SHAPE OF MIDSHIP SECTION. 
Taylor’s Midship Section Series for 0.56 Prismatic Coeffi- Ps 
cients.—These two series have practically identical pris- (SOC, OF NAVAL ARCHITECTS AND MARINE ENGINEERS, U.S.A. 1908.) 


matic coefficients, and for ) = 1 and midship section 


- . c RESIDUARY © FOR SHIPS OF 10.000 TONS DISPT. AT SPEEDS V =1°34APL, 
coefficient = 0.8775 the residuary (©) curves cross at eras oe — 


about 510 ft. length for a ship of 10,000 tons displace- 1°34 “/ a KNOTS. 
ment, where the dimensions are :— 
‘68 PRISMATIC COEFFICIENT 














v . 2 n B | prismatic —————— — S56 PRISMATIC COEFFICIENT 
. * | D | Coefficient. 2 
Dr. R. E.Froude’stypelA,| 510 60.5 | 23.4 | 2.59 0.554 
Mr. D. W. Taylor’s mid-| | | ‘1 
ship section series ..| 510 | 63.9 | 20.9 


2.923 0.56 


Mr. Taylor’s models have less ©), values for longer : 


lengths than 510 ft., and greater ©). values for shorter 


lengths than Dr. Froude’s. The area curves for each 
series for the same length ship show that Mr. Taylor’s 
models were somewhat fuller in entrance and finer in run 
than Dr. Froude’s. 


























Mr. D. W. Taylor's Parallel Body Series.*—The (G), eg 
i 
values at (P)=1 and '_ for the different models are H 
J ° ° ° ° 
plotted to a base of length of ship in Fig. 8 (page 503), 8 
Taste X.—Effect of Fullness of Prismatic Coefficient on , 
Residuary (©), Ourves at Speeds given by Various () - 
Values. 2 
- — 0 
| | 0 
pe | Prismatic 
<" B) | Coefficients. 
~ | tes | eo 
=s8 ¢ ede eee Chasester of 
5 S| a | sy a rm 
fseitigi s 
“skid § s COROD| 
s24)§/2|8 3 - © “© 
ft. 
Srcrion A 
© | 411,.679|.72 ) .688 308 0.199 |Full bow 
416 .655| 672 .638 | .195 0.152 |Medium bow 
421 .682| .625, .638 160 0.127 | Fine bow. 
na| mcd oe| ae | os (ern i A yk TT a rn 
413 870.6% 688 | :168 | 0.121 |Finebow. SCALE OF LENGTH OF SHIP IN FEET 
30.0 | 398|.775|.72 | .688 | ‘910 0.206 Full bow 
| 396 ta ‘ore 638 | .655 0.225 Medium bow. |TABLE LX —Errect or FuLitNgss or Form on Restwuary (©) Va.ugs, AT SPEBDS GIVEN BY VARIOUS (P) Vauors. 
399 .742|.625 1638 | 1426 0.194 |Fine bow. - 
60.0 | 381 |.850).768, .688 — | 1.058 Full bow. ES AS Ne Re Sa Read eee a el EO saan 
| 884 .827|.672) .638 _ 0.625 Medium bow. l | 1 
886 .816!.625, .638 | 9 — 0.523 Fine bow. 3. @ = ® = 1, (®) = pei 
Sxorion B. Cootines 2 v3 nal 
Joefficien 
; | Sts ns! 672! “ess te ote lee s | haracter of Bow Water-Lines. 
| 422 .625|.672| (678 ‘201 0.166 |Fine stern, § & ee _____ 
10.45 | 408 .719).672| :700 ‘288 =| 0.183 |Full stern. E & iow TPES parry l 8 t. |Hollow.|Medium| Straight. 
| $03 oo pi ous 303 | 9 176 Medium aon, |“ S Total. |Entrance.| Run. Hollow. | Medium Straight. | Hollow.| Medium Straigh | “ —— 
e - ° - ne rn. ) ' 
- 0 416 | 0.655 | 0.672 | 0.688 | 0.188 0195 | O301 | 0.129 | 0152 0.197 | 0. 
30.0 = (ox a | = a a. 10.45 408 | 0.601 0.672 | 0.688 | 0.313 0.263 | 0,813 | O68 | O176 | O20 | 0140 ) Qass 
eve] ‘e783 | | ee 30 306 | 0.758 0.672 0.688 0.83 0.655 0.615 | 0.275 | 0.225 0.273 | 0.221 3 
so.0 | Seu\-sasl ers] cron | oan ao 50 384 0.827 672.688 | — _ | ages | 0.625 0.425 | 0.484 | 0852 | 0.827 
7 _ . stern. , F 4 
884 .827 .672) .688 | _ 0.625 (Medium ste B. Character of Stern Water-Lines. 
887 .812 .672) .578 | _ 0.439 Fine stern. 0 416 0.655 0.672 0.688 | 0.213 0.195 | 0.195 0.178 | O152 | O.142 | 0.189 | 0120 = 
ne ts a 10.45 498 0.691 «=—-«0.672,- | «688 | 0.253 | 0.263 | 0.253 0.167 | 0.176 | 0.154 0.142 ous = 
. : A . 30 306 | 0.758 0.672 | 0.638 | 0.751 | 0.655 | 0.501 | 0.258 | 0.225 | 0.241 as | ome) om 
Transactions of the foatne Beaty of Naval| 50 384 | 0.827 | 0.672 | 0.638 ~ —- |‘=- 0.656 | 0.625 | 0.459 | 0.46 
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Mr. @. S. Baker’s Methodical Series.*—In this series, | 
models with the same ———_ coefficients of entrance 


and run were tried with 0, 10.45, 30, 7 —- of 
parallel body. The ©rs values at Onn; ; a ~ 


i for 10,000 tons displacement, are given in Table IX. | 
4 | 
Ta Table IX. all models have the same prismatic coefii- | 
cients of entrance and run, the same displacement, | 
and the same total length, for the same percentage 
jength of parallel, the difference being in the curvature 


| and 


In Table X. for each percentage length of lel body 
three models are given ; a full, medium, and fine entrance 
prismatic coefficient being associated with the same pris- 
matic coefficient of run in Section A; and a full, medium, 
d fine run prismatic coefficient, with the same entrance 
prismatic coefficient, in Section B, A comparison of the 


©rz values for each percentage length of parallel body 
at the same (?) value shows that the residuary resistance 


increases in going from the medium to the full prismatic 
coefficient of either entrarice or run, and diminishes for 





ordinate of the correct 7 curve for the required length 
of ship by 
® — Area of wetted surface 
(Cubic displacement)# 


Verging SOneeee the experimental] results 
given in this paper are for vessels of 10,000 tons displace- 
ment. To obtain the value for a ship of different 
displacement and similar form proceed as in the follow- 


Fig.8. D.W. TAYLOR'S EFFECT OF PARALLEL BODY ON RESISTANCE. 


(Soc. OF NAVAL ARCHITECTS AND MARINE ENGINEERS, U.S.A. 


1909.) 


CURVES OF RESIDUARY ©) FOR SHIPS OF 10,000 TONS DISPT. AT SPEEDS V =1'34A/PL. AND 


ISMATIC 


= N w > w 


© PRISMATIC COEFFICIENT 68 


° 


SCALE OF RESIDUARY 


1 
14350.F) 





LENGTH OF SHIP IN FEET. 


of the water-lines at the bow or stern. If ©, for the 


same () value is plotted as ordinate to a base of 
total prismatic coefficient for Section A, it will be seen 
that the medium bow-lines give an av curve between 
the hollow and straight-line models. @ hollow bow- 
lines have less g Values for the smaller prismatics 


and greater ©)p values for the larger prismatics than 
the medium lines, and vice versd for the straight bow- 
lines. Section B, treated in a similar manner, shows that, 
generally speaking, the straight-line stern is better, and 
the hollow-line stern worse, than the medium line at all 
Prismatic coefficients, 





* Transactions of the Institution of Naval Architects, 
1914; ENGINEERING, vol. xcvii., pages 463 and 465, 





13a 4/ PL 
2 


KNOTS. 


450 500 
LENGTH OF SHIP IN FEET 


th 
of parallel body the total prismatic onefficients for the 
full-entrance models and full-run models are approxi- 


the finer prismatics. For the same percentage leng’ 


mately the same, and for the fine-entrance and fine-run 
models also. The residuary resistance at the same () 


value is greater for the full entrance than for the full 
run, and 1s less for the fine entrance than for the fine run. 


Skin Friction.—Of the total ©) value, only that por- 


tion due to residuary resistance has been considered ; the 
remainder, due to skin-friction resistance, can be calcu- 
lated from formule derived from the plank experiments 
of Mr. W. Froude. Fig. 9 has been drawn from these 


formule, and the skin friction ©) value for a ship of any 
length and speed can be obtained by multiplying the 





450 
LENGTH OF SHIP IN FEET 


ing example :—Suppose the ©) value for a ship of 33,750 


tons dis ment and 750 ft. length is required. A 
similar ship of 10,000 tons will be 


Pint 
750 x / 10,000 — 500 ft. long. 
33,760 


The ©)e value for a 10,000-ton ship of 500 ft. length 


will be the same as that for a similar ship of 33,750 tons 
displacement and 750 ft. length at the corresponding 


Vv 
speed—i.c., at the same ° 
JL 
The skin friction (¥)s value will be different, and can 





be found from Fig. 7, page 502, as explained above. 
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The total (0) value = ©x + @s =z (©), and the 
© * (displacement)# v3 
 : eres 


DIAGRAM FOR ESTIMATING 
VALUE FOR SKIN FRICTION. 


vo oetermine (®), muctipcy onpinate ey ©) 


E.H.P. 





Fig. 9. 


SCALE OF ORDIMATES FOR SER PRICHON © VALUTS 





—< 
(4%e4) 


The author's thanks are due to Mr. G. 8S. Baker for his 


advice, help, and cpecasnqamans in the preparation of 
this paper, and to Mr. G. H. Bottomley and Staff of the 
Tank for their assistance in the experimental work. 





CATALOGUES, 

Air-Compressors and Blowers.— Messrs. Lacy-Hulbert 
and Oo,, Limited, of 91, Victoria-street, Westminster, 
8.W., have sent us some lesflets giving particulars of 
small rotary blowers and air-compressors manufactured 
by them. 

Lightning-Arresters.—A price-list of lightning-arresters 
has recently come to hand from the British Thomson- 
Houston Company, Limited, of Rugby. These arresters 
are intended for use on continuous-current circuits with 
working pressures up to 850 volts. They consist of a 
tingle —_oP in series with a non-inductive resistance, 
and protected by means of a magnetic blow-out coil con- 
nected in parallel with part of the resistance. The parts 
are enclosed in a strong box e of brown-glazed porce- 
lain. Prices are stated for the arresters, and also for 
spare resistances and reactive coils. 


Machine-Tools.—We have received from Messrs. James 
Bennie and Sons, of Clyde Engine Works, Govan, 
Glasgow, a catalogue giving full particulars, with prices, 
of punching and shearing machines, cropping-machines 
for rolled-steel sections, notching hi splitting- 
shears, most of which are constructed with steel-plate 
frames, though some have frames of cast steel. The firm 
inform us that they have been making steel-plate-frame 
machines for some years, but they have largely developed 
this class of manufacture during the last few months, and 
are now in a ition to popply all types and sizes of 
machines listed in Messrs. ’ catalogue. 


Machine-Tools.—The April number of the “ pees 
Reporter,” which is published by the Niles-Bement-Pond 
Company, of 111, Broadway, New York, U.S.A., is 
especially interesting at the present time, as it is devoted 
entirely to machinery for making guns and projectiles. 
It illu: trates and describes heavy lathes for turning and 
boring projectiles up to 16 in. in diameter, an hydraulic 
projectile press, heavy gun-lathes, rifliog-machines, lathe 
attachment for forming stepped threads on breech-blocks, 
radial drills, boring and milling-machines, boring and 
turning-mills, slotting-machines, planing machines, and 
other tools suitable for the manufacture of war munitions. 
A number of very interesting photographs of the shops of 
the Washington Navy Yard and other arsenals in which 
the tools are employed are reproduced. As is usual with 
the firm’s publications, the oumber is extremely well 
printed, the illustrations ere considerably above the 
average quality. 

Motor-Converters. — Messrs. Bruce Peebles and Co., 
Limited, of Edinburgh, have issued a new edition of 
their pamphlet dealing with Peel les-La Cour motor-con- 
verters. The principle of these machines is now too well 
understood to need any explanation but we may 
mention that they combine all the advantages of motor- 
generators and rotary-converters without their disadvan- 





tages, and also some valuable features peculiar to 
themselves. The pamphlet explains the prin- 
ciples of the machines with the aid of d and also 
deals with their construction and operation. ter- 





istic curves of sets for lighting and traction loads are 
reproduced, and a number of sub-stations in which motor- 
converters have installed are illustrated by repro- 
ductions from photographs. An interesting comparison 
is drawn between the characteristics of motor-converters, 
rotary converters, and motor-generators with induction 
motors or synchronous motors, and the pamphlet con- 
cludes with a list of the more important users of motor- 
converters built by the firm. 


Helm-Ind‘cator for Ships.—A circular illustrating and 
describing their luminous he]m-indicator for ships has 
been issued hy Mev-ers. Siemens Brothers an be 
Limited, of Woolwich, London, S.E. The indicator, 
which is fitted on the bridge or in the wheel - house, 
shows, by means of illuminated windows, when the 
rudder is amidships and when it is hard over to port or 
starboard. There are three windows in the indicator, a 
central one glazed with white > iam, and others on 
the left and right-hand sides, gla with red and green 
glass respectively. An incandescent electric lamp is 
placed behind each of the windows, and the lamps are 
switched on and off by a transmitter placed near the 
rudder-post, and connected to it by a pair of rods. Eac 
time the rudder passes through its central position the 
central white window is illuminated, so that a practically 
continuous check on the accuracy of the telemotor, or 
means of controlling the steering-engine, is obtained. 
The other lamps are only lighted when the helm is in 
one of its extreme itions. It is claimed that the 
ap tus is much simpler and more reliable than other 
helm-indicators which are designed to show the position 
of the rudder over its whole movement. 


Fans.—We have received from the Sturtevant Engi- 
neering hag vs Limited, 147, Queen Victoria-street, 
E.C., two booklets dealing, respectively, with their 
**Monogram” and steel-plate fans. The former are 
designed for general industrial purposes where air has 
to ce citiverel against a moderate resistance, such as 
blowing smiths’ fires, dust-exhausting, transportang grain, 
&c. They are constructed with a balanced steel-plate 
wheel enclosed in a cast-iron shell, which is made in 
halves and bolted together. They are arranged for 
driving by belt, or for direct ease 
or electric motors. The booklet illustrates and describes 
the fans, and also illustrates some of their applications. 
Full particulars are given of the different sizes made for 
blowingand exhausting. The steel-plate fans are intended 
for handling large volumes of air through ducts or piping. 
Two types are made : a heavy type for dealing with dust- 
laden air and for heavy work generally, and a multi-vane 
type for lighter work. Both types comprise a balanced 
steel blast-wheel, which revolves in a scroll casing, con- 
structed of steel plates and strengthened with angle- 
irons. They are suitable for driving by belts or silent 
chains, and also for direct coupling to steam-engines or 
electric motors. Numerous examples of these fans, and 
several installations, are illustrated in the booklet, and 
particulars are given of standard sizes. 


Magnetic Separator.—Some particulars of a new type 
of electro-magnetic separating- machine for treating 
feebly-magnetic ores have come to hand from the Rapid 
Magnetting-Machine Company, Limited, of 18, Crescent, 
Birmingham. Briefly deccribed, the machine comprises a 
vertical, two-pole electromagnet placed under a travelling 
belt which carries the material to be treated. Above the 
belt are two ge py iron bodies, larger in diameter 
than the width of the belt, and carried on vertical shafts, 
so that they rotate in a horizontal plane. These bodies, 
or discs, as the firm call them, are magnetised by induc- 
tion from the electromagnet, so that they pick up mag- 
netic material from the belt, carry it out of the magnetic 
field, and then drop it on either side of the belt. The 
first disc is placed only partly in the magnetic field. 
It is therefore not very strongly magnetised, and thus is 
only capable of picking out pieces of iron or other highly- 
magnetic material. The other disc, however, is placed 
between the two poles of the electromagnet in the 
strongest part of the field, so that it can pick out much 
more feehly-magnetic substances. With these machines 
it is —— to place the discs so that the field strengths 
at their edges increase successively, and by this means 
products with four different degrees of magnetic per- 
meability may be separated from a non-magnetic residue. 





ON THE STRENGTH AND SPACING OF 


TRANSVERSE FRAMES.* 
By C Fropsuam Hott, B.Eng., Stvdent. 


TuHIs paper has besn prepared from the results of the 
first part of the work carried out at the University of 
Liverpool in connection with the Post-Graduate Scholar- 
ship in Naval Architecture awarded by the Commis- 
sioners of the Exhibition of 1851, to which the author Lad 
= — of being elected by this Institution in Decem- 


I.—Tue Osject or THE WorRK. 


§ 1. The object for which the work has been under- 
taken is the determination of the criterion of strength 
adopted in modern merchant with the idea that 
this may facilitate future developments in structural 
arrangements. 

§ 2. In order toattain this object it has been necessary, 
first to form a reasonable estimate from theoretical con- 
siderations of the forces the structure of a vessel is called 
upon to resist, and then to compare with this estimate the 
power of resistance that is actually offered by the struc- 


. Paper read before the Institution of Naval Architects, 
March 24, 1915, 








ture. This comparison has been made over as wide a 

range as possible for well-established modern practice, as 

represented by the ?—— rules of the principal regis- 

tration societies. he present paper deals with the 

strength of side frames, and also with the relation be- 

tween the unsupported area of shell-plating and its 
ickness. 


II.—Srrencrs or Sipe FRAmgs. 


§ 3. Nature of the Calculations.—The side-frame girder 
has been treated as a continuous beam, supported at the 
tank-side and decks, and Joaded by the external water 
pressure, as well as by the thrusts and bending moments 
transmitted from the deck cargo by the beams and knees 
at the various decks. The curve of bending moments and 
the reactions at the supports have been calculated by the 
use of the theorem of three moments. 

§ 4. The Load on the Frames (see Fig. 1).—The ex- 
ternal water-pressure load is that due to a head of water 
extending to the summer freeboard mark. The free- 
boards have been obtained from the current tables, and 
are appropriate to standard vessels having a length-depth 


h | Patio of 12, the maximum sheer allowable, and 30 per 


cent. of their length covered by erections (forecastle and 
poop) above the upper deck. For one size of vessel 
(moulded depth = 35 ft.) the effect of varying the free- 
board over a range of 6 ft. was investigated. The deck 
loads are due to homogeneous cargo, of density 60 cub. ft. 
per ton, carried in all the tween decks, and to a height 
of 5 ft. above the upper deck. The case was also investi- 
gated in which there were no deck loads, the vessel being 
still immersed to the full load draught. The vertical 
thrusts and the bending moments transmitted to the 
frame by the beams have been considered as those due to 
the cargo immediately above that half of the span of 
the beam between the vessel’s side and the first row of 
pillars which is nearer to the vessel’s side. (See Fig. 1, 
page 505.) This method is approximate, but if the deck 

m is treated by the theorem of three moments, the 
values of the vertical thrusts and bending moments so 
found are practically the same. 

§ 5. Various Assumptions.—For the purpose of this 
investigation, the following assumptions were made :— 
(1) That the length of the vessel is twelve times the 
moulded depth, and that the breadth is cne-tenth the 
length, plus 10 ft. (2) That the section of the vessel is 
of the amidship depth, the side being straight above the 
level of the tank top. (3) That the reverse trame extends 
to the second-deck stringer, but to the upper deck in 
single-deck vessels. (4) The height of the double bottom 
has been chosen arbitrarily, and conforms practically to 
the minimum requirements of the registration societies. 
(5) That the frame is rigidly fixed in direction at some 

int in the tank-side bracket, and also at the upper 

eck ; while at the intermediate decks or tiers of beams 
it is freely supported. (See Appendix I. for further notes 
on this question.) 

§ 6. Range of the Calculations.—The range of the cal- 
culations is practically that covered by the rules of the 
registration societies for vessels fitted with double 
bottoms. Seven values of the moulded depth have been 
taken, and for these the curves of bending moment: 
determined at the values of ‘‘ Moulded Depth to Lowest 
Tier of ms,” shown in Table I. This table also gives 
the principal dimensions, draught, and the number of 
decks assumed, in each case. 

§7. Results of Calculations: Curves of Bending Moments. 
—in making the calculations it was necessary to con- 
struct the whole bending-moment curve; Figs. 2 to 6 
show typical examples of these, both when deck cargoes 
are carried and ulso when there are no deck loads. ‘he 
maximum value of the bending moment occurs at the 
level of the tank top, being of such a nature as to cause 
compression in the inner flange. In practically every 
case the bending moment caused when there are no deck 
loads is in excess, the only exceptions being in the smaller 
ships having a small value of h when it reaches a maxi- 
mum at the lowest tier of beams if deck loads are carried. 
Even when the vertical thrust taken by the frame is 
included, the stress at the tank-top level is of the same 
order in each case, and is nearly always slightly greater 
when there are no deck loads. In the case of single deck 
vessels, however, both there curves are identical. . 

§ 8. An analysis of these results shows that the maxi- 
mum bending moment at the level of the tank top at 
side can be expressed in the form— 

M=s{A(d=t) +B} (i.) 
Where 
M = the maximum bending moment at the level of 
the tank top (in foot-pounds). 

3 = frame spacing (in inches). 

d = draught (in feet). eet. 

t = height of tank top at side (in feet). ; 

1 = h — t= length of lowest span of frame (in feet). 


A, B, and n are constants depending on the number of 
decks and on the density of the deck cargo. 
Figs. 7 to9 give a comparison between the values of 


y given by equation (i.), and the results of the calcula- 


tions. For single-deck veseels the values of A and B are 
0.2046 and zero respectively, while n = 2. The expres- 
sion for M is then of a form in which all the variables are 
of the order of magnitude that one would expect from 
first principles. hen, however, there is more than one 
deck, the value of nis 1.7 and of A 0.88. The constant 
B then depends on the density of the deck cargo, being 
zero in the case where no deck loads are carried, and 
— 200 when the deck cargo has a density of 60 cub. ft. 
per ton ; and it would appear from several calculations 
im which a density of 45 cub. ft. per ton was used, that 
B varies directly as the density of the deck loads. In 
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making this analysis, it was found that the general dimen- 

sions of the vessel—viz., moulded depth, draught, and | 
moulded depth to lowest tier of beams—cannot satis- 
factorily be used as variables to represent the results in | 





tion the frame-girder has been assumed, composed of the 


frame proper and an amount of shell-plating, measured 
fore and aft, equal to twice the depth of the framing. 


This amount was selected only after many trials, and 


























readily be determined for any given depth and thickness 
of frame, in conjunction with any thickness of shell- 
plating. In constracting these curves the frame and 
the reverse frame were assumed cf equal scantlings. 



























































































































































the form of an equation; while the height of ’tween | chiefly because it gave batter consistency to the results| A very close approximation to the cross-sectional (A) of 
decks and the _—_ of the structure above the level of | than was otherwise possible. It seams reasonable to| the a hemmed er” is given by 
the lowest tier of beams, though these have some bearing | assume that the shell-plating does take some share of the 
on the loads due to deck cargoes, have no visible effect | work done by the frame-girder. It is interesting to note A=u@¢ See (iii.) 
on the value of the maximum bending moment. from Fig. 10 that there is a little advantage to — y 
: : here 
tained, as fa ts effect on — or | ™ ~ 
Fig.1. THE LOADS ON A TRANSVERSE FRAME. ee @ = 2.65 ¢ + 1.89 
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§ 9. Applicztion to the Strength of Frames.—The stress | TABLE I. q 4 
at any point in the cross-section of a frame-girder is = Bay 4G mei 
given by u=Length .... ..(inft.)) 240 300 360 | 420 480 540 600 
ones {i P - B=Breadth.. .. * 34 40 46 52 68 | 64 70 
p=M+ (=) +> (ii) | D= Moulded depth * 20 25 80 - o | 50 
Where d=Draught .. 7 » | 1708 | 2065 | sasr | {79265 2"\) sore 83.68 87.81 
. 2 deck 2 nd 10 18 vd 14 22 418 | 26", 22 50 Rm = 
pe : = 2 --| 14 an an *, . — 
. - eeu of inertie of the cross-section of the A tolowest ier of with 43 i 1 feo 10/14 ,, 10) 18* and 14 26 | 80 and 26 30 
at . : beams (in ft.) o @ os jo o— - = a 18 and 14 18 26 
frame-girder, taken about the neutral axis. ies ‘ais Mien — | = ee = | 14 |18and14 
y = distance from the neutral axis of the point t=Depth of centre girder ‘ .-(inft.)) 288 3.08 3.27 3.68 887 | 417 | 44 
considered (in this case the maximum dis- | Number of rows of pillars eel 1 1 2 2 2 ~ 's 
tance). \ 
P = vertical thrust due to deck-loads. . : . . Rican . : 
fe F F the amount of shell-plati included in the girder.{| §11. The Oriterion of Strength. —- Equations (i.) and 
A = cross-cectional area of the frame-girder. § 10. For the pur 4 of ‘this comparison the “‘ deep” | (ii.) have been applied to the frames taken from the rules 
The power of resistance of the frame-girder thus depends | type of framing has selected. It is well established, | of Lloyd’s Register, British Corporation, and Bureau 
I and is generally provided for in the rules of the princi Veritas for a good range of sizes of vessels. It has been 
on two quantities—namely, the values of — and A. In| societies. Im order to facilitate calculation a series of | found S to introduce an «mpirical term, in 
y curves was constructed (though they have not been thought | order to bring all sizes of vessels to a common basis 
order to discuss these quantities, and to proceed to the | of sufficient general interest to warrant their reproduc- | of comparison; this term apparently depends on the 
comparison in hand, in is necessary to give a definite ; I : al moulded depth only, and varies in magnitude for the 
meaning to the term “‘ frame-girder.” In this investiga-| tion) from which the 7 of the ‘‘frame-girder” could | different societies. With this modification, « quation (ii.) 
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THE STRENGTH AND SPACING OF TRANSVERSE FRAMES. 


Pig. 9. CALCULATIONS. 


M ON A BASE OF (d-0)|,17 


WITH DECK CARGO 
AT 6O CU.FT.PER TON 


Ms (et-LBS PER INCH) 


Fig.8 


WITH NO DECK CARGO 








becomes 
p= 12 s(M’'+C] , P ; 
2240 I A (iv.) 
uv 
Tasie IT. 
O in Terms of 
Type of Vessel. —- P Fane per , the 
i q- 1- — |Moulded Depth. 
Single-deck ships | A, B and © 10.0 =|) «:18.88D 
Vessels having A 15.0 | 80D- 315 
more than one B 16.5 | 650D- 400 
deck Cc 17.5 72 D-1255 


FRAME-SCANTLINGS. 
Tas.e ITI.—Single-Deck Vessels. 


| 








D. d, ee a a tT. 
Moulded | Height | Frame Shell 

Depth | Draught | of Tank ‘Spacing Thick- Frame. 
in | in Feet. | Topin| in ness in 

Feet. Feet. Inches. Inches. 
10 9.12 2.46 20 0.3 3 x2)x2)x 0.23 
14 12.46 2.61 21 0-36 4x8 x38 x0.31 
18 15.62 2.78 22 0.41 6 x38 x8 x0.35 
22 18.6 2.93 23 0.46 7)x34x34x0.42 
26 21.3 3.10 25 0.51 10 “3x8 x 0.47 
30 23.81 8.27 26 0.57 {12h x3 x 34 x 0.52 


TasLe IV.—Vessels Having More than One Deck. 
































D. | A. | d, t. 8. T. 
§ |Ss8\ ¢ |4 |B 
z iBs2| £ és 3 : 

Be - g 4S. | Frame. 

slebtl 2 | om | os as. 
BZste| & | 2s | os | M3) 
Fett ego. 82 =8 

ir) a fc 3 
20 10 | 17.23] 2883 | 230) 0.43 44x83 x3 x0.32 
20 12 | 17.28) 283 | 230! 0.43 5 x8 x8 x0.33 
20 14 | 17.23 | 283 | 23.0 | 0.48 5x3 x3 x0 35 
25 | 10 | 20:73 8.03 | 24.5 | 0.5 5 x3 x3 x0.385 
25 14 | 20.73) 3.08 | 24.5 0.5 x3 x8 x0.39 
25 | 18 | 20.73] 808 | 24.5) 0.5 | oh xsnxta coat 
30 | 10. | 23.90/ 3.27 | 26.0 | 0.57 6 x8 x8 x0.39 
2 14 | 28.90) 3.27 | 26.0 | 0.57 7x3 x3 x0.46 

| 18 | 28.00) 327 | 260) 0.67 9 x3}x 3} x 0.465 
30 | 22 | 23.00) B27 | 26.0 057 10 x8 x3t x08? 
35 | 10 | 26.95) 358 | 27.5 | 0.63 7 x8 x3 x0.40 
85 14 | 26.95 | 3.58 | 27.5 | 0.63 74 x 84 x 34 x 0.465 
35 | 18 | 26.95) 3.58 | 27.5 | 0.68 9} x 34 x 34 x 0.45 
35 | 22 | 26.95) 3.58 | 27.5 0.63 lL x8}x34x0.48 
35 | 26 | 26.95) 3.58 | 27.5 v.63 124 x 84 x 34 x 0.525 
40 | 10 | 30.16) 3.87 | 29.0 | 0.70 74 X34 X34 x 0.48 
40 | 14 | 30.16) 387 2.0) 0.70 x 84 x 34x 0.47 
an 18 | 30.16) 3.87 | 29.0! 0.70 10 x3}x34x0.50 
4 | 22 | 30.16) 387 290 070) 114 x 34 x 34 x 0.50 
40; 2% | 80.16) 387 | 29.0 0.70 184 x 34 x 84 x 0.54 
40 | 80 | 30.16) 3.87 29.9 0.70 144x4 x4 x0.58 
45 14 | 83. 4.17 30.6 0.76 x 34x34 x 0.46 
45 | 18 | 83.54) 4.17 30.5 0.76 ll x34x3}x 0.50 
45 | @ | 33.54) 4.17 30.5 0.76 124 x 34 x 34 x 0.54 
45 | 2% | 83.54) 417 30.5 0.76) 14 x4 x4 x0.56 
45 80 | 83.64) 4.17 30.5 076 154x4 x4 x0.60 
50 | 14 | 87.20| 446 32.0 | 0.83 10 x3}x84x0.49 
50 | 18 | 87.20; 4.46 320 083 upxah x0 55 
60 22 | 37.20) 446 32.0 0.83 134 x 84 x 34 x 0.56 
50 | 26 | 87.20) 446 320 0.83 15 x4 x4 x0.60 
50 «680 =| 87.20) 446 820 0.88 164 x4 x4 x0.63 











RESULTS OF BENDING MOMENT 
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Fig.il. EFFECT OF HEEL BRACKETS 
ON MAXIMUM STRESS. 
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Fig.12, D=SOFT.:h=26 FT. 4 
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Fig.10. VARIATION OF y OF FRAME GIRDER WITH THE AMOUNT OF 
SHELL PLATING INCLUDED. 















































Where 
(a) 


Ls vanishes when there are no deck-loads. 


(6) M = A (d-t)l" + B(A, B and n being as de- 
fined in § 8). 
(ce) p and C have the values given in TableII. 


§ 12. Interpretation of p and C.—It is pointed out in 
Appendix I. that the nature of the assumptions made 
for the bending-moment calculations render it improb- 
able that any but a comparative value can be assigned 
to p. Even so, the presence of the large heel bracket at 
the tank side in the region of the maximum stress makes 
it probable that even the comparative values of p tabu- 
lated are several times too large. This is well illustrated 
by Figs. 11 and 12. The present analysis is on 
purely statical considerations, but the frame has, in addi- 
tion, to resist upknown dynamical forces. This fact 
probably-explains the necessity for the introduction of 
the empirical term C. These dynamical forces depend 
on the moulded depth and breadth of the vessel, and also 
on the dispogjtion of the deck cargoes, which is really a 
junction of both these. From purely statical considera- 
tions, the deck-loads appear to have little effect on the 
maximum stress (§ 7), and it has further been found that 
if either the density of the deck cargo or the breadth of 
the vessel be altered by 33 per cent., a corresponding 
alteration of only 1 per cent. results in the stress. If, 
then, this interpretation of the C term be correct, a 
further and much more extensive analysis might possibly 
reveal some connection between C and the breadth of 
the vessel. also takes into account the practi 
limitations imposed on the thickness of the smaller 
sizes of frames; it allows the separation of the require- 
ments for strength on the one hand, and economy of 
maintenance against corrosion on the other. 

§ 18. Tables III. and IV., annexed, show the 
sizes of deep frames calcula’ for a series of vessels 
on the assumption that p and C are, for single-deck 
vessel, 10 tons per sq. in. and 13.33 D respectively ; and 
for vessels having more than one deck 16 tons per sq. in. 
jand (50 D—600) respectively; the dimensions of these 
| Vessels are also tabulated. 
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LENGTH OF SHELL ASSUMED EFFECTIVE IN FRAME GIRDER. 


§ 14. Further Use of the Results.—It should not be 
difficult to extend the application of the results of the 
bending moment calculations to the consideration of 
other than simple types of framings, as, for example, to 
web frames, or to the framing of vessels constructed on 
the longitudinal system. 


(To be continued.) 





Honours AND Promorions FOR NAvAL ENGINEEKS.— 
In answer to Commander Bellairs, who asked what 
honours or promotions had been awarded to engineer 
officers in the Navy, Mr. Churcbill said :—‘* Engineer- 
Lieutenant-Commander Edwerd H. T. Meeson, of the 
Laurel, was awarded the D.S.O. for service in the action 
of August 28, 1914 ; Engineer-Commander D. P. Green 
was promoted to Engineer-Captain for services in the 
Lion in the action of January 24. The following officers 
have been noted for early promotion :—Engineer-Lieu- 
tenant-Commanders A. Hill, H.M.S. Laertes; F. A. 
Butler, H.M.S. Liberty ; G. Preece, H.M.S. Lion ; J. F. 
Shaw, H.M.S. Invincible ; and E. H. T. Meeson, H.M.S. 

urel. 





Tue Szconp INTERNATIONAL ENGINEERING AND Ma- 
CHINERY ExursitTion, Otymp1a.—This Exhibition, organ- 
ised by the Machine-Tool and Engineering Association, 
Limited, is timed to be held from September 28 to 
October 18, 1916. We have received from the secretary 
and general manager, Mr. Herbert G. Williams, M.Sc., 
M. Eng., A.M. Inst. C.E., a plan of the ground floor of 


tical | Olympia showing the allotments which have already been 


made. The allotment is made subject to the war not 
preventing the holding of the Exhibition. Should peace 
not have been concluded by March 1, 1916, the directors 
will at once convene a meeting of the exhibitors to 
consider the —— of postponing the Exhibition. 
Should the Exhibition be p , all payments on 
account of space will be re y the Association and 
credited to the exhibitor’s account in respect of his space 
when the Exhibition actually is held. All applications 
should be sent to the Exhibition offices, Queen Anne’s 





| Chambers, Tothill-street, Westminster. 
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PLUG AND SPINDLE LEAKAGE. 


JouLE pointed out many years ago that a well- 
fitting plug in a lapped hole was tight against a 

ressure of 200 Ib. per sq. in., and of late years it 
fae become quite common to dispense with stuffing- 
boxes in the case of the spindles of governor-valves 
and the like, adequate steam - tightness being 
secured by making the spindle a fit in its 
bushing, and the latter reasonably long. In fact, 
the weight of fluid passing between the spindle and 
its bushing varies directly as the cube of the clear- 
ance between the plug and the bush, and inversely 
as the length of the latter. 

For an incompressible fluid, such as water or 
oil, the velocity of flow into the annulus, between 
plug and bush, fs given by the relation 

ae 2 Tae 

8 13921 ft. per second (1) 

where s denotes the velocity in feet per second, 
A the thickness of the annulus measured in mils, p 
the pressure difference in pounds per square inch 
between opposite ends of the plug, | the length of 
the bush in inches, and » the coefficient of viscosity 
in dynes per square centimetre. For water at 
20 deg. Cent. » = 0.01006, diminishing to 0.00284 
at 100 deg. Cent. ; 

From (1) we find that the weight passed in pounds 
per hour is given by the relation 

— . ja . 2) 
17,740 Vip 
where d denotes the diameter of the plug in 
inches, and V the volume in cubic feet of 1 lb. of 
the fluid passed. 

For elastic fluids, such as steam, the corre- 
sponding formulz are as follow :— 

The velocity of inflow s is given by 

A? r, oe 
¢= serra 1) ft per second - (3) 
where x denotes the ratio of the initial pressure p,) 
to the final pressure. The weight passed per hour 
A$ py d 


is similarly . 
m2 ~~ 1m h - (4 
35,480 Vu ( 2 ) eae - oe 


where V, denotes the specific volume of the fluid 
at the initial pressure pp. 

For steam at 100 deg. Cent. » = 132 x 10-*, and 
at other temperatures may be taken as given by 
the Sutherlands equation, which can be put in the 
form 


w= 





an St 

T + 1577 

where T denotes the absolute temperature of the 
steam in Fahrenheit degrees. For air at 15 deg. 
Cent., or 59 deg. Fahr., » = 181 x 10-* dynes per 

.cm, 

The formuls given above can be established as 
follows :—Let 8 be the thickness in centimetres of 
the interspace between a plug and its bushing. Con- 
ceive a non-elastic fluid to be flowing through this 
annulus. Owing to the narrowness of the inter- 
space this flow will always be viscous, and not 
turbulent in character. Hence the velocity will 
vary uniformly from zero at the plug toa maxi- 
mum at a layer half-way between the plug and the 
bush, and will then diminish uniformly again from 
this mid-layer to zero at the surface of the bush. 
Let v denote the velocity in centimetres of this 
central layer, and conceive that this layer is 
replaced by an infinitely thin, solid cylinder moving 
with the velocity v. Then the resistance expe- 
rienced by each square centimetre of this surface 


will be = dynes. 


If A, be the length in centimetres of the bush, 
and r the radius of the imaginary cylinder, the 
total surface exposed (counting both sides of the 
cylinder) will be 4r),. Hence the force neces- 
sary to maintain the motion of this imagi 
cylinder, as it drags the fluid through with it, 


x 10-® dynes per sq. cm., 


Actually the flow is maintained not by the drag 
of a cylinder, but by the difference of pressure 
between the ends of the bush. Let this pressure 
difference be q dynes per sq. cm. The area it 
acts on is2 ard. Hence we get 

f=2rrigq. 


Equating this the value of f previously found, 
we get v = ew q centimetres per second. The 





average velocity v being half the maximum, we get 
v= ag - (5) 

Transforming units to pounds and inches, this 
reduces to equation (1) ante, and from (1), (2) 
follows immediately. 

In the case of an elastic fluid, the velocity 0 will 
vary from end to end owing to the increase of the 
volume of the fluid as the pressure falls. _ 

For a very small length d\, however, v may be 
considered as constant, so that we get from (5) 

e dq 
~ as’ an 
the ee sign being required because the pres- 
sure falls as A increases. . 

The volume passing any section is v x 2778, 
so that the weight passing is 


v7= 


= 2x Ierd 

where V denotes the specific volume of the fluid. 

In steady flow w is constant; whilst from the gas 

law we have q V = k, where k is a constant. 
Hence we get 

- _ kw 

2arrig 

but 
®& dq 

~ 8p" dN 

By equating these two values of v we get 

dq_4kwyp 

dn wrré 

which, on integration, gives 

Skwyu 

mrs 

When A = 0, we get q = q, as we should, whilst 


when A = A, we have q = q,, the external pressure. 
Hence 


-@ - (6) 


w- g= 


Skwur, 


2—~92= 
Go Nn sre’ 


so that 


kw= oc rr d, 
BAY 


Substituting in (6) we get 
941 a - o° 
dx 2r, ’ 
and putting the value off thus found in the 
tf 
equation 


va - % oe 
Su dx 
we get 
= & qe — 9° 
ings TS q ° 


At the origin v = 4 and q = q» 80 that if x be 
the ratio of expansion, we have, finally, 


— & 2 Go 
~* pa,” 
Transforming to British unite, this equation be- 


comes (3) ante, and from (3) equation (4) follows 
at once. 


1 
(1 - z) centimetres per second. 
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The Application of Physico-Chemical Theory to Technical 
Processes and Manufacturing Methods. By Professor 
Dr. R. Kremann. Translated from the German by 
Harotp E Ports, M.Sc., Liverpool, and edited by 
Apert Monn, Ph.D. London: Constable and Oo., 
Limited. [Price 8s. 6d, net. ] 

TecunicaL chemistry in Germany has rightly won 

a high reputation, and those consider themselves 

fortunate who have sat at the feet of a German 

Gamaliel. Those who have not enjoyed that 

advantage are now offered a substitute, on the 

technical side at least, by the publication of a 

series of monographs on the chemical methods of 

manufacture, written by such experts in the several 
branches treated as are willing to expose the 
results of their hardly-acquired experience for the 
benefit of their competitors. The Editor of the 
Series expresses his surprise—and many will share 
his astonishment—that practical men should be 
willing to give away so much of their special factory 
knowledge ; but that they have exhibited this 
generosity is proved by the readiness with which 
these works have been absorbed in Germany. 

Professor Kremann’s work in a manner introduces 

this series to English readers, for he deals with 








such fundamental principles as those underlying 
thermodynamics, the laws of mass action, poe | the 
phase rule, his object being to present a résumé of 
physico-chemical theories, showing their — 
tion and signifieance in various technical problems. 

The book reproduces the lectures which Dr. 
Kremann delivered to his pupils, whom he found 
were rere | interested in those questions of a 
technical character which influenced manufacture. 
Starting with the fundamental Jaws of the mecha- 
nical theory of heat, the ideal efficiency of the 
steam-engine is considered, the law of mass action 
deduced, and the maximum work of a chemical 
— discuseed. Gas-motors and internal-com- 

ustion engines afford useful examples for the 
application of the principle of maxinium work. 

e impossibility of fulfilling the theoretical con- 
ditions required of eae at a high tempera- 
ture and subsequent adiabatic cooling is obvious ; 
but the examination of the question quantitatively 
is instructive. The loss due to incomplete combus- 
tion, to the consumption of useful heat by suction 
and exhaust, to the effects of mechanical friction 
and other causes, are worked out for a icular 
instance, with the result that the final efficiency is 
only 19.9 per cent. In a second and larger engine 
(70 horse-power) 30.3 per cent. was obtained. These 
figures, though thermodynamically they excel those 
of the steam-engine, do not show so t an 
improvement as to suggest that, under all circum- 
stances, gas-motors can displace well-constructed 
steam-engines. They explain, to some extent, the 
comparatively slow headway the Diesel engine 
makes in this country in comparison with its rapid 
advance in Germany, where more use is made of 
na a gas fuels. 

Of closer application to purely chemical pro- 
cedure is the calculation of the free-energy gradient 
and its application to some technically important 
oxidation processes, as the reduction of zinc, and 
the typical Deacon process for obtaining chlorine 
on the oxidation of hydrochloric acid gas by atmo- 
spheric oxygen. An addi-ional interest attaches 
to this latter case, since it illustrates the operation 
of catalysis, that in various ways facilitates 
chemical manufacture. The difficulty to be sur- 
mounted in the Deacon process is, that in order to 
obtain a good yield of chlorine, the temperature 
must be kept low, but at low temperatures the re- 
action-velocity is very small. There is therefore 
a conflict between two technical requirements, 
and a compromise or adjustment that aims at an 
optimum temperature leaves much to be desired. 
We know that in such cases the obstacle can be 
removed by the presence of catalytes, substances 
which have the power of increasing the reaction- 
velocity without influencing the free - ene 
gradient. COatalytes have done much and will do 
more for technical processes. It is impossible to 
overrate their importance, and yet their operation 
is obscure and their theory imperfect. We cannot 
say that the author adds caetlieg novel or illumi- 
nating to the theories which have been suggested 
and are here reproduced. He states with equal 
candour and truth that it seems practically impos- 
sible to formulate a theory which is universally valid 
for all the various catalytic reactions. Some of the 
difficulty may arise from an attempt to ascribe dis- 
tinct and separate classes of phenomena to a 
common cause. It is, too, equally probable that 
in an entire process many obscure, unstable re- 
actions occur that cannot be traced with certainty. 
Even the definition of a catalyte and its sub- 
divisions, according to the effect produced, can 
hardly be said to be settled. The author’s method 
has the advantage of clearness and simplicity. He 
writes as a fundamental equation :— 


Chemical force 
Chemical resistance’ 

Evidently, as a numerical result, the velocity can 
be increased by operating on either the numerator 
or the denominator of the fraction, but he regards 
as a catalyte, properly so called, only those sub- 
stances which diminish the chemical resistance, 
and do not act in the direction of increasing the 
energy. If a substance supplies chemical force 
catalytically, as, for example, the presence of sul- 
phuric acid in the preparation of nitro-glycerine, 
these substances are called ‘* false catalytes.” 
Pseudo catalytes, whose action can be traced in the 
drying of linseed oil, for example, are those sub 
stances which do not accelerate the main reaction, 
but accelerate the action of an autocatalyte, Such 
definitions or distinctions may be convenient in the 


Reaction-velocity = 
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present state of our knowledge, but will probably 
disappear as ear ewe . 

The treatment of catalytic phenomena is here 
made exceedingly interesting by pursuing the sub- 
ject in various directions, whose connection with 
manufacturing methods is not at first sight appa- 
rent, as, for instance, in the catalytic action of 
colloidal platinum and of ferments. Nearly allied, 
though possibly even more remote from the subject 
immediately under consideration, is the growth of 
crystals and the velocity of crystallisation. The 
author regards the surface action of crystal nuclei 
as a purely catalytic phenomenon, though no 
chemical reaction may result. It is sometimes 
difficult to start spontaneous crystallisation in a 
supersaturated solution, and the presence of dust 
nuclei or of some minute impurity is found to be 
effective. Certainly the sur of the inducing 
crystals may be too small to bring about any notice- 
able effect in a reasonable time. We may then 
look for some mechanism to control the number of 
crystallisation centres, which may be regarded as 
catalytic so far as it depends on reaction-velocity. 

Returning to the process of manufacture, the 
author gives some special applications of the law of 
mass action in which the displacement of equili- 
brium is utilised. The technical manufacture of 
nitric acid from sodium nitrate and sulphuric acid 
depends on this principle, as also does that of ethyl 
ether. The caustification of sodium carbonate and 
potassium sulphate also illustrate the application 
of the law of mass action and are instructively 
discussed. In considering the losses in the causty- 
fication of soda we get an insight into the operation” 
of the phase rule—a principle that pervades the 
latter part of the book. The full working of the 
rule is shown in such processes as lime-burning, 
one of the oldest chemical operations known, where 
a solid substance dissociates at a given temperature, 
yielding a gaseous phase. In this case, to every 
temperature there is a definite pressure, but in 
lead-roasting a more complica rocess is de- 
scribed, but here the theoretical explanation of the 
employment of particular temperatures to secure 
detinite results is very clear and satisfactory, and 
well prefaces the discussion of the reactions in the 
blast-furnace. 

In the last chapter, the phase rule is used to 
explain the operations in some very important 
technical processes such as that of the Solvay 
ammonia-soda manufacture, that has so completely 
ousted the old Le Blanc the theory of 
dyeing, the vulcanisation of rubber, the manufac- 
ture of soap, &c. The author has fulfilled his pro- 
gramme very thoroughly. He has shown how 
physical chemistry explains many of the empirical 
methods of technology, and can be evoked to sug- 
gest new methods or to restrain random experi- 
ment. Such simple processes as lime-burning 
could no doubt go on, as it did when the world was 
young, without anyone troubling to understand the 
rationale of the process by which the whole of the 
CaCo, is dissociated. Wider information could not 
improve such extreme simplicity, but in other and 
more complicated processes theory has pointed the 
road to superior and more economical methods. 
And in proportion as technology relies more and 
more on the firm basis of theoretical deduction, so 
will far-reaching improvements be introduced and 
uneconomical methods be weeded out. 





A Practical Treatise on Sub-A Foundations, includ- 
Dreiging. with Mumerens’ Prastiees, Meonigles, ron 
, wi ‘wmerous Practical £: 8 
‘Actual Work. By Ounarigs Evan Fow er. deed 
Edition, revised and enlarged. New York: John 
Wiley and Sons. [Price 31s. 6d.] 
Tuts book is an extension of *‘ Ordinary Founda- 
tions,”” by the same author, and has been before 
the public for some years. In its general lines it 
affords another example of a practice that is on the 
increase, in which an engineer of acknowledged 
repute gives the benefit of his experience in the 
use of different kinds of plant. The author has 
been engaged on large censtructive works and is 
also known as a consulting engineer. In these 
capacities he has acquired much special information 
that has been submitted to tical tests, and it is 
desirable that this knowledge should be turned to 
account as far as possible. Scattered h cur- 
rent contemporaneous literature, of which the 
author has largely availed himself, the same kind 
of ae ea Be found; but a ex 
idance, the of sifting » criticising » an ect- 
aa is so onerous that this valuable instruction is 
too often neglected. The volume having reached 





a third edition is sufficient evidence of the need 
of such compilations, and shows that the student 
welcomes the technical information and numerous 
hints, when conveniently presented, even on the 
troublesome topic of foundations, where, owing to 
the obscure conditions, geologic and t» aphic, 
one is often obliged to take very fora Prt risks, 
and where, says the author, errors of judgment are 
more excusable than with any other class of 
construction. 

This method of using the successful experience 
of others is not, however, without its dangers. It 
may lead to the acceptance of plans without sufti- 
cient consideration, simply because they have been 
recommended or have been followed by an eminent 
authority under somewhat similar conditions. To 
follow with blind, unquestioning obedience is to 
perpetuate what is faulty as well as what is 
worthy, giving permanence to ticular forms of 
construction, not by conviction, but by imitation. 
As an example, we may note the tendency to dis- 

lace cofferdam work by the pneumatic caisson. The 
atter is now generally adopted for all foundations 
that underlie water at a considerable depth, and 
some engineers of repute do not consider the coffer- 
dam good practice in any case. The author does not 
share that view, and one of his objects is to show 
that there are classes of work to which cofferdams 
can be applied with advantage. Some of the 
instances that have brought coiferdams into dis- 


credit are discussed, and the grounds for their] ,, 


failure, as well as for their possible success, are 
pointed out. Under all circumstances the coffer- 
dam, or other device for excluding water from a 
definite site, is only a means for reaching a desired 
end, the real object being to secure a first-class 
foundation, and the simplest plan for effecting this 
should be kept in view in spite of authority or 
fashion. 

If in the most cursory way we recall the great 
engineering works in which it has been necessary 
to explore the beds of rivers or other masses of 
water in order to ascertain the character of the 
site, the nature and location of the materials 
exposed, and the requirements for the erection of 
piers, &c., it will be evident that the author 
attacks a very large subject, requiring a lengthy 
treatise to do it justice. This is still more evident 
if we take into account the various methods of 
pile-driving, the work of divers and of dredging, 
the variety of machinery employed, and its adapta- 
tion to particular circumstances, caisson-building 
and management, and much subsidiary work neces- 
sary to the fulfilment of a complete contract. The 
forms of specification and the cost of work are 
very considerable items that come within the 
purview of this treatise. We may say that the 
treatment appears adequate—on the lines adopted 
of examining special features in notable ex- 
amples of engineering practice, mainly American, 
it could not be exhaustive — and _ illustrates 
general principles under varied conditions. The 
new matter added to this edition is neither small 
in quantity nor unimportant. It includes much 
of the author’s accumulated experience, and is 
necessarily scattered throughout the volume, as in 
—— all sections material improvements have 

m effected. 

The section on pile-driving is much enlarged, for 

since the earlier editions the general employment 


of concrete piles and the extension of the method | Z« 


of jetting have changed the older system. With 
the increased difficulty of getting suitable timber, 
at least in this country—a difficulty that is making 
iteelf felt in various industries—reinforced concrete 
is likely to obtain greater recognition, especially in 
situations where a permanent foundation is re- 
quired, or where wood piling is likely to decay, or 
to be attacked by enok bechan beetles. This dearth 
of timber, whether temporary or permanent, can 
be perceived in the greater use of sheet piling, of 
which the mechanism and the method of its em- 
ployment are well described. These chapters, 
often following an historical treatment, are both 
interesting and practical. The discussion of 
dredgers and dredging has been extended, and will 
furnish the engineer with abundant information 
and references to subaqueous work. 

The use of compressed air in caisson work, now 
so largely employed, is well illustrated by a descrip- 
tion of the Forth Bridge caissons and some other 
later instances, where modifications have been 
n . Provision for the health of the work- 
men and of judicious methods of decompression are 
insisted upon, but we are hardly prepared to sub- 





scribe to the assertion that modern inquiry has 
exploded the notion that caisson illness is caused 
by nitrogen being dissolved in the blood. Experi- 
ments on animals have demonstrated with fair con- 
clusiveness that nitrogen gas absorbed in the body 
fluids and fat is the cause of the illness. The 
paralysis so frequently noticed may be traced to 
degeneration of the spinal cord produced by bubbles 
blocking the circulation. It is more important to 
note that the means for prevention of illness or 
temporary inconvenience are well understood and 
carefully practised. 

These matters of pile-driving and of caisson-work 
concern the a for foundation work rather 
than that of actual construction. The practising 
engineer will, however, find much information 
drawn from recent examples on piers and wharves, 
on dams, sea-walls, and retaining-walls, on dry 
docks and locks ; indeed, it has been the author's 
object to make his work so complete that in actual 
practice no need should be found to consult any 
other work. Without endorsing this view, it may 
be said that the work is of a very comprehensive 
character, and should find a place in the library of 
those engineers who may be required to construct 
foundations in positions difficult of access. 
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Tue Skopa Works.—The Skoda Works at Pilsen, tiie 
largest manufac for arms in Austria, have earned net 
profits of 7,076,626 kr., about 500,000 kr. less than for the 
preceding year, and have paid a dividend of 14 per cent., 
ae r cent. for the previous year. The employ- 
ment wane ¢ during the year; it was satisfactory during 
the first seven months of the year, in August and Septem- 
ber it fell off, but afterwards again improved. The 
departments for military supplies were actively employed 
throughout. Prospects for current year are stated to 
be good, provided labour and materials do not continue 
to rise in price to an unmensonohie. piteh. The Skoda 
Works have taken over 4,000,000 kr. 

3,000,000 kr. in bonds from the Chinese 
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GRINDING-MACHINES.— No. VI. 
By JosztrnH Horner. 

Tue present growth of ring-grinding practice is 
as ped em a of crank-shaft and of broad- 
surface grinding, already considered. It is one of 
the departments of the latter, using an -wheel. 
As in that also, the machines are built in and 


We illustrate first, in Figs. 66 to 69, a large 
machine, with a working capacity of 40 in. diameter, 
as built by the Churchill Machine-Tool Company, 
Limited. The work-table rotates, and is recipro- 
cated under the wheel. A mechanical or a etic 
chuck is fitted as desired. The machine is driven 
either from a countershaft or by a motor at the base 








of the frame. The general aspect of the machine is 
\clear from the photograph reproduced in Fig. 66, | 





in small dimensions. The rapid advance of this 
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fact, with the broad wearing surfaces, comprising 
a flat and a V, Fig. 68, ensure the preserva- 
tion of the alignment of the table for an indefi- 
nite period. Another feature is that all the 
motions are controlled from the front of the table, 
Fig. 66; and another is that the wheel-slide is 
over-counterbalanced, so that the wheel has to be 
fed forcibly downwards, and there can be no 
further drop. Finally, all motions are driven by 


Fig. 68. 





Fies. 66 to 69. 40-In. Rine ann Suerace-Grinpinc Macuine ; THe Onvurcaiit Macuime-Toot Company, Limirep, Mancurstam. 


design is a consequence of the demand for large 
numbers of piston-rings for internal-combustion 
engines ; akin to these are the washers, discs, and 
thrust-collars used for bearings of various kinds, 
and the saws for cutting wood and metal, which 
are ground slightly concave for clearance. Either 
single articles of large dimensions, or numbers of 
small ones, can be dealt with, because these 
machines are usually provided with magnetic 
chucks. The construction of these is varied to suit 
ditferent shapes and conditions of grinding, typical 
examples of which we shall now deal with. 


while the three views, Figs. 67 to 69, with the 
description to follow, will enable the mechanism to 
be understood. Fig. 69 gives a front view of the 
bed and tables, and the outline drawings, Figs. 67 
and 68, illustrate the general relation of the 
machine to the belt-drives. 

This is a heavy machine, weighing about 
12,400 lb., and stability has been ensured. by 
bringing the base solidly down to the ground, on 
which it makes a three-point contact. No provi- 
sion is made—as in the smaller machine which 








follows—for concave or convex grinding. This 


one belt, coming either from a countershaft or a 
motor, according to which method is erred, the 
two arrangements being outlined in Fig. 68. From 
these general statements we sy Breen to go 
through the details shown on the drawings. 

The belt arrangements are outlined in Figs. 67 
and 68. They are all derived from pulleys on the 
shaft A, at the rear of the upri = 
the photograph, Fig. 66). whether 
driven from a coun above or from a motor 
below, either of which is belted on the pulley B, 
makes 820 revolutions per minute. Two-stepped 
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24-IN. RING AND SURFACE-GRINDING MACHINE. 
CONSTRUCTED BY THE CHURCHILL MACHINE-TOOL COMPANY, LIMITED,) ENGINEERS, MANCHESTER. 
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pulleys C on this shaft drive to pulleys D on the 
wheel-spindle E, with a 2-in. belt a. Another 
pulley F drives to the shaft of the three-stepped 
cone-pulley G at the rear of the machine, whence 
the pulley H on the shaft J is belted to rotate the 
work-table. Also a drive takes place from pulley 
K on shaft A, with a 1}-in. belt c to a pulley L at 
the base of the machine in the rear, the shaft of 
which carries a small pulley M to the right hand. 
Thence a 2-in. belt d, to a pulley N, driving the 
gear-box, transmits motion to the shaft O, Fig. 69, 
which operates the reciprocating table and the 
wheel-feeds. The shaft of the rear pulley G, 
Figs. 67 and 68, carries fast and loose pulleys p 
with a 2-in. belt and striking - gear, Fig. 67, 
operated by the hand-lever P at the front. A 
small pulley on the driving-shaft A carries a 1-in. 
belt f, which is directed over idler pulleys g to the 
pump pulley h on the water-trough Q. 

The first driving-shaft A, Fig. 68, runs, as stated, 
at a constant speed of 820 revolutions per minute, 
whichever drive is adopted. Thence the three- 
stepped cone-pulley H is belted to rotate the cir- 
cular work-table R, Fig. 69. The drive takes 
place through the shaft J and spiral gears S, S to 
the vertical pinion shaft. The pinion T gears with a 
ring of teeth U screwed to the underside of the 
work-table, the latter rotating on an annular 
surface, and running in a bath of oil. The drive to 
the reciprocating motion of the table is through 
the shaft O, which derives its motion through the 
gear-box driven by the single pulley N, Figs. 67 
and 68. The box is not shown here, but it is 
seen in the photograph, Fig. 66. It provides four 
table speeds with four pairs of gears, enclosed, 
and put into mesh by the handle in front. They 
are of nickel-chrome steel. The shaft J, Fig. 69, 
is splined on opposite sides of its diameter, and 
the sleeve which carries its spiral gear S is feather- 
keyed to it. The spiral gears are enclosed in a 
box, and slide along the shaft with the travel of the 
reciprocating table. The transmission shaft O is 
carried through a slip-clutch V, which can be un- 
covered and its pressure be adjusted, to avoid risk of 
accidental overstrain. The mechanism of driving and 
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struck aside by a dog, it knocks one of the two 
studs on the horizontal rod D D, moving the latter 
along, and with it the clutch-lever, while the spring- 
rod CC underneath holds by its conical end the 
conical end of the lever BB after the dog has 


knocked it over. The table is rack-driven, the 
drive taking place from a spur-gear k at the back of 
the bevel-gear W through another spur-gear / of 
the same size, which carries on its shaft a pinion m 
driving a gear » on the shaft which carries the 
rack-pinion o. The reciprocating table EE is 
adjusted by hand with a wheel outlined at F F 
(compare with Fig. 66), turning a pinion p which 
meshes with the gear q, and thence drives as before 
through m, n to the rack-pinion 0. The hand- 
motion is put in and out by the clutch-leverG G. 

The automatic down-feed to the wheel-head and 
the hand-feed are produced by mechanism which is 
actuated by the quadrant H H, Fig. 69, this quad- 
rant being graduated, though the graduations are 
not shown in the illustration. The gear is moved 
by the depression of the spring plunger C C at the 
moment of reversal. This pulls one arm of a bell- 
crank lever, to the other arm of which a pawl is 
hinged, which engages with the teeth of a ratchet- 
wheel s, behind the hand-wheel ¢ (compare with the 
photograph, Fig. 66). The hand-wheel is graduated 
in thousandths of an inch, and the ratchet has four 
teeth to each graduation of the hand-wheel, so that 
each tooth on the ratchet represents a reduction of 
one four-thousandth of an inch (0.00025 in.). A 
small index-wheel in the face of the hand-wheel 
(not shown) carries an indicator, which, when 
moved a given number of spaces forwards or back- 
wards, traverses a trip-cam a corresponding number 
of teeth round the ratchet-wheel, and so dis- 
engages the feed when a predetermined amount of 
reduction has taken place. Graduations on the 
quadrant H H indicate at sight the setting to feed 
any required number of teeth on the ratchet at each 
reversal. The automatic feed-gear is thrown out 
of action, as when setting the wheel by hand, by 
lifting the ratchet-pawl out of engagement. The 
hand-wheel is then turned rapidly. 

The connection between the feed mechanism and 








largest numbers of machines are built. The dimen- 
sion, 24 in., represents about the maximum size in 
which this design occurs. There are many details 
about this which will repay a close study. . The 
general appearance of the machine is clear from 
the photograph reproduced in Fig. 70, on page 510, 
while the detailed views, Figs. 71 to 77, on the 
same and the present page, are those of the operating 
mechanism in the base and knee, and of the ram 
and wheel-head. The machine, weighing uearly 
6000 lb., is belted from a countershaft, whence 
there are two separate drives—one to the table, 
the other to the ram—which may now be taken in 
order. 

The rotation of the work-table is derived from a 
single belt-pulley A, Fig. 73, the shaft of which 
carries a three-stepped cone B, which, belted to 
the similar cone O, affords three speeds of rotation 
to the work-chuck, which is either of the mecha- 
nical or the magnetic type. The shaft F, driven 
by the cone O, is clutched to throw the drive in 
and out of action. The clutch is seen at D, and its 
lever at E, and also in the general view, Fig. 70. 
The drive is transmitted from the shaft F, Fig. 73, 
through bevel-gears to the vertical shaft G, thence 
through similar bevels and spiral gears a, finally to 
the pair of spurs b, c, the gear c being keyed on 
the lower end of the spindle of the rotary work- 
tableH. Thespindle hasa tapered bush with a nut 
below to take up wear. The seating for the table 
runs in an oil-bath, and is efficiently protected by 
an annular flange. It makes 31, 51, or 86 revo- 
lutions per minute, The vertical feed is imparted 
to the table by hand in this machine, but automatic 
feed may be included if desired. Feed is by the 
hand-wheel J at one side, Fig. 72, actuating bevel- 
gears on a vertical screwed shaft K, passing 
through a bush L in the base, Figs. 72 and 73, 
giving a vertical adjustment of 9in. Fine feeding 
is read on a graduated disc d, Fig. 72, on the hand- 
wheel shaft, with its pointer. 

In order to provide for grinding concave and 
convex articles, the table-base is pivoted to the 
sliding-knee at M, M, Figs. 71 to 73 (compare with 





the view, Fig. 70). It is raised and lowered 
round the pivots by the hand-wheels N, N, Fig. 73, 
on the screwed stem, which wheels also serve to 
lock it when set. A graduated quadrant bar O 
and pointer, Fig. 73, provide for tilting in either 
direction to any angle up to 10 deg. 

Turning next to the reciprocations of the ram, 
these are derived from the five-stepped — -> 
Figs. 71 and 73, on the farther side of the machine. 
Transmission takes place through two spur-gears 
e, f, Fig. 73, to reversing bevel-gears Q, Fig. 71, 
enclosed in a casing. Thence the drive goes through 


reversal may be traced out thence. The bevel- 
gear W is rotated in opposite directions by the 
pinions X, X when either is thrown into action by 
the sliding-clutch Y. The latter is moved by the 
clutch-lever automatically, when working, by the 
table-dogs j, j, or by hand by the lever AA when 
making settings of the table. The automatic move- 
ments operate when either one of the dogs j, j 
strikes the lever B B, which is held by the bevelled 
edges of the lower end of the lever and the corre- 
sponding edges of the gpring plunger CC, When 


the wheel-head is through the spur pinion u, the 
spur gear v, and the mitre gears w to the vertical 
shaft J J, the shaft being seen also in Fig. 66. The 
grinding-wheel is 16 in. in diameter, with 1}-in. 
face. Its two speeds are 1730 and 1330 revolu- 
tions per minute. The maximum height under a 
new wheel is 8 in., and its vertical adjustment is 
12 in. 

The next illustrations to be dealt with are those 
of the Churchill 24-in. ring-grinder. It is one of 
the pillar-and-knee design in which at present the 
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& spur-pinion y and gearh to a pinion which meshes 
wit the rack underneath the ram. Reversal occurs 
when one of the d j, j on the ram, Fig. 75, 
strikes the lever k, Fig. 73, which, when knocked 
over, strikes one of the bosses on the horizontal 
lever | (compare with Fig. 70) and so throws a 
clutch (not shown) over between the bevel-pinions Q. 
Hand traverse is effected by the hand-wheel R; 
this operates through the gears m, n, g, h. The 
wheel-head and ram are shown by Figs. 75 to 78. 
The spindle has two speeds, by the two-s‘epped 
pulley R. The ends of the spindle-bearings are 
completely enclosed by the cappings. The tapered 
bushings and nuts provide for readjustments ; ring- 
oiling is adopted. The method of holding the 
wheal is evident from Figs. 75 and 77. The great 
length of the wheel-slide should be noticed, Fig. 75, 
the object of which is to prevent any possibility of 
drop occurring at the end of the stroke. The ~— 
is a safety one, to prevent risk of accident to the 
wheel when the slide is run back clear of the out- 
side of the magnetic clutch. Wet grinding is pro- 
vided for, the tank being seen at S, in Figs. 71 
to 73. 








INDUSTRIAL NOTES. 

A CONFERENCE of the Miners’ Federation was held 
on Saturday last, when it was decided to reject the 
proposal of the coal-owners, made at a meeting held 
on the previous Friday, of an advance of 10 per cent. 
on the standard wage. This, we believe, would have 
corresponded to an advance of slightly over 6 per cent. 
on the actual wage in the various wage-board areas. 
The owners further offered to discuss locally with the 
men pro} ls for a higher rate of increase, in accord- 
ance vith the economic conditions of the trade. They 
asserted that the proper method of dealing with the 
question was through the local machinery which had 

n set up in the various districts. The men main- 
tained their claims of an advance of 20 per cent. on 
actual earnings, to compensate for the increased cost 
of living. They demanded that their claim be decided 
by an arbitrator, or by arbitrators, to be appointed 
by the Prime Minister. The decision was arrived at 
upon ®& recommendation by the Executive Committee 
of the Federation. The recommendation was unani- 
mously accepted by the delegates, and was adopted 
mamranige without discussion. After Saturday’s con- 

erence, the following official report was issued to the 
Press by Mr. David Gilmour :— 

‘* The National Miners’ Conference was resumed at 
the Westminster Palace Hotel this morning (May 1), 
Mr. Robert Smillie presiding. 

' The discussion on the wages question was 
resumed. The employers’ offer of an immediate in- 
crease of 10 per cent. on the various Conciliation 
Board bases rates was unanimously rejected. 

**Tt was thereafter agreed to leave the claim for a 
20 per cent. increase on present wages as compensation 
for increased cost of living entirely in the hands of the 
Prime Minister. 

** Tt was also a; to urge the Prime Minister to 
get the claim decided upon without delay.” 

Early in the week the Premier was in communica- 
tion with both parties, asking them if they would accept 
his decision or that of the arbitrator nominated by 
him as final. To this the owners appear to have given 
an affirmative reply, and it is considered that the 
Miners’ Federation have also agreed to it. 

Oa the eve of going to press we learn, although not 
officially, that Mr. Asquith has decided that a primd 
facie case has been made out for an advance in wages, 
but, owing to the variety of conditions in districts, 
the amount of the advance shall be determined forth- 
with in each district by conciliation boards or sliding- 
scale committees, notwithstanding existing agree- 
ments as to procedure, maximum rates, &c. 





A supplement to the London Gazette published last 
Friday states the following :— 

“The occupier of a factory or workshop, the 
business carried on in which consists wholly or mainly 
in engineering, shipbuilding, or the production of 
arms, ammunition, or explosives, or of substances 
required for the production thereof, shall not, nor 
shall any person on behalf of the. occupier of such a 
factory or workshop, either directly or indirectly, by 
canvassing, advertisement, or otherwise, take any steps 
with a view to inducing— 


(a) Any person employed in any other factory or 
workshop, being a person engaged on work for any 
Government Department, or otherwise serving war 


urposes, to leave his employment ; or 
z (b) Any person resident in the United Kingdom at a 
distance of more than 10 miles from the ocoupier’s 
factory or workshop to accept employment therein, 
otherwise than by notifying vacancies to a Board of 
Trade Labour Exchange. 
** And in the event of any person contravening the 





provisions of this regulation he shall be guilty of an 
offence.” 

The following explanatory note is added :— 

** The object of these regulations is to put an end 
to the practice of employers in certain trades directly 
connected with armaments trying to get men away 
from one another. ‘The regulations do notin any way 
prevent an employer from engaging a man who applies 
to him on the ground that that man has just left 
Government work. In so far as men move from one 
employer to another they will be free todoso. All 
that the regulation is for is to prevent attempts by the 
employers themselves to encou this movement by 
advertisement, by sending round of ts, or other- 
wise. The regulation does not affect the mere offering 
of higher wages by an employer—e.g., it would not 
prevent one employer in s district from paying 2s. 
more a week than his neighbour, but it would prevent 
the former employer from a an agent to sit out- 
side the other employer’s gates offering this increased 
— to particular men with a view to getting them 
to leave their employment (provided such employ- 
ment was on Government work or for war purposes).” 


A meeting which had been convened by the Lord 
Provost of Glasgow was held on Friday last, April 30, 
when an Armaments Committee was formed or the 
Clyde district. There were present Captain Barttelot, 
representing the Admiralty ; Captain Creed, repre- 
senting the War Office ; Mr. Graves, representing the 
Home Office; and Mr. J. Paterson, representing the 
Labour Exchange ; also a number of representatives of 
the Clyde engineering trades, acting both for the 
employers and workmen, and representatives of the 
Chamber of Commerce. 

Captain Barttelot said that on the Clyde the main 
concern wasthe Fleet. They were buildingshipsof many 
new types, and great issues depended upon their arrival 
in the fighting line ; but in order to get these ships 
ready, many more men, especially iron-workers, were 
or A point had been reached now that, in order 
to beat the enemy, it was necessary to pool all our 
resources in such skilled labour, and to carry on Govern- 
ment work. It would mean a considerable displace- 
ment of labour, and the transference of men would 
naturally involve some firms in financial loss, owing 
to their inability to carry out their contracts; but 
he had authority to inform them that reasonable 
compensation in all cases where loss was proved would 
be forthcoming promptly. 

Captain Cre —_— next, and said that he would 
report to Lord Kitchener that he had met with 
nothing but good will on the Clyde, and would also 
report to the Admiralty that, so far as the Clyde was 
concerned, all was well. 

Mr. Rowan Thomson, representing the employers, 
moved that a committee be formed, consisting of 
sixteen employers and an equal number of trade 
unionists and representatives of the Government 
Departments. 

Mr. W. G. Sharp, of the Boilermakers’ Society, who 
seconded, referred to the Chancellor of the Ex- 
pense wry speech of the previous evening, and con- 
tended that the Chancellor’s slashing attack was most 
unfortunate and most unnecessary so far as the work- 
man was concerned. He was not going to justify the 
actions of an irresponsible few. They were going to 
kill or cure that type of man. The motion was 
approved. 

A telegram from Mr. Winston Churchill to the 
Lord Provost was read in the course of the meeting. 
It was to the following effect :— 

‘* Please accept my cordial thanks for the prompt 
way you have responded to the invitation to call 
together the representatives of all the interests con- 
cerned in the manufacture of munitions of war in 
Glasgow and the West of Scotland. I have eve 
confidence that their harmonious co-operation will, 
with the assistance of the Government departments 
concerned, draw from the Clyde the maximum output 
pa munitions of which the fighting services are in 
n Ned 





The Glasgow and West of Scotland Armaments 
Committee held their first meeting in Glasgow last 
Monday. At the close, a statement was issued to 
the effect that the committee were of opinion that 
steps should be taken to obtain a full statement of 
their functions and power, and the secretary was 
instructed to communicate with the Government. A 
sub-committee was one to take steps to obtain 
labour required for the acceleration of urgent Govern- 
ment work. It was also decided to obtain from ship- 
builders and engineering firms returns of men engaged 
on Government and non-Government work. It was 
learned unofficially that the committee did not con- 
sider the question of drinking among men employed 
in shipyards or engineering shops on Government 
work to be an urgent one. 





According to a statement published in the Sheffield 
Daily Telegraph, the war has been the means cf pro- 
viding the North Lincolnshire iron-workers with a 





further substantial increase in the rate of their remu- 
neration. The war bonus granted some time ago did 
not affect a considerable number of workers ; conse- 
quently those who did not benefit by the granting of 
war bonuses will now do so. This increase has been 
brought about under the sliding-scale agreement, 
dated September, 1913, on the selling price of iron 
realised at makers’ works for January, February, and 
March, 1915. Under this the workers engaged in the 
production of pig-iron in North Lincolnshire will 
receive an increase of 2} per cent., making a total of 
72 per cent. above the standard. The new scale will 
continue during May, June, and July. The firms 
affected are J. Lysaghts, Limited, Normanby; the 
Frodingham Iron and Steel Company ; the Trent Iron 
Company, Limited; the North Ehcchuihiee Iron 
Company, Limited; the Appleby Iron Company, 
Limited ; the Redbourne Hill Iron Company, Limited ; 
and the Frodingham Ironstone Mines, at which several 
thousands of workers are employed. 





On Friday last the Federation of Master Cotton- 
Spinners and the Card-Room Workers’ Amalgama- 
tion held a meeting in Manchester to consider the 
application made by card-room operatives employed 
by the Forge Mill Company and Messrs. James 
Stott, Limited, for a 10 per cent. war bonus to 
be paid to all operatives in spinning mills engaged 
upon coarse yarns, which are largely needed by the 
Government. At the close of the meeting the em- 
ployers stated that the request was emphatically 
refused, as it would involve a breach of all agree- 
ments on the wages question. They added that where 
it could be proved that firms were making more than 
normal profits in the execution of War Office con- 
tracts, favourable consideration would be given to 
claims for a bonus during the continuation of such 
contracts. The employers also stated that when war 
broke out, many firms continued running the mills 
for the purpose of finding employment, and contrary 
to their business interests. 

The employers now further state that in putting 
forward their demand, the operatives are losing sight 
of the agreement made in July and August, 1910, to 
the effect that no claim for either an advance or 4 
reduction in the wages then current on all counts 
should be made for ‘‘a period of five years.” That 
agreement, they add, should not be interfered with 
for another two or three months. On the other hand, 
the operatives claim that when the agreement referred 
to was entered into no one contemplated the outbreak 
of the war and such a great increase in the cost of the 
necessaries of life, which called for an immediate 
revision, as in the case of other trades and industries. 

Last Tuesday, a meeting was held by a sub-com- 
mittee of the Federation of Master Cotton-Spinners’ 
Association, when, we understand, the position of 
Messrs James Stott, Limited, was investigated. It 
was found that this firm was fully employed on direct 
Government contracts, and that the financial results 
warranted the Federation Committee recommending 
the firm to pay a 10 per cent. war bonus as long as 
such conditions last. An investigation made also in 
regard to the Forge Mill, Limited, resulted in the 
declaration that the Federation Committee could not 
recommend the payment of any war bonus by this firm. 





According to information received from the High 
Commissioner for Australia, the Commonwealth Arbi- 
tration Court recently fixed the minimum rates of 
wages and the hours of labour in the Northern Terri- 
tory, and especially in connection with the works of 
Messrs. Vestey Brothers, who are erecting freezing 
works there. 

The rate of pay was fixed at 1s. 9d. per hour, or 
3l. 17s. per ou then there was no lost time. The 
hours were to be forty-four per week, and the award 
was made for six months. Any of the parties could 
apply at the end of that time to vary or amend it, and 
if it were not cancelled it was to remain in force, 
subject to variation from time to time. The details 
of the award were :— 

The minimum rate of wages to be paid by the 
respondent, Vestey Brothers, Darwin, Northern Terri- 
tory, to employees of the classes hereinafter mentioned, 
if they are members of any of the claimant organisa- 
tions, shall be as follows :—Ordinary labourers, 1s. 9d. 
per hour; builders’ labourers, Is. 10d.; concrete 
workers (other than concrete labourers), 1s. 11d.; 
foremen—viz., carpenters, plasterers, fitters, and 
plumbers’ foremen, 2s. 4d.; painters’ foremen, 2s. 2d. ; 
electricians, 2s. 4d.; blacksmiths, 2s. 3d.; plasterers, 
2s. 3 mters, 2s. 3d.; fitters and plumbers, 
2s. 2d.; painters, 1s. 114d.; engine-drivers, 2s. 2d.; 
firemen, one boiler, 1s. 10d.; firemen, two boilers, 
ls. 11d.; r, le. 9d.; draymen, with one horse, 
ls. 10d.; draymen, with more than one horse, Is. 11d. 

The hours of duty shall be 44 per week, eight hours 
on ordinary week-days, and four hours on Saturday. 
On ordinary week-days there shall be an interval of at 
least an hour for a meal between 12and2p.m. _ 

Until the Board of Reference otherwise determines, 
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the hours of duty on ordinary days shall be between 
8 a.m. and 12 noon, and between | p.m. and 5 p.m. 

All time on duty beyond these hours shall be paid 
for at extra rates for the overtime, at the rate of 
time-and-a-half for the first two hours, and double 
time afterwards. All time on duty on Sundays and 
on public holidays shall be paid for at the rate of 
double time, 

This Court appoints for the purposes of this award a 
board of reference. The rd will consist of three 
persons representing the claimant organisations, and 
three persons representing the respondents, with the 
addition of an umpire. 

The Court assigns to the board the function of deter- 
mining (when requested by either of the parties to do 
so) the hours on ordinary week-days on which the 
eight hours of duty on such days are to be performed 
_—namely, the hours to be worked in the forenoon and 
in the afternoon of such days. 





THE LATE DR. ERIK JOHAN LJUNGBERG. 

Tur day after Easter Day there died in Stockholm, 
after an operation, Dr. Erik Johan Ljungberg, the 
eminent Swedish engineer, one of the pillars of his 
country’s industry, the only Swede who has ever been 
a member of the Council of the Iron and Steel Insti- 
tute. 

Dr. Ljungberg was born on March 4, 1843, at 
Hammarn, in Grythytlepain, in the province of Orebro. 
His family were closely connected with mining ; he 
grew up ina mining district, and entered early upon 
the career in which he = destined to attain such 
a prominent ition. aving passed through the 
Filipstad Mining College, Dr. Ljungberg held several 
posts, until, in 1875, he was called to take over the 
management of Stora ee Bergslag, one of 
the largest and most comprehensive industrial concerns 
in Sweden, of which he became the managing director 
when it was transformed into a limited company, 
which position he held until he retired on June 14, 
1913, with the most ample recognition of his excellent 
services. 

Dr, Ljungberg’s work at the head of the Stora Koppar- 
bergs Bergslag was marked by continuous enterprise 
and expansion. The Domnarfvet Iron Works was in 
course of construction when he took over the reins, 
and under his able and far-seeing management it has 
become one of the most famous in the world. The 
immense Skutskir saw-mills owe their existence to his 
initiative, as well as the sulphite factory and the 
Kvarnsveden paper-mills, the rolling-mills at Domnar- 
fvet, and the Bullerfors and Mockfjord hydro-electric 

wer-stations; several of these installations have 

n dealt with in these columns. 

Dr. Ljungberg, in many respects, was the pioneer 
in Sweden’s iron and other industries, and he was‘a 
tremendous worker. He was full of initiative, always 
anxious to find new outlets for his country’s industry, 
and ready to grasp and put to the test new inventions 
and methods, qualities which earned for him the repu- 
tation of being “‘ the leading man in the industries of 
Sweden.” 

He was the first to take in hand rational experi- 
ments upon electric iron-ore smelting, which were 
carried on at Domnarfvet, where this process is now 
being installed on a large scale. He also took the 
lead in the matter of utilising the residues from the 
sulphite manufactures, and he was also much inte- 
rested in the problem of using sulphite spirit for 
motor purposes. The Ljungberg charcoal furnace is 
another outcome of his initiative, its purpose being 
the utilisation of auxiliary products. 

The unprecedented development of the Stora Kop- 
apes. Bergslag under his management shows that 

e was not only eminently clever as a practical engi- 
neer, but also a most capable man of business. In 
addition to his work as the head of this large con- 
cern, he had many public duties laid upon his 
shoulders, Not only did the Government often make 
use of his services, but he was also President of the 
Industrial Union of Sweden, formed at his initiative, 
Vice-President of the Swedish Waterfalls Union, &c. 

On the occasion of his seventieth birthday, two 
years ago, he had honours showered upon him, 
and this was repeated when, a few months later, 
he retired. The company then presented an 
address of thanks to Dr. Lisesbin. encased in & 
casket of gold from the company’s mines, in which, 
amongst other things, it was pointed out that the 
company’s turnover then was six times what it had 
been when he joined it, and that the net profits during 
the same time had increased fourteenfold. The com- 
pany on the same occasion formed a fund of 11,000/., 
the interest of which, according to Dr. Ljungberg’s 
wish, is to be applied to the advancement of the sale 
of mining products abroad through the instrumentality 
of the company’s workmen, foremen, and officials. 

Dr. Ljungberg was a model employer. He took 
great care of his work le in every way, and 
instituted for them ousing accommodation, 
mag schooling for the children, and housewifery 
or their wives and daughters. He and Mrs. Ljung- 





berg built and profusely endowed schools at Dom- 
nartvet, Skutskiir, Sniéan and Falun. It was owing 
to his interest and generosity that the Falun Mining 
a became possessed of a handsome new building. 
He also gave large sums to national and high schoo 
of the district. 

Many distinctions were conferred upon him. He 
was a member both of the Swedish Academy of 
Science and of the Academy of Agriculture ; he 
held the great gold medal of the Jiirnkontoret, 
and was in 1909 created an Honorary Doctor of 
Philosophy of the Stockholm University. He was 
a Grand Commander of the Order of Vasa, and, as 
already mentioned, a member of the Council of the 
Iron and Steel Institute. 





STRESSES IN ARCHES AND RETAINING- 
WALLS. 


: To THe Eprror or ENGINEERING. 

Str,—With reference to the stresses in arches and 
retaining-walls, some of your readers may be interested 
in knowing that while the formula :— 


fatnere 
b Db 
P = thrust per unit thickness ; 
D = width of joint ; 
A = eccentricity of thrust ; 


+ 


is true until P outside the middle third ; after that 
condition, if the joint opens On the tension side, the 
compression :— 

ya P(D - 24) 


8(3-4) 
2 
which is indefinitely large when A = ? ; #.¢., crushing 
occurs, as is well known. 
Yours faithfully, 
, HERBERT CHATLEY. 
Chinese Government Engineering College, Tang Shan, 
Chih-li, North China, h 25, 1915. 





_ MECHANICAL TRANSPORT WITH THE Forors.—Follow- 
ing our recent reference (see 436 ante) to the 
Mechanical Transport Column being formed for service 
in France, in conjunction with the Lowland Divisional 

in commanded by .Lieut.-Colonel J. 8S. Matthew, 
T.D., fully balf of the necessary personnel has volun- 
teered. At the present rate, it is estimated that the 
whole column will be complete in less than a fortnight. 
Eligible men should therefore lose no time in communi- 
cating with C.Q.M.S. Hutcheson, at Iona Lodge, 
Bridge of Allan, Stirlingshire. The complement of 
officers is already complete.’ Fitters, turners, mechanics, 
drivers, &c., are still required. The rate of pay is from 
6s. per day, and everything is found in the way of food 
and uniform. Separation allowances are the same as for 
the other branches of the Army. At the moment of 
writing, a regular A.S.C. officer has gone from the War 
Office to Scotland to attest recruits. 





Tue ExxzorricaL Emercency Service. — Since this 
service was referred to, on page 463 ante, we understand 
that many men have already been enrolled as full-time 
or part-time switchboard attendants, to release younger 
men for service in the Army, but a further number is 
still needed. It is hoped that there are many more 
electrical engineers filling good positions who will come 
forward to give four hours a day, or four hours on alternate 
nights, to the service. They are particularly wanted 
for half-night shifts on alternate nights in the follow- 
ing districts :—Hammersmith, Wandsw , Tooting, 
Streatham, Clapham, Stockwell, Battersea, Camber- 
well, Holborn, Camden Town, Islington, Mildmay Park, 
Capen, Hackney, Limehouse, Barking, Poplar, Wool- 
wich, Lewisham, and Forest Hill. Since it requires 
four men volunteering for half-shifts on alternate nights 
to release each young switchboard attendant for the 
Army, it is clear that a large number are wanted. Appli- 
cations should be made to the Editor of Electrical 
Engineering, 203, Temple Chambers, E.C. 





Tue Smituy Briper Accipent.—The report of Lieut.- 
Colonel E. Druitt to the Board of Trade on the accident 
which occurred on the Lancashire and Yorkshire Rail- 
way on March 18, at Smithy Bridge, has been issued in 
the course of the past week. In this accident an empty 
stock train standing at Smithy Bridge was run into by an 
express passenger train from Leeds to Fleetwood. The 
evidence points to the fact that the driver of the express, 
who, with three paseengers, was killed, failed to observe 
signals against him at Littleborough, through which 
the train passed prior to reaching Smithy Bridge. In 
this way the train passed through a complete section and 
into another without permission. The driver was a man 
of character and long service. The night was bad, 
with some snow, but the signal lights were not obscured. 
Lieu.-Colonel Druitt remarks that the collision points, 
as others have done before it, to the desirability of some 
unmistakable system of warning the driver of the distant 
signal. The company in question has for some time been 
engaged on experiments with devices intended for this 
purpose, and, no doubt, this regrettable accident will 


generally stimulate the effort to produce some reliable | su 


system, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 21. 
Quire recent reports indicate a marked increase in 
the vulume of war orders for e running into 
meee | million dollars. Additional negotiations are 
ing this week for very quantities. While 
usiness drags in all lines in domestic consumption, 
an optimistic spirit runs through all channels. Four 
additional vessels are to be built at Atlantic coast 
shipyards, and 18,000 tons of plates have been asked 
for. Plate-mills are operating in the East from 65 to 
85 per cent. of capacity ; less in the West. British 
shipbuilders are calling for early delivery of steel 
plates contracted for some time ago. All steel-plate 
orders for March footed up 110,000 tons. Those for 
April will be heavier. The contract for a bridge over 
the Mississippi River at St. Louis for 24,000 tons will 
soon be placed. Large steel-plate orders for delivery 
on the Pacific coast have just been placed in Eastern 
mills. The increase in business hen been light ; prices 
are firmer. In estimating probabilities in the American 
steel industry it is necessary to keep in mind the 
enormous amount of steel for which there is need, and 
which is not being ordered. The expected revival in 
demand for pig-iron has not a . The last rush 
absorbed not far from half-a-million tons. Present nego- 
tiations with Eurepean buyers indicate the closing of 
contracts for —_ quantities. Existing trade condi- 
tions here are abnormal, and harmonising influences 
are at work far beneath the surface. who 
provide for six months ahead will have cause for 
self-congratulation. 





Personat.—Sir W. G. Armstrong, Whitworth and Co., 
Limi have entered intoan agreement with Mesars. A. 
and J. Main and Co., Limited, for the manufacture, at one 
of their works in Glasgow, of structural work connected 
with cranes, coal-hoists, dock-gates, &c. To meet these 
requirements without interference with their ordinar 
output of structural and bridge-work, Messrs. A. and J. 
Main and Oo. are fitting up specially equipped exten- 
sions at their Germiston Bridge Works, Glasgow.—Pro- 
fessor C. A. Carus-Wilson has been invited to join the 
staff of the Royal Naval Coll Osborne, for the period 
A war, and will take up his duties there on the 
7th inst. 





Tue German Porasu Inpustry.—The German Kali 
Syndicate has been prolonged until December 31, 1917, 
ipasmuch as none of its members have availed them 
selves of the option to give notice before March 31 
At the meeting at which this result was arrived at one 
concern was not re} ted, but this is not expected 
to cause any difficulties. The Jessenitz Alkali Works, 
Mecklenburg, does not appear to be in a very satisfactory 
condition. Theshareholders have surrendered their shares 
to the company on rey one share for ten, which 
one share is entitled to a dividend from Janu 1, 
1918. This means a reduction of shares from 000 
marks to 500,000 marks. The Thiederhall Alkali Works 

ys no dividend for last year, the surplus being nominal. 
fe being impossible to obtain in coal and - ge the 
company’s products, work ceased entirely last August, 
after the commencement of the war, but from September 
work was resumed four days a week. 





CoMPETITION WITH GERMANY AND AustTrRia-HuNGARY. 
—In connection with the campaign undertaken by the 
Board of Trade on the advice of their Advisory Commit- 
tee on Commercial Intelligence to assist British manufac- 
turers and merchants to secure trade formerly in the 
hands of German or Austro-Hungarian firma, the Board 
continue to receive a very large number of inquiries for 
the names of sellers or buyers of articles of which the 
sources of supply or markets have been interfered with 
by the war. Special arrangements have been made in the 

mmercial Intelligence Branch of the Board of Trade 
for dealing with these inquiries, and lists 18 and 19 of 
articles which inquirers desire to purchase are now ready, 
and may be obtained by United Kingdom manufacturers 
and traders. British firms in as suppliers, in any 
of the goods mentioned should communicate with the 
Director of the Commercial Intelligence Branch of the 
Board of Trade, 73, Basinghall-street, London, E.C. 


O1-WeE.i EncIngerinc.—Ata meeting held on Friday, 
the 30th ult., at the Royal Society of Arts, Adelphi, a 
paper was read before the Institution of Petroleum Tech- 
no 





ogists by Mr. William Calder. This paper was en- 
titled ‘* Oil: Well Engineering,” and dealt principally with 
the actual employed in various 


of drilli parts 

of the world. Some a ‘the difficulties of deep-well 
drilling were pointed out, and the need for the special 
and careful training of engineers responsible for this class 
of work was emphasised. The troubles following the 
employment of careless drillers were ed upon. For 
the p> 5 paper resolved itself iy TT My of the 
ro’ percussive ame > e rotary 
-- 6 dealt with included the Auger, Diamond, Davies 
yx, and the hydraulic rotary. The disadvantages of 
several systems were sum y @ percussive 
systems dealt with embraced descriptions of the Penn- 
sylvania rig, the Canadian pole rig, and the Russian free- 
fall system. With to the latter, the author stated 
that great — been encoun in efforts to 
persede that cumbersome system in the Osucasian 
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DEVELOPMENT OF MOTOR DESIGN. 
By Freperick STRICKLAND. 

In many respects motor design appears to have 
become standardised. There is a very strong resem- 
blance in the machinery of rival cars, and the public 
are apt to imagine that finality has been attained. 
Those in the trade know better. As cars become more 
alike in their capabilities and efficiency, so that there 
is less to choose between them, price tends to be the 
controlling factor in the mind of the purchaser, and 
therefore both design and manufacturing processes 
to be adapted to render cheap production ible. 
Buyers now know exactly what a car of a certain power 
ought to be capable of doing, and they are not content 
with less. At the same time, they are of opinion that 
with s growing demand and standardisation of design 
prices should come down, and this is a feeling which is 
sometimes difficult to meet without a radical depar- 
ture from existing practice. In many cases the sa 
of motors have grown by accretion rather than by 
conscious intention, and the methods of manufacture 
have been adapted to the design. Such methods do 
not tend either to the greatest efficiency of the ma- 
chine or to the cheapest output. Of course, these 
two objects are quite distinct, and at times they may 
be antagonistic. Nevertheless, the draughtsman, 
however zealous he may be for efficiency, must always 
have one eye on the workshop with a view to economy of 
production. As an example it is proposed in this article 
to trace the successive stages in the evolution of a design 
which has grown up over a series of years, and in which 
cheapness of manufacture was s ily kept in view, 
while efficiency was not sacrificed. Circumstances 
prevented these designs being put on the market, and 
most of them were not even built from; but they 
form an interesting graphical record of the develop- 
ment of ideas in the motor industry over a series of 

ears. The various designs are not in all cases dated ; 

ut it must be kept in mind that they extend over a 
considerable period, and that the early ones belong to 
a period when less was demanded from a car than is 
now the case. 

The endeavour was made to render each design 
an improvement on the previous one, various means 
being employed to deal with the difficulties which 
cropped up, with the result that the designs gradually 
developed on lines which often differed considerably 
from those in general use. It is therefore hoped that 
the publication of the designs, and of the reasons which 
led to them, may be of some use to those engaged in 
designing motor-cars from the commercial point of 
view. It will be understood that as these drawings 
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were in most cases not actually worked from, but 
were rather made to see how certain ideas would work 
out, they are on a small scale, and non-essential details 
are often omitted. 
The essential objects in all cases were: firstly, 
to produce an engine which would give good results 
in practice ; secondly, to do this at the least 
ble cost. In carrying out these ideas it is to 
noted that no attempt whatever was made to 
produce an engine which would give a high horse- 


power for any particular arbitrary rating based on | advantage of quiet running. Although the pressures 
cylinder or other special dimensions, but simply to|on the pistons are greater for a given power in the 
make one which would give the desired power at a| moderate-speed engine than in the extreme high-speed 
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Fies. 5 to 11. 


noise. The engines are, therefore, all of the moderate- 








speed type, as it has been found that this gives the | shaft, bearings, crank-case, valve-gear 
lightest engine per unit of horse-power, while f has the made smaller in the moderate-speed type, 


































































































= 





Four-Cy.tinpek Enaine. 
small weight and cost and which would run without | small-cylinder type, the stresses and bearing 


ressures 
due to inertia are enormously less. Hence the crank- 
, &c., can all be 
and yet the 
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durability be greater. As these parts constitute the 
greater of the engine, the advantage in weight is 
distinctly with the moderate-speed type. 

If it were desired to make a high-speed engine on 
the lines of any of these designs, all that would be 
necessary in most cases would be to make the cylinder 
barrels about two-thirds the diameter, leaving all other 
parts, including the valves, the same size. The engine 
would then give nearly the same power, the revolutions 
being doubled. The weight per horse-power would 
obviously be slightly less, while the durability 
would be less, owing to the fact that inertia forces 
increase as the square of the ens the noise and 
petrol consumption would both be greater. The 
power per unit of cylinder area would, however, be 
greater, and, therefore, in competitions held under 
the present rating, the engine would be more suc- 
cessful. 

The first design illustrated, Figs. 1 to 4, page 514, 
is one got out in 1903, and from this an engine was 
built which was put into a car and used for 
several years. Three cylinders were adopted as being 
the smallest number which give fair balance and, 
at the same time, even firing. In those ‘days 





Fies. 12 to 17. Detams or Four-CyLinper ENGINE. 


there was no rating rule .to interfere with the 
choice of cylinder dimensions ; the stroke and diameter 
were made equal, and a bearing placed at each side 
of each crank. A moderate stroke-bore ratio has many 
practical advantages, as is shown by the fact that it is 
generally used where there is no rating rule to inter- 
fere with it—e.g., in motor-cycle, motor-lorry, marine, 
and aero-engines. It is ible that the ‘‘ square” 
engine is too short in the stroke, but for a given 
cylinder capacity the stroke must be inversely as the 
square of the diameter, and in practice, therefore, it 
is difficult to make the long-stroke cylinders as light 
as the short stroke, for a great part of the castin 

will be the same thickness whatever the diameter o 
the bore. It seemed that with a moderate-speed, 
moderate-stroke engine it was desirable to put a 
bearing at each side of each crank, as in this way 
ag length of main bearings ¢an be got without 
making a long engine. 

In making the cylinders an attempt was made to 
combine the advantages of the mencilos casting and 
the separate cylinders. The latter were therefore 
cast separately, with a large opening at each end, and 
were bolted up in one block, the ends being closed by 
doors, Figs. 1 and 2. In this way the patterns and 
core-work were much simplified, while the water con- 
nections were made as simple as in the monobloc type. 
In the days when this engine was designed manufac- 
turing on @ large scale had not developed as it has 
since done, and there were advantages in making such 
a design that one pattern would serve for engines with 
different numbers of cylinders. 


In order to get the fewest possible joints in the 
— the inlet-valve was placed over the exhaust | b 
0 


iven by a rocking-lever. Low-tension magneto 








ignition was provided, as the high-tension magneto 
had not come into general use at that date, this 
was arranged so that the spindle and rocker were 
inserted through the inlet-valve opening. This was 
of large size, and placed eccentrically to the exhaust- 
valve. A single cam-shaft drove all the valves, and 
carried at its end a commutator for accumulator 
ignition, this being provided as well as the m to. 
A point of importance in the cost of an engine is the 
number of gear-wheels and countershafts used for 
driving the various parts. At the time this engine 
was designed it was quite common for there to be 
two cam-shafts and several countershafts of various 
kinds for driving various parts, involving from five to 
ten gear-wheels. In the above engine three wheels 
only were used, and one shaft in addition to the cam- 
shaft. 

The pump is shown as being driven by a shaft 
carried through the eto, as the makers of the 
latter stated they could supply such a machine. In 


practice a thermo-siphon was eventually used, and the 
pump done away with. The cam-shaft has no inter- 
mediate bearings, and is carried on a long bearing at 
This plan 


each end bolted into a bored seating. 














enables the gearing to be placed in the crank-case, and 
avoids a separate cover for it. The tappet rods are of 
the flat-ended type, without rollers, and can therefore 
be turned in an automatic lathe. Incidentally, these 
rods have a very small side thrust, and in four years’ 
use it was found that there was no perceptible wear in 
the tappet-rod guides. Lubrication was by splash. 

The next design, No. 2, Figs. 5 to 11, page 514, was 
somewhat a development of the foregoing, but the 
three-cylinder engine not having come into general 
use, four cylinders were adopted. The cylinders in 
this case are cast en bloc, and forced lubrication is 
adopted for the main bearings, the big ends being 
lubricated by centrifugal force from the overflow of 
the main bearings. 

The leading | ra of the engine is that all the 
shafts are on the level of the crank-shaft, so that the 
bottom cover will encl -se them all, and no odd covers 
are required for the gear-wheels. This plan throws 
the cam-shaft some distance from the crank-shaft, and 
to avoid excessively long ports from the valve 
chamber to the cylinder, the latter is set desaxé. In 
order to avoid the expense of many pipes to take the 
oil from the pump to the bearings, the ~ has 
the delivery bolted to the crank-case, and all oil-ways 
are either cored or drilled. As shown, the passages 
across the engine are drilled, while a cored hole runs 
lengthways on the off side, Fig. 10. If such engines 
were made in quantities, it might be possible to core 


Figs. 12 to 17, has the and foot-brake all 
mounted on it, so that the whole forms a job which 
can be erected on the bench, and is so 
that there is a double universal joint between the 
clutch and gear-box, and that the clutch can easily be 
dismantled. The clutch is of the ordi cone type 
carried on an extension of the crank-shaft. An ex- 
ternal spring is used, placed vertically alongside the 
gear-box, where it is easily accessible for adjustment, 
while a bell-crank lever on the pedal stamping pushes 
the elutch into gear. A double. ball-thrust is used in 
the clutch, but the thrust in the shaft is taken by 
a collar on the after bearings—a plan which has been 
tried and found satisfactory. e@ universal joint 
between clutch and gear-box consists of a shell in two 
» bolted together, having grooves for sliding 
locks of the De Dion type at both ends. This pro- 
vides for the motion of the clutch, has very few ‘ 
is easy to machine, and “mye 4 detachable. All that 
is nece to remove the clutch after the joint has 
been detached is to uncouple the two links controlli 
it. Exactly the same double universal joint is used 
at the after end of the gear-box, to couple to the pro- 





peller-shaft, which runs in a torque-tube. The fact 


that this joint is a double one allows of the thrust of 
the axle being taken by the springs, which therefore 
only have shackles at one end, and the front of the 
torque-tube is hung on a link. On taking down 
the universal joint and uncoupling the torque-tube, the 
square shaft in the gear-box can be withdrawn and 
the rs removed. The lay-shaft is a tube running 
in a fixed pin, and the gears are discs threaded on to 
it with distance-pieces between them. The gears are 
thus cheap both to make and renew. The brake-lever 
is coupled to the pedal-arm by alink. Both the clutch- 
spring and brake are adjusted by nuts easily accessible 
through the floor-boards. 

The frame of this car was intended to be two longi- 
tudinals and two cross-pieces, the arms of the engine 
and gear-box replacing other cross-pieces. The cross- 
piece just behind the -box takes the torque-rod, 
and is a substantial tube to make the frame rigid in 
torsion. In this design, it is noticeable that there are 
only four diameters of gear-wheels in the engine and 
gear-box. Thus the setting of the gear-cutters is dis- 
turbed as little as possible. The gear ratios are 1, 2, 
4, and the centres in the gear-box are the same as the 
crank and cam-shaft centres in the engine. Thus the 

rmanent and first-speed wheels are the same 

iameter as the cam-shaft gears. The second-speed 
wheels are alike in diameter, and there remains only 
the reverse. ‘The starting-handle is carried on 4 
bracket cast on the top of the crank-case. This 
is both better and cheaper than carrying the starting- 
handle bracket on the frame, as was customary in the 
days when the design was made. 


(To be continued.) 





ContTracts.—The Mirrlees Watson Company, Limited, 
Glasgow, have recently received orders for a large number 
of condensing plants from ge ae collieries, mining 
and other companies—British, colonial, and foreign— 
many of which are repeat orders. 





Sm teeta af than Emi Geen ond On Gee: 
toon = ns- 
borough, England, has lately received an order from the 
Russian Government for its entire stock of 70-horse- 


all these holes and avoid drilling altogether. An oil- | POWer gasoline tractors. work of packing the trac- 
trough is provided, into which the cams dip. The sore for will employ the entice sin of the works 


cylinder holding-down bolts run down through the 
main bearing-csps. The main and big-end bearing- 
rasses are interc ble to save manufacturing 
cost and spare parts. The gear-box for this design, 


for about six weeks. Shipment will be made via Van- 
couver and Viadivostock. Messrs. Marshall have already 





supplied the Allies with a large number of tractors from 
their English factory. These are used for the transporta- 
tion of heavy guns chiefly. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with an easier tone, and the 
turnover consisted of one lot of Cleveland warrants at 


prices 
further, and business was confined to 1000 tons of Cleve- 
land warrants at 65s. 34d. one month, and 66s. 3d. July 
26. At the close sellers’ quotations were 65s. 1d. cash, 
poe gle Tg ag mag my 
Fri i was lit in the state o: 
the ashe, when 2000 tons of Oleveland warrants 
changed hands at 64s. 10d. cash and 65s. 3d. one month, 
with sellers over at 65s. 1d. cash and 65s. 6d. one 
month. The afternoon market was strong and 
active, and prices of Cleveland warrants marked an 
advance of from 6d. to ls. The dealings totalled 6000 
tons at 65s. 5d. and 65s. 11d. one month, and closing 
sellers quoted 65s. 7d. cash and 66s. one month. On 
Monday the market was closed, being Bank Holiday, and 
opened quietly on Tuesday morning. The turnover was 
1000 tons of Cleveland warrants at 65s. 9d. seventeen days 
and one month, and the session closed with sellers at 
65s. 7d. cash, 66s. one month, and 67s. three months. In 
the afternoon idleness prevailed, and Cleveland warrants 
were unchanged at 65s. 7d. cash, 66s. one month, and 
66s. 9d. three months sellers. When the market opened 
to-day (Wednesday) the tone was again easier, but busi- 
ness was at a standstill. ’ prices for Cleveland 
warrants were called 65s. 6d. cash, 653. 104d. one month, 
and 66s. 6d. three months. ‘he afternoon session was 
little better than its twu predecessors, and the total 
business consisted of 500 tons of Cleveland warrants at 
65s. 9d. one month. The closing quotations were 65s. 5d. 
-— , 65s, 10d. one month, and 66s. 7d. thiee months 
sellers. 


Sulphate of Ammonia.—Quite a good volume of trade 
is being put enya in the sulphate of ammonia market, 
and for prompt lots the price is round 13/. 12s.6d. to 
134, Fn gel ton Glasgow, and 13/. 15s. to 13/. 17s. 6d. per 
ton Leith. 


Scotch Steel Trade.—Little change falls to be noted in 
the state of the Scotch steel trade, and great activity 
vails all round. The output largely consists of munitions 
of war, for which there is so much need, but the — 
response to the requests of the Government is now suc 
that the fear of any shortage, in the meantime at any 
sete, sous more distant than it was. All the same, no 
slacking off can be permitted, and the makers of shells, 
mines, and other naval and military requirements are 
pushing ahead, both by night and by day. Organisation 
was the one thing needed, and the efforts of the officials 
are being duly rewarded. In the general trade there is 
also a fair amount of business passing, mainly of a mis- 
cvllaneous character, for the home market. Ship and 
boiler-plates, structural sections, and black sheets are all 
in good request, and prices maintain a high level. The 
export trade is a bit slow, although some markets are 
sending along fair orders. The high cost of hematite 
iron is @ serious item at the present time, and the price 
shows little sign of receding. he fo! “ef are the 
current quotations :—Ship-plates and angles, 10/. per ton, 
and boiler-plates 10/. 103. per ton—all less the usual 5 per 
cent. discount for Clyde or equal delivery. For export 
lots the _ are round 10/, per ton for ship-plates, and 
from 9/. 15s. to 10/. per ton for angles. 

Malleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade the makers report a steady demand, and 
the output continues on a large scale. Prices are 
on 8l. 17s. 6d. to 9/. 10s. per ton, less 5 per cent. for 


**erown” bars for home delivery, and 8/. 17s. 6d. to 92. | 


per ton, net, for export lots. 

Scotch Pig-Iron Trade —The demand for Scotch pig- 
iron is rather dull at the moment, but nevertheless there 
isa fair amount doing on home account. High prices 
and dear freights are still having a re ing effect on 
the export side of the business, although the shipping 
trade is really wonderful whea everything is considered. 
Hematite iron, despite its high value of about 110s. per 
ton, is meeting with a ready outlet. The wr are 
the market quotations for makers’ (No. 1) iron :—Clyde, 

Gartsherri 1 


85s. 6d.; Calder, ie, Summerlee, and Langloan, 
85s. (all shipped at G w); Eglinton, 80s., and Glen- | been 
gene. 86s. (both at rossan); Dalmellington (at Ayr), 

ls.; Shotts, 85s., and Carron, 86s. (both at Leith). 


Shell-Making : Important Forward Move.—An impor- 
tant forward movement to increase the output of shells 
in Glasguw has just been commenced by the organisation 
of lay labour. Abt least one clergyman been worki 
on the day-shift in a certain establishment for sev 
weeks — and now the members of the Citizen Training 
Force have come forward to lend their aid also. The 
Pollokshields Company of the Force recently offered the 
same firm to keep sixty machines running throughout the 


night-shifte, and in accepting the offer the directors 
that only those en }in clerical and other 
similar —— duri day should be selected 


for the work of shell- ing. is + was 
readily agreed 0, as the Poliokshields Gonpens is 
largely composed of that class of men. A start of this 
interesting experiment was made this week, one squad 
commencing at 5.30 p.m. and finishing at midnight, when 
they get relieved by another batch of workers, who keep 
the machines running until 6.30 a.m. The majority of 
these new workers are novices, and satisfactory arrange- 
ments have been made for their instruction ; but bei 
an intelligent and educated class of men, it is anticipated 
ol ~ will soon Lined efficient Fb ya new Pe 
le learning they paid a wage, and as 
soon as they become proficient they will be paid on the 





prevailing piece-work rates. This scheme is an excellent 
one, and will no doubt be watched with great interest. 


Blastfurnacemen’s Wages.—As a result of 
the report by Mr. John M. MacLeod, O.A., Glasgow, to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Board of Conciliation between the owners of 
blast-furnaces in Scotland and the blastfurnacemen as to 
the price of Scotch one warrants in the Glasgow 
market for the months of February, March, and April, 
Ra an Seeninee of 10 per cent. in the wages of the 
workmen. 


Scotch Shipbuilding.—Activity is the keynote to the 
prevailing conditions in the Scotch shipbuilding industry 


at the t time, but judgi from the returns one 
would inclined to doubt t statement. Of course, 
no res of the Government work are included, and as 


the mercantile orders on the books are being cleared off, 
the attentions of the various establishments are bei 
largely turned to Admiralty contracts. The figures for 


the launches du hh were:—The Clyde, three 
vessels, totalling 7480 tons; the Forth, two vessels, 2450 
tons; and the five vessels, 1330 tons. Total, ten 


vessels, 11,260 tons. The Clyde mercantile output for 
the year to date is now thirty-two vessels, totalling 
114,183 tons, but it is useless under present conditions to 
make any comparisons. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Both buyers and sellers 
of pig-iron show little oy to operate, and extreme 
quietness characterises the market. The prohibition of 
export of pig to neutral countries, except under licence, 
has crip; business very seriously. Exporters com- 
plain considerably of difficulty and delay in securing per- 
mission to ship iron, and the result of this week’s deputa- 
tion of ironmasters from this district and from Scotland 
to the War Committee of the Board of Trade with 
regard to the embargo is awaited with keen interest. 
Deliveries of pig to home consumers are on a very good 
scale, but they threaten to diminish as contracts run out, 


pre- | for orders are not being renewed. There are buyers who 


anticipate a fall in prices, and naturally they will not 
commit themselves ahead to any extent. What business 
is ing in pig is almost entirely confined to trans- 
actions in lots to meet early requirements. No. 3 
= o 7E ~ is 65s. 6d. ; No. 1 is 68s. ; No. 4 
oundry, 65s.; No. 4 forge, 64s. 6d.; and mottled 
and white iron, each 64s. These are merchants 
quotations. Makers declare that such rates are altogether 
unremunerative, and hold out for higher prices. Pro- 
ducers of East Coast hematite pig are reluctant to 
acknowledge actual reductions in values, but a downward 
tendency is noticeable, and makers who have been hold- 
ing aloof for some time past are now coming forward, and 
showing a desire to do business. Some manufacturers, 
however, are still very well placed, and do not care to 
uote. Second hands are rather pressing sales of Nos. 1, 
, and 3 at 102s, 6d., and doubtless some makers would 
accept that price, but some producers adhere to 105s. The 
foreign ore trade is featureless. Sellers are now pre 
to e concessions. They base market rates on ex- 
ship Tees for Rubio of 50 per cent. quality, and there is 
no doubt that contracts could be made on rather lower 
terms. A couple of small odd sales have been made 
under exceptional circumstances at round about 27s. 
Imports of foreign ore to the Tees to date this month 
amount to 33, tons. 7. Bilbao-Middlesbrough 
are in the neighbourhood of 12s. 6d. Coke is scarce and 
ear. Local consumers are experiencing a good deal of 
difficulty in obtaining adequate supplies. urham bee- 
hive blast-furnace coke, of average quality, is 28s. to 30s., 
delivered at Tees-side works. 


Stocks of Pig-Iron.—Stocks of pig-iron are not accumu- 
lating to any great extent. There are said to be no 
additions at ers’ yards, and practically the only in- 
crease is to the public warrant stores, where the stock 
now stands at 143,326 tons, all of which is No. 3 Cleve- 
land pig: The addition to the public stores to date this 
month is 1119 tons. During last month 13,026 tons were 
sent into the stores, and to date this year the stock has 
increased by 24,711 tons. At the close of last month 
there were warrants in circulation for 131,900 tons. 


Shipments of Iron and Steel.—Last month’s shipments 


of pig iron from the Tees showed improvement on those 
of the vious month, but fell far short of those 
for A last year. They averaged 1068 tons per work- 


ing day, the total despatches amounting to 25,635 tons, 
of which went from Middlesbrough. ings for 
the previous month were given at 12,486 tons, or a 
daily average of 480 tons, whilst despatches for April a 
year ago amounted to 127,943 tons, or an average of 4920 
tons per working day. Of the pig cleared last month, 
23,404 tons went abroad, and 1961 tons coastwise. 
Ja was the largest customer, receiving 4655 tons, 
whilst France im 3910 tons ; Norway, 3453 tons ; 
United States of America, 3000 tons ; Sweden, 2261 tons; 
Holland, 1730 tons; Denmark, 1595 tons; and Italy, 
1000 tons. April loadings cf manufactured iron at 
Middlesbrough were given at 11,643 tons, and those of 
steel amounted to 26,351 tons. Of the manufactured iron 
shipped 5124 tons went foreign and 6519 tons coastwise, 

of the steel despatched $3,913 tons went abroad and 
2438 tons coastwise. The Argentine, with an import of 
3379 tons, was the largest customer for manufactured 
iron, and India, with an import of 9569 tons, was the 
largest customer for steel. Other principal customers for 
steel were :—France, 7482 tons; Natal, 2770 tons; and 
the Argentine, 1412 tons. 





Manufactured Iron and Steel.—Producers of finished 
iron and steel keep ay eee employed, almost entirely 
on Government work, but a few ordinary contracts are 
being entered into. Messrs. Bolckow, Vaughan and Co. 
have booked an order for steel rails for the Great Indian 
Peninsula Railway. Quotations all round are very firm. 
Steel joists have this week been advanced by 10s. per 
ton, and quotations of other descriptions may follow the 
rise. Principal market quotations stand :—Common 
iron bars, 9/.103.; best bars, 9/. 17s. 6d.; best besv bars, 
10/. 5s. ; packing-iron, 7/. 10s.; iron ship-plates, 9/. 10s.; 
iron ship-angles, 91. 10s.; iron ship-rivets, 11/. 10s.; steel 
bars, 9/. 103.; steel ship-plates, 9/. 10s. ; steel ship-angles, 
91. 5s.; steel boiler-plates, 10/. 10s.; steel joists, 9. 10s. ; 
steel hoo 91.; steel strip, 8/. 10s.—all less the cus- 
tomary per cent.; cast-iron railway chairs, 4/. 7s. 6d. 
to 4/. 10s.; heavy steel rails, 7/. 15/.; steel railway sleepers, 
8/.—all net; and galvanised corrugated sheets, 24 gauge, 
in bundles, 147. 10s. f.o.b.—less the usual 4 per cent. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—A further falling-off has 
been experienced in the demand for house coal, but no 
change is reported either in wholesale or retail prices. 
The colliery position is still fairly strong, the diminished 
output being about on a par with requirements. The steam- 
cant section shows an easier tendency. The tonnage 
ing to the coast is smaller, and the home manufacturing 
emand ison a reduced scale. The demand, however, can 
still be described as active. The forward market is dull. 
Gas fuels are asteady market. An average to e is going 
to inland works on contract account, and a fair business is 
ss in outside sales. Shipments are well maintained. 
‘orward business is rather more active than in other 
sections of the market. A few contracts have been 
arranged on the basis of 5s. to 6s. advance as recommended 
by the South Yorkshire Coal-Trade Association. The 
supply of slacks is not equal to the enlarged demand, 
and prices rule high. Quotations:—Best branch hand- 
— 20s. to 21s. ; Barnsley pest Silkstone, 17s. to 18s.; 
byshire best brights, 17s. to 18s. ; Derbyshire house, 
16s. to 17s.; best large nuts, 15s. to 16s.; small nuts, 
13s. 6d. to 14s. 6d.; Yorkshire hards, 17s. 6d. to 20s. ; 
Derbyshire hards, 17s. 6d. to 19s. 6d.; best slacks, 11s. 

to 12s. ; seconds, 9s. 6d. to 10s. 6d. ; smalls, 8s. to 9s. 


Iron and Steel.—Contract deliveries of common irons 
and hematite have been specially heavy this week, but 
the amount of new business passing in the open market 
is on a reduced scale. Generally s ing, prices fairly 
reflect the dullness of the market, though this cannot be 
taken to indicate any decline in gross consumption or 
output, both of which are believed to be larger than at 
any B pen period of *‘boom” activity. East Coast 
mixed numbers have been bought at 105s. and less, com- 
ey with 116s. at the beginning of April ; nor have 

est Coast makers so actively been pressing for ad- 
vances. West Coast ordinary brands have changed 
hands at 120s. to 122s. Special qualities for armament 
and munition making are quoted at 132s. to 135s. In 
common irons, Lincolnshire masters have been asking 75s. 
for foundry and 73s. 8d. for forge, and Derbyshire mas- 
ters 71s. to 72s. for foundry and 70s. for forge, a reduction 
of 1s. to 1s. 6d. on the week. Further progress has been 
made in the work of organising engineering firms in 
groups, so as to increase the output of munitioas. With 
the assistance of the Sheffield Chamber of Commerce 
&@ munitions committee has been formed, including repre- 
sentatives of Messrs. Vickers, Limited, Messrs. Cammell 
Laird and Co., Messrs. John Brown and Co., Messrs. 
Hadfield, Limited, the Brightside Foundry and Engi- 
neering Company, Messrs. Davy Brothers, Limited, 
Messrs. Ed Allen and Co., Limited, Messrs. William 
Jessop entltnen, Limited, and other leading engineeri 
concerns. A committee of manufacturers has been form 
to sit with a joint committee of trade-union re ta 
tives, and when these bodies get into thorough worki 
order substantial results may be expected. The ‘‘boom” 
in high-speed steel continues, but owing to the shortage 
of ange and labour —— is not expanding in propor- 
tion to the increased demand. A supply of tungsten 
from the British works formed by Shetfield engineers in 
conjunction with Messrs. Armstrong, Whitworth and Co. 
is definitely promised for the beginning of June, and an 
improvement in the position of makers of special steel may 
then beexpected. Whether thesupply of tungsten will then 
be equal to the demand is problematical, as since the forma- 
tion of the company requirements of high-speed steel from 
all sources have greatly expanded. The general export 
trade, apart from war requirements, shows signs of steady 
improvement. Steel manufacturers are looking forward 
to a big business with Russia when the ship trade 
with Archangel is restored. Big tonnages of steel are 

oing to France, Italy, and Holland, and among the 

test oversea bookings are also orders for files, sheep- 
shears, saws, mining =e, twist-drills, and machi- 
nery for South Africa, China, and India. Tramway steel 
is to be made by several firms for London, Manchester, 
and Bradford. The feature of the steel-billet market is 
another advance of 10s. in the price of basic sorts. Basic 
hard now stand at 9/., and soft at 87. 10s. 





Geaman East Arrica.—In the current number 
No. 1, of vol. xiii.) of the “‘ Bulletin of the Imperial 
nstitute,” further attention is given to the ‘‘ economic 
resources of the German colonies,” the agricultural and 
forest products of German East Africa being specially 
considered. These ucts include copra, ground nuts, 

sesame seeds, oil pa castor oil, cotton, wild 
rubber, coffee, grain, tuberous plants, sugar-cane an 
tobacco. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown no increase 
of activity, week-end influences having restricted business; 
at the same time, the general tendency has been strong, 
colliery owners looking for heavy arrivals of tonnage. 
While the Lords of the Admiralty have tically mono- 
polised superior classes of steam coal, there has been 8 
ready demand from other quarters. The best Admiralty 
large steam coal has remained, to some extent, nominal ; 
secondary qualities have made 34s. to 35s. ; best bunker 
smalls have been quoted at 21s. 6d. to 223. ; and cargo 
smalls at 18s. 6d. to 19s. per ton. The best house- 
hold coal has realised 29s. to 30s. ; good households have 
made 27s. 6d. to 28s. 6d.; No. 2 Rhondda large has 
brought 27s. 6d. to 28s. 6d.; and No. 2 smalls have realised 
18s. to 19s. per ton. Patent fuel has been quoted at 35s. 
to 37s. per ton. Special foundry coke has made 43s. 
to 45s. ; good foundry coke, 36s. to 40s.; and furnace coke, 
303. to 33s. per ton. As regards iron ore, Rubio has 
ranged from 28s. to 30s., upon a basis of 50 per cent. of 
iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


Newport.—Steam-coal has shown 4 firmer tendency. 
Smalls have continued a 8 good demand having pre- 
vailed for available lots. ouse-coal has been generally 
quiet. Patent fuel and coke have been scarce, and have 
been held with firmness. The best Newport Black Vein 
large has been quoted at 32s. 6d. to 33s. Western Valleys 
have made 32s. to 32s. 6d., and Eastern Valleys 29s. to 
31s. per ton. 


Devonport.—Mr. J. D. Milton, formerly of Devon 
Dockyard, has entered upon his duties as acting chief 
constructor at Pembroke Dock. The vacancy in the con- 
struction manager’s staff at Devonport is to be filled by 
the transfer of Mr. J. F. Walker, from Simon’s Town. 
Mr. Walker has been in charge at the Cape for nearly 
three years. 

Coal Prospects.—The administration of the French 
State Railways has appeared in the market for an addi- 
tional 30,000 tons of Monmouthshire large for delivery 
over the next three months. There are no indications of 
Admiralty requirements being reduced. Colliery outputs 
appear to be improving slightly, but not to a sufficient 
extent to have much effect upon values. 


rt 





ALCOHOL In GeRMANY.—Abd the annual meeting of the 
Association of German Alcohol Manufacturers, held in 
Berlin in the last week of February, it was stated that 
there was a strong demand, at the beginning of the war, 
for prohibiting the use of potatoes, which were wanted as 
peed as raw material for alcohol distillation. This is one 
of the chief resources of the farmers, especially 
in the eastern parts of Prussia, where the soil is not suit- 
able for raising much grain. The need of alcohol for 
chemicals and as substitute for benzol, lamp oil, &c., was 
too im tive, however, and the cateal consumption 
of alcohol for technical purposes was higher in the 
last quarter of 1914 than it had before. The pro- 
duction decreased, however. It was pointed out that 
& certain consumption of alcohol seemed to be indis- 
pensable in the interest of the economy of the industry, 
as long as the fermentation of the starch in the potato 
and the distillation could not be conducted in such a 
way as to yield a — of higher value than alcohol. 
A certain success has been realised in this t. In 
his new works at Arnsdorf, near Frankfort, Béttinger 
gains one-third of the possible yield in alcohol as acetone. 
Scientific investigation has successfully been pushed also 
in other directions. One of the minor sources of waste 
stopped is that feeding of cattle with raw potatoes 
has m abandoned, because cattle cannot extract any 
nutriment from this food, whilst pigs can. Consider- 
able success has also been realised in the cultivation of 
waste moorlands. 


CaNnaApDIAN Rattways.—Three resolutions with regard 
to Canadian Government railways have been introduced 
into the Canadian House of Commons by Mr. Cochrane, 
Minister of Railways. The first provides that the 
Minister, subject to the authority of the Governor- 
Gen in Council, may construct, purchase, or other- 
wise acquire, in whole or in part, any railway, railway- 
bridge, railway-station, terminal, ferry, or other railway 
work in the provinces of Quebec, New Brunswick, Nova 
Scotia, and Prince Edward Island. A copy of every 
such lease or contract is to be laid before the Canadian 
Parliament, and no railway of more than 200 miles in 
length is to be acquired. No railway of more than 
25 miles in length is also to be constructed until a sum 
of money for its purchase has been appropriated by the 

anadian Legislature. All lines so constructed or acqui 
are to become part of the Canadian Government railway 
system. ‘Another resolution Vey y for the ratifica- 
tion of an agreement, dated h 18, 1915, for the sale 
to the Canadian Government of the New Brunswick 
and Prince Edward Island Railway, including the main 
line of 36 miles from Sackville to Tormentine. The 
pure price. is to be 270,000 dols., and until this 
amount is paid the Canadian Government is to pay 
interest at the rate of 4 per cent. per annum from 
August 1, 1914. The third resolution confirms an 
agreement of August 1, 1914, between the Interna- 
tional Railway Company, of New Brunswick. Mr. T. 
Malcolm, contractor, and his Majesty the King, for 
the sale to the Canadian Government of the whole of 
the company’s ae ae The line extends from 
Campbellton to St. Its is 112 miles, 
oo. the amount proposed to be paid for it is 2,700,000 

C) 





CATALOGUES. 
Wrought-Iron Pulleys.—Messrs. Arnold Goodwin and 
Son, Limited, of 8 -street, S.E., have sent us a 








price-list of wrought-iron pulleys from 12 in. to 100 in. in 
diameter and from 4 in. to 12 in. wide. 


Grinding and Lining-Plates for Ball-Mills, &c.—We 
have received from Messrs. John Brown and Co., Limited, 
of the Atlas Steel and Iron Works, Sheffield, a catalogue 
illustrating some examples of the many different patterns 
of pas and lining-plates they supply for ball-mills 
and tube-mills used for grinding cement, crushing quartz, 
pulverising fuel, and other purposes. The p are 
manufactured of the firm’s ‘‘ Adamant” steel, which, it 
is claimed, has excellent wearing properties, combined 
with great toughness, and is also remar y free from 
fracture. The firm also supply crushing-rolls, shells, and 
die-rings for all types of mills in the same quality of steel. 

Gas-Furnaces.—Messrs. J. Wright and Co., of Essex 
Works, Aston, Birmingham, have sent us a circular illus- 
trating some examples of gas-furnaces, which they now 
make, in conjunction with Messrs. Brayshaw Furnaces 
and Tools, Limited, of Manchester, for all industrial 
The examples illustrated include oven-type 
urnaces for g, tempering, hardening, case- 
hardening, &c., for use with town high. pressure gas, 
producer-gas, or oil, as well as salt-bath hardening fur- 
naces and crucible furnaces of the stationary and tilti 
types ; an automatic rotating shell-annealing furnace | 
@ rivet-heating furnace are illustrated. 


Marine Oil-Engines.—Messrs. James Pollock, Sons 
and peed rgb 3, ed see, SS ae sent 
usa ‘et relating to the use o' inder oil-engines 
on AF cmc nny These engines are of the two-cycle, hot- 
bulb type, and are made in over forty models ranging 
from 5 to 320 horse-power. We understand that over 
3000 fishing vessels have been fitted with Bolinder 
engines, and that more than one-third of the number 

ong to one port. The pamphlet illustrates a number 
of these vessels, and gives full particulars of the engines. 
It also includes an interesting comparison between the 
working costs of vessels fitted with steam-engines and 
oil-engines. Some examples of winches and capstans 
operated by oil-engines are also illustrated. 


ag elon John Jardine, of Deering-street, 
Nottingham, has sent us some particulars of a new design 
of tell Sensinen for line shafting he has just put upon the 
market. In these i two sets of ball-races are 
mounted in a sleeve, which is supported by a ball-and- 
socket joint. The latter feature renders the ye | 
self-aligning, and also allows the bearing to adjust itsel 
so as to throw an equal load on both sets of balls. The 
bearings are made of cast iron, and the length of the 
sleeve is four times the diameter of the shaft. They are 
claimed to be more durable and more easily erected than 
rigid bearings, and also to require less attention, and 
consume less power. They are made in nine standard 
sizes, for shafts ranging from 14 in. to 4 in. in diameter. 


Portable Electric Grinding-Machine.—Some particulars 

of a new form of portable electric grinding-machine have 
ed us from Messrs. Morris and Lister (London), 

Limited, of 3 and 4, Palace Chambers, Bridge-street, 
Westminster, 8.W. The special feature of these ma- 
chines is that the handles are placed in line with the 
motor-shaft, so that the weight of the machine is taken 
equally by both hands. At the same ti i 
ment ena’ the ——— to 
which would be difficult to reach with a grinder of the 
+ et mh ata pe Fn Fame: — 
ti currents, and for su) voltages. 
The direct-current machines are fitted nf 3-horse- 
power motors, and the three-phase machines with motors 
of § horse-power. Both typesare fitted with ball-beari 
and are suitable for use with an emery wheel up to 4 in. 
in diameter by 4 in. wide. They are especially useful in 
foundries for finishing castings. 


Water-Tube Boilers and Marine Engines.—A descrip- 
tive catalogue of the Seabury water-tube boiler has 
reached us from the makers, the Gas-Engine and Power 
po! and Charles L. Seabury and Co. (Consolidated), 
of Morris Heights, New York City, U.S.A. This 
boiler, which is largely used for both marine and sta- 
tionary work, has an upper horizontal steam and water- 
drum connected to two mud-drums by means of water- 
tubes. The latter rise vertically from the mud-drums for 
part of their length, and then bend inwards so as to meet 
the steam-drum radially. The boilers are built in units of 
any size between 3 and 3000 horse-power, and for working 
ee up to 350 lb. per sq. in. Full particulars of the 

ilers are given in the catalogue, and a number of 
vessels fitted with them are illustrated. Among the 
latter are a number of high-speed yachts and torpedo- 
boat destroyers, as well as slower craft of all kinds. 
Other productions of the firm are reciprocating marine 
engines, steam-turbines, steam -engines, petrol- 
engines for marine and stationary work, and cooking- 
sanges 3 examples of all these are illustraved in the cata- 
logue. 


Stop- Valves.—We have received from the Lunkenheimer 
Company, of oe ee U.S.A., a booklet giving 
prices and particulars of their ‘‘ Ferrenewo” valves. 
valves are made in the globe, angle, and cross types, in 
sizes ranging rag ~ to 2in., and —_ for —— 
pressures up to per sq. in. y are provi 
with a seat-guard, which tly reduces the wear due 
to the wire-drawing of the steam, and also prevents 
scale and grit from edging on the seating surfaces when 
the valve ‘is being closed. The life of these valves 
is further increased by the fact that the seating surfaces, 


time this arrange- 
be used in places | is 





which are of nickel alloy, can be easily re- nd. 
Moreover, all parts of the Sadvupens bo sanswed ft asap. 
sary. Another booklet from the same firm relates to 
their “Clip” valves, which are of the —_ type, and are 
made in two patterns—one having a sliding stem operated 
by a lever, and the other having the more common 
internal screw. In these valves the body, which is of 
ore 7 ry - at pe connected ye a 
ip bolt. is t greatly facilitates 
} operation of taking the — ay apart for cleaning or 
epairs, and is also claimed to and add rigidity 
to the body. — valves are made in thirteen di t 
sizes from } in. to 6 in. ; those with screwed stems are 
intended for pressures up to 100 1b. per sq. in., and the 
sliding-stem, or quick-opening type, are intended for 
sures not greater than 50 lb. per sq. in. Both 
state prices for all sizes of valves and spare parts. 


Loud- ing Te —The latest publication from 
Meesrs. Siemens Bro’! and Oo., Limited, of Woolwich, 
S.E., illustrates and describes the different terns of 
i phones they lor use on 
ips. In telephones 
the loud-speaking effect is not obtained by passing a 
comgecotions heavy current through the transmitters, 
but by a special system of connections. A current 
through the microphones gives continual trouble due to 
arcing between the carbon granules, which causes them 
ee copynente The current used = Se ates hones of 

mens’s loud-speaking telephones is only 0. 
whereas in other makes the current is usually ten times 
as great. In Siemens’s telephones the transmitter at one 
station is in series with the receiver at the other station, 
and the transmitter at the second station is in series with 
the receiver at the first station, with a common line for 
return. The source of supply is inserted as a bridge 

tween the common return the two lines connecting 
the transmitters and receivers through small inductances, 
which age the speaking current from passing, but 
allow the microphone-feeding currents to pass readily. 
The fluctuations of current due to the action of the 
transmitters therefore directly through the re- 
ceivers without goin rough the source of supply. 
This increases the clearness of speech, and also gives 
@ greater volume of sound with a current. The 
microphone is in the form of a capsule, and is therefore 
water-tight, this construction being rendered ible by 
the use of a metal diaphragm, instead of a car one, as 
is usual. All instruments, except a cabin-type set for 
merchant steamers, are enclosed in water-tight cases of 
brass or gun-metal. They are intended to work on a 
15-volt circuit, but can be used at any pressure between 
12 and 20 volts, inclusive. The current can be obtained 
either from the ship’s lighting mains (by means of 
meme sang resistance) or from primary or 

atteries. Columns for mounting instruments, and h 
for containing them, are illustrated in the catalogue, 





as 
well as the instruments themselves. Exc ds 
and selector-switch boxes are also illustrated. 

Tue GErLsENKIRCHEN Oompany.—The re of a 


company like the Gelsenkirchen Iron and Mining Com- 
, &concern with a share capital of 180,000,000 marks, 
is always awaited with much interest; but this time it 
has been somewhat disappointing. The report shows a 
profit for last year of 48,245,664 marks, against 
605,945 marks for the ing year. Interest, 
expenses, and sundry visions account for 
,941,618 marks, taxes, &c., 9, 238 marks, whilst it 
i to apply 15,901,481 marks to the payment 
of a dividend of 6 per cent., against 11 per cent. for the 
preceding year. 


Tue tate Mr. Georck Humpnurers-Davies. — We 
regret to have to announce the death, which occurred at 





ngs, | his London residence on Thursday morning, April 15, of 


Mr. George Humphreys-Davi 
at the . 3 sixty-six, after a 
phreys-Davies was best known 
surveyor, and more especially with reference to the 
a of the exemption of machinery from cots Y 

revious to starting a practice in London in 1887, Mr. 


architect and surveyor, 
illness. Mr. Hum- 
essionally as a rating 


Humpbhbreys- Davies bad tised in Newport (Mon.). On 
setting i: bende he decided that the Mon.) of 


rating law as applied to manufacturing premises 
employing machinery would afford the scope he desired. 
He was vane author with the late Sir Edward Boyle, 
C., M.P., of “The Principles of Rating.” 
He was also the author of a number of papers read 
before technical societies, among which may be men- 
tioned ‘“‘The Rating of Coal-Mines,” read 
Institute of Mining Engineers, and “‘The Value of 
Buildings and Machinery as a Lender’s Security,” before 
the Institute of Bankers, He was surveyor to the 
i Users’ Association from its inception in 1889 
ne commer, ond See —_ was =e nsible for 
. “ ting of M. ; - . 
been on many occasions before the House of Com 
but has hitherto been crowded out by the pressure 
other business. An Act modelled upon it was passed 
for Scotland in 1901. Mr. Humphreys-Davies was also 
very largely retained in assessment cases for collieries and 
for railway, gas, electric, water, and similar undertaki 
carried on under statutory powers. He acted for the 
South-Eastern and Chatham Railway, the Crowhurst, 
Sidley, and Bexhill Railway, the Surrey Commercial 
Dock Company, the Gas Light and Coke Com iy, and 
others, in the purchase of property under Parliamen- 
tary powers, and was responsible for the schemes 
for rehousing age sy of the labouring class who 
were displaced by the eee many Se the th- Eastern 
Railway line between London Bridge and New Cross, 
and by the extension of the Surrey Docks, 
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SuHresulLpDINe In Germany.—The Vulcan Shipbuildin 
Company, Stettin and Hamburg, realised last year avail- 
able net profits of 2,251,557 marks, of which it is pro- 
posed to add 1,100,000 marks to the reserve fund and to 

y & dividend of 6 per cent. The welngee amount to 

825,040 marks, against 2,616,597 marks for the previous 
year. The result for 1914, of ,courge, compares very 
favourably with that of 1913, whes: the Stettin Vulcan 
had a very serious working deficit, to cover which 
4,765,451 marks had to be taken from the reserves. 
A dividend of 6 per cent. was paid for 1913, but 
this was only done by taking 1,775,000 marks from 
the building reserve. After the inroads.made upon the 
reserve funds in 1913 the company’s . réserves were : 
qramenice fund 1,000,009 marks, and ordinary reservé 
3,000,000 marks, As the genoral mesting of the Teaklen. 

mar t meeting o' . 
borg Shipyard, it was stated that the yard was fully em: 
ployed far into next yeat. The result of the present 
year’s working depended upon a sufficiency of labour and 
the developments of the supply of metals. , 
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NOTICES OF MEETINGS. 


Tas Roya. Socmry or Aura. —M onday, 
Cantor Lecture. ‘‘ Foodstuffs,” by Mr. David Somme 
M.Sc., M.D Asian Profeor ot Hogiene and. Public Heath, 
University of London, King’s College (Lecture III.). bt > 
May 12, at 8 p.m. ‘ Recent in eer 
Chatles R. Darling, A.R.O. Sc. L, 1.0. Sir Robert A. Hi: field, 
D.8c., D. Met., F.RS., will e. Thursday, May 13, at4. 30p.m. 
Indian Section. ** Indian Trade and the War,” by Sir Charles H. 
Armstrong. 

Tar Seamer or Exeuveers.—Tuesday, May 11, at 7.30 p.m., 


May 10, ite RA, 


the Institution of Electrical Engineers, Victoria Gecbattectate 
W.C., @ paper entitled “Some Future Devel nts in Heating 
and Ventilation” will be read by Mr. Arthur H. Barker, Wh.Sc., 
Be. B.Sc. 

1B 


InstiruTiON OF AUTOMOBILE ENGINBERS.—Wednesday, 
May 12, in the Hall of the Institution of Civil neers, Great 
George-street, Westminster, 8S.W. Mr. Arthur Stubbs will read 
a r entitled “ Drop-Forgi and the Automobile Industry.” 
H8 INSTITUTE OF MeTaLs.— Wednesday, aay 12, at 8.30 p. rt at 
the Institution of Electrical Engineers, Si: J. Thomson, O. 
D.Se., F.R.S., will deliver this year’s Institute of Metals May 
Lecture, his subject being “ The Passage of Electricity throug 


Tae Ixstirurson oF ELecrricaL Excivgers: Yorksuire LocaL 
Secrion.—Wednesday, May 12, at the Philosophical Hall, 
At the conclusion of the business of the annual general meeting 
the teBowing paper will be given :—‘*The Power Supply of the 
Central Mining-Rand Mines Group,” by Mr. J. H. Rider, Member. 
Tue Iron AND Stes. Inetirvure.—Thureday, May 13, at the Hall 
of the Institution of Civil Engineers, at 10.30 a.m., general meet- 
ing of members. The Council will present their report for the 
present the statement of 
accounts for 1914. The Bessemer Gold Medal for 1915, which 
has been awarded to Mr. Pierre Martin Yo ke of ‘Sireuil, 
near Paris), will be received on his behalf b: jis Excellency 
M. Paul Cambon, the French Ambassador. - selection of 
papers will be read and discussed (Nos. 6,7, 9). At 12.45 p.m., 
the meeting will be adjourned to 10.30 a.m. on Friday, May 14. 
At 8 lecture by Professor Hubert (Liége University) 
on “Parge Gas - Engines.” Friday, May 14, at 10.30 a.m. 
neral ae elon’: of members. ' The Andrew Carnegie Gold Med: 
for 1914) will be presented to Mr. E. Nusbaumer (Paris), and the 
award of Research Scholarships for the ane year will be 
announced. 2 selection of papers will be read and discussed 
(Nos. 13, 12, 1, 3). The following we) a list of papers that are 
expected to be ‘submitted for reading and discussion :—(1) *‘ Dif- 
fusion of Carbon in Iron,” by Mr. F. W. Adams, B.Sc. (2) 
** Supplemen Notes on the Forms in bow Sulphides may 
Exist in Steel Ingots” (PartIIl.), by Mr. 0. Arnold, D.Met., 
F.B.S., and Mr. G. R. Bolsover. (8) ee oe Iron, Silicon, 
and Carbon Alloys,” by Mr. G. Charpy and Mr. A. Cornu. (4) 
“Corrosion of Iron in Aqueous Solutions of Inorganic Salts,” by 
Mr. J. A. Newton Friend, D.Sc., Ph.D., and Mr. P. ©. Barne 
B.Sc. (5) (a) “ Relative Oorrodibilities ‘of Gray Cast-Iron 
Steel ; * (0) ** Note on the Removal of Rust by Means of Chemical 
Mr. J. A. Newton Friend, D.Sc., Ph.D., and Mr. 
datehell. (6) “* aset tan" = the Heating of an Open- 
Hearth Furnace by Means of Mr. A. Greiner, D.Sc. (7) 
“Sound Steel Ingots and Rails,” by ” sir R. A. Hadfield, an 
D.Met., F.R.S., and Mr. G. K. Burgess, D.Sc. (8) “ The Nat 
of the As Transformation in Iron,” by Mr. K. Honda. ® *«Brinell 
Hardness and Tenacity Factors of a Series of Heat-Treated 
Special Steels,” by Mr. A. McWilliam, D.Met., and Mr. E. J. Barnes. 
(10) “‘ Thermo-Electric —— of 8) Steels,” by Mr. A. M. 
Portevin and Mr. E. L. puy. (11) ‘‘Stress-Strain Loops for 
Steel in the Cyclic State,” by Mr. J. H. Smith, D.Sc., Wh.Sc. 


with the production of munitions of war, it 
was found that the average idle time was 
16} per cent. We urged at the time that the 
Government departments ought to take the matter 
up and assist employers to overcome the evil. 
Such action, however, has been too long ——- 
In our issue of February 12 we urged that the 
Government should exercise force — to ensure 
at | the maximum ible eed of all yp in 
all factories. Even now made are 
not, in our view, sufficiently — and direct 
to ensure full time-keeping. 

The problem, it is now recognised, is not so much 
to get the workmen to increase their normal peace 
output, as to get the ordinary week’s work of either 
51 or 53 hours according to the practice of the 
district. The White Paper which has been 
issued this week, containing reports and statis- 
tics on the subject from official and other 
sources, fully corroborates what we said quite 
three months ago. It is pointed out, for in- 
stance, that fitters engaged on submarine + 
work in one establishment are losing 25 
cent. of their time ; that in shipyards e in 
constructi warships the riveters lose 35 per 
cent. of their normal week’s work, apart alto- 
gether thes overtime ; platers, about 25 per cent. ; 
and caulkers and drillers, 22 per cent. The greater 
majority of the workmen throughout the yards do 
not begin operations until after breakfast hour. 


{| The figures given show that this system of bad 


time-keeping is very wid 
is most pronounced in the case of workers on the 
hulls of ships, it must be remembered that a 
delay in one department of work in the oa ol 
tion of a ship necessarily influences p: 
others, so that the final completion of the mast fe is 
delayed. That the work is somewhat arduous, 
ially when overtime is exacted, is admitted ; 
but if 78 per cent. of the employees in the Royal 
Dockyards can work for 60 hours and more each 
week, and only 5 per cent. less than the normal 
week, surely the operatives doing exactly the same 
work in the Northern yards, where the climate is 
more conducive to physical effort, should be able to 
do much better toe io m 40 to 50 hours week. 
A most astonishing and reprehensible feature of 
the situation, in view of the immensity of the task 


» and although it 


ond imposed upon the nation, is the loss of time on 


Mr. G. Ae wood, | Bo. wt _ 12) 4 Detection of t Burning the repair of wars tg which have been damaged in 
Carton” och Phoeghoran” by Mn’3. E thes, So hy Met” | action. One would fancy that in such cases the 


F.R.S. Those papers for which time cannot be found will be 
taken as read and discussed by co dence. 

Tas Optica Socrery. ~~~» * a4 18, at 8 p.m., at the 
Rooms of the Chemical Society, Burlington House, Piccadilly, 
when the following lecture (illustrated b ates -slides) will be 
giv en :—‘‘ Some Points in Connection with the Design of Search- 
ights and Projectors, and the Visibility of Distant [Mluminated 
Objects,” by Mr. J. 8S. Dow 

THe JUNIOR INsTITUTION OF ee yy May 14, at 
8 p.m,, at 39, Victoria-street, 8.W. Mr. G. C, Simmonds on “The 
Production of Sound from Wind Vibrations.” 

Tus Royat InstirvTion oF Great Brirais.—Frida 
9 o’clock, a discourse will be delivered by the Rev. 
M.A., Canon and Treasurer of Westminster Abbey. 
is **The Archives of Westminster Abbey.” 
a“ week at 8 o’clock. On Tuesday, May 11. Professor 

8. Sherrington, M.D., LL.D., D.Sc., F.R.S., on “The Animal 

—, . —- IL). On Thursday, May 13. Professor V. H. 

F.R.S., on “ The Movements and Activities of 

Plants” otaes L). On Saturday, May 15. Professor Frederick 

Soady. M.A., F.R.S., on “‘ Advances in the Study of Radioactive 
Bodies » (Lecture I .). 

Tue InstrruTion OF MEecHANICAL EN@ineERS.—Friday, May M, 
at 8 p.m., at the Institution of Civil Eogineers, Great Geor, 
street, Westminster. Paper: ‘The ae of Heat in 
Greater of a Gas-Engine,” by Professor A. Gibson D.Se., 

mber, of University College, Dundee, and Mr. Wo, Walker, 
BGs. oeeraee Research Scbelar), ot Dundee. 
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» May 14, at 
H. Pearce, 
The = 
Afternoon lectures 

Charles 


= THE NEED FOR MILITARY DISCIPLINE 


IN WAR FACTORIES. 


Durine the past four or five months we have 
time and again directed attention to the serious 
hindrance to actual war operations by the failure 
of the working classes in a ai districts to meet the 
maximum demand made by the Navy and Army 
for additional munitions. In our issue of Janu- 
ary 22 we gave statistics, carefully selected from a 
large number of representative works, showing that 
in some departments of activity directly aesociated | di 
with war work the men were losing os ga 4 

an 


in no case was the average loss less than 10 per 
cent. In the case of over 10,000° workmen, 
practically embracing all industries associated 


meg ms of the operative would be stirred to its 
ullest depth, but it is seen that in many cases 
there is considerable laxity even in such pressing 
work. It is recorded in the White Paper, for 
instance, that in one case, of the men engaged 
directly on repairing a battleship the —_ 
number of absentees per day during the early 
morning hours—that is to say, until after breakfast 
—was 32 per cent. of ironworkers, 33 per cent. 
of platers, 32 per cent. of riveters and holders-on, 
53 per cent. of drillers, and 24 per cent. of 
carpenters. Even after breakfast the average 
number of men absent per day was 16 per cent. 
ironworkers, 21 per cent. platers, 16 cent. 
riveters and holders-on, 30 per cent. dri and 
13 per cent. of carpenters. The percentage of 
absentees in this, as in other cases, increased after 
the advanced rate of wage was granted. All this 


to prove the a of the managing 
| director of a large shipbuilding works, quoted by 
_|us in January last, to the effect that in many cases 


workmen specially referred to appeared to have a 
definite aatendl of living, oat regulated their 
wages accordingly. Aiming at making 3/. per 
week, which they can easily do in four days, they 
work that time; if they can make it in three 
= | days, better still; for the remainder of the week 
they absent themselves. ‘The average work- 
ing man of to-day does not wish to earn more 
money and put by something for a ‘rainy day,’ 
but is quite content to live from hand to mouth, 
so long as he has as easy a time as possible. ‘ 
This was written, as we said at the time, by 
one who is most kindly disposed to all workers, 
and does not take an extreme view of any ques- 
tion. 
In view of all this it is. obvious, as we have so 
—_ contended, that somo form of military 
a ang measure must be introduced if the 
blem. is te be solved satisfactorily. In the 
ite Paper a letter is quoted from the Admiral 
of the Grand Fleet, Sir John Jellicoe, to the First 
Lord of the Admiralty, i in which he states :—‘‘ I am 





very uneasy about the labour situation on the Clyde 
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and Tyne. .. To-day an officer in a responsible posi- 
tion arrived. His account of things on the Clyde was 
most disquieting. He said that the men refused 
altogether to work on Saturday afternoon; that they 
took Wednesday afternoon off wher § week, if not 
the whole of Wednesday, and worked all of Sunday 
because they got double pay for it.” This also 
confirms what we have all along stated—namely, 
that many of the men are satisfied to earn a given 
sum pe: week, doing this with the least effort. If 
they are called upon to pay more for anything 
that they desire when on pleasure bent, they may 
work a little longer to earn the additional money 
to be expended, or they may have the effrontery 
to demand higher wages during the limited time 
they do work, to meet the increased demand due to 
excise duties or any cause. 





THE SENSATION OF LIGHT. 

An interesting discussion was opened by Messrs. 
©. ©. Paterson and B. P. Dudding at the recent 
meeting of the Illuminating Engineering Society, 
on ‘* Visibility,” or the ability to see an object 
under varying conditions of illumination. The 
term ‘‘ visibility” is, perhaps, not very happily 
chosen, for what the authors have in view a 
rather to be the sensation or perception of light— 
that is, the power to ise shape or quality of 
illumination under va external conditions. 
The aspect of the subject that is raised is physio- 
logical rath«r than physical, and, indeed, some of 
the tests or experiments verge on the psycho- 
logical. Throughout the authors are concerned 
only with the practical side of the question, and 
confine their attention to a few distinct problems 
of frequent occurrence, but which have not received 
the careful examination they deserve. They assert, 
and it will be admitted as a matter of common 
observation, that, as a rule, we are content to 
visibility simply as a phenomenon depending on 
the quantity of illumination, and we attempt 
to remove defects or to overcome difficulties 
by increasing the illumination, paying little atten- 
tion to the circumstances that may interfere 
with the powers of perception. They consider 
only the results of artificial illumination, and 
leave on one side the interesting speculations 
concerning the protective colouring of animals 
or the selection dehun that are best adapted to 
render distant objects invisible, questions that 
would decide the most suitable uniform for soldiers 
or appropriate colouring for shipe. An instance is 
given, however, in which a regiment with pipe- 
clayed belts and bright accoutrements was less 
conspicuous at a distance than another regiment 
which had equipments of a more uniform nature. 
This is interesting because it is unexpected, but 
there are not sufficient data to decide whether the 
invisibility was due to the fatigue of the eye, arising 
from the action of light of various colours, or 
whether the recognition of the less decorative body 
could be traced to the sensation produced by the 
action of a larger mass of a single colour. The 
different sensibility of the eye for different colours, 
coupled with the smaller area from which any one 
colour proceeds, may induce confusion which pre- 
vents recognition. The light from the greater 
mass of uniform colouring falling on the same 
point of the retina may reinforce the original im- 
pression and cause a survival of the less con- 
spicuous markings. The fluorescence of the retina 
is another doubtful element in the case, and with 
our uncertain knowledge of the relation between 
different sensations, except that of more or less, 
it is safer to rely upon the results of experiments, 
than on prima facie arguments. 

The points to which the authors direct attention 
are four in number :— 

1. The visibility of distant lights at night. 

2. The visibility of objects illuminated by the 
beam of a searchlight or motor head-light. 

3. The visibility of objects in close proximity to 
bright lights. 

4. The relative visibility of objects by direct and 
indirect light. 

The signalling-lamps carried on steamers in fulfi- 
ment of Board of Trade regulations afford a good 
example of the practical importance of the first of 
these inquiries. Here the visibility of point 
sources of light of feeble intensity are in question. 
The white mast-head light is required to be visible at 
a distance of 5 miles, the red and green side lights 
at a distance of 2 miles. When oil-burners are 
used the limit of visibility is reached in these cases. 





After carefully-conducted experiments the authors 
state that on an ordinary clear dark night the lights 
cease to be visible if the intensity falls below 1.6 
candles ; and, further, that when dealing with point 
sources of light the intrinsic brilliancy of the source 
has no influence, the visual condition depending 
upon the total flux of light. When, however, 
the source of light is emitted from an extended 
area, the problem hecomes much more complex, 
and the law of the inverse square fails to apply. 
This latter fact is not surprising, for it has been 
frequently remarked that a large hydrogen flame 
is only just visible to a normal eye at a distance 
of a foot, and is as easily seen at a distance of 
20 yarde. This effort to see a faint light raises 
two pointe of considerable interest : (1) what is the 
amount of energy which will stimulate a single 
element of the human retina, and (2) how far is 
averted or oblique vision an assistance in detect- 
ing lights of different colours? The answer to 
the first of these questions is fairly definite. It 
is asserted that for radiations from 0.52, to 
0.58 », with a pupil aperture of 7.5 mm., ‘‘ the 
amount of energy from a pvint source which will 
just stimulate direct vision, when the eyes are dark 
adapted,” is of the order 6 x 10-15 watt. The 
answer to the second question is probably compli- 
cated by the function of the rod and of the cone 
cells, and uniformity of action is not to be expected. 
It is stated that a faint point source of white light 
is picked up more easily by oblique than by direct 
vision, but that while a green light will appear 
five times brighter when viewed obliquely than 
when seen directly, a red light acts in a precisely 
opposite manner. ‘‘ If we place a point source of 
green light in a dark room, so that its visibility from 
the position viewed is equivalent to about 0.01 
micro-candle at a meter, an observer will pick 
this light up when he is looking in some other 
direction ; but no sooner does he look towards it 
than it is gone. A faint red light, on the other 
hand, cannot be picked up by oblique vision at all; 
but when an observer has discovered it by direct 
vision, he is impressed by how very visible it is. 
If he glances to one side, however, it disappears. 
The colour of faint light is not distinguishable by 
oblique vision.” The explanation is probably to 
be found in the fact that all cones do not respond 
to colour stimuli. In the peripheral portion of the 
retina there is a partially colour-blind region where 
red and green cannot be distinguished from one 
another, and the outermost portion of the retina is 
always totally colour-blind. 

The practical bearing of the second investigation 
is seen, if it enables us to decide such problems, 
as the available length of a beam from a searchlight, 
or the distance at which a man can be seen from 
the head-light of a car. The authors have devoted 
very considerable attention to similar questions, 
but the results are not absolutely conclusive. An 
obvious method of observation was to direct a beam 
of light down a straight road and note the distance 
at which a person first became visible. Presumably 
no lens or protecting glass was used in front of the 
light source, and the rays could spread themselves 
uninterruptedly. 

The method was rough, and we are not surprised 
to find some discrepancies in the table exhibiting 
the distances at which an object was first seen, and 
the surface brightness of the object observed. 
Seven instances are given, and the authors con- 
tend that with the exception or two—rather a large 
percentage out of seven—the figures show that the 
surface brightness of a person divided by the dis- 
tance at which he became visible is approximately 
a constant. The figures seem rather to show that, 
allowing for irregularities, there is a tendency for 
the ratio to increase with the distance. But this is 
of little consequence, because the methods of obser- 
vation were much improved and brought more 
narrowly under control. 

An eye can decide which of two lights is the 
brighter, but not how many times one light exceeds 
the other, and the photometer endeavours to 
settle this difficulty by one of two methods, either 
by equalisation or extinction. Some mechanical 
device must be employed by which the light of 
the brighter is reduced by a known amount till it 
is judged equal to the fainter, or the reduction in 
light must be continued till it is rendered invisible. 
There is no difference in principle between the 
two, for if extinction is the observer 
endeavours to equate the light to the faintest 
he remembers to have seen. Mr. Paterson 


and his colleague decided that the extinction’ 





or vanishing method did not offer a sufficiently 
definite criterion, and preferred equalisation. A 
mask cut to represent the figure of a man, in front 
of which a translucent paper was placed, was 
mounted in such a way that it could be placed at a 
known distance from the light source. The paper 
mask was rendered luminous by a number of smal] 
electric lamps, whose light could be controlled by 
the observer. A comparison object at a fixed dis- 
tance was set up, to which the equality of visibility 
of the test object could be adjusted. The luminous 
object was wheeled to different distances from the 
observer, and made to equal in brilliancy that of 
the comparison object ; the effect of the reduced 
apparent size of the object, due to the greater 
distance, was eliminated by increasing the size of 
the mask. But inasmuch as that process changed 
the background against which the test-object was 
projected, it was thought better, as an additional 
check, to keep the distance of the object from the 
observer constant and to vary the dimensions. In 
other experiments, instead of using the self- 
luminious mask, the test-object was illuminated by 
the head-light of the car. Some ingenuity and care 
have been taken to make the experiments complete 
within definite limits, and the tests have been 
repeated under more manageable and rigorous con- 
ditions in the laboratory. It will be sufiicient to 
refer to these later results. 

When the log. of the linear dimension and the 
log. of the brightness of the object at equal visi- 
bility are plotted as abscissa and ordinate respec- 
tively, the observed readings have a tendency to 
distribute themselves about two straight lines or two 
branches of a curve, one indicating that instrinsic 
brightness multiplied by the square of the linear 
dimension is a constant, the other that the product 
of intrinsic brightness and linear dimension is 
constant. The change in the slope occurs when 
the object viewed subtends an angle of about 10 
minutes of arc. This implies that when the object 
viewed subtends less than this angle, the condition 
of constant visibility at a given distance requires 
that if the area be halved, the intrinsic brightness 
must be doubled, but that for larger angles a diffe- 
rent law connecting dimension and brightness for 
constant visibility must be found. The authors 
suggest that, when the area of the object is con- 
siderable, to obtain constant visibility when the 
area is halved, the brightness has not to be doubled, 


but increased in the proportion of V2. This sug- 


gestion, or hypothesis, of course, rests on the 
manner in which the experiments have been 
designed to secure an adequate solution of the 
problem submitted, and on the accuracy of the 
observations themselves. We have no reason to 
suspect one or the other, the known reputation of 
the authors is a guarantee that the sources of 
systematic error have been carefully eliminated, 
and therefore it is extremely probable that the 
square law governing the visibility of small objects 
does not apply to large areas. If we do not mis- 
take, however, there is a hint that the breach of 
continuity in the inverse square law occurs at or 
near the angle, when the source of light ceases to 
be a point. One could wish there were good 
grounds for this conclusion, but, unfortunately for 
this view, the generally accepted ‘‘ resolving power 
of the eye” is vastly below the ten minutes 
assigned as the limit. No one would think a disc 
of diameter equal to one-third that of the moon a 
point source of light, and that is about the area 
with which we are concerned. 

On some practical matters definite conclusions 
can be drawn. For instance, it appears that the 
useful range of motor head-lights increases with 
increasing intensity of beam. If a head-light 
enables an object of sensible size to be discerned 
at 100 yards, we can calculate what must be the 
intensity of the beam to render the same object 
visible at 200 yards. The brightness need not be 
more than doubled, ‘‘ and to produce double the 
brightness at double the distance the intensity of 
the head-light beam must be increased 2 x 2’ 
= 8 times.” In other words, the useful range of a 
motor-car head-light is proportional to the cube 
root of the intensity of its beam. 

No doubt the authors have kept in view the con- 
ditions under which a Zeppelin might be illuminated 
by an electric searchlight, and the indications of 
distance to be drawn from such observations. But 
the opportunities for experiment have been fortu- 
nately rare, ‘“‘and though they see no reason why 
the above conclusions should not be valid so far as 
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they apply to the problem,” they have not been 
submitted to actual test. 

There is no occasion for any experiment to prove, 
nor will it caus. sny surprise to learn, that the 
strong head-lights of a motor-car, or, indeed, a much 
less intense light, is sufficient to render it impos- 
sible to distinguish any objects which are situated 
behind them. This is a matter of common experi- 
ence; but one was less prepared for the results 
that follow from experiments on the visibility of 
objects close to bright and interfering lights. Not- 
withstanding the inconvenience of the presence of 
bright lights in a field of view, they do not impair 
the ability to distinguish objects or details except 
the brightness of such objects is relatively low. 
An effective experiment consists in contrasting 
two illuminated areas when they vary but little 
in brilliancy. As the distinction of detail is 
largely a matter of discriminating small differ- 
ences of shade, the introduction of a glaring light, 
if it were capable of influencing the power of 
detecting detail, might be expected to prevent the 
observer distinguishing between two areas, when 
the shadow contrast is reduced to 5 per cent., which 
is near the limit of accurate photometry. As a 
matter of fact, such a shadow contrast at an ab- 
solute illumination of 2 foot-candles was, when 
viewed at a distance of 6 ft., entirely unaffected by 
a glaring light of 20 candles placed 8 in. from it. 
Reducing the equivalent surface brightness to 
0.5 ft.-candle had the effect of entirely obliterating 
the contrast under the same conditions of glare. 
The reading of printed matter when a light is 
shining on the eyes is found to be not tly more 
difficult that when the eyes are shielded from the 
light. It was only when the illumination was 
reduced very much below 2 foot-candles, or when 
the printed e hada dark tint, that detail tended 
to become obliterated. In such cases other causes 
than glare were evidently operating. 

Just as in the previous case, there appeared 
reason to modify our acceptance of the accuracy of 
the inverse square law under certain conditions, so 
in this, the diminution of visibility, due to glaring 
lights in the case of feeble illumination, supplies 
another reason for suspecting the rigour of Fech- 
ner’s psychophysical law—namely, that as the vis 
viva of the exciting force increases in geometric 
ratio, the sensation increases in arithmetical ratio. 

The last inquiry concerns the basis of the prac- 
tice of the illuminating engineer. His object is to 
apply light so as to obtain an economical and satis- 
factory illumination, and not merely to place so 
many hundred og of illuminating means 
in a room or street. The direction of the incident 
light is to him a matter of supreme importance, for 
objects will assume a different aspect according to 
the manner in which they are illuminated. A 
sculpture in bas-relief must obviously present a 
very different appearance according as it is 
illuminated by unidirectional light at glancing 
incidence, or by light from a large source striking 
it at mainly normal incidence. No experiments are 
described, but it goes without saying that where 
the surface of an object is uneven, but uniform in 
colour, the only way in which the unevenness can 
be perceived is by the difterences of illumination of 
such surfaces caused by the different angles which 
they present to the incident light. For domestic 
use indirect lighting is most comfortable, but there 
are circumstances in which these minute shadows 
and contrasts have a very decided effect in promot- 
ing ease of vision. The whole subject of illumina- 
tion is now treated more intelligently than formerly, 
and Messrs. Paterson and Dudding are doing good 
service by directing attention to some of the phases 
of the question that have escaped notice. 





PHOTO-ELECTRICITY. 

In opening a course of two Tyndall lectures on 
‘* Photo-Electricity,” at the Royal Institution, last 
Saturday afternoon, Professor J. A. Fleming, 
F.R.S., remarked that the phenomena of light and 
of electricity were so closely connected that the 
study of all of them might truthfully be said to be 
embraced within the confines of one branch of 
science. The term ‘‘photo-electricity”’ was, however, 
reserved to describe a special effect—viz., the power 
of light of certain kinds, particularly ultra-violet 
light, to cause a discharge of negative electricity 
from certain substances. That effect had a very 
important connection with the problem of the 
nature of light, and also with certain very practical 
questions of radiotelegraphy. 





The starting-point for this knowledge, Professor 
Fleming stated, had been an observation made b 
Hertz in 1887, that the — from an electric spar 
falling on other spark-ba 
to take place between the latter. In demonstrat- 


ing this effect, Professor Fleming made use of two 


pairs of balls in parallel between copper strips ; 
the lower pair was in a glass box ; the upper pair 
was not encased, but the Pp was too to 
allow the spark to pass until the gap was illumi- 
nated by certain sources of light—viz., a spark 
between two invar terminals (rich in ultra-violet 
rays), an arc-lamp, and a burning magnesium 
wire ; ordinary visible light had little or no effect, 
a candle none. When a screen of glass or mica 
was interposed in the beam, the disc was 
stopped ; a quartz screen did not stop the dis- 
charge. Hertz rightly concluded that the effect 
was due to ultra-violet rays. .A year later Hall- 
wachs discovered that ultra-violet rays had the 
power of discharging negative electricity (not 
positive) from plates of zinc or aluminium, pro- 
vided the plates were clean and well polished. 
For his demonstrations Professor Fleming used 
a new, exceedingly simple electroscope of his own, 
consisting of a slightly bent brass pillar little 
more than an inch high, from which a narrow 
rectangle of aluminium foil was suspended by two 
short silk threads, kept damp by calcium chloride ; 


soldered to a long wire ending in a ball, to which 
the electric charge was applied ; the whole electro- 
scope, which does not require any glass case, was 
only a few inches in height. e plates to be 
examined were placed upon an insulating stand and 
joined to the electroscope ; the one side of each plate 
was polished, the other dull. When the bright side 
of the negatively-charged plate faced the beam of 
an arc-lamp, the electroscope was discharged, and 
the effect was improved by interposing an earthed 
wire-gauze grid between the plate and the arc, but 
was stopped by a screen of glass. The effects were 
weaker or absent when the dull side of the plate 
was illuminated and when the charge was positive. 
For another arrangement of the experiment, how- 
ever, it was preferable to start with a positive 
charge. In this case, the insulated grid, joined 
to the electroscope and charged positively, was 
placed behind the illuminated zinc plate; when 
this zinc plate was earthed, the positive charge of 
the grid was seen to disappear. Similar effects 
were obtained with plates of aluminium and 
magnesium, but tin and silver proved much less 
photo-electric; and it was thus shown that the 
effect depended both upon the nature of the plate 
and upon the state of its surface. For the further 
study of the phenomena Professor Fleming had 
devised an apparatus comprising a wooden box 
divided into an upper and a lower compartment ; 
in the upper was a spark-gap of invar electrodes, 
below it a quartz window, and below this a table 
for the disc of metal, or tray containing compressed 
powder of graphite, galena, &c.; this table was 
surrounded by a metal ring which was charged 
positively and joined to the electroscope. 

The explanation of the rather complex pheno- 
mena, Professor Fleming continued, was that light 
(especially ultra-violet rays) caused the emission of 
negative electrons from certain substances ; these 
substances then assumed a = charge, and the 
effect would stop itself by the accumulation of the 
— charge, unless the plate were earthed. 

ence the plate was generally earthed in the expe- 
riments, and the photo-electric current measured 
was due to the escape of the negative electrons and 
to the neutralisation of the positively-charged ring 
(or grid) joined to the electroscope. When experi- 
ments were conducted with such apparatus, the 
metals and also compounds could be arranged in 
photo-electric series ; but the orders had not much 
scientific value, as much depended upon conditions. 
Oxides were not photo-electric as a rule, but sul- 
phides were strongly active. Thus ae erty galena 
(lead sulphide) became very highly photo-electric 
under a pressure of 50 tons per sq. in., whilst 
graphite (plumbago, which resembled galena in 
appearance) and molybdenum sulphide were practi- 
cally non-photo-electric. It was soon observed in 
such experiments that the effect my decayed 
with time. It was customary to speak of ‘‘ photo- 
electric fatigue;” but the term was not well chosen, 
for this fatigue could not be cured by rest simply : 
the metal had to be re-polished. Zinc lost half of its 
sensitiveness in 5 minutes, and in many substances 
the sensitiveness dropped to 10 per cent. in two days. 


ls assisted the discharge 


to the difference between n and the 


number of electrons discharged 
proportional to the intensity of the light. 





sium and sodium. The cell 


depends upon the plane of 


through the ray direction (which they 

under ordinary conditions), the light was said to be 

plane-polarised, the plane of polarisation a 
i 





plane of the m 
polarised by a 


The fatigue took place in air and also in hydrogen, 
but bevy 2 a high vacuum, and seemed to be due to 
the formation of a gas film on the surface. Exact 
experiments should therefore be made in a vacuum 
and by condensing metallic vapours in a vacuum. 
In this way Llewellyn Hughes (Cambridge) had 
in 1913 arrived at the following photo-electric series 
for metals and for other substances—metals : Rb, 
K, Na, Al, Mg, Zn, Sn, Cd, Pb, Bi, Au, Ni, Cu, 
Ag, Fe; and oe Pb, Cu, Mn, Ag, Sn, 
Fe, Ni, Sb, Sv, Zn, Cd, Co, Mo. 

Experiments by Hughes and others had also 
established the following laws :—(1) For every sub- 
stance there was a certain limiting frequency of 
light oscillations necessary to produce the photo- 
electric effect—i.e., light of smaller frequency 
would not produce it. (2) The more electro- 

itive the substance, the smaller this frequency ; 

or the alkali metals, visible light sufficed (ultra- 
violet light of higher frequency not being needed 
in that case). (3) When the metal was uninsulated 
the positive potential which was reached under the 
influence of light of frequency n was proportional 
imiting fre- 

(4) The photo-electric current (or 
per second) was 
(5) The 
maximum velocity of the electrons emitted was 


quency po, 


independent of the temperature and the intensity of 
the pillar stood on an ebonite insulator, and was | light 


Some of these effects Professor Fleming demon- 
strated with the aid of the liquid alloy (resembling 
mercury) consisting of atomic proportions of potas- 
was a wide glass 
tube, provided with a central stricture. The one end 
was filled with the solid metals ; in the other end a 
horizontal strip of —— foil was fixed, and 
wire terminals were fused into the glass ; the tube 
was afterwards evacuated, sealed, and the alkali 
metals were fused, so that the liquid alloy in flow- 
ing through the stricture collected in a well 
under the platinum, being separated from it by the 
evacuated — A | pr pe re and the negative 
pole of two Leclanché cells were joined in series to 
the alloy. When the alloy was illuminated by the 
arc, a copious stream of electrons was given off; a 
screen of blue glass did not in this case stop the 
effect, because visible light is sufficient for the alkali 
metals, but a screen of red glass did stop it. It 
was also demonstrated that the photo-electric effect 

a (Elster and 
Geitel). A ray of light, Professor Fleming ex- 
plained with the help of a card model, consisted 


of electric and magnetic displacements at right 
angles to one another, both in the plane of the 


wave-front. If these electric and magnetic forces 
remained in the same constant planes, ing 
id not 


etic force. When now light 
icol prism fell at an angle of 
45 deg. on the surface of the alloy, it was found 
that the photo-electric effect was greatest when the 
electric vector was in the plane of incidence ; that 
is to say, when the light was polarised in a plane 
at mer to the plane of incidence, or when 
the ic force in the ray had a component normal 
to the surface of the alloy, because in that case the 
force assisted the extraction of electrons. The photo- 
electric current from the alloy had a maximum for 
a wave-length near the end of the visible spectrum 
when the light was polarised, as mentioned (electric 
vector in plane of incidence), but it increased with 
decreasing wave-length for light polarised so that 
the electzic vector was at right angles to the plane 
of incidence. Hence for larised light a normal 
(minimum) effect and a selective (maximum) effect 
had to be distinguished. This point will again be 
alluded to. 

Reverting to the photo-electric power of com- 
pounds, Professor Fleming stated that the activity 
of oxides was mostly not large, though the mineral 
zincite (oxide of zinc) was more active than the 
powdered oxide. The sulphides, on the other hand, 
were very active, especially in the form of minerals, 
galena and chalcopyrite (the double sulphide of 
iron and copper) — superior to metals in this 
respect. ere was, further, a close connection 
between — horescence and photo - electric 
activity, p — sulphides (of barium, cal- 
cium, &., main’s paint) being also photo- 
electric. But that elity did not necessarily 
apply to fluorescence, although bodies like anthra- 
cene, fluorescein, willemite, showed both effects 
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(fluorescent and photo-electric) strongly. These 
fluorescent bodies a greenish when reflecting 
(invisible) ultra-violet illumination, as was shown 
with the aid of invar sparks, but in transparent 
light the fluorescein solution was orange-coloured, 
and a solution of quinine sulphate (which fluoresced 
bluish) was colourless. The fluorescence disappeared 
with the source of light, whilst the phosphorescence 
persisted for some time after the illumination had 
been cut off. According to Pauli and Volmer, the 
radiations which produced fluorescence were not 
identical with those which produced photo- 
electricity. 

The next question to be studied was: Which 
were the ticular electrons escaping in _—- 
electricity ? According to the electronic theory, 
metals conducted the electric current because they 
contained free electrons, as numerous as the atoms, 
moving to and fro between the atoms at velocities 
of about sixty miles per second, in all directions, 
unless directed into a stream by an external 
electromotive force. Now light did not affect the 
conductivity of metals because, it was thought, the 
the number of free electrons was too large and 
their mean free paths too long. Light did increase 
the conductivity of selenium, however, and also that 
of the silver halides (chloride, bromide, iodide), and 
Professor Fleming considered the unilateral con- 
ductivity of certain substances, which were utilised 
as rectifying detectors in radiotelegraphy, as very 
8 tive in this connection. It was striking that 
in the favourite contact-detectors for wireless tele- 
graphy, such as chaleopyrite-zincite, galena-plum- 
bago (apparently used by preference in the German 
navy), copper-molybdenite, and steel-carbon, the 
one substance of the pair (the first-mentioned) was 
highly photo-electric, and the other not. To demon- 
strate this Professor Fleming made use of the 
curve-tracer which he described recently before the 
Physical Society.* When the zincite was joined 
to the negative pole of the battery a large current 
was seen to flow, not when the polarity was re- 
versed. Now the electro-negative metals and also 
zincite were full of electrons, but were reluctant to 
give them up, whilst the electro-positive metals 
potassium, &c., and the chalcopyrite, readily gave 
up their electrons; the zincite might hence be 
called an electro-negative compound. When an 
electro-positive and an electro-negative compound 
came into direct contact, the electrons tended to 

from the former to the latter until the crowd- 
ing of the electrons stopped the flow, and when it 
was attempted to urge the electrons across the 
junction by the aid of an external electromotive 
force, it was found more difficult to force them 
into the electro-negative than into the electro- 
positive body. Hence resulted an unsymmetrical 
conductivity, and the fact that the largest current 
flowed when the zincite (already crowded with 
electrons) was the negative pole meant that it was 
more easy to expel electrons than to draw them in. 
One might think of a room: full of people next to 
an empty room ; the rush would be towards the 
empty room. 

ming, finally, to the explanation of photo- 
electricity, Professor Fleming said that resonance 
had first been thought of. If any of the loose 
electrons circulating round an atom had an oscilla- 
tion imposed upon them by the light-waves, then the 
amplitudes of the oscillations might increase until 
the electrons could break away. Such a resonant 
effect seemed, indeed, to take place in the selective 
photo-electric effect of the potassium-sodium alloy, 
which had a maximum fora certain wave-length near 
the violet end. But the explanation could not hold 
generally for the normal photo-electric effect, which 
was not due to light of any particular frequency, but 
was produced by rays of all frequencies above a 
certain frequency. en a trigger effect had been 
suggested, the light being merely supposed to start 
the action. But consideration of the ene re- 
quired to pull out an electron did not support that 
suggestion. The work required for this purpose was 
something like a billionth of an erg. ow 13% 
million ergs were equivalent to a foot-pound ; when 
a candle illuminated a white surface at a distance of 
1 ft., the energy delivered against that surface 
(1 foot-candle) was 200 ergs per sq. cm. per second, 
and 1 erg per sq. cm. per second was estimated to 
be strong enough to produce a sensible photo- 
electric effect. Further, the diameter of an atom 
was of the order of 10-* cm., the apparent area of 
the atom was 10-" sq. om.; light energy of 1 erg per 


* See ENGINEERING, page 431 ante, 


8q. cm. per second therefore should have to act on 
an atom for about 1000 seconds before an electron 
would be delivered. But the liberation of the 
electrons seemed to be instantaneous in experi- 
ments. P 

To help over this difficulty it might be assumed 
that the light energy was not uniformly distributed 
and concentrated either as to s or as to time. 
Taking up an idea of Faraday, J. J. Thomson had 
suggested that the energy of the wave-front was 
concentrated in specks or spots, whilst Continental 
physicists taught that light was not emitted in 
a uniform stream, but in bundles (quantum 
theory), the bundles being indivisible and con- 
taining energy proportional to the frequency. 
On either of these two assumptions, the local 
or momentary energy might be larger than 
the mean energy ; such views would explain the 
photo-electric effect, but the quantum theory— 
which recalled the corpuscular theory—would not 
account for interference phenomena. The position 
was thus this. The Maxwell theory explained in- 
terference, diffraction, polarisation, and most other 
optical phenomena, but it failed to explain the 
hoto-electric effect, which seemed to demand some 
orm of atomic structure in aray of light, and 
indeed a re-consideration of the whole subject of 
radiation. Huxley had once said that the great 
and ever-recurring tragedy of science was that of a 
beautiful hypothesis killed by an ugly fact. Yet 
facts had to be given every opportunity to multiply 
themselves, so that they might prevent scientists 
from encouraging the growth of hypotheses which, 
as Bacon had said in his ‘‘ Novum Organum,” were 
only idols of the theatre and the den. The second 
lecture, Professor Fleming remarked in concluding, 
would discuss the action of light on gases and some 
kindred questions on radiotelegraphy. 





THE MINING INDUSTRIES OF 
CANADA. 

THE pageant designed to commemorate the open- 
ing of the Panama Canal will be shorn of much of 
its effect as a spectacular display, and the European 
contingent at the San Francisco Exhibition will 
be sadly diminished in consequence of the war. 
But the business side may not suffer greatiy, for 
the Western world from the Arctic Islands to the 
Straits of Magellan is sufficiently large and enter- 
prising to throng the Golden Gate with such crowds 
of sightseers as to make the Exhibition a valuable 
vehicle for the spread of information, telling the 
world of industry and commerce of the oppor- 
tunities offered for new development, and of the 
channels that will reward eager and well-directed 
exploitation. Canada has wisely determined to 
profit by the Exhibition. For, aware of her latent 
sources of wealth, that deserve a wider recognition 
from the older nations and need a larger popula- 
tion for their due working, she has taken advan- 
tage of this gathering of the representatives of 
many nations to put before them facts and figures 
that shall bring home the extent and variety of the 
mineral resources that lie unworked in that wide 
extent of country, whose ample proportions are 
very inadequately grasped and whose magnificent 
future is but dimly apprehended. 

The staff of the Mines Branch has accom- 
plished a very useful and necessary task in sub- 
mitting to the varied interests assembled at the 
invitation of California this brief and convenient 
review of the occurrence and distribution of all 
the economic mineral products at present worked 
in the Dominion. The report shows how much 
has been effected and how huge is the field of 
labour awaiting further enterprise. The value of 
this summary is further increased by a clear state- 
ment of the legislative enactments that control 
the tenure of mineral property, the more necessary 
as the mining laws enforced in the various pro- 
vinces differ in important particulars. Newfound- 
land, it will be remembered, forms a separate 
colony under the Crown, end, consequently, does 
not figure in these The inconvenience of 
this n omission is to be regretted on several 
grounds, but mainly because it prevents a general 
survey of a distinct geographical area, but it is of 
the less importance as the wealth of the fishing 
industry has hindered the development of the 
country’s resources by keeping human activity 
close to the sea coasts and the innumerable creeks 
which indent it. 

The outlook, however, is sufliciently exten- 
sive, for with Newfoundland excluded, Canada 








exceeds in area the United States, even including 
Alaska. The possibilities of a territory so im- 
mense must be very on meey 4 known, and it is 
to the credit of the Canadians that, with a popula- 
tion so scanty, so much exploring work iy sen 
achieved in the ~ + climatic “ay apap so harsh 
as to hinder travel and prospecting for a great part 
of the year. The topographical and physical 
features have, however, favoured investigation. 
The great rivers have facilitated exploration, and 
the numerous lakes, with their connecting streams, 
have proved efficient substitutes for roads. No 
lofty mountains presenting barriers to intercourse 
have impeded the lateral expansion of the people. 
The uniformity of level over wide areas is a aed 
characteristic of the country. The Laurentian 
Plateau, the greatest physiographic unit of the 
Dominion, covering an area of two million square 
miles, or more than half the entire expanse, is 
remarkable for the evenness of its sky line. The 
elevation of the plain varies from 500 ft. to 
1500 ft. above sea-level, but a very considerable 
portion lies below the 1000-ft. contour. The plain 
includes the vast Hudson Bay depression, sweep- 
ing in a curve that runs far to the south, from 
Labrador on the east to Coronation Gulf on the 
west. On such a broad area nearly all geological 
horizons are represented. The roots of the most 
ancient mountain ranges underlie its mass, but the 
mountains themselves, probably the first land areas 
to appear on the North American Continent, have 
been laid low by the continuous action of various 
erosive processes that have removed all but the basal 
structures. The northern portion is bare of trees 
or forest, permitting easy access to the hardy pros- 
pector, but affording him little shelter on the wind- 
swept plains, and over this wide area the resources 
are but little known. The more hospitable regions 
of the forest-covered South have invited permanent 
occupation, and here exploration has richly rewarded 
the mineralogist, and has proved the region to be of 
great potential importance asa producer of minerals 
of economic value. 

The staff who have compiled this account are not 
concerned to trace the origin of the minerals whose 
presence and variety are demonstrated. This 
reticence is to be regretted, for under the conditions 
that prevail in these old geologic formations many 
questions connected with the collection of ore 
deposits might have found solution or illustration. 
The authors have been anxious to impress on those 
interested the potential wealth and valuable asset 

by Canada in her mines, but we do not 
doubt that the expert geologists of the Depart- 
ment of Mines, after examination of the original 
undisturbed source of various metalliferous minerals, 
could have supplied interesting evidence on the 
connection between ore deposits and igneous rocks. 
We are left to conjecture how far concentration 
in a molten magma may afford an adequate ex- 
planation of the observed facts, and to what 
extent aqueous solution, operating at a distance 
both in time and space, have modified magmatic 
segregation. In this general survey a review of 
some modern theories might well have found place 
and have been made to indicate the direction which 
future prospecting might profitably take. But at 
the present moment the harvest of minerals on the 
Laurentian Plain is not small. The gold deposits 
of Porcupine and the silver mines of Cobalt will 
ever tempt greed ; but in the world of industry a 
greater value aw oe aN gear 
copper deposits of Sudbury, the phosphate deposi 
of the Ottawa Valley, and the iron ores, both 
magnetites and hematites, that will be worked even 
more abundantly in the future. 

Leaving out of consideration the Hudson Bay 
Basin, the great depressivn in the Laurentian pene- 
plain, a practically uninvestigated district, but 
whose superficial exploration has already disclosed 
stores of rock-salt and gypsum, another con- 
venient sub-division, or geological unit, is the vast 
area south-east of the Laurentian Plateau, which 
embraces that portion of Quebec which is south of 
the St. Lawrence River, and the whole of the 
maritime provinces. Here the geologic features of 
the Appalachian Chain are encountered, underlain 
by palzeozoic rocks, subjected to considerable fold- 
ing and su uent degradation. In this store- 
house are found the coal-measures of Nova Scotia 
and New Brunswick, of which the Sydney field 
alone has a proved area of 200 square miles in 
extent, but a great part of the coal-field, being sub- 
marine, has unknown possibilities. In New Bruns- 
wick the seams are not thick, but are very nearly 
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horizontal, the coal occurring quite near the sur- 
face, the deepest shafts in the neighbourhood not 
exceeding 40 ft. In this district the coal industry is 
still in the preliminary stages of exploitation, though 
it has been established for many years. Some idea 
of the ease with which the coal is worked will be 
gathered from a statement made elsewhere, that 
the number of metric tons produced annum 
per man is in Canada 486, while in this country 
the number falls to 230. Our comparative small 
output per man is explained tosome extent by the 
extra labour entailed in ‘‘ abnormal places,” and 
the necessity of working thinner seams, due to the 
steady exhaustion of the thicker. Possibly the 
restrictive policy encouraged, or connived at, by 
the trade unions is not without its effect. Besides 
coal, other minerals furnished by this area are 
copper, gold, sulphur, um, oil, gas, sandstones, 
limestones, clays and building stones of various 
kinds. 

A smaller but important unit, on account of the 
greater density of the population, is the St. Law- 
rence Basin, extending from the City of Quebec 
to Lake Huron. It is mainly an agricultural area, 
but the mining industries support a considerable 
percentage of the people. The district is typical 
of much of Canada, where the productiveness of 
the soil competes with the wealth that underlies it. 
These two main industries absorb the energies of 
the Canadians, and as the country increases in 
population this characteristic feature will spread 
over a larger area. Metalliferous minerals are not 
conspicuously present in this region, the main 
products being confined to salt, gypsum, gas, 
petroleum, clays and building stones, and the raw 
materials of various cements, limes, and mortars. 

Just as the Laurentian Plateau, with its off- 
shoots, constitutes the prominent feature of Eastern 
Canada, so the Interior Continental Plain, extend- 
ing from Winnipeg to the foot of the Rocky 
Mountains, determines the character of another 

reat physical unit. The drainage system of the 
t. Lawrence and the Great Lakes has created a 
fertility that attracted settlers and decided the 
direction of development in the former; so the 
Saskatchewan Basin, with its wheat-bearing lands, 
has proved the main factor in promoting progress 
in the latter. Geologically the Saskatchewan 
Basin is not separated from that of the Mackenzie ; 
and since the same sedimentary strata underlie 
both, the more northern area may be expected to 
repeat the productiveness of the southern portion, 
but it has not yet been explored in any systematic 
manner, and little is known of its mineral content. 
In the south, natural , petroleum, and building 
stones have been worked, but agricultural enter- 
prise is everywhere dominant. “The most_impor- 
tant mineral product of the Great Central Plain is 
the lignite coal, the fairly thick seams of which 
are economically important, since they form the 
main source of fuel for the Western Provinces of 
Canada. The immense ground deposits washed 
down from the mountains are known to be auri- 
ferous, but these have not been worked on a com- 
mercial basis, though reports of payable strikes 
are occasionally circulated. 

The last great physiographic unit is the northern 
extension of the Great Cordilleran Belt, through 
which run the Rocky Mountains. This unit may 
be divided into the coast range, forming the western 
border of the Cordillera, and the Rocky Mountain 
range, whose eastern flank provides immense 
reserves of bituminous coal, while its western 
slopes extend to the gold-bearing regions of the 
Klondyke, the Upper Pelly, and the Stewart 
Rivers. The sensational days of 1897 have appa- 
rently passed for ever, but in 1913 the precious 
metal yielded by this area alone was valued at 
nearly 6,000,000 dols. Increasing attention is now 
being paid to the quartz properties of the district 
in the neighbourhood of Dawson City, and if the 
industry is prosecuted diligently it is likely to 

rove remunerative. The search for gold, however, 
is likely to result in the discovery of other metals 

more economically useful in the world of industry 
and manufacture, and herein lies the true value of 
its attractiveness. The Cordilleran Belt of America 
is distinguished by its great stores of economic 
minerals, and there can little doubt but that 
this western region of Canada is destined to be- 
come one of the most important mining sections of 
the world. 

With the view of providing information for the 
trained expert and for all who are closely inter- 


the mining centres are given, indicating the charac- 
ter of the work in progress and the extent to which 
poometting has been carried. This account will 
very useful to those who may contemplate 
associating themselves with the development, but 
to all who are interested in industrial progress this | 
summary presents the extent of the mineral re- 
sources of a large part of the Empire in a hopeful 
and welcome light. In these days of stress and 
conflict, the sufficiency of the overseas dominions 
to supply the materials for existence and progress 
affords a cheerful prospect, and the knowledge that | 
foresight and enterprise are being exerted to in- 
crease those supplies is eminently satisfactory. 
The statistical tables showing the value of the 
mineral products in the vent provinces and in 
the Dominion as a whole increase that satisfaction. 
At the beginning of this century the total value 
was estimated at 64 million dollars ; in 1913, the 
latest year for which statistics are available, the 
output reached a total of 145 millions. In the first 
year, the value per capita was only 12dols.; by 1913 it 
had increased to 18.77 dols., showing that the yield 
had increased more rapidly than the population. 
It would have been well if a little more informa- 
tion had been given as to the manner in which 
these tables had been compiled, but presumably 
one system has been followed throughout, so that 
the results are comparable between themselves. 
Some caution may be needed when comparing with 
similar statistics prepared by other countries, for 
in the desire to create a favourable impression the 
figures are apt to be inflated, by allowing some of 
the items to appear in the tables more than once. 
For instance, Nova Scotia may value its coal at 
17 million dollars, but if that coal is used in smelt- 
ing the iron of Ontario, or in burning the cement 
of other provinces, thus increasing the value of 
metals or of ceramic products, it appears twice in 
the table. We have no means of judging how far 
such a process of inflation may have operated, or if 
it existed. We must be grateful for the informa- 
tion provided,* and acknowledge the admirable 
manner in which it is arranged. 








CHEMICAL REACTIONS AT LOW 
PRESSURES. 
In conferring the W. H. Nichols Medal on Dr. 
Irving Langmuir at New York in March, the 
American Chemical Society eulogised in particular 
Langmuir’s researches on ‘‘ Chemical Reactions 
at Low Pressures.” The medal is awarded for the 
best original contribution of the year to the pub- 
lications of the Society, and Dr. Langmuir, who 
was born at Brooklyn in 1881, has, since 1909, 
been conducting some remarkable investigations in 
the Research Laboratory of the General Electric 
Company at Schenectady. These investigations are 
more or less connected with incandescence, espe- 
cially tungsten-lamps and the thermal phenomena 
of vacuum bulbs, and they have hence a direct 
practical interest, though what we have to say 
to-day will touch rather the general theoretical side. 
Dr. Langmuir introduces small quantities of 
various gases into the bulb (highly evacuated) of 
a tungsten lamp whose filament is at white incan- 
descence. The is seen gradually to disappear. 
Studying such phenomena at various bulb and 
filament temperatures and at pressures ranging from 
0.001 mm. to 0.05 mm. of mercury, from the point 
of view of the kinetic theory, Langmuir concludes 
that most of the reactions between the heated 
filament and the gas are of purely chemical nature. 
Various theories have been proposed to explain 
such heterogeneous reactions between solids and 
gases. According to the theory of Bodenstein and 
Fink, which had found most favour, the velocity of 
the reaction is limited by the rate at which the 
reacting substances can diffuse through the adsorbed 
film of gas on the surface of the solid, this rate of 
diffusion being inversely proportional to the thick- 
ness of the film, which, in its turn, depends upon 
the partial pressure of the gas from which it is 
formed. Langmuir substitutes for this view his 
‘*theory of molecular films” as better applicable to 
low-pressure reactions. In his opinion the velocity 
of the reaction is limited by the rate at which the 
gas molecules can come into contact with the 
‘active portion” of the surface. His fundamental 
conception is that the number n of molecules of a 
gas of molecular weight M, which strike a given 
surface, 1 sq. cm., per second, is strictly limited at 
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any given gas pressure p and temperature T. 
n = 2.652.10°. p./ /MT 


For air at room temperature and ordinary pres- 
sure the n would amount to 2.9 . 10” molecules, or 
to 12 litres of air per second. This rate seems 
extremely high ; yet with a very small active sur- 
face the number of molecules actually coming in 
contact with it would also be very small. Thus a 
great deal depends upon that portion of the total 
surface which is active, and that is in general 
determined by the extent to which the surface is 
covered by a film of adsorbed gas. Sometimes, 
Dr. Langmuir considers, the active surface is the 
covered portion, and sometimes the uncovered 
portion. The adsorbed film he regards as a layer of 
molecules, usually only one molecule deep, not of 
highly-compressed gas, as is often assumed, but 
of particles held on the surface by forces akin to 
those which hold the atoms of solids together. The 
film being taken to be in a state of kinetic 
equilibrium with the gas around it, the majority of 
gas molecules striking the bare surface of a filament 
are sup’ not to rebound by elastic collision, 
but to be held by cohesive forces until they evapo- 
rate from the surface. The rate of formation of 
the film would then be proportional to the gas 
pressure and to the area of the uncovered portion, 
whilst the rate of evaporation from the film would 
depend upon the temperature and the extent of 
the covered surface; in a steady state the two 
rates would be equal, the adsorption film itself 
being in a state of constant change. The evapo- 
rating molecules would expose the bare surface of 
the filament to new inrushes of gas up to the tem- 


porary gaps formed, but there would, at any 
moment, a certain small fraction of exposed 
surface. 


This theory of molecular films is based upon 
many varied experiments, of which few quantita- 
tive particulars have so far been published. Dr. 
Langmuir thinks that his theory is more in accord 
with gas reactions, even at atmospheric pressures, 
than the theory which makee the velocity of the 
reaction dependent upon the rate of diffusion 
through an adsorbed film. But the study of re- 
actions at very low pressures is very promising 
for several reasons. At very low pressures con- 
vection currents vanish, and diffusion is so rapid 
that the reaction products moving away from the 
filament do not interfere with the movement of 
the reacting gas towards the filament ; collisions 
between gas molecules become relatively so in- 
frequent, in fact, that one may consider the 

to consist of a swarm of independent molecules 
moving in straight lines between the filament and 
the bulb. Under these circumstances the tempe- 
rature of the gas would be determined by the 
temperature of the bulb, and there would no 
temperature ient in the gas even close to the 
filament, so that the hot filament and the gas may 
react with one another at totally different tempe- 
ratures—which would be impossible at ordinary 
gas pressures. 

Dr. Langmuir distinguishes four classes of 
reactions which may be observed during the dis- 
appearance of gas (clean-up, he calls it) in incan- 
descence-lamp bulbs. There is first a direct attack 
of the filament. Thus oxygen attacks the hot 
tungsten forming WO,, which is distilled off as 
fast as it is formed, leaving the filament surface 
bright and bare. A large fraction (certainly over 
15 per cent.) of all the oxygen molecules striking 
the bare tungsten seems to stick to the surface, 
forming an adsorption layer, probably one molecule 
in depth, but existing in two modifications in equi- 
librium with one another. Of these modifications 
only one is active, and reacts directly with the 
striking molecules with the formation of WO,. 
Probably WO, is first formed ; reacting with more 
tungsten, WO, and W give 2 WO, the equilibrium 
substances being WO, and WO ; further oxygen 
molecules would attack only the WO, ucing 
WO,. Similarly, a hot carbon filament in oxy 
is y covered by a v stable oxygen film, 
an tly converted into CO, at 1200 deg. Cent. 
absolute. The absorption film decomposes at higher 
temperatures, rapidly at 2100 deg., with libera- 
tion of CO. When the filament is heated in CO,, 
on the other hand, is adsorbed and CO is given 
off, its volume being equal to that of the CO, 
adsorbed ; thus half of the oxygen is retained in 


the film. Carbon monoxide itself is, according to 
Langmuir, not adsorbed by the carbon at any tem- 
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oxygen is chemically bound by the carbon particles 
on the surface; but as the carbon atoms of the 
filament themselves are joined to endless chains, 
a definite formula for the oxygen compound on the 
surface cannot be given. 

There are, secondly, reactions between the gas in 
the bulb and the vapours from the filament. Thus 
nitrogen does not combine with solid tungsten, but 
the collisions between tungsten vapour and nitro- 
gen molecules yield WN, ; the temperature of the 
bulb does not influence this reaction. Solid molyb- 
denum filaments and ni nm are also said not to 
combine, but the atoms stick together, some- 
times in the form of the stable compound MoN,, 
sometimes in the form of an absorption film, Dr. 
Langmuir asserts; to understand the difference, 
the quantitative relations would have to be studied. 
Vapours of tungsten and CO combine when the 
bulb is at room temperature to WCO. But when 
the bulb is cooled below — 70 deg. Cent., the CO 
actually attacks the filament, the reaction having a 
negative temperature coefficient. Platinum and 
oxygen behave like tungsten and nitrogen at low 
pressure, but at a pressure of 1 mm. the oxygen 
attacks the platinum. 

The study of a third class of reactions—catalytic 
—concerned in the first instance the dissociation of 
hydrogen molecules into atoms when in contact 
with the hot tungsten, whose melting-point Lang- 
muir estimates at 3540 deg. Cent. absolute—i.e., 
higher than is usually assumed—by three different 
methods. Chlorine is likewise dissociated by the 
tungsten filament, and in this case a liar 
observation was made. When two tungsten fila- 
ments were mounted in the same bulb, and the one 
was heated by the current, whilst the other was 
kept cool, the cold filament gradually became 
thinner and finally disappeared, whilst the hot 
filament grew thicker; the active atomic chlorine 
ee attacked the cold tungsten forming 

Cl, which was decomposed by the hot filament. 
Complex reactions were further observed between 
oxygen and carbon monoxide (and also hydrogen) in 
contact with a platinum filament. As long as the 
filament is cold, it is covered with a film of 00, which 
keeps the oxygen off ; when the temperature rises, 
the CO evaporates, and bare spots are left, which the 
molecules of O and CO compete to reach ; when 
an oxygen molecule reaches such a spot first, it is 
absorbed, and can react with the next CO molecule 
which strikes it. At higher temperatures the gases 
distil off more rapidly, and finally the velocity of 
reaction between the two gases decreases with 
further rise of temperature. 

Particulars of a fourth class of reaction—electro- 
chemical—have not yet been published. When 
returning thanks for the award of the medal, Dr. 
Langmuir stated, in fact, that only about one-fifth 
of the laboratory notes of himself and his assistants 
had been worked out. Nine-tenths of the many 
experiments had really been conducted by his 
assistant, Mr. Sweetser. The experiments at such 
low pressures, of course, require unusual care and 
forethought, and the interpretation of the complex 
results is very difficult. No doubt, the greatest 
care has been taken, yet further investigations may 
modify some of the views. But valuable practical 
results have already been attained, and everything 
connected with the troublesome surface films is of 
importance. 





NOTES. 
Tue Lire anp Power or Heavy ORDNANCE. 


Tue Proceedings of the United States Naval 
Institute for March-April reproduce an article from 
the Scientific American, which deals with the recent 
naval actions at long ranges. The article gives 
the characteristic features of the British and Ger- 
man ordnance, and states ‘‘. . . The data are taken 
from the published commercial tables of Vickers, 
eng wr 4 and Krupp. With the exception of 
the British 13.5-in. guns, whose initial velocity is 
2700 ft. per second, the velocities given are very 
high for guns of large calibre. They are perfectly 
SS but owing to the intense heat of com- 

ustion of the large powder charges necessary to 
secure these velocities, erosion is presumably very 
high, and the accuracy-life of such guns is limited. 
Krupps claim to have mastered the problem of 
erosion ; but whether by use of a — steel for 


the inner tube, or by the quality of their powder, 
or both, they do not state. We do know that one 
of the leading naval Powers not long ago made an 


offer to give Krupps a contract to supply all of their 
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Norr.—In the diagrams on this and the opposite page the figures plotted for tin and copper are the official 


closing quotations of the London Metal Exchange for cash transactions in ‘‘fine foreign” and “* standard ” 
metal respectively. The prices plotted for antimony and lead are for English metal in both cases, while those 


for spelter are for American metal—the a 
are plotted to Middlesbrough quotations; t 


kind at present available. i 
e usual discounts are allowed in the case of ship-plates, but rails 


Steel ship-plates and heavy steel rails 


are net free on board at Middlesbrough. The figures plotted for hematite, Scotch and Cleveland irons are 
Glasgow settlement prices, and these prices are per ton, as also are those for all other metals previously 
mentioned. The price of quicksilver is, however, per bottle, the contents of which weigh about 80 lb., and 


the price of tin plates is 


r box of I.C. cokes free on board at Welsh ports. Each vertical line in the 


diagram represents a market day, and the horizontal lines represent 1/. each in all cases except those of 


hematite, Scotch and Cleveland irons and tin plates, where they represent ls. each. 





heavy guns, provided a guarantee was given that, 
using these high velocities, the guns would have an 
accuracy-life of 250 rounds. The offer was refused. 
As regards the British guns, it is known that erosion 
is severe ; but the British claim that they can reline 
their eroded guns s° quickly, and at a cost so 
moderate, that they prefer to use high velocities, 
because of the great advantages of accuracy and 
hitting power at long ranges conferred thereby. 
ote S this connection we may state that in a 
series of articles, the last of which appeared in 
vol. xc., page 773, of ENGINEERING, we refuted 
the exaggerated claims put forward by Messrs. 
Krupp in the matter of the long endurance of their 
guns as compared with those of all other makes. 
We, notably, controverted their statement to the 
effect that one of their 21-cm. (8.2-in.) guns had 
fired 500 full-charge rounds without reaching the 
limit of its life. Inthe above remarks made by our 
contemporary, the class of powder to be used, the 
calibre, and other characteristics of the guns con- 
cerning which Messrs. Krupp declined to guarantee 
an accuracy-life of 250 rounds, are not stated, but 
the fact that they declined the guarantee asked for 
tends to confirm the arguments we advanced in our 
former articles. With reference to our eroded guns, 
it is a fact that we do re-line them very rapidly 
and at a moderate cost. 


Atconot Motor Fvuet. 


Although the war has greatly interfered with the 
work of the Alcohol Motor Fuel Committee of the 
Imperial Motor Transport Council, it has been 








decided that it is advisable that that part of its 
labours connected with the collection of data 
should be pushed on, with a view to the Com- 
mittee being better prepared later to take up its 
scientific investigations, as soon as a return to 
normal conditions will permit. With this end in view 
the Committee has now issued a series of schedules 
asking for information concerning (1) the present 
and prospective demand for fuel for internal-com- 
bustion engines ; (2) the manufacture of industrial 
alcohol from raw material; and (3) the existing 
sources from which alcohol can be obtained. The 
first schedule calls for information concerning the 
present or future use of motor vehicles, agricul- 
tural tractors and machines, stationary, marine, 
and railway motors. It embraces the factors likely 
to affect the future use of motor vehicles, prices of 
fuel, present costs of available fuels, and the ques- 
tion of British versus foreign-built engines. The 
second schedule deals with raw materials, on which 
subject the Committee invites information on the 
present and possible future development of supply 
of sugars, molasses, beet, palm-sap, grapes, dates, 
apples, &c., cellulose, including saw-dust, wood- 
pulp, &c. On these points data are sought on the 
output in tons per annum, whether alcohol is 
obtainable as a main or by-product, value of land 
on which crops are raised, yield per acre, price of 
produce per ton, distance from distilleries, and so 
on. The third schedule, —s the manu- 
facture of alcohol, seeks particu of distilleries, 
methods of distillation in use, type of stills, 
strength of alcohol produced, annual output, 
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natural or other difficulties preventing the produc- 
tion of cheap alcohol, &c. The Committee is anxious 
to hear from anyone in the possession of useful 
knowledge on these and other cognate matters, 
primarily with reference to the development of the 
resources of, and the use of alcohol for industrial 
purposes in, the British Empire, but information 
relating to foreign countries will also be gladly 
received. Anyone interested is invited to com- 
municate with the honorary secretary of the Com- 
mittee, at its temporary office, now opened at 
173, Fleet-street, E.C. We gather .that anyone 
submitting information is invited to do so on the 
schedule forms which have been drawn up, and 
which may be obtained on application to the 
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honorary secretary. Naturally, with so wide a 
subject, some preliminary automatic classification of 
this type will greatly assist matters. 


Tue Minerat Propvuction or British CoLumsia. 


When considering in a casual way and at a 
distance the mineral resources of the British 
Dominions beyond the Seas, the general classsifica- 
tion adopted places the gold output in the first 
rank, the less *‘ precious metals” following directly 
afterwards ; coal and iron, if there be any avail- 
able, coming last in the list. There is an excuse 
for the adoption of such a classification on the part 
of outsiders, inasmuch as the mining authorities of 


heart its interests, and who, being on the spot, are 
better able than outsiders to appreciate the situa- 
tion, themselves adopt the classification we allude 
to. This obtains in the Bulletin No. 1, 1915, on 
the mineral production of British Columbia, in 
which figures are given for 1913 and 1914. The 
value of the gold output in 1913 amounted to 
6,137,490 dols., and in 1914 to an estimated total 
of 5,628,126 dols. ; this ie stated first, then come 
in the following order (the totals for 1914 being 
estimated) :— 


1913. 1914. 

dols. dols. 
Silver ... 1,908,606 1,768,666 
Lead . 2,175,832 1,834,866 
Copper > a ... 7,094,489 5,845,910 
Zinc «4 ath a 324,421 309, 288 
Coal and coke ... ... 9,197,460 7,802,164 
Building materials, &c.... 3,398,100 3,000,000 


From these figures it will be seen that the value of 
the output of coal and coke in the province far 
exceeded that of gold, and the extraction of coal 
and manufacture of coke probably gave work to a 
larger number of men than the extraction of gold. 
The gold output probably forms a maximum which 
is limited either by the labour available, by the 
extent and richness of the gold-bearing strata, or 
by both conditions combined. The table also 
shows that the value of the copper worked in 
the province also exceeded the value of gold during 
both years under consideration. In regard to coal, 
the Bulletin states that a much larger quantity than 
the estimated total for 1914, 2,172, tons, could 
have been produced had there been a demand for 
it. The right classification, therefore, would seem 
in this particular case to be that which would place 
coal first_on the list, followed by copper, then by 
old. With reference to other minerals, the 
ulletin adds that some p ting for, and de- 
velopment of, bodies of iron had been carried out 
recently, but no iron ore had been used or shipped. 
A small quantity of crude placer platinum had been 
macirenah estimated at less than 1000 dols. in 
value ; this was obtained from prospecting workings 
now being carried on, and the results were con- 
sidered encouraging. It is very satisfactory to note 
that molybdenite Kee been discovered in British 
Columbia, in what seem to be commercial quanti- 
ties, ‘‘the deposit appearing to be of considerable 
size.” Seeing the very great eagerness with which 
this mineral was sought after during the greater 
part of last year, the province should be able to 
derive an important revenue from its working and 
concentration. 





British InpusTRiAL Fatr.—The British Industries 
Fair, organised by the Board of Trade with the object of 
bringing British manufacturers in certain trades into 
direct touch with buyers who previously depended for 
their supplies a on the products of enemy coun- 
tries, o on Monday next at the Royal Agricultural 
Hall, Islington. Further information concerning the 
Fair can be obtained from the Commercial Intelligence 
Branch, Board of Trade, 32, Cheapside, London, FE O. 





THe Rorat Mar Sream-Pacxet Company. — The 
undertaking of the “y> Mail Steam-Packet Company 
was seriously affected last year by the war. The profit 
realised for the year, after providing for depreciation, 
and including dividends received on shares in other com- 

nies, declined to 91,446/., and 200,000/ had to be taken 
rom the reserve fund to meet interest accruing upon 
debenture stocks and twelve months’ dividend upon tke 
5 per cent. preference stock. Nothing could be distributed 
upon the ordinary stock, bud 18,921/. was carried forward 


to 1915. The company’s fleet represented at the close of 
1914 an te displacement of 350,138 tons, and it 
stood in the ks at 4,845,592/. Payments had been 


made at the same date to the extent of 860,436/. on account 
of further tonnage building, and the company had invest- 
ments in other companies to the amount of 4,563,1261. 
Premises owned at home and abroad represented a 
value of 636,225/., and plant and machinery at home 
and abroad further stood in the books at the cluce 
of last year at 53,300/. The principal steamers owned 
by the company in May this year were :— Almap- 
zora, 15,850 tons ; Alcantara, triple-screw, 15,831 tons ; 
Andes, triple-screw, 15,620 tons; Arlanza, triple-screw, 
15,044 tons; Asturias, twin-screw, 12,002 tons ; Avon, 
twin-screw, 11,073 tons; Araguaya, twin-screw, 10,537 
tons ; Amazon, twin-screw, 10,037 tons ; Demerara, twin- 
screw, 11,484 tons; Desna, twin-screw, 11,483 tons; 
Drina, twin-screw, 11,483 tons ; and Deseado, twin-ecrew, 
11,477 tons. Since the close of last year there bas been 
little revival in passenger traffic, but substantial improve- 
ment has taken place in the general net earnings of the 
company, and the directors look forward with some con- 
fidence to the outcome of the present year’s operations. 
Some modification of the West Indian mail service has 
been found necessary, and the company’s steamers are 





the particular dominion under review, who take to 
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HIGH-CAPACITY WAGONS FOR THE 
SOUTH AFRICAN RAILWAYS. 


As is well known, the South African authorities 
have been very progressive in the developments 
gradually introduced on the railways in that region. 
This was the case while the railways were still 
separate systems. The policy has not been checked 
by their fusion into the one State system. We illustrate 
this week, on pages 518 and 527 and in our two-page 
engraving, Plate XXXIV., examples of stock which 
fully substantiate this assertion. The stock illus- 
trated consists of 100,000-lb.-capacity bogie high-sided 
wagons, and a special wagon of 160,000 lb. capacity 
built for the transport of whales. These have been 
constructed by the Leeds Forge Company, Limited, 

, and are excellent examples of steel rolling- 
stock. Of our a % - on Plate XXXIV. 
(Figs. 5 to 15), er with Figs. 2 to 4, e 518, 
nat to the whaleee ‘on, while Fig 1 Peis, and 
Figs. 16 to 19, page 527, are illustrative of the high- 
sided wagons. 

The whale wagon is intended to carry whales 
over @ special 3-tt. 6-in. line a few miles in length 
from the point where they are brought ashore 
to the factory, where they are dealt with for the 
extraction of oil, &c., not far from Durban. The 
bodies are hauled on to and off the wagon by wind- 
lasses. The line 1s very uneven, and it has been 
necessary to design the w with six-wheeled 
bogies, so as to keep the axle-loads down to the 
required limits and ensure the necessary flexibility. 
The capacity of this wagon is 160,000 lb. (80 short 
tons), and the tare weight 74,700 lb. Of our illustra- 
tions, Figs. 5 and 6 show respectively a longitudinal 
half section and an elevation, and Fig. 7 a quarter plan. 
Fig. 8 shows a half end elevation, and if. 9 o half 
section through one of the bogie centres. Fig. 10 is a 
cross-section at the centre of the body. Figs. 11 to 15 
are drawings of the bogies to an enlarged scale. The 
length and extraordi width of this wagon are well 
illustrated by Figs. 2 and 3, page 518. The length over 
buffers is 68 ft., while the width over all is no less 
thaa 12 ft. 6} in., which, we think, must be a record 
for 3-ft. 6-in. gauge stock. 

The wagon frame consists of two large sole-bars, 
11 ft. 3 in. centre to centre, tor the ter part of 
the length of the car, but brought in towards the 
ends, so that the headstocks are only 10 ft. in over- 
all width. The sole-bars are built up of plates # in. 
thick and are 2 ft. 97 in. deep at the centre, tapering 
to less than 10 in. at the headstocks. The flanges are 
composed of double 4-in. by 4-in. by #-in. angles 
with }-in. cover-plates. The headstocks are of 12 in. 
by 4in. by 36.47-lb. channel section. The centre 
castings for the bogies are carried by two short longi- 
tudinal I-beams extending between [-section cross- 
bearers 3 ft. 114 in. centre to centre. These cross- 
bearers are of 12 in. by 6 in. by 53.99-lb. section. 
The central portion of the body is divided into panels 
by cross-stiffeners of }-in. plate with angles along the 

ges. The floor is of ,,-in. plate except for the 
panels immediately over the bogie centres, where }-in. 
plate has been used. Between the bogies the floor 
is dished, as shown in Figs. 5 and 10, to the amount 
of 12 in, for a length of about 43 ft. 

The wagon is 65 ft. long over headstocks ; the bogie 
centres are 53 ft. apart. As the bogies have a length of 
10 ft. 2 in. over headstocks, they come very near the 
ends of the wagon. They have wheels 2 ft. in diameter 
on the tread, the three axles being 4 ft. apart. Fig. 4, 
page 518, gives a very good idea of their appearance, 
while from the details in Plate XXXIV. their con- 
struction will be quite clear. The bogie-frames consist 
of sole-bars, 4 in. by 10 in. by 30.16 lb. angle-sections, 
and headstocks of angles 34 in. by 7 in. by 4 in. The 
horn-plates are 1 in. thick. Two cross-bearers, con- 
sisting of 6-in. by 10-in. by 42-lb. J-beams, carry short 
pressed-stee! longitudinals, shown in section in Fig. 11, 
and in plan in Fig. 12. These are of plate 4 in. 
thick. They are covered by a jin. plate, and 
boxed in below by a pressed-steel plate, /, in. thick. 
They carry the cast-steel cup for the bogie-centre 
fixed to the under-frame. The king-pin is 2 in. in 
diameter. The three axles are equalised by two sets 
of floating beams. The springs are helical, arranged 
in pairs between the axles. The floating beams, of 
steel, 34 in. thick and 6 in. deep at their greatest 
section, rest directly on the xle-boxes. On the inside 
and outside of these beams are fitted suspension-links, 


which carry at their lower extremity a short spring- | T), 


beam. The two springs standing on the latter are 


housed at their upper ends in inverted cup-brackets of | Ed 


cast steel riveted to the truck sole-bars. 
ment is well shown in Figs. 13 and 15. 
For a 3-ft. 6-in. gauge the above is quite a remark- 
able vehicle, although intended for a very unusual 
service. The high-sided wagons in regular service are, 
however, scarcely less interesting, as will be seen from 
the views, Figs. 16 to 19, page 527, Fig. 1, page 518, 
giving a very good general view of this stock. There 
will shortly be over 500 of these wagons on the South 
African system. When it is realised that 30 tons is 


he arrange- 





the largest accepted load for private owners’ wagons 
in this country with a 4-ft. 8}-in. gauge, and that the 
50-ton car is regarded not certainly as the limit, but 
at least as of very large size in America, where this 
gauge has been developed to its greatest capacity, the 
use of cars of 50 (short) tons capacity on the 3-ft. 
6-in. ga of the South African railways will be 
ecueuneiahl as very enterprising. 

The tare weight of this type of wagon is 38,416 lb. 
(17 tons 3 cwt.). The wagon has a length over 
buffers of 43 ft., and over headstocks, which is equiva- 
lent to the length inside, of 40 ft. The width over all 
is 8 ft. 7,5 in., and the width inside body or over sole- 
bars is 8 ft. The height inside the body is 5 ft. 3 in. 
at the sides; the ends, being struck toa radius of 
11 ft. 3? in., are higher in the centre. The height over 
all from rail-level is 9 ft. 4,%, in. The wagon body and 
frame are carried on two bogies with wheels 2 ft. 10 in. 
on the tread, and a wheel-base of 5 ft. 9 in. The bogie 
centres are 27 ft. apart. The under-frame and stan- 
chions are of seennt ana, and the wagon has six sets 
of Lane’s patent pressed-steel doors. The sole-bars 
are pressed out of 4-in. plate and have flanges 4 in. 
wide, the depth of the web a 16 in. at the 
centre to 12 in. at the ends. e headstocks are 
pressed out of g-in. plate, and have webs 10? in. deep 
at the sides. At the centre they are deepened to 
accommodate the draught-gear. 
3 in. wide. The cross-bearers.are of ;,-in. plate, with 
flanges 4 in. wide, and the centre longitudinals be- 
tween the two sets of cross-bearers are of 4-in. plate, 
with flanges 5 in. wide. The continuations of the 
longitudinals from the cross-bearers to the head- 
stocks are of ?-in. plate, with flanges 3 in. wide. 
The floor-plating is } in. thick. It is supported by 
intermediate pressed - steel stiffeners between the 
longitudinals and sole-bars, &c. The side-plating is 
ys in. thick, the ends being of like plating. The riveting 
in the body is 4 in., with heads on the inside counter- 
sunk. The doors have clear openings 3 ft. 9 in. high 
by 5 ft. wide. The bogies are somewhat after the 
American diamond-frame type, but will be seen to have 
longer top members, connected outside the wheels by 
cross-bars, from which diagonals’ run down to below 
the horns or pedestals, thus making a stiffer truck 
with little extra weight. The wagons are well finished. 
8 edges, liable to cause damage, are everywhere 
avoided in the design. Even the corners of the body 
will be seen to be protected by round knobs. The 
wagons are provided each with one 24-in. vacuum 
oylinder. 

The design enables the wagon to be shipped in the 
flat, leaving very little work to be done at destination. 
The wheels are of the Schoen rolled and forged steel 


type, of which large numbers are now in use on the] Ff, 


South African railways. The wagons have been 
designed to the requirements of Mr. D. A. Hendrie, 
the Chief Mechanical Engineer, and the Advisory 
Engineer in London, Mr. W. 8. Sim. 





Coat 1n Sparn.—An article in the Spanish journal 
El Economista states that in 1913 the coal basins in Spain 
were found -to cover an area of 200,000 hectares (about 
494,000 acres), containing 3500 collieries, of which 762 
only were working, embracing an area of 40,000 hectares 
(about 98,000 acres). The probable quantity of coal 
existing in the province of Asturias alone has n esti- 
mated at 5000 million tons. 





Tue Roya InstirutTion.—The annual meeting of the 
members of the Royal Institution was held on the after- 
noon of Saturday last, the 1st inst., Sir James Crichton 
Browne, Treasurer and Vice-President, in the chair. The 
annual report of the committee of visitors for the year 
1914, testifying to the continued prosperity and efficient 
management of the Institution, was read and adopted. 
The report of the Davy Faraday Research Laboratory 
Committee was read. Forty-four new members were 
elected in 1914. Sixty-two lectures and nineteen evening 
discourses were delivered in 1914. The books and 
pamphlets mted amounted to about 338 volumes, 
making with 652 volumes (including periodicals bound 
purchased by the managers a total of volumes add 
to the library in the year. Thanks were voted to the 
President, Treasurer, and Secretary, to the committees 
of managers and visitors, and to the Professors, for 
their valuable services to the Institution during the past 
year. The following gentlemen were unanimouslv elected 
as officers for the ensuing year :—President, the Duke of 
Northumberland ; treasurer, Sir James Crichton-Browne; 
secretary, Colonel Edmond H. Hills; : Sir 
omas Barlow, Bart., Dr. Horace T. Brown, Dr. J. H. 
Balfour Browne, Dr. Andrew Carnegie, Mr. Charles 
ward Groves, Sir Robert Hadfield, Mr. Charles 
Hawksley, the Hon. Richard C. Parsons, Mr. Edward 
Pollock, Sir James Reid, Bart., the Right Hon. Lord 
Rothschild, Mr. Alexander Siemens, Mr. Alan A. Camp- 
hell Swinton, Mr. Harold Swithinbank, the Right Hon. 
Lord Wrenburv; visitors: Rev. Edward S Dewick, 
Lieut.-Colonel Henry E. Gaulter, Mr. Joseph G. Gordon, 
Dr. William J. Gow, Dr. J. Dundas Grant, Mr. John 
W. Jarvis, Mr. James Y. Johnson, Mr. H. R. Kem 
Mr. Francis Legge. Mr. Francis K. McClean, 
Ernest R. Moon, Mr. Richard Pearce, Mr. Henry G. 
Plimmer, Mr. Arthur J, Walter, and Sir Henry J. Wood. 


Their flanges are | Proposed 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information on these projects 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 

Canada: With reference to the call for tenders by the 
Toronto Department of Street-Cleaning for the installa. 
tion of furnaces and appurtenances for refuse-incinerating 
plant, the Imperial Trade Correspondent at Toronto 
reports that sixteen tenders were submitted in this con- 
nection, although it is understood that | three or four 
firms tendered, each sending alternative offers of various 
types of incinerators. The name of the firm recommended 
by the City Street Commissioner, who is in charge of the 
undertaking, together with particulars regarding other 

rojects submitted, may be obtained by United Kingdom 
rms interested on application to the Commercial Intel- 
ligence Branch. 


Australia : With reference to the construction of a 
reservoir at Millbrook, on the Torrens River, for aug- 
menting the water supply of Adelaide, the Bulletin, of 
March 11, of the South Australian Official Intelligence 
Bureau, notifies that work on the reservoir is now heing 
pushed on with all apeed. When the Millbrook scheme 
is complete, the storage for the city will be increased 
from 3,600,000,000 to 7,300,000,000 gallons. It is also 
to construct a reservoir above the present 
weir at Clarendon, which will increase the —y - capacity 
to about 11,000,000,000 gallons—i.c., about double the 
annual consumption of the city in an av year. When 
the lock at Blanchetown, on the River Murray, is con- 
structed, it will be possible to take a still further security 
against a water famine in the future, a scheme having 
been projected by which water can be brought from the 

urray. 

East Africa Protectorate: The Chief of Customs at 
Mombasa has forwarded a copy of a Bill, which has 
been recently passed by the Local Legislative Council, 
as for a loan of 1,868,0002. from the Imperial 

reasury to be expended on works in this Protectorate. 
It is proposed to apply the loan in the following 
manner :—Kilindini harbour works, 610,000/.; railway 
improvements, 957,000/.; roads and bridges, 100,000. 


Portugal: The Diario do Governo, Lisbon, publishes 
a Decree authorising the Portuguese State Railways 
Administration to raise a loan, up to 400,000 escudos 
(ubout 60,0002. at current exchange), to be devoted to the 
construction of a railway from Contumil, and from Erme- 
zinde to Leixoes. This new line is regarded as indispens- 
able in view of the improvements to be carried out at the 
port of Leixoes. 


Spain: The Gaceta de Madrid of April 15 announces 
that tenders are invited by the Madrid Corporation for 
the supply of two motor street-watering vehicles, at a 
cost of not more than 28,000 pesetas (about 1200/.) each. 
oreign competition will be admitted. Tenders, accom- 
panied by detailed descriptions, will be received at the 
—— General, El Ayuntamiento de Madrid, Madrid, 
within a period of sixty days from the date of the Gaceta. 
A provisional deposit of 5 per cent. of the value of the 
offer is required to qualify any tender. Local representa- 
tion is desirable. The Gaceta of April 16 publishes a 
Royal Decree authorising the Ministerio de la Gober- 
nacién to contract, by means Of public tender, for the 
laying of a submarine cable from Cadiz to Laraiche (in 

orocco);, The credit allotted in this connection is 
1,000,000 pesetas (about 41,700/.), and if, as is expected, 
the whole of this amount will not be required for the 
purpose mentioned, the Ministerio is further authorised 
to devote the remainder of the credit to the renewal of 
the cable between Tangier and Tarifa, the laying of a 
new cable between Majorca and Minorca, and the exten- 
sion to Malaga of the cable from Ceuta to Estepona. A 
further Decree, published in the same issue of the Gaceta, 
authorises the Ministerio to contract, by public tender, 
for the repair of the following cables:—From Melilla to 
Almeria; from Alhucemas to Pefién de la Gomera, in 
Africa; from Iviza to Majorca; and from Cadiz to 
Teneriffe. Should the credit of 500,000 pesetas (about 
20,8002.) assigned for these works not be absorbed, the 
remainder will be devoted to the repair of the cables 
between Ceuta and Estepona, between Chafarinas and 
Cabo de Agua, &c. 








CanapIAN Metatturcy.—The production of pig-iron 
by Canadian blast-furnaces last year was 783,164 tons, 
valued at 10,002,856 dols. The corresponding production 
in 1913 was 1,128,967 tons, valued at 16,540,012 dols. A 
large proportion of last year’s production was used directly 
in the manufacture of steel. The output of pig last year 
showed a falling off of 345,803 tons, or 304 per cent., a8 
compared with 1913. 


InstTITUTE oF Merats Corrosion Committer.—In 
the absence, on active service, of Dr. G. D. Bengough, 
M.A., honorary investigator to the Corrosion Committee, 
now a Captain in the Royal Garrison Artillery, the 
Council of the Institute of Metals have appointed Mr. 
W. E. Gibbs, M.Sc., as acting honorary investigator to 
the Committee. Mr. Gibbs, prior to the outbreak of the 
war, was acting as Dr. Bengough’s assistant in connec- 
tion with the work for the Corrosion Committee. He is 
now engaged on a series of important investigations, the 
results of which will be embodied in the third eee to 
Corrosion Committee, which it is hoped will be pre- 
sented at the forthcoming autumn meeting of the Insti- 
tute of Metals. 
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water, the shell thickness, and the spacings of framesand| Case II. :— 
ON THE STRENGTH AND SPACING OF | longitudinals. (4 y B.A. (4) 
TRANSVERSE FRAMES.* Let =pJ0.8405+ \t/ t \ - (4) 
By C. Fropsuam Hott, B.Eng., Student. J ns he , eye ee oo F/( t )- p | 
(Concluded from page 506.) ¢ = the thickness of the ehell-plating. — yA, 1 SND 
III.—Tue RELATION BETWEEN THE UNSUPPORTED AREA t= the frame spacing. _ Again, it is the direct ratio o Mag pare ten 
OF SHELL-PLATING AND ITS THICKNESS. U = the spacing of longitudinals. factor or the criterion of strength. It seems reasonable 
re ee , h = the depth below the load-water line. to conclude that this ratio should be maintained constant 
§ 15. The tendency of modern shipbuilding practice Then in Case L, wh lating deflects as in Fig. 13, when the frame spacing is altered. This, however, is 
ope pe oe bag | Mg abmay nn mye! hw be ae en in Vase 1., w =— ing de’ 7 as in Pig. subject to exceptions, welch are dealt with in hag In 
chester diaiaee’, and @ temeanaes 8 @ i A (4 y+. n(2). mI eS ie ee ee 
becoming by no means uncommon. To compensate for é t/ a4 ( y mine the manner in which (a) the ratio s and (5) the value 
this increase in unsupported area it is to add| ;_ ’ v 1 : F : 
to the thickness of the aheli-piating ; bat vhe amount of |/“?] S88! caw 1 ayy re ot oe Cen Fe 
Spe Sa (a)-# (7) SES rapttn tn 
clusions. An attempt has been made to determine the 
relation between the several factors involved, using the ee eS 
pa ay ree of the on societies as a basis from ) AND THICKNESS 
which departure can be made. 
§ 16. The Function of the Shell-Plating.—The shell- - OCFige 15019). -™ 
lating is called upon to resist two sets of forces: igs. ’ 
5) The stresses due to longitudinal bending of the ship- 
girder as a whole ; and (b) the local stresses due to water we 80 —- 
pressure. The longitudinal stresses are not actually , Fig.15. | Fig.16. | 
nown; by making certain assumptions as to loading °° . ABC 
—e 7 wave —— ov = epee ge nee 5 =10 70 L =i 
mi ‘or special cases by the ordinary strength - MEANL FOR FOUR o l 
tions. Nevertheless, although special designs may be MEAN = FOR FOUR 
on such calculations and limiting stress values, no REGISTRATION SOCIETIES. REGISTRATION SOCIETIES. 
such criterion of strength is specifically used in ordinary as 
merchanbt-ship design. It will therefore be necessary to J A L NY A 
estimate the variation of stress with the size of the 5t\ t ¢ 
vessel. 50 . ) 50 B ° 
§ 17. The Resistance of the Shell-Plating.—The worst wR he” 
case occurs near the bottom of the ship’s structure, where —— La <7] 
the water pressure is greatest when the vessel is in a 4 = = “ A, 
hogging condition. The shell-plating is then under direct ° i ‘3 
compression, and is also deflected inwards by the external 
water pressure. In this condition the shell has been 7 
— to a system of elementary struts, of length equal os sco sco «o 80 Go 9S] “sao 400500 600 
to the frame-spacing, deflected laterally; the lateral LENGTH OF VESSEL (FT) LENGTH OF VESSEL(FT) 
be ow) . 
80 — A [ ios Fig19. Fig. 20. | | | 
Fig.17 | Fig.78.| 10 POSITION OF 
70 i+ & 70 D735 vo"? | STANDARD MEAN} | __THE NEUTRAL AXIS. __- 
D =-I2 MEAN ¢ FOR FOUR VARIATION WITH LENGTH OF| 
MEAN L FOR FOUR y REGISTRATION SOCIETIES) | _ anna eacmaae a 
60} “REGISTRATION SOCIETIES. | 1 XG Ll \ 
im 2 i ~ | ‘4 
1°) © 
' 7 +8 " 
re |. re Ho al 
"7 | 2195) 
< a 
‘ ; 
ry Lo F 
00 200 300 400 500 600 “100. «200 +~=«S00 $00. 600 100 200 300 400 800 600 100 200 300 400 500 600 
(s4) LENGTH OF VESSEL(F") LENGTH OF VESSEL (FT) 
LENGTH OF VESSEL (Fr) LENGTH OF VESSEL(F?) 
deflection, however, is limited, in some manner to be TABLE V. 
determined, by the longitudinals — side girders or | ——H4H4H4HH — 
“se 7 ical Treatment.—In order to confine the| Length STANDARD Section TO RULE ReQuiREMBNTS, Section with Wiper Frame Spacine. 
problem to practi limits it has been assumed that; _ of ! a as ei ar aes 
the material eo never called upon to withstand a stress; Veeel, bey ween I Trane |_— —* — 
approaching the elastic limit, and that the actual deflec-| ~-— 12 Spacing. | Piating | 7 ee) P. J. Spacing. | I 
tion is never great. Under these conditions it is a| D t y | <(keel).| p t. | —(keel. |p. t. 
sufficient approximation to regard the effect of water y 
me ure as an — epmegy oe oy = strut. bein ah a ft. - | tf Ib. persq. in. Ib, per eq. in in | | 
on & strut having an initial deflection is gradually | 400 26 0.60 20,440 12,900 | 17,800 | 32 20,440 | 12,900 | 0.74 | 22,000 | 12,000 | 0.70 
increased, the deflection, up to the elastic limit of the} 500 (a) 29 0.76 | 38,126 15,430 | 20,300 36 $8,120 | 15,430 | 0.94 41/100 | 14,880 | 0.87 
material, is proportional to the load. There is no sudden | 500 (0) 29 0.76 | 38,120 | 15,480 | 20,300 82 | «38,120 | 15,430 | 0.84 | 39,200 | 15,000 0.80 
600 82 0.92 | 65,240 | 17,200 21,550 38 65,240 - | 17,200 | 1.09 68,100 | 16,450 1.01 


collapse as in the case of an ideal strut; the material is 


under bending stress due to the deflection from the line 
of action of the thrust, and, in addition, it is subjected 
to direct compression. The stress in the shell-plating 


has been estimated by considering an elementary strip 
of it as a strut with initial deflection. Account has been 
taken of the influence of longitudinals both on the 
initial deflection and on the subsequent elastic deflection ; 
the maximum compressive stress in the elementary strut 
— expressed in terms of the various factors 
lav ° 
‘ 3 19. The | rome Syn at the en ge strength , 
ection of such a strut depend greatly u e 
manner in which its ends are qonsualact: > this 
investigation consideration has been taken both of the 
case in which the plating may be assumed freely sup- 
at the frames (as in Fig. 13), and also of the case 
in which it is fixed ia ition at each frame (as in 


Fig. 14) It must be noticed that in the second case the 
end lovd is virtually transmitted through the points of 
contraflexure of the strut. The first case is unlikely to 


arise, because of the external water pressure, which tends 
to deflect the plating inwards between the frames; bud 
it is conceivable that external influences, or, in light 

ting, the outward bulge that often occurs between 
rames, might cause such a deflection. 

§ 20. si XPY for the Maximum Stress. —In 
Appendix ITI.+ it is shown that the maximum stress 
in the shell-plating can be expressed fairly simpl 
terms of the direct compressive stress, the drau; 

* Paper read before the Institution of Naval Architects, 
March 24, 1915. 

+ Owing to presure on our space we are unable to 


in 
of 








reproduce this Appendix. 





and in Oase II., where the plating deflects as in Fig. 14, 


D(¢)+B.4.(2) } 
eS: 
f=p 0.8406 + ——__—_-___ —_______ (2) 
F t) agit «%, (FF) 
(; pil 4 i)? 
where 
A= 7.975 x 108 D = 1.598 x 10’ 
{8 = 0.347 and {x = 0.278 
OC = 2.5 x 10’ F = 10 


4 

§ 21. Application to Practice.—The value of ( ?) is 
very small for all values of / and /’ ever used in practice ; 
it is, therefore, possible to + the effect of stringers 
and intercostals, unless the © spacing is increased 
very considerably. For this reason it would appear 
unnecessary to make any compensation as far as the 
thickness of the shell-plating is concerned, for the-omis- 
sion of side stringers or intercostals. Intercostals in the 
double bottom are, however, uired from other con- 
siderations, and are not likely to be omitted. For prac- 
tical use it is sufficiently accurate to use the following 
modifications of equations (1) and (2)—viz. :— 


a(7) +B-4.(7) 


CaseI.: f = p _ o($)-» (3) 


0.681 + 








§ 22. The Standard Relation between the Frame Spacing 
and the Thickness of Bottom Plating.—A series of vessels 
were considered whose length varied from 100 ft. to 
600 ft. (by intervals of 100 ft.), having a breadth of one- 
tenth length plus 10 ft., and ratios of length to depth 
of 10, 11, 12, and 13.5 ; the frame spacing and the thick- 
ness ef bottém plating were found from the rules of the 
four penx, registration societies—viz., —ao Regis- 
ter, British Corporation, Bureau Veritas, an 1 - 
ischer Lloyd. For each value of length-depth ratio the 


value of was plotted on a base of L, the length of 


vessel, and the mean taken of the requirements of the 
four societies. The variation from this mean was in no 
case considerable, and the “‘means” so found were prac- 
tically identical for all values of the length-depth ratio 
(see Figs. 15 t0 19). Thus, for a given length of vessel, a 


definite mean value of the ratio f was obtained, which 


has been considered as a standard. : 

§ 23. The Relation between the Maximum Longitudinal 
Stress and the Size of the Vessel.—The maximum longi- 
tudinal bending moment on the veseel’s structure may 
expressed as 





WL 


n 


M= (5) 


displacement, 
a factor depending on the type of the vessel. 


Huw 
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LBS PER SQ. INCH 


r 





The stress at the gunwale, which is the maximum, is 


P 


From the results of a number of calculations of ; that 


My 


(6) 


7 = mi ; 
a+ 
L? 


Where k is a constant for given type of vessel and block 
coefficient, while a and b can be assigned the values 1 and 





































































































can be obtained, and hence the variation of p’ with the 
length of the vessel. Ourves so derived have been 
shown in Figs. 23 to 27; in these the value of p’ 
has been assumed 3, 5, 7, and 9 tons per sq. in. at the 
—-_ of poy woe yy long. In — to t 1 P, 

© stress at the it 18 necessary to w the position 
of the neutral axis. Fig. 20 shows the height of the 
ng ae above ode by = gs , the — 

e lor varying v as determi or 
aie designed in accordance with the rules of the dif- 
ferent registration societies. 

§ 24. The Maximum Stress in the Plating.—The general 
relation between p, the maximum direct compreasive 
stress, and f, the maximum stress in the plating, is shown 
in Figs. 21 and 22. Here fis plotted for constant values 
of length of vessel and for three values of the ratio 


Lo on a base of p. For these relations the standard 


vD 
values of i (see § 22) have been used ; the draughts are 


those corresponding to the freeboard defined in § 4. 
The effect of intercostals has been neglected, their in- 
clusion makes no appreciable difference so long as / is 
not greater than about 4 to § of the value of 7’. Oross 
curves have been lifted from these for the values of » shown 
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in connection therewith in Figs. 23 to 27. It appears at 


Fig. 23. VARIATION OF f, THE MAXIMUM STRESS 


WITH LENGTH OF VESSEL. 


CASE |: PLATE FREELY 
SUPPORTED AT FRAMES, 
1: Assumeo Stress at GUNWALE 
IN 400 FT. SHIP=3 TONS PER SQ. IN. 
it: Assumeo Stress at GUNWALE 
IN 400 FT. SHIP=65 TONS PER 8Q. 
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had been made, it has been found that for vessels of | 20,000 respectively. 


P: (8S PER SQ INCH. 


similar proportions this quantity varies approximately as | depends on the loading of the vessel and 


»’ in the form 


the square of the length, and that it is possible to write | formation. But by assuming a value for 
i well-established strength, the correspond 





The value of k is unknown, and 
the wave 
p’ in a vessel of ro ix 
ing value of k| the bounds of possibility. 











’ 





Fig. 13, impossible stresses would result (see Fig. 23). 
But cae shown in Figs. 24 to 27 are quite with 
Those corresponding to 





once that if the shell were to deflect in the form shown in 
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stress of 7 tons per square inch at the gunwale of « vessel io L iati 

400 ft. 1 (see Fig, 26) probably 6 the worst | 20ces8ry to keep the ratio 7 constant for any variation 
cases that are likely to occur in practice ; and here the | in /, the frame spacing ; or, in other words, that the thick- 
maximum stress f never attains a value of 10 tons per | ness of the shell emg should increase directly with the 
square inch, even in cases where the draught is much | frame spacing. This, however, is only true so long as p 
greater than any ever used. Fig. 26 also shows the stress | is constant, or the vessel is designed to a limiting value 


VARIATION OF f; THE MAXIMUM STRESS 
WITH LENGTH OF VESSEL. 


CASE II; PLATING FIRMLY FIXED AT FRAMES. 
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would i bottom plating same shi a 
ay were subjected a water re Be tyes oer of . . If, however, as often happens, no reduction is 


nals being fitted, considering it as an ordinary beam fixed 


ad ends. 

§ 25. Increase of Frame-Spacing and the Compensation 
Necessary.—From equation (4) it that, in order 
to suckin tee coke Ghnaal of caeagi hs b ade 


made in the remaining longitudinal members of the struc- 
ture when the thickness of the shell is increased to com- 


pensate for an increase in framespscing, is con- 





sequently increased, and p is diminished ; and though 
the increase in the thickness of the shell will not need to 
be so great on this account, the design will not be so 
efficient, owing to the implicit use of a smaller limiting 
value of the direct stress p. thickness required in 
such a case is readily determined by successive approxi- 
mation with the help of equation (4). The following is a 
comparison of the two methods of design :— 


For three lengths of vessel the value of yat keel 


has been calculated when all the scantlings are to rule 
requirements ; and the values of pand f, given in Fig. 26, 
have assumed. The frame ray | was then in- 
creased to the amounts tabulated, and the thickness of 
bottom plating required was determined t is neces- 
sary, if the above value of f is nob to be exceeded. In 
Case-A the scantlings of the vessel were assumed to be 


adjusted so as to keep the — at keel, and, therefore, p con- 


stant ; and in this case ¢ varies as 1. But in Case B all 
the scantlings except the bottom plating were main- 


tained at the rule sizes ; — was on this account increased 


and p diminished, with the result that the thickness of 
bottom plating necessary was considerably less than that 
requi in Case A. 

§ 26. The Side Plating.—The function of the side 
— is primarily to resist the longitudinal shearing 
orces, and its standard “‘ rule” thickness should be that 
necessary to enable it to perform this function. How- 
ever, the same kind of stresses are set up in it by the 
direct longitudinal stresses and by the water pressure as 
occur in the bottom plating. Both of these are much 
smaller than at the bottom of the vessel, owing to the 
proximity to the neutral axis and to the water surface ; 
and in the maximum stress set up in the side 
plating on this sccotint is much less than the maximum 
stress permissible in the bottom plating. Thus for 
moderate increases from ‘‘ standard” frame spring it 
should be unnecessary to increase the thickness of the 
side plating. A point is reached when a further increase 
in the frame spacing would increase the stress in the side 
plating beyond that experienced in the bottom plating ; 
the thickness of the side arg should then be increased 
in a manner similar to that indicated in the preceding 

ph. Nevertheless, it should not be necessary to 
increase the shell thickness in the ion of the neutral 
axis, and the side plating may be uated in thickness 
above and below this on. 

In conclusion, the author wishes to express his thanks 
to Professor T. B. Abell for his advice, given during the 
preparation of this paper. 


APPENDIX I. 
ASSUMPTION AS TO Fixity aT SUPPORTS. 


In a continuous beam the conditions of support are of 
great importance, and the validity of the assumptions 
made here will | ly affect the quantitative results 
obtained. This will, perhaps, be held of less account 
when the comparative nature of the whole work is 
considered. 

At the tank side there is great rigidity in the structure ; 
and, probably, at some point in the tank-side bracket the 
conditions approximate to absolute fixity. There is no 
definite information on which to base the selection of 
such a point; but, as a matter of judgment, it seems 
reasonable to assume that the frame is absolutely fixed at 
the point of intersection of the line of the top tank pro- 
duced with the side of the vessel. 

At the upper deck, where the heavy sk ~strake, deck 
plating, and hatch coamings form a ver. <¢ffective con- 
tinuous girder, it has m assumed that the frame is 
absobutely fixed. Dr. Bruhn in 1901 and 1909 advanced 
the opinion before this Institution that one of the effects 
of bulkheads on the transverse stiffness of a vessel is to 
fix the head of the frames at the deck. At the lower or 
intermediate decks it has been assumed that the frame is 
freely supported. It seems probable that the slope 
of the frame will alter under load, although there 
certainly is some constraint of quite an indeterminate 
amount. For while the bending moments at these 
points are considerably greater than those at the upper 
deck, yet the girder at the ship’s side is not nearly so 
effective, and the beams are often fitted to alternate 
frames only. 





Tue Panama Canat Derences.—The Panama Canal 
defences will embody 16-in. and 14-in. guns, on disappear- 
ing carriages, 12-in. mortars, and 4.7-in. howitzers. The 
16-in. gun of 35 calibres has a range of 18,600 yards at 
15 deg. elevation. It will be mounted at a considerable 
height above sea-level, which will increase the range. 
The weight of the projectile fired by this gun is 2400 Ib., 
the weight of —- being 660 Ib. The 14-in. guns are 
40 calibres long and have a muzzle velocity of 2360 ft. per 
second and a range of 19,360 yards. These are wire- 
wound guns, with jacket and B tube of nickel steel. 
weight of the projectile is 16601b. The 12-in. mortars 
are wire-wound. They have a muzzle velocity of 1800 ft. 
per second and a range of 19,000 yards, and are the largest 

ieces of ordnance of this class so far employed in United 
Bates defences. The 4.7-in.guns are primarily intended for 
the defence of the locks, but extra pedestal mounts will 
be supplied at the ends of the Canal, so that they may 
be quickly concentrated at either terminal. These 
howitzers fire 60-Ib. shrapnel and have a muzzle velocity 
of 1300 ft. per second and a range of 10,000 yards. The 
above particulars are from a lecture delivered by Major 
E. P. O’Hern;. ab the. Coast Artillery School, Fort 
Monroe, Va., of which a summary is given in the Journal 
of the United Artillery. 














May 7, 1915. | 


ENGINEERING. 


531 








‘“*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE ACT OF 1907. 
wy en ed views ee a ee Bae 
Where inventions are communicated from abroad, the Names, &c., 
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may d at the Patent Office, Sales 
Os, “ponthamereee Buildings, Chancery-lane, W.C., at 

the uniform 


The date of tt i So ene <2 Sa 
‘ton is, in each case, Sone 


atent has been sealed, chon the date of sealing is given. 
Any person may, at any time within two months from the date of 
vertisement of the nce of a Complete 
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Patent on any of the grounds mentioned 





AGRICULTURAL APPLIANCES. 


Pe — a Standen and Co., Limited, and F. A. 
tanden, St. Ives. w. (8 Figs.) December 5, 
ne -This invention relates to harrows or similar implements of 
the kind in which the tines are pivoted on a shaft 80 as to co- 
operate with springs, the said 't being capable of a rocking or 
rotary movement, in order to angularly adjust the tines by means 
of suitable members or brackets secured on the shaft, and con- 
nected to the tines through the medium of the said sprin 
According to this invention, instead of resiliently connecting 
each tine to a separate bracket, the patentees provide a trans- 
verse bar which is rigidly secured to the shaft, two or more tines 
pivoted on the shaft being connected yo the bar by springs. a 
represents the frame of the implement; bb are the transverse 
shafte (of which there -_ nd ddd are th three) ; cece are the tines 





pivoted on the shafts ; dd are the transverse bars to which 
the tines vy d. In thee le shown, the 
frame a is (J shaped, nt the three caatts bbb are rotatably sup- 


rted at their ends in bearings on the side portions of the 

rame, two tines being preferably provided on the front shaft, 
three on the middle shaft, and four on the rear shaft. The tines 
are formed with bosses loosely surroundin mg the shafts, to enable 
them to rock or pivot on the shafts, suitable fixed collars or stops 
being provided on the shaft to secure the tines against lateral 
movement thereon. Extensions or arms c® are secured to the 
bosses or to the upper portions of the tines, so that the latter are 
in the form of bell-crank levers pivoted on the shafts. The trans- 
verse bars d are secured to the shafts b by means of short arms or 
cranks ¢, which are keyed, or otherwise rigidly secured, to the 











WHINY 


‘ 





(eao7t) 


shafts, so as to move therewith when the latter are rocked or 
rotated. Helical springs f are inte between the extremi- 
ties of the tine extensions and the transverse bars, and are 
secured in this position by bolts /! fixed to the transverse bars d, 
which bolts pass through the springs and through slots formed in 
- tine extensions c*, and are provided with nuts that 4 oY as 
against which the tine extensions c* are by the 
ngs f. The nuts on the bolts can be adjusted to vary the 
ogre of compression of the springs, and also to permit of their 
ready cunevel and replacement. When the implement is in 
operation, the tines are Neaependently rocked or oscillated on the 
transverse shafts against the action of the springs ; tlre tines thus 
operate in a resilient manner, and the oncillation or vibration 
assists in breaking up the soil satisfactorily. In order to raise or 
lower the tines, to render them inoperative or the 
depth to which they enter the ground, the~ ng means 
shown in the drawing may be provided. The said means com- 
prise a hand-leverg keyed to the rear shaft b, and loosely con- 
nected toa longitudinal bar or member } h, which is pivotally con- 
nected to short arms or links i, keyed or oth fixed to the 
other transverse shafte cc, the -lever being provided with 


the usual —_——— parry which rates witha notched 
quadrant j secured on the said longit' bar. ~A- a the 
hand-lever backward or forward, the rear shaft is rotated 


or rocked, and the bar A is moved longitudinally, vee A effect- 
ing the simultaneous adjustment of the front and middle shafte 
through the intervention of the links ¢; the rocking of the shafts 
raises or lowers the arms i e transverse bars d, and thus 
Causes the an displacement of the tines, which, as "aforesaid, 
are connected to the said transverse bars by the springs f and the 
bolts f1. (Seated March 11, 1915.) 


ELECTRICAL APPARATUS. 


29,063/13. The British  —— Houston Com- 
Beectaly USA) Diets yetem. tl Py 
U.S.A.) Distribution” System. 

December to, 1913.—This invention relates to Dates 
transform( which effect an interchange of energy 
between two electrical systems. Wherever an alternating-current 
system and a direct-current system are interconnected by means 
SE Oe as a converter or a 
motor-generator set, it is customary to provide some sort of 
regulator in order that there may be an equal distribution of load 
between the two systems. This r may be manual or 


o- 
AK 





, & single reg vice, responsive to changes 
in the two nem, is provided und applied to bey 40 field 
excitation of the transforming apparatus. 1 is an alternating- 
‘current system supplied by a generator 2, and 8 is a direct-current 
p Ane oh supplied by a generator 4. Connected to the alternating- 
FD ey is an induction-motor 5 mounted on the same 

nt machine 6, which is in turn connected 
to the osama system. This device then constitutes a 
rotary transforming apparatus, which is essentially a motor- 
generator set besten an alternating-current element and a direct- 
current element, either of which may drive the other. The 
direct-current element is provided with a shunt-field 7, in series 
with which is an electrically-operated rheostat 8. This rheostat 
comprises the ordinary series of resistance ——— connected to 
contact-points, and a pivoted tact-arm 9 over these 
contact-points. For the actuation of the contact-arm, two solenoids 
10 and 11 are provided, whose cores are connected rigidly together 
and pivotally connected to the lower end of the contact-arm. 
These solen: are wound to act in te directions, and their 
common terminal is connected through a resistance 12 to one side 
of the direct-current system. This resistance 12 merely serves to 
decrease the current in the solenoids. For energisi: e rheostat 
a contactor 20 is provided, consisting of a balan contacheom 
21, which is connected to the other side of the direct-current 
system by means of the connection 22, and which oscillates 
between the fixed contact-points 23 and 24. Contact-point 23 is 



































(29063) 
ted to the solenoid 10, while — 24 is connected to the 
solenoid 11. To the outer ends of the 





m the 
—- pivotally connect the cores of solenoids 26 and 26. 
enoid 25 is energised from the current-transformer 27 connected 


to one phase of the ——— -current system. The rheostat 28 
is bridged across the solenoi: 


circuit for the regulation of the 
current supplied thereto. The solenoid 26 is ted sit 
sides of a shunt 29 in the direct-current 





system. The operation 


system is greater than on the direct-current system. 
device is properly adjusted, the solenoid 25 will then ov 
the solenoid 

a — 


~ 
causing the contact-arm 21 to touch the point 23, 
ing the solenoid 10. This will result in moving the 
80 as to increase the resistance in series with the 
field. got in resistance will result in the decrease of exci- 
tation of the field of the direct-current element and cause a conse- 
quent increase in the speed of the motor-generator set. Such in- 
crease in ed will tend to drive the alternating-current element 
5 as an induction generator, and eet ae ene Es the 
alternating-current system. It will thus be seen that 
result has been accomplished—namely, of taking coergy ‘a 
the direct-current system which has the lighter load and supply- 
ing it to the alternating-current system which has the heavier 
load, In case the conditions are reve , and the | on the 
direct-current system is heavy, the reverse series of operations 
will occur. In this case the sclenoid 26 overpowers the solenoid 
26, and contact arm 21 moves 80 as to ene the solenoid 11, 
and thereby decrease the resistance inserted in the shunt field. 
This will result in slowing down the motor-generator set, and 
when ite has falien below the synchronous speed of the 
alternating-current element, the latter will act as a motor and 
drive the direct-eurrent element as a generator. This will supply 
energy to the direct-current system and take it from the alter- 
nating-current system. (Sealed March 11, 1915.) 


a, P. O. Pedersen and V. Poulsen, 
riksberg, Denmar' uency Generato 

(3 Figs.] y — — 12, 1912. — his invention relates to the — 
duction of high- frequency currents of ——> intensity, 
such tg are required for long-range radio-tel y and tele- 
phony. The present invention consists in a me’ rod of equalising 
the distribution of high frequency current in a multiple arrange- 
ment of arc generators in parallel in the same circuit of vibration 

by inserting one or more condensers connected to each arc and ‘in 


tno 
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series — oe opens of oo aie som of auition, the 
capacity of each of the former condensers jess than the capa- 
city ofthe latter. aand b indicate feeding conductors, and d two 
Poulsen eryy e and f reducing rheostats, g and h reactance 

coils, k, m, *. o, and condensers, and the, sell induction of | the 
the vibration circuit. This latter consists, observed, of 
the self-induction coi] ¢, the condenser p, p+ y the two 1 
circuits comprising the condenser k, the generator ¢, and con- 
denser n, and the (condenser me, | the generator d, and the con- 
denser o ely. e city of the condensers k, m, n, 








r . 


automatic. If automatic, it may be 

conditions in the two ms. The object 
provide an improved form of automatic regula’ use in 
connection with a transforming apparatus Rs between an 
alternating-current and a direct-current system, and, : 

pe ere lati e apm [pm 


is as follows = Suppose that the lead on the alternating current loop 





puapanstee to various , and o (which will most juentl oa al 
ject o thie invention is to | nal , Went 


two reasons, be rather small; firstl will contribute to 
forcing the high-frequency carsente’ Loo ing in the circuit of 
vibration to distribute ives more evenly over the gene- 

rators the emaller their capacity is made; and, the 


secondly, 
to produce high-frequency currents in the Viesabe 
ne the condenser generator c, the condensers n and 


o, the generator d, and the condenser m will be the smaller the 
smaller the capacity of the condensers is made. ny I . —_——. 
stance of very great importance. 
™ are too large ent h 
in =m he shove-hained ~—— w 


aad 
stioulle Sell alan of canant. rie 2 illustrates A Lemewhes 
bre ifferent arrangement for obtaining the same effect, two auxi- 
liary condensers ¢ and u only being used. (Sealed March 11, 1915.) 


tea, London. and A. 
¢ Dynamo. 


i tion relates 
nven 
pel opal are s — 
the field cnlnatien of the machine 


WPS in X.-4 mE. 
modifying 
tial — ge > 
machines are generally somuee in conjunction with a 
storage battery, which suppliesthe load di stoppages and very 
Swale speeds of the @ generator. In order to get the best results from 
such a dynamo, it is essential not my that the dynamo shall 
give its fall output at as low a as possible comtstent with 
the weight of material employed, but that it shall give its normal 
voltage (no load) or “ cut in” at as low a speed as possible. This 
effect, in addition to a constant current characteristic, is at\ained, 
ig to the invention, by arranging the auxiliary brushes in 
ep of the no-load equi-potential diameter of the commutator 
d short-circui them by . dame which does not include 
field windings. The machine is provided with an armature A and 
a — ty B. Apair of es C, hereinafter referred to as 
rushes, are, as usual, located on the full load electrical 
at points on the commutator. The main brushes collect the 
current from the commutator and supply the battery D and 
lamps E, or other translating devices. e usual switch or 


switches are provided, so that when the machine is driven at very 
low speeds, or when it is soqeee. the 
tery. 


nerator is cut out, and the 


load is supplied from the e shunt field-coils F are 




















(124) 


excited off the main brushes in the usual way. The machine, in 
addition, is provided with two auxiliary brushes G, which are 
short-circuited by the conductor H. It will be understood that if 
the auxiliary brushes are placed on the axis of the pole-pieces 
they will beat the same potential at no load, and there will be no 
current flowing in the short-circuit loop; if, however, these 
auxiliary brushes are given a forward | relative to the axis of 
the main poles, a current will circulate through the short-circuit 
connecting these two bi es. e current flowing in this 
short-circuit loop divides at the commutator and flows round the 
two paths of the armature, producing a resultant armature field 
across the auxiliary brushes, which strengthens the main field 
thereby helping the machine to build up quickly. When load 
comes on the machine, armature reaction Jay 4 the main brushes 
causes a distortion of the main field, so the potentials pro- 
duced in the four armature sections Thy. equal, and under this 
condition no current will flow between the auxiliary brushes. If 
the load current be increased still further, a current will flow 
between the auxiliary brushes in the te direction, tendin 
to demagnetise the field. It will be readily sateaated ‘that th 
series of events will produce a machine which is over-excited at 
low 8 therefore hg es its normal voltage at the 
minimum speed possible further, that as the current in the 
main circuit iereanee, this ‘editional excitation or magnetisation 
decreases, reverses, and final — hy acts in = posite sense, 60 as 
to weaken the main field, a substantially 
—— — : ov predetermined v value is maintained in 

external circu’ roughout a very wide range of speed. 
(Sealed March 11, 1915.) ” 


GUNS AND EXPLOSIVES. 


7350/14. KR. H. 8S. Bacon, Coven and J. H. 
Warwick. Fuses.” (1 Fig.) March 23, Tne: 

It has before been proposed to employ in a shell a time- fuse with 
two separate char; of powder or similar ae ema and it has 
om jae Sen to employ a percussion fuse with two separate 
high explosive. According to this invention, a time- 

fuse is employed with two or more separate charges of a high explo- 
sive, such as trinitro phenyl methyl nitramine, or tetry], as it is 
called. The flash from the time-rings passes to and nites one 
or more powder pellets, and the explosion of these pellets brings 
about partial detonation of the first charge of high empledive which 
is contained in a strong steel gaine, separated from a second and 
larger charge of high explosive by a diaphragm. The detonation 


Z “ 
Ui 
ML Vy 
‘“, tht} 


Y 





4 the om ae aa bursts the ove gta i) and effects the com 
on of the second which in turn detonates th. the 


boreting char aaee in the shell. Tee drawing shows 
constructed according to this invention. 
mht sets back when the gun is fired and 


the flash ultimately passing down and iting the powd 
— 4 oe 4. The explosion produ P oo yp these ied Cea lets bri ngs abous 
of the cha @ contaieea 


ser the steel quis | 7; the fo force of the explosion 
bursts the nee 8 and = about complete 
of the tained in the 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 
4. Smith and Coventry, Limi Salford, 


hwo “ May 29, 1914-— This invention relates wo planing 


-machines, 
eosuring the effective operation of the table reversing gear, when 
en the effective table-rev w 
the table is compteting 2 toaveren This invention pe ht wes in the 
bination with a bracket adapted to be adjustably attached to 
the planing-table, of a pivoted arm serving as a it to actuate 
tumbler-gear, the said arm ig & plunger led bya 
when ir contact with the tumbler, the tappet and tumbler 
Se relatively to one another that a le-lever action 
t into play to effect the last portion of the movement of 
iy means of the energy in the spring. A bracket a is 
provided upon the side of the table in place of the usual dog or 
ee for actuating the tumbler } for effecting reversal of the 
table, the bracket carrying a plunger or pusher c — to be 
forced towards or into the bracket the action a spring 
d. Anarm or tappet ¢ pivoted at its upper end to the bracket 
reste against the outer end of the er, said arm being adapted 
to engage the roller f on the tumbler’. The tumbler carries two 
crank-pins, one for each direction of traverse, the said pins ha 
rollers thereon as usual. The action of the arrangement is as 








follows :—With the oe —e' ~ the ce of Soames = 
tappet e engages the roller /, an e sprin, comp' un 

the ta ry ani ih d positi such as indicated b the 
doti nel. The spring pressure is now sufficient to ce 
the resistance of the tumbler and ite connected parts to move- 
ment, so that the further movement of the table from the posi- 
tion indicated at 1 to that indicated at 8 results in a corresponding 
movement of the roller to the position Z. It will be seen by 
reference to the drawing that when the roller / is in the interme- 
diate position X the point of contact of the tappet ¢ with the 
roller is practically in the same horizontal plane as the axis of the 
roller; but as the roller is moved tothe position Z, said point of 





contact is a above the horizontal — containing the 
roller axis. The action of the tappet upon roller resembles 
therefore a toggle-lever, with the mechanical effect of the 


pressure 
of the tappet at ite point of contact with the roller increasing in 
effectiveness for moving said roller as the latter is propelled from 
position X to ite final position. When the table has come to rest 
and has brought the apes to the inclined position 8 with the 
roller in the tion Z, the spring pressure is able to readily 
propel the roller and the tappet to their final tions, and so to 
complete the movement of the mechanism whereby the reversal 
of the table is controlled. (Sealed March 18, 1915.) 


PUMPS. 


30,059/13. J. Orten-Boving, London. Air-Com- 
ressors. (2 Figs.) December 31, 1913.—This invention re- 
fates to roto-hydraulic air P A ding to this inven- 
tion, the energy for raga | the compression of the air is 
derived from water, which is delivered with pressure and with 
velocity which has a tangential component ‘o a wheel-casing, the 
section transverse to the axis of which is circular. An hydraulic 
rotary air P " ding to this invention, comprises a 
v aaed wheel provided, at its inner periphery, with an aperture 
between each two consecutive vanes, a cylind casing enclos- 
ing the wheel and wee bay outer = thereof, and an air- 
conductor which fite wi the eye of wheel, which conductor 
is formed with a passage for the admission of air to the eye of the 
wheel and another for the delivery of compressed air there- 
from, the casing being Seemed with a passage whereby water is con- 
ducted to the outer periphery of the wheel and another passage 
whereby the water is subsequently e ted. In the casting A, 
which constitutes the casing of the compressor, a single a 
is previded for the admission of the water to perform the 
of driving the wheel B and compressing the air, which is admitted 
to the spaces between the vanes } thereof, the water, after the 
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performance of its two desired functions, being centri ly 
evacuated through a passage a” ir the casing A. The is 
admitted in succession to the severa! compartments b! between 











porte 0? of the compartments pass out of register with the port c°, 


air will be entirely driven out of the com 
80 on successively. (Accepted January 6, 1915.) 
PRINTING AND ALLIED MACHINERY. 


» Limi 
G. Packer, ath 
Prin 


. 
] December 30, 1918.—This in- 
vention relates to devices for clam: ed, 
tubular, stereotype _ to 
nes, and it has for ite principal ebject to 
improved means for ena the -clamping 
be operated from the ou oO frames of 
es. The invention consists in the combination with the 


29,989/13. Linotype and 
Lona H. Pearce and T. R. 
ting Machines. (5 Figs. 


op Le a stereotype plate thereto, the cylinder being situated 
rotatabl. 3 


at the inside of the frame in which it is = , fa 
member ep the dog, longitudinally movable in the cylinder- 
shaft and extending through that shaft to the outside of the frame, 


tata, 


and means on the ber at the of the frame whereby it 
can be moved longitudinally in the cylinder-shaft and the dog 
thereby moved into or out of é: ment with the stereotype 
plate. Each plate cylinder 1 is provided at or near one end with 
a plurality of jaws or dogs 2, pivoted in secured in re- 
cesses or pockets 4. The pivots 5 of the dogs 2, of which latter 
there are three, have r axes si in the same vertical 
plane ; besides the dogs 2, there are provided, under certain cir- 
cumstances, other dogs, one of which is shown in Fig. 1, wherein 
it is identified by the reference numeral 6. The dogs 2 are pro- 
vided with arms 7 extending radially inwards and ing with 
an annular groove or recess 8 in a rod 9 movable itudinally in 
an axial bore 10 in the cylinder-shaft 11. In the arrangement 
shown, the shaft 11 is we ad formed separately from, but 
rigidly secured to, the der 1, and for this purpose the shaft 
is adapted to fit into linder and is secured to 
the latter by a 12and bolts. The 10 opens out through 
one end of the cylinder-shaft 11 at the outer side of the adjacent 
and the rod 9 extends out beyond 
threaded as at 15 for receiving thereon a 
nut 16 in the form of a hand-wheel, adapted to bear against that 
end of the shaft either directly or through an intervening collar 
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17. By ian Se nut, or, as it is hereinafter termed, hand- 
wheel 16, in relatively opposite directions, the dogs 2 are moved 
into and out of clamping engagement with the stereotype plate 
18. If desired, a spring may be provided to exert a constan 
tendency to move the rod 9 longitudinally inwards, and thus hold 
the hand-wheel 16 stantly in tact with the end of the 
cylinder-shaft 11 or collar 17, or the hand-wheel may be attached 
to theend of the cylinder-shaft 11 in such a manner as to be cap- 
able of moving only rotatably. For enabling the improved aj 
ratus to a ar plates of a; bly varying le’ ‘ 
say, varying the extent of the width of one or more columns 
of type matter, there are provided a plurality of sets of 
one such set for each of the different len 
dealt with. The dogs 6 constitute one of such sete, and 
for o ting that set, the rod 9 is provided with a second 
annular groove 19, which has ning out therefrom other 
grooves 20 extending parallel th the axis of the rod 9, 
and so distributed around it that when the rod is in a 
certain angular position one of these grooves 20 will register 
with each of the arms 21 of the ive dogs 6, and conse- 
quently, when in that condition, axial motion of the rod 9 will 
have no effect on the arms. This is the condition in which the 
devices are shown. When, however, the arms 21 of the dogs 6 
are e with the annular groove 19, and the rod 9 has been 
angularly so as to move the longitudinal grooves 20 out 
of ister with those arms, any longitudinal adjustment of the 
rod 9 will effect a corresponding adjustment of the dogs 6. These 
dogs 6 are acted upon by a pull them back against 
stops 23 whenever the longltud mal grooves 20 are next brought 
into register with the arms 21 of those dogs. The collar 17 is 
provided with as many peripheral notches as there are different 
positions to be assumed by the rod relatively to the 
cylinder shaft 11, and the latter may have pivoted to it a spring- 
controlled or be nay: ay catch capable of engaging with the 
notches to retain the collar 17 and the rod 9 in their different 
angular tions ; the rod and collar are splined together by a 
D ine or feather fast to the collar 17, and a groove 
or keyway in the screwed end of the rod 9, so as to admit of the 
rod moving within the collar 17 only in axial direction. (Sealed 
March 18, 1915.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c, 


oe 








ments, which will thereupon be completely filled with water, and | 


cylinder of a printing machine and a dog movable thereon 2 from 


to be | than 


which drives it ; j is the steam-supply to the turbine. 
oa the pi oe pp Re to the suction of the 
pump by the pipe discharges the e 
which leads to a casing / Within this casing Ay =F 
mounted on a spindle &. The spindle also carries a valve ¢ 
adapted to seat on the valve-seat y provided within the casing. 
When the valve ¢ is closed, it —— flow of water through the 
casing from the inlet end of casing z, which is connected to 
the pump , to the exit end g, which is connected to the 
water — = to the eat m is a 
leading from the pump discharge ¢ e 
Within this cylinder works a piston p which is connected by the 
rod r with a valve w which is so Gackt the cieem 
piston a which 
— the pressure oras water 
in the J separates the chamber 
8. These chambers, however, com- 
qpening: Gnongh Walon cox’ ba nn Cre Eamets 
w can a rated 
waive. “The chamber 3 communicates with the feed tank ¢ by a 
pipe 6, and the flow through this pipe 6 is controlled by a leak-off 
cock 7 operated by a float mechan 8, 9, the float resting on 
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(19436 : 
the water within the feed-tank ¢. If the cock 7 is closed, the by- 
pass will maintain the chamber 3 at the same pressure as the 
chamber 2. The float mechanism is so that rise in the 
water-level in the tank progressively closes leak-off cock 7, 
and fall in the eaten level pecgpeaively opens this cock. When 
the leak-off cock is opened, the pressure in the chamber 3 falls 
below that in the chamber 2, and as the area of the piston p is 
SS the area of the valve s, the piston will be moved 
the left so as to close or partially close the valve s, thus 
throttling the discharge from the pump. Thus for every position 
of the water-level in the feed-tank there is a corresponding position 
of the valve s, this valve being either full open or totally closed, 
or at some intermediate position. In this way the output of the 
imp is _ in accordance with the level of water in the 
ik, and the water-level in the tank is thus prevented from 
falling below the minimum allowable. As the valve ¢ is gradually 
closed, the pressure in the discharge-pipe ¢ of the pump gradually 
rises, and by its action on the piston p, cuts off the steam supply 
to the turbine ¢. The speed of the turbine and pump can thus be 
kept nearly constant or prevented from exceeding or falling below 
predetermined values. In practice the speed with the valve ¢ 
uite closed can, if desired, be prevented from exceeding by more 
a very small amount the speed with this valve open. 
(Sealed March 18, 1915.) 


SHIPS AND NAUTICAL APPLIANCES. 


22599/14. R. H. S. Bacon, and R. Redpath, Coven- 
try. Su (5 Figs.} December 29, 1913.—It has 
already been to mount a gun in a well on a submarine, 
which well can be covered over when the boat is to be ——— 
The object of the invention is to provide for such a well folding 
shutters or hatches, which can be used when ony as a working 

for the gun crew. According to this invention, the 
applicants hinge to the vertical sides of such a well folding 
shutters or hatches — when closed to cover and the 
gun and mounting, when open to form a suitable working 
platform for the gun crew. The drawing isan end view, with the 
end walls of the well removed. Each half of the platform is com- 














consecutive vanes, by pote through apertures L° formed in| 19,430/14. G. and J. Weir Limited, and W. Weir, 

the inner periphery of the wheel, whe during the revolution of | G ow. Feed (3 Figs.) September 4, 1914. — 

the wheel the apertures come into register with a e formed | inven relates to a boiler-feeding apparatus involving a rotary 

in the air-supply passage c} of the air-conductor ©, the outer ends | feed- p and a suction feed-tank from which the pump draws 2 enacd 

of the p t ing at the same time into reg with | its water, and more especially to the device for regulating the 

the port leading to the passage a® iu the casing A, whereby the —- of the pump in accordance with the level of water in the | posed of a folding shutter, the inner half 1 of which is hinged to 

water is evacuated. The tions of the passages and ports, tank, and for maintaining the speed of the pum he) wend a wall i, while the outer half m is hinged to the ipner half. The 

the pressures of the fluids, and the speed of revolution of the | mately constant or pores it from exceeding or falling low | hinge-pin of the inner half is a shaft n, ye Be it bevel pinions 

wheel are so arranged that, after the evacuation of water, a por-| pre-determined values. This invention consists in the provision | gearing with similar pinions on vertical thafte o, carried by the 

tion is retained within the compartments, which portion, by | of an automatic valve ad to throttle the discharge from | wall i. One of these shafts o can be rotated by means of a 

centrifugal action, eoouptes the outer ends adjacent to the outer | the pump, a piston adapted to actuate the said valve, the pinion upon it engaging a rack actuated by a hydraulic ram p!. 
riphery of the wheel, as indicated by the dotted curve b2 | being actuated by the pressure in « chamber con: by a| At each end of the inner half / is mounted a transverse shaft ¢, 
hen the outer ends of the compartmente b' come into register | pipe with the feed-tank, a leak-off cock in Be pipe being oteert having at its ends bevel pinions g!, 92; q@ meshes with a bevel 

with the inner extremity of the water-inlet passage a, the air | to control the pressure in the chamber ing itself con- | pinion fixed on the wall i. The pinions g? mesh with pinions on 

cootained within the compartments will u com by | trolled by float mechanism in the tank, and means actuated hinge ¢ of the outer half m. pon Sey t, pivoted in bearings 

the entrance of pressure water thereto, until of the | by the pressure in the > Sines on the pump side | on the wall i, are rotated by spur- t2 of the shafts 0 so that 

ay ye no eg = ee pee ee of the valve being nti for controll: the speed of the | they open out as the shutters open and support them in their 

in the compressed-air delivery-passage co”, after ,» until the} pump. a is the rotary feed-pump, and ¢ is a steam-turbine | open posi! (Accepted December 31, 1914.) 
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F wHALES; SOUTH AFRICAN RAILWAYS (3-FT. 6-IN. GAUGE). 


EDS FORGE COMPANY, LIMITED, LEEDs. 
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THE HOFFMANN BALL AND ROLLER- 
BEARING WORKS. 

Tue employment of ball-bearings in machinery of 
all classes is now so extended that one is apt to 
take it as a matter of course, and yet it is of quite 
recent development. It is indeed safe to say that 
up to the time of the last fifteen years or so the 
present everyday use of ball-bearings would not 
have been possible. We do not suggest that ball- 
bearings could not be made in earlier days, but we 
do suggest that they could not be made at such a 
cost that it would pay to use them in the enormous 
variety of applications for which they are now 
common practice. To be of value a ball-bearin 
must be made with an accuracy which is approach 
in few other engineering products, and the combi- 
nation of this accu with a reasonable price can 
only be obtained by full. utilisation of the best 
methods that modern machine-tools have made 


— PLAN. OF — 
THE HOFFMANN MANUFACTURING C* WORKS. 
CHELMSFORD. ESSEX. 





Fig.t. 


available. This utilisation necessarily carries with 
it questions of standardisation and special machines, 
so that it is no surprise that the manufacture of 
ball-bearings has developed as a special business in 
factories devoted essentially to them and nothing 
else. Were the ordinary engineering works to 
attempt the making ef the ball-bearings they re- 
quired, it is fairly certain the bearings could be 
produced satisfactorily only by the tool-room, that 
the cost would prove excessive, and that the balls 
—an essential feature—could not be made at all 
unless special machinery were installed for the 
purpose. 

Although in the manufacture of ball-bearings 
there is nothing, apart from the making of the 
balls themselves, with which engineers accustomed 
to modern methods may not be familiar, yet a 
description of the process should prove of interest, 
particularly in reference to the means employed to 


obtain the accuracy within nw in., which rules for 
the more important dimensions. This figure of 
iames is quoted from the practice of the Hoffmann 
Manufacturing Company, limited, of Chelmsford, 
whose products are so well known; and it is 
the purpose of this article to describe some of 








the features of this company’s factory. Before 

oing further, we should say that the Hoffmann 
Goomeuy during recent years has developed a line 
of roller-bearings which are tending to become as 
important a line of manufacture as their older ball- 
bearings. For many applications of the heavier 
class, as, for instance, for the axles of commercial 
vehicles, roller-bearings are tending to displace 
ball-bearings, owing to the heavier loads which 
they can carry. They are made by the Hoffmann 
Company to the same standards of accuracy as 
their ball-bearin » and prove equally satisfactory 
in practice. Roller-bearings in their earlier appli- 
cations were not always a success, and some years 
ago had not a good reputation. This appears to 
have been partly due to faulty design in some 
cases, but in the main it was probably a question 
of accuracy in manufacture. If anything, a roller- 
bearing probably demands better making than even 
a ball-bearing, and in the best modern practice in 


both cases it may be said that the limit of com- | 


mercial accuracy is reached, and that it is a limit 
that is not reached by many other things which are 
sold at prices comparable with those of ball and 
roller- bearings. 

The works of the Hoffmann Manufacturing Com- 
pany have always been at Chelmsford, and the 
present establishment has grown from the first 
plant. They were started in the year 1900, and at 
first employed 20 workpeople. The full comple- 
ment of the present factory is 2000 hands, but the 
number has fallen off by some few hundreds owing 
to enlistment. The works are, and always have 
been, devoted solely to the production of the firm’s 
specialities, and at the present time the whole 
plant is running day and night on Government 
orders. The factory is situated — the 
Great Eastern Railway main line, and ample 
siding accommodation. The company owns 14 acres 
of ground, so that, large as the present works are, 
there is ample space available for further exten- 
sions. The general lay-out of the factory will be 
seen from Fig. 1, above. It consists of a main 
L-shaped five-storey building, a second smaller 
two-storied |-sha building, and a number of 
independent single-storey shops. The westernly 








arm of the two-storey building forms the most 
recent extension, and 


as, indeed, been completed 
“—— few weeks. 


e plan indicates the work carried on in the 
various sections of the factory, and shows the 
relation between the works and the railway sidings. 
The main materials received in large quantities are 
fuel, steel bar, machine oil, and w for ing- 
cases, and it will be seen that each of these can 
be brought direct to the necessary shop in railway 
wagons. The steel bar, which forms the raw 
material of manufacture, is all stored and first 
dealt with in the building marked ‘“‘ cutting-oft 
shop and main steel stores” in the plan, and it will 
be seen that this is served direct by a special 
branch sidi Fuel and timber in the same way 
are delivered direct to their bunkers or stores. 
Heavy or bulky material leaving the works is in 
the same way delivered direct to ms on the 
sidings. The swarf, which is na ly produced 





in very large ener travels in trucks down a 
gantry from the main turnery to an oil-extract- 
ing plant, which can be seen at the south-east 
corner of the works in Fig. 1. When cleaned it 
is loaded into railway wagons. The scrap-bunkers, 
as will be seen, are.also alongside a siding. 
The ball and roller-bearin which .oap produced 
are, from their nature and from-the number of 
different clients to which they are consigned, 
naturally mainly shipped in comparatively small 

reels, and are consequently dealt with by cartage 
om a loading-stage situated al ide the main 
building, on the fourth floor of which thé stores 
are situated. Four electric goods lifts connect the 
floors of this building. 

The works are driven and lighted throughout 
electrically from the works central station, the 
position of which can be seen in Fig. 1. It con- 
tains a 1000- brake - horse - power Garels Fréres 
four-cylinder two-cycle Diesel generating-set and 
two 300-brake-horse-power four-cycle similar sets. 
There are also three suction- ucer gas-engine 
sets having a combined brake horse-power of 400. 
These formed the main plant at an earlier stage of 
the development of the works. The original plant 
of all was a 120-horse-power steam set. It can be 
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seen in the plan. The distributing pressure is 
110-volts continuous current. Adjacent to the 
nower-house there is a test and experimental 
department, a view of which is given in Fig. 2, on 
page 534. It contains various testing-machines, 
among others, two of the well-known ‘Oleen make, 
which have special rigs for ing complete bear- 
ings. The two large rollers in a pit, which can be 
seen in Fig. 2, are used for dead-load testing of 
finished bearings. The one on the right, which 
weighs 10 tons, is built up of discs, which can be 
removed as ma required to vary the load. 
The left - hand roller is solid, and consists of a 
steel ingot, turned on the outside. It weighs 
12 tons and has been run, when testing bearings, 
ap to a speed of 1200 revolutions per minute. 

e built-up roller can be run up to 500 revo- 
lutions per minute. The house also contains 
an experimental electric furnace, with quench- 
ing-tank, for work in connection with heat treat- 
ment of steels. 

Turning to the manufacturing parts of the fac- 
tory, we may begin by referring to the cutting-off 
shop and main steel stores, which occupies one of 
the single-storey buildings in the centre of the 
works. A view inside the shop is given in Fig. 3, 
on page 534, This department, as we havealready 
said, and as is shown in Fig. 1, is served directly 
by a railway siding. The bars are lifted from the 
wagons, brought into the shop, and stacked by 
means of overhead runways, as shown in Fig. 3. 
The south side of the shop is lined with a range of 
cutting-off machines. These reduce the bar to 
discs suitable for subsequent treatment for the 
manufacture of the bearing-races. In the case of 
large bars intended for bearings of considerable 
diameter, a series of rings is cut off from the bar 
by first parting to the proper depth, and then 
undercutting with a trepanning tool. This leaves 
the centre of the bar uncut and suitable for the 
manufacture of smaller bearings. In the rough 
cutting out carried on in this shop no attempt is 
made to part the inner race of a bearing from the 
outer, the discs or rings which are formed each 
serving as the basis of a complete bearing. The 
races are made of a mild steel specially manu- 
factured for the Hoffmann Company. 

The main part of the machining work on the 
races is carried out in the shops on the ground 
floor and first floor of the five-storey building, as 
will be clear from the information given on the 

lan. We publish two illustrations of these shops, 

ig. 4, on page 534, showing a battery of large 
automatic lathes in the main turnery, and Fig. 6, 
on page 535, a general view in the main siilion: 
shop. The equipment of these various shops 
forms altogether one of the most remarkable collec- 
tions of the smaller machine-tools which we have 
seen. As the processes which are carried out in 
the shops are relatively simple, the tools are 
largely of standard types, with which our readers 
are familiar. A of them are of American 
build, although there are a considerable num- 
ber of British makes. There are, however, a 
large number of machines of the Hoffmann Com- 
pany’s own build. These are chiefly special 
grinding-machines for finishing the roller surfaces 
of the races. They are of two types for dealing 
either with the inside or outaide races. The 
machines are of the lathe type, the work being 
carried by a rotating arbor, and the rotating emery 
wheels being mounted on slide-rests which have a 
swinging motion to conform with the surface of the 
race which is being produced. The whole of the 
tools are’ in gunn group-driven from overhead 
shafting, as shown in our illustrations. The shaft 
brackets are secured to wood stringers fastened to 
the ceiling. Hoffmann ball-bearing hangers are 
used throughout, and all motors are fitted with 
ball-bearings. The building is a brick one with 
ferro-concrete floors. 

The work which has to be carried out on the 
blanks as‘they are received from the cutting-off 
shop is external turning, boring, facing, parting 
the inner from the outer race, and finally the turn- 
ing of the races. This is all done on turret, semi- 
automatic, and automatic lathes. After they are 
machined, and before grinding, all races are tested 
by limit-gauges, so that any of outside dimensions 
may be rejected before more work is done on them. 
The races oe F ogee important —, are _— 
rough ground, the curved races being t wit 
the machines which we have already mentioned. i 
second process of oe then gone through. 
The races are next case-hardened or carburi 





furnaces, which burn producer- 
from a plant on the spot. 












































limit-gauged. 
have briefly sketched above, although we have 
spoken of it throughout in reference to races for 


mocha nye applies equally and in every step to 
races for roller-bearin 





This work is carried out in the larger of the two 


Mar megs ig which are situated alongside the | | 
cutting-o 


shop. The races are packed in boxes 
the carburising compound, and treated in gas- 
manufactured 
The furnaces are fitted 
with a very complete installation of recording 
meters by the Cambridge Scientific Instrument 
mpany. e races are then returned to the 


with 


shop for final grinding. The ball surfaces are 
treated as before, while the faces are mostly dealt 


with on Blanchard vertical-spindle machines with 


magnetic face-plates which hold a large number of 
races, which A thus dealt with in one operation. 


After finished grinding the parts are then again 


e should say that the process we 


8. : 
Apart from the balls or rollers, the only other 
member of an ordinary ball or roller-bearing is the 


cage which retains the balls or rollers in position. 
These 


are made in a department on the third 


floor. ey are mostly produced on capstan 


lathes from extruded bar, but some of the larger 
ones are turned from cast gun-metal bars. In 
special cases for large thrust-bearings 
castings are used. 


un-metal 
In all cases the ball-pockets 
in the cages are milled out, mostly on vertical 
machines. 

The ball-turning shop is on the second floor, 


and a view of it is given in Fig. 7, on page 535. 
The balls are of high-carbon chrome steel, and 
are produced from bar, or wire, on special lathes 
designed and manufactured by the Hoffmann Com- 
pany themselves. There are 120 of these lathes of 


various sizes, and they have the remarkable total 


output of 1} million balls every twenty-four hours. 


The lathes are simple machines, as will be clear 


from Fig. 7. They are true lathes, in that the 


work rotates and the tools are fixed. The machines 


are automatic, and one man attends to a number. 
The headstocks have hollow spindles, and the rod 
is fed through them by steps. 
fixed tool curved back on the cutting side, which 
has a cutting edge so formed that at any stage it is 


It is acted on by a 


roducing four balls. The cutting part of the tool 
urthest. from the end of the wire turns a shallow 


gropve in the rod, another part nearer the end 


eepens and widens this groove, a third part carries 


further and roughly forms the halves of 


ita wee 

two balls, while the outer part finishes and cuts off 
the completed balls. 
the tools moves back, the rod is fed through one 
— and the tool moves up again to form the next 


When a ball has been cut off, 


After every feed stage of the rod, each cutting 


part of the tool, except the first, acts on a part of 
the rod previously partly formed by the earlier 
parts of the tool, the first part always 
on the plain rod and producing the initial shallow 
groove. 
stream of oil, and advantage is taken of the oil 
service to feed the completed balls to trays along- 
side the lathes. Ins 


acting 


The cutting is done under a continuous 


of merely falling on to the 
bed of the lathe, they fall into a chute which leads 
to a horizontal pipe, through which a stream of oil 
is continually directed. This stream carries them 
along the pipe, and they are delivered at the end 
into the tray. The lathes are built so that the 
tool-holder and headstock lie in echelon. This 
allows the rod being fed to one lathe to lie behind 
the next without interfering with it. The rods lie 
and rotate in shallow wooden troughs, so that they 
do not lash about or interfere with other machines. 
The troughs are large enough to carry a supply of 
rod in addition to the piece actually being turned, 
so that there is not continual interference with 
working machines owing to the insertion of rod in 
one which may have run out. The troughs can all 
be charged together for the day’s work. The 
arrangement will be clear from Fig. 7. 

After turning, the balls go through processes of 
rough-grinding, hardening, and finished grinding. 
The grinding and finishing, which is carried out on 
the ground floor of the two-storey building, we are 
not able to deal with, as we have not had an oppor- 
tunity of inspecting the processes. The Hoffmann 
Company prefer that no details of their methods 
should be published. This applies both to ball 
and roller grinding. Wethink the general lines of 
the method by which balls for bearings are ground 
is not unknown to most engineers, although the 
actual designing of a machine to carry out the work 


.| would naturally demand much experience, The 





grinding of rollers appears a more difficult prob- 
em, and we are not surprised that the Hoffmann 
Company prefer to keep secret the details of the 
new machines they have produced for this work. 
We think we may & allowed to say that the rollers 
are not und between centres, and their pro- 
duction in large quantities with a guaranteed 
accuracy of iam in., both in diameter and length, 
is certainly an interesting mechanical problem. 
The first machining of the rollers from the 
bar is, of course, a simple pr and re- 
quires no explanation. Both balls and rollers 
are hardened in gas- furnaces situated in the 
smaller of the two hardening shops, shown in 
the plan. The furnaces are fitted with bins, into 
which the balls are charged in quantity. They are 
automatically passed into the furnaces in measured 
numbers from time to time, and in the same way 
they are automatically discharged at the other end 
of the furnace. As one charge leaves, the other 
enters. From the furnaces the balls fall into a 
hardening-tank, from which they are subsequently 
collected by scoops. The furnaces are fitted with 
recording pyrometers. 

The assembling department is on the third floor 
of the main building. A view of it is given in 
Fig. 5, on page 534. As shown in this view, all 
the assembling-benches are zinc-covered, so that 
they may easily be kept clean. They are wiped 
down every few hours. From this stage in the 
manufacture a great point is made of keeping the 
bearings, and everything with which they come in 
contact, thoroughly clean, so that by no possibility 
shall bearings be sent out with any gritty or other 
deleterious matter any where about them. The 
bearings are again limit-gauged in this shop. 
The process is carried out partly before and partly 
after assembling. A jourual-bearing is gauged for 
outside diameter and bore, width, the face and 
track diameter of the two races, the curvature of 
the two races, and the radii of the corners of the 
races. After assembling, the face and outside dia- 
meter are tested for truth with the bore of the 
inner race, and the face and bore of the inner race 
tested for truth with the outside diameter. In 
general, limit-gauges of well-known standard forms 
are employed ; but there are certain special appli- 
ances which have been developed and manufactured 
by the company themselves. For gauging outside 
diameters a minimeter is used, which consists of a 
pillar carrying a fixed gauge-point at the bottom, 
and a moving one on a slide. The moving point is 
connected to a magnifying mechanism, which indi- 
cates on a scale. The instrument is designed to be 
free from temperature errors. In gauging, com- 
parison is made with a standard disc, which is of 


correct diameter to within _ in. For testing 


thickness and depth of track a standard face-plate 
and pillar micrometer, and comparison with a 
standard race, have been found to give the best 
results. Gauging for truth of face with race is 
carried out with a special machine. All completed 
bearings are tested for silent running. 

The assembling department, which is illustrated 
in Fig. 5, naturally contains but little machinery, 
but there are two electric welders which are used 
for welding together the halves of ball or roller 
cages after the balls or rollers are in place. In con- 
nection with Fig. 5 we should perhaps mention 
that the large bearing to be seen in the foreground 
is a double-row ball-thrust bearing intended for 
use as a centre pivot for a 70-ft. railway turntable. 
After assembly and final inspection the bearings 
are placed in dust-tight compartments and sub- 
jected to a stream of petroleum under pressure, to 
remove any dust or grit which may possibly still 
remain on them. To render this cleaning process 
still more efficacious the bearings are then treated 
in a centrifugal machine, through which petroleum 
is drawn. They are then immersed in a bath of 
warm oil, which cools and forms a film over the 
whole of their surfaces. The bearings are then 
wrapped in grease-proof paper and are ready for 
despatch or for taking to the finished stores, which 
is on the fourth floor of the main building. 

The whole of the gauges of all kinds which are 
used in the shops are of the Hoffmann Company's 
own manufacture. Some sixty men are engaged 
on this work. All measurements are based on 
standard rods, which are verified every six 
months by the National Physical Laboratory. 
Shop gauges are made from standard gauges based 
on t a sy The gauge department is equipped 
with the usual fine lathes, milling-machines, &c. 
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It has three Newall end-measuring machines capable | This is a t for extracting the oil from the “ " 
of measuring within 0.00001 in., which are installed swarf which is produced in the various machine- Bn: bg yee ermal aa eee 
in a special room. It will be clear that, apart from | shops. The installation is at the south end of the - icemes of iia sinka a ‘te & = witi > the 
the workpeople employed in making ball and roller | wor and, as we have already pointed out, is Givens edteemniine ty a 4 nee cing, nn - a 
bearings, the company has quite a large number | situated directly alongside a railway siding. Con- miles south-south-west of ee Old Head of Kinsale 
of employees engaged on manufactures for their own | nection is made to the works by a gantry which when the famous Cunard liner, steaming at 18 knots, 
use. In addition to making their own gauges, the | can be seen in the plan. This gantry is built on a| was making her return voyage from New York to Liver. 
firm, as we have already indicated, constructs all its level with the floor of the main turnery. The! pool, some particulars may separately be given of the 
own ball and roller-making machinery, and many |swarf from the machines is tipped into shallow ship, and particularly of her structural details, since 
of its grinding-machines for roller-races. There is trays, which are carried by bogies to the gantry, | these are likely to prove of exceptional interest during 
a further auxiliary department in the electrical | along which they travel to the tipping-floor of the | the course of the of fe inquiry, which is to 
shop on the fourth floor of the main building. In| cleaning plant. ‘This floor is situated above the one| be conducted by Lord Mersey. To facilitate further 
addition to dealing with repairs and maintenance of | illustrated in Fig. 8. The swarf is tipped into the | the correct aeenaeine of the design of the vessel, 
motors, c., this department builds various small storage-bins, which can be seen in the background pete oe = — oe _ : mga 
switchboards and other auxiliary apparatus. of Fig.8. One bin holds turnings from the machi- Eireann of an sbi ‘which a nally egpeana in 
The firm’s workpeople are well looked after, and | ning of the races, and the other those produced in alenemen eight pe Me ago — 2 m ae was 
& mess-room is provided for meals. Lockers and | the manufacture of the balls. The two types of| built. That issue is now out of print. On Plate 
other conveniences are also furnished. A striking |swarf are kept separate, as they are of quite XXXV. we give, in Fig. 1, a section through the 
int very directly mee | the comfort and | different qualities of steel. The race turnin. are | forward boiler-room, Pr 4 in Fig. 2, a section rough 
ealth of a large number of the employees is the normally com tively long, and they are reduced | the main turbine-rooms. The longitudinal elevation 
very effective air-extraction system fitted in the to short lengthe before falling into the bin by being|on Plate XXXVI, Fig. 3, enables the position in the 
grinding-shops. The Hoffmann Manufacturing passed through a power-operated guillotine which | length of the ship where the torpedo took effect to be 
Company suggest that they have probably by far | is fixed above the bin. identified, and further assistance will be lent to the 
study of the probable damage done by the explosion 
from an inspection of the plans, especially Figs. 8 to 10. 
The evidence given at the coroner’s inquest on some 
of the victims by Captain Turner, of the Aquitania, 
who was in command of the Lusitania on this voyage, 
enables a clear idea to be formed of the sequence of 
events. On approaching the Irish coast he received, 
By wireless message from the Admiralt: » Warning of 
© presence of German submarines off the Irish coast, 
and of the sinking of the schooner Earl of Lathom on 
Thursday, May 6, and certain instructions which had 
not been disclosed, but which he said he had oarried 
out “to the best of my ability.” There were double 
look-outs keeping special watch for submarines. No 
submarine was seen. A zig-zag course was not steered. 
No warning whatever was given by the submarine. 
At about a quarter past two, when he was on the a 
side of the lower bridge, the second officer called from 
the starboard side of the bridge, ‘‘ There is a tor- 
pedo.” Captain Turner ran to the side and saw the 
wake of it. The torpedo was almost on the surface. 
There is room for some uncertainty in Captain Turner’s 
statement as to where the torpedo struck. He stated 
that when the torpedo struck he heard the ex losion, 
and ‘‘ smoke and steam went up between the third and 
fourth funnels, and there was slight shock to the 
ship.” When asked if “‘between the third and fourth 
funnels would be the engine-room,” he replied ** Yes.” 
The section and plans show that the en ine-rooms were 
abaft the fourth tunnel. Again, he said, ‘Immediately 
after the explosion there was another rt, but ~ 
sibly that may have been an indirect explosion.” ) 
torpedo probably struck No. 3 or No 4 boiler-room ; 
it may be that the explosion rent the bulkhead be- 
tween them, and causing havoc to the twelve boilers 
and the steam-pipes. But it is not clear whether the 
engine-room was also affected. The second indirect 
explosion was probably the bursting of the main 
Fic. 8. Tae Swarr-CLeanine Pant. steam-pipe. The turbines, whether affected or not, 
were *‘out of commission,” and thus there was no 
the largest individual grinding plant in the country,; The oil is extracted from the swarf by treating | Steam to reverse them, so that the ship had still her 
and we certainly have no information to contra, it in two centrifugals, which can be seen in Fig. 8, | momentum up to the time she sank, which, according 
dict them. The atmosphere in the grinding-shops | It is loaded into them by the overhead runway, | the stopping of the oo mg was 2 a 
is, however, most excellent. This is secured by a| with travelling skips, which can be seen in the ma minutes, th as hee byt ng wpb RE ow, 
very complete system of rye pe leading to/| figure. The oil which is recovered runs into settling- satel ten nates enees of Pgh Aes ttin all 
four 3-ft. diameter Sturtevant stee -plate fans situ-| tanks situated on the floor below. From these te P r : Te 
: - ges boats launched ; but according to the captain, all was 
ated in the basement, and driven by 20-horse-power | tanks it is pumped back to the works. After the calm and all his orders were carried out. The ship 
motors. The works are heated and ventilated by | swarf has been treated it is dumped into railway | sank under him when he was on the brid , and he 
hot air on the plenum system. The workpeople wagons, which come up on the siding alongside, by | was picked up two or three hours afterwards. 
are mostly male, but some girls are employed. lifting the baskets out of the centrifugals by meansof| The Lusitania, while not latterly the largest of 
The milling-out of the ball-pockets in the gun-|the runwa - About 26 tons of turnings are handled | Atlantic liners, undoubtedly shared with her sister 
metal cages is, for instance, carried out by girl| weekly. It is found that a centrifugal has to be| ship, the Mauretania, the renown of being the fastest, 
labour. Girls are also employed in the new light | run about 12 minutes to get a charge of swarf com- | 88 on man voyages she maintained a mean of 26 
a oe on the first floor of the two- mercially dry. The greatest yield of oil is obtained | knots. Her length over all was 785 ft., between 
storey building. This extension to the factory | from the ball turnings, as may be expected, since, a. _ pa Sane ash (moulded) Hee 
has largely been undertaken owing to the growth| being broken up smaller than the ot er turnings, apn = ad pom 5 Rowe ~& Pl _ PD 
of the roller-bearing side of the manufacture, | they have proportionately more surface. The plant faded in plat to 33 ft. Gin., her dis lacoment 
and also in order that the smaller type of| has proved very effective and has resulted in arge ‘ ‘ , ;’ 


ball-bearings, such, for instance, as are suitable | savings in oil. ‘ This feature concludes our descrip- pio 505 freee y Phan and 1186 peoity 
for magnetos, may be taken up on a large scale. | tion of these interesting works, and in closing we | class passengers ; but some of the first-class rooms 
This class of bearing has in the past ve largely | should thank the Hoffmann Company for the faci-| were convertible to second-class apartments, and on 


come from the Continent, and the offmann | lities and courtesy they extended to us during our| the fateful voyage last week she carried 292 first, 602 

















Company propose that a large part should be home- | visit to their factory. second, and 361 third-class passengers, in addition to 
made for the future. In es. of the prices at which sd & crew of 651. Thus there were 1906 persons on board; 
such bearings are sold, the employment of compara- of these 772 were saved, so that the deaths by the ex- 


tively cheap labour for thei ion is essential. | Tue Ratwar Yean-Boox.—London: Published losion of the torpedo and by drowning numbered 1134. 
It ican a r tee age 4 or gage . J ~ the Railway Publishing Com y, Limited, 30, Foner The vessel was propelled by Parsons steam-turbines, 
ry interesting to note that no lece-work is a indri i 

done throughout the whole facto: © company’s | /#n¢- Fleet-street, E.O. [Price 2s. 6d. net.] The | emae- and had twenty-five cylindrical boilers. The feature 
experience is that the very accurate resulte the edition of the Po ae A —_ pa, OAL y oe — of the cate ak of the machinery, as shown in 
require are best obtained on a time-work basis. It fn addition’ concldooie amount of information eu the Fig. 10, oa wo XXEVIL., wee the —— ly ~ 
is clear that a very efficient system of supervision | part our British railways are taking in the war. The — eae sen nae ae ny er 
profitable, ett in the works to make this system tine have mado ic imponiie 1s give all the nein | longitndinal ulleheads' os neck Uatot Ser aes 
r - . - 

- " onl other feat f th ; .} | information hitherto brought up to date annually ; but, | Considerable distance from the sy = the Win 

- y . eature of the works to which on the otber hand, the volume contains new features of | Vening space being arranged as coal ers. it 

We wish to refer is illustrated in Fig. 8, annexed. | interest. re to the machinery compartment, the cross- 
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section of which is given in Fig. 2, Plate XXXV., 
there were two longitudinal bulkheads in the main 
turbine-room, as shown in Fig. 10, Plate XXXVIL., 
separating the com ts, in which the wing tur- 
bines were situated, from the central compartment, 
in which the two low-pressure turbines driving the 
inner shafts were ‘ 

That the vessel sank in something less than twenty 
minutes proves the immense —< effect of the tor- 
pedo war-head with T.N.T. explosives, ially when 
consideration is had to the tt strength of the shell 
structure of the Lusitania. vertical frames from 
the margin-plate of the shelter-deck, shown in the 
sections, were of channels 10 in. by 7¢ in. by 4 in. by 
4in. by 2} in. for three-fifths L amidships to Qin. 
by 2$ in. by 4 in. by 4 in. by 3 in., secured by heavy 
brackets to the margin-plate, and fortified by web- 
frames at an average of four frame-s apart. The 
shell-plating covering these vertical frames was 

for the turn of the bilge in strakes parallel 
with the sheer line, worked with lapped edges and 
with lapped butte where they were in one thickness. 
The plates were generally about 33 ft. long—that is, 


twelve frame- plus the lap of the butt; the 
were le-riveted and the butts uadruple- 
riveted. The main bulkheads were formed of high- 


tensile steel, 4 in. thick in the lower parts and ,f, in. 
thick up to the main deck. Above this they were 
fs in. thick, also of high-tensile steel. There 
were eleven main transverse bulkheads, and the 
subdivision was carried considerably further by the 
longitudinal bunker bulkheads, by the two bulk: 
h in the engine-room, and by the partial bulk- 
heads in the -bunkers. The extent of this sub- 
division will be at once appreciated by reference 
to the deck plans published on Plate XXXVII. 
The engine - room bulkheads, being connected to 
the longitudinal bunker bulkheads, and of strong 
construction, formed girders, contributing to the 
——— of the ship ; and as they were well stiffened 
and braced, they were kept up to their work. The 
main transverse bulkheads vertical channel 
stiffeners on one side 12 in, by 34 in. by 34 in. by 
4} in. to the lower deck, and flanged stiffeners above, 
and on the same side horizontal girders 32 in. broad, 
— a face channel 9 in. by }$ in. by 4 in. by 4 in. 
y 2# in. 





Four-Ficure Locaritams.—A new capitally printed 
and excellently table of four-figure logarithms 
has just been issued by the Cambridge University Press 
at the price of Is. 6d. The tables have been compiled by 
Mr. G. C. McLaren, Fellow of the Faculty of Actuaries, 
Svotland. The logarithm of each four-figure number 
between 1 and 10,000 is tabulated tely, and can be 
taken out direct without the use of proportional parts. 
With the ordinary four-figure table a certain amount of 
mental arithmetic is necessary if the number of which 
the logarithm is required exceeds figures; this 
involves a certain mental strain, and increases liability 
to error. Moreover, the ordinary four-figure table may 

ive results which are as much as five units out in the 
ourth . Thus, with an i four-figure table, 
the uct of 1.997 x 4.973 comes out as 9.936 in place 
of its true value of 9.931, which is that given in the 
new ta Of course, the abolition of the propor- 
tional parte makes the table longer; but a marginal 
index being provided, any number or logarithm can be 
taken out with great ease and rapidity. The type 
used is the old ~ pattern, in which the figures 
are of unequal height, the nines, for example, extend- 
ing below the line, and the sixes above it. There 
is @ consensus of opinion that this type is much more 
legible than the now more usual pattern, in which the 
figures are all of the same height. 





Iron anD Ooat 1n Avstria.—The Austrian Mines 
and Iron Works Company, which is the third me non 
firm of this class in Austria, has done better during last 

ear than the two larger and older concerns. Whilst the 

rague Iron Industries Company in the course of two 
— has had to reduce its dividend from 40 per cent. to 

per cent., and the Alpine Mining Company is expected 
to pay 11 od cent. agsinst 26 per cent., the Austrian 
Mines and Iron Works Company (formerly the Archduke 
Friedrich Works) has only reduced its dividend from 16 
per cent. to 12) per cent., in addition to which consider- 
able sums have been carried to the reserve. The favour- 
able result is partly due to the coal production being of 
far greater importance to this sompany than the iron 
industry, coal meeting with a ready demand during the 
war. e Austrian Alpi oem | Company, as men- 
tioned above, has been obliged to reduce its dividends in a 
marked degree. The surplus has diminished ata faster rate 
than the turnover, which has receded from 98,000,000 kr. 
in 1912 to 75,500,000 kr.—that is, about 22 per cent.— 
whilst Ded py profitson the mining and iron works have 
dimini 40 per cent., and the net profits 60 per cent. 
Since the begmning of the new year there has been a 
marked improvement ia prices, but against this must be 

t the increasing difficulties of production and the 

i wages, which are likely to be still further increased. 
production in some directions is on the i but 
does not reach the normal, and the sale of most articles 
also falls short, in some respects considerably, of the 
average, 





SOUND STEEL INGOTS AND RAILS.* 


By Sir Rosert A. Haprigip, F.R.S. (London), and 
Dr. Georce K. Bunrcrgss (Bureau of Standards, 


I. Inrropvcrion. 


Tue methods of uction of sound steel ingots, of 
which a bibliography is given at the end of this paper, 
have been described in several — read before this 
and other institutes. It was thought by Director 
Stratton, of the Bureau of Standards, and the present 
authors to be of sufficient interest and importance, as a 
further contribution to this subject, to compare the 
properties of rails rolled in one mill, according to 
American practice, from several types of ingot of sub- 
stantially the same chemical composition, but cast by 
several and to com in considerable detail 
the ies of a number of ingots manufactured by the 
special feeding of one of the authors, and one 
— of the type for rolling into rails. 

e are indebted to Mr. W President of he Mier 

land Steel Company, who made this investigation _ 
e 

eir utmost to 


teel 

kindly placing this rail-mill at our di 

be associates at Sparrow’s Point did 
make the ae successful, including the execution 
fqThe Haglish co-suthor ofthis paper takes this oppor 
ish co-author o 18 paper ta 18 Oppor- 
tunity of offering most cordial thanks to the Hon. W. C. 
Redfield, the Secretary of Commerce in the present 
United States Executive. The Hon. W. C. Redfield has 
rendered great assistance in this research, including 
financial ts from the American Government to the 
Bureau of Standards, enabling them to carry out investi- 
gations of thiskind. As his American coll e cannot 
very well do so, the English co-author thanks Dr. Stratton, 
Director of the Bureau of Standards, Washington, D.C., 
nee for the help he has so kindly rendered in this 


research. 

The desire of the Hon. W. C. Redfield has been to aid 
this research in every possible way, with a view to bring 
about improvements in practice which would add to the 
safety of the American travelling public. 

If more of such friendly assistance were shown by the 
official heads of Government departments, not only in 
America, but elsewhere, quicker and advances in 
the practical application of science and industry would be 
found to follow, with consequent advantage to the public 


y: 

It is true tbat on British railroads the dangers arising 
from broken and defective rails are not met with to the 
same extent as in America. In the latter country, not 
only are the traffic conditions severe, owing to the heavy 
freight-cars used there, but the effects of climatic con- 
ditions on the railroad bed, due to the extreme changes 
of temperature, have to be met to a much greater extent 
than in Great Britain. Increased soundness of railroad 
material, whether for rails, axles, tyree, or other pur- 
—_— means therefore an improvement in products used 

or railroad service, with consequent greater safety and 
nines durability, 

t should again be pointed out that the manufacture of 
rails from sound steel produced by the system described, 
whether as regards mild, medium, or hard steel, is = 
typical of one of many instances of its application wit 
consequent saving of material and reduction of heavy 
waste or discard. Without doubt a general application 
of the use of the system would result in the saving of 
many million tons of steel each year, besides obtaining 
better products. 





fectly smooth clear surface, altogether 
seams, blow-holes, or other im i The ingo 
representing the av sal Saget, came apes te the 
same manner, presented the usu yee appearance of 
— an it » less than about =. us unsound 
and unsui or rolling into rai e ordinary pi 
ingot is unsound and unsuitable for ing into Tahatos 
over half its length, whereas the ingot cast by the feeding 
method is sound throughout the whole of its length. 
Saenumey or be anions hark taaieeninne 
necessary for ingot, but about 10 
cent. in the case of the Hadfield ingot; "has is, raed 


or sliced open vertically on the axle Han, pootenta 0 per- 
from pipe, 
b 


ere 
would be practically no discard below the feeding-head. 
A sulphur print taken of one-half face of the field 


ingot mdicates very uniform distribution of the con- 
stituents in the metal, and practically freedom from 


segregation. 

As a proof of the serious nature of 
not long ago a steel came before one of the authors which 
in its ‘normal ‘condition contaimed 0.15 per cent. carbon, 
0.012 per cent. sulphur, and 0.011 per cent. phosphorus. 


tion effects, 


In other words, it. was of excellent quality, yet owing to 
carelessness in manufacture of the ingot, the top por- 
tion had ted, causing the sulphur to reach no — 


segrega’ € 

than 0.078 per cent. Such an * when rolled into a 
plate or other product would probably at some time in 
its future career give rise to serious trouble. As would 
be expected, the comparison ingot, with its pronounced 
pipe, shows marked tion of carbon, phosphorus, 
and sulphur in the piped region to a depth of 25 per cent. 
from the top of the ingot, and other regions of somewhat 
varying composition. The manganese shows but slight 
segregation anywhere. This examination shows the 
overwhelming superiority of the ingots cast by the feed- 
ing process, such ingots bein g physically sound and uni- 
form throughout, also free from segregation. 

Drop tests on the rails from the Hadfield ingots show 
a high de of uniformity of resistance to shock. Uni- 
form hardness is shown over the whole series of rails 
from the Hadfield og whereas —— rails do not 
ape ga The ‘‘ A” rail from the Hadfield ingot 
is sound, beautifully so, right up to the front end or to 
the ‘‘ bloom ren ¥ itself. e ordinary ingot is unsound. 
The web, which is usually the part consisting of the 
poorest material, is practically uniform in the case of 
the Hadfield ingots with the remainder of the section. 
Examination of the rails shows that ingots cast by the 
Hadfield process will give rails of uniform quality, free 
from flaws of all kinds. 

Dr. Burgess adds that in his opinion this research must 
prove of great value to the steel-maker, the railroad, and 
the public in America, England, and elsewhere. 


II. CLASSIFICATION AND MANUFACTURE OF INGOTS. 


Of the ingots used in this investigation there were 
eight made in Sheffield, and furnished by one of us; also 
an ingo’ got made and furnished by iy ooie steel com- 
pany,” as & com ingot, and su to represent 
the usual type of ingot from which oan are made. 

The characteristics of the ingots are given in Table I. 
Ingots 1, 2, 3, and 4 were cast large end up, and fed by 
the Hadfield method in the usual manner with charcoal, the 
blast being continued until the molten steel has set on 
the top of the head, say, varying from 20 to 40 minutes. 
To ingots 1, 2, and 4 were added 01 per cent. of alumi- 
nium, and 0.125 per cent. was added to the nickel- 

jum ingot No. 3. For ‘the sake of comparison, 
were also included two ingots, Nos. 8 and 9, cast with 


TABLE I.—C tassiricaTion or Ineors. 








CxuemecaL ANALYSIS. 





Size. | Weight. | Method of Casting. Type of Steel. 212 6 5: 
¢ | | Carbon . | Silicon. fone ‘Phosphorus. Manganese 
} im, | Ib. } | 
1; 18 5964 | Hadfield system, largeendup | Ordinary rail stee! | 0.69 | O21 | 0.041 | 0.081 0.97 
2} 18 | 6006 Ditto ditto Ditto ditto 0.55 | 0.12 | 0.043 0.029 0.96 
3 18 5900 Ditto ditto | Nickel-chromium steel | 0.25 | 0.19 | Ni370 Or. 1.47 0.38 
4; 18 | 5850 Ditto ditto | Ordinary rail steel | 0566 | 019 |80.040' P 0.035 0.92 
6 18 5200 | Ordinary manner, small end up | — rail y= 4 which 0.56 0.20 0.060 0.051 0.94 
} pipes, no! 
"| 1s | 5100 Ditto ditto | Ordinary rail steel of rising 0.57 | 0.20 | 0080 | 0.045 0.95 
| | or boiling nature, not fed | 
8| 18 5700 | Hadfield system, small end up | Ordinary rail steel 058 | 0.23 0.070 0.051 0.96 
9 18 5700 Ditto ditto Ditto ditto 0.59 0.20 0.064 0.040 0.96 
10 19 | — merican ingot, cast in ordi- tto 4 _ . . 
| 19 The American ingot, in ordi Di ditto 0.46 0.06 0.09 094 
| 


nary manner, smallendup | 





The reason for selecting “‘rails” to illustrate the 
application of the system was that one of the authors 
hed been investigating in America the r of 
certain types of ingots and rails. It was therefore thought 
that the present opportunity was a particularly suitable 
one to obtain a comparison between rails from somewhat 
imperfect ingots produced in the ordinary manner, as 
shown by Fig. 2, and from ingots in which the material 
dealt with was free from blow-holes, piping, and segrega- 
ae should be oa Nag ingot om py by 

ig. 2, o ite, is probably one fairly of those 
sosdaned tar rail-steel not only in han, bat in this 
country and on the Continent. 

oa another contribution on this ~~ K by the he spe 
of the present paper a comparison of the two kinds o 

ingots referred to was summed up as follows :— 
Remarks Collected from the Summing up by Dr. Burgess 
ing the Comparison of the Two Split Ingots shown 

by the Illustrations in Figs. 1 and 2. 

The ingot cast by the feeding method, after being split 


* Paper read before the Iron and Steel Institute, 
Thursday, May 13, 1915, 











the small end up, and fed by the feeding method; three 
ingots not fed, two of piping steel, Nos. 6 and 10, and one 
of rising, or ‘‘ unsound,” steel No. 7. The Hadfield ingot 
No. 1 and the American comparison ingot No. 10 were 
cut up for examination as to tion, blow-holes, and 
piping, while the others were rolled into rails. It was 
expected that ingots 2, 3, and 4 would give rails of a 
uniform quality throughout nearly the whole =~ of 
the ingot, and that No. 1, which was selected by chance 
from the specially fed ingots cast large end up, would 
show a uniform, sound structure throughout. vious 
experience has shown that ingots of the type of Nos. 8 
and 9, cast by the Hadfield process, with small end up, 
might be > to be less satisfac than the type 
represented by Nos. 2, 3, and 4, cast wi a 
The former sometimes show a tendency to develup a pipe. 
Ingot No. 6 might be expected to show piping and segre- 
gation, and No. 7 segregation and unsoundness ; for both 


* This ingot is not to be assigned to any particular 
manufacturer, as it is one of several from different 
sources, supplied, without special selection, as typical of 
the usual output of ingots. 
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of these ingots a much greater waste might be expected 
than for special ingots Nos. 2, 3, and 4. 


3. EXamINnaTION oF Spuit Incors. 


At the Pittsburg Laboratory of the Bureau of Stan- 
dards two of the ingots were sawn in halves—Hadfield 
No. 1 of the specially fed type cast large end up, and the 
comparison ingot No. 10 from an American mill. Figs. 1 
and 2 are photographs of the two ingots, showing the 
location of drillings, and a comparison of the interiors of 
the two ingots. The Hadfield ingot was also smoothed 
off, in order to take a sulphur.print; a reduced photo- 
graph of which is shown in Fig. 3. That there is an 
exceeding] eee distribution of the constituents in 
ingots le 
Figs. 4, 5, and 6 (pages 540 and 541) respectively are 
shown the segregation of carbon, phosphorus, and sulphur 








Fie. 1. Sprit Haprieip Incot, SHOWING 
Location or DRILLINGS AND CONDITION 
OF THE INTERIOR OF INGOT. 


for each of the ingots, as determined in the chemical 
laboratories of the Bureau of Standards, for seventy-nine 
positions between centre and edge. A similar survey 
was also made for manganese, no considerable segrega- 
tion of this element being found in either ingot. ; 

It is evident that there is freedom from appreciable 
segregation over 95 per cent. or more of the Hadfield 
Po which is also entirely free frcm piping or blow- 
holes, and is sound throughout. 

The comparison ingot, as would be usually expected 
with its pronounced pipe, shows marked ution of 
carbon, phosphorus, and sulphur in the piped region to a 
depth of 25 per cent. from the top, and other regions of 
somewhat varying composition. This comparison ingot, 
if rolled into rails, should have about a 50 per cent. dis- 
card, as shown from the visual examination, while the 
whole of the Hadfield ingot below the feeding head would 
available. 

lt has been shown by Dr. Stead, Mr.. Talbot, and 

others that an ingot of the ordinary ty such as the 


comparison ingot - No. 10, may be somewhat improved as | 1909 


regards internal 


Gud. This wes cogging while the centre is still 


pe-b 
refesred to in the discussion on the paper 


this improved method is evident. ‘Em’ 


there are always evidences of 
material. It is also stated 


No. 10), —- onaves allowed to og) cold, may heal 
up in the interior during ing, at least partially, 
omen an ingot allowed poy a cold will not, a 
general, weld together: Probably in no case will 


satisfactorily. 





nation made on an extensive scale 
(U.S.A.) Arsenal 


Fic. 2. Spirr Comparison Incot, sHowING 
Location oF Daritiines and CONDITION 


OF THE InTERIOR oF INGOT. 


discussed by Mr. Wickhorstt and others. It would 
appear that our comparison ingot No. 10 is fairly repre- 
sentative of what may be expected in ordinary practice, 
showing that the so-called “‘ healing” process is either 
very uncertain, limited, or does not take place at all. 
Although an ordinary ingot (such as No. 10) may be 
undoubtedly improved over its condition as cast, never- 
theless it would appear that considerable uncertainty 
always exists as to the actual final condition of such an 
ingot. The advantage of the special feeding process for 
ingots cast large end up consists in the certainty every 
time of producing an ingot free from pipe, blowholes, 
and marked segregation, if sound piping steel has been 
A very simple and easy inspection—one not in any way 
diincieuihie’ to the steel-maker—furnishes a definite 


* “ Method of Producing Sound Ingots,” Journal of 
the Iron and Steel Institute, 1912, No. II. 

+ ** Tests of Metals, &c.,” Government Printing Office, 
t Bulletins of the American Railway Engineers’ Asso- 
ciation, 1912-14, 





by rail manufacturers, with | the ingot or ingots from the heat would not 


proper sinking 
segregation in the raw | bead, as shown at the top of the Hadfield — of Fig > 
what correctness we do nt know, that such an ingot (as | end 


r-|the ordinary course of manufacture. 

fectly sound material be obtained—that is, if the original | found to be satisfactory. Since this 
ingot is unsound. It would also appear safe to say that | 
~— which has been exposed to the air will not | field system have been cut up, mostly transversely 








by one of us.* Nevertheless, it is doubtful whether this | check as to the condition of each ingot. For example, is 
treatment can be entirely relied upon, andin any case | there i 


were not a ing or falling down in the 


1, 
That ingots cast by the Hadfield process, large u 
are always sound throughout has been demonstrated by 

cutting y and examining for flaws no less than 118 su 
ingots. were not made specially, _ produced in 
one was 


experiment was 
made by the aon 
1] 
been 
It is, of course, evident that the securing of a com- 


letely ‘solid ingot of uniform properties throughout its 
fnterioe’ iat in’ feeelf not sufficient to ensure the entire 


carried out many thousands of ingots 


some longitudinally ; nota single unsound ingot has 


As illustrative of the condition of the interior of ingots | discovered. 
made by the ordinary processes we may cite the exami- 
at the Waterton 
;t the results obtained have been Jately 





| 








Fie. 3. Pxorocraprn or SuLPHUR 
Print or Hatr SEcTION oF 
Haprretp Incor. 


soundness of the resulting product, such as rails, rolled 
from such an ingot. or example, there are surface 
defects which = be present on the ingot; and the 
operations of reheating, blooming, and rolli may 
readily introduce serious imperfections. Moverthelens 
in the Hadfield ingots the material is, in the first case, 
absolutely sound and free from blowholes. Therefore 
the liability to such imperfections is much less, 

Not only are the qualities of the ingot improved, but 
these at once make themselves felt in the superior pro- 
duct obtained after rolling and forging. For example, 
when producing billets from ordinary ingots to be used 
for ay me is, from ingots not cast by the sound 
me —it was found that there was no less than 6.2 per 
cent. of waster projectiles, owing to defects due to flaws 
and roaks, and —s from defects or unsoundness in 
the original ingots. In exactly the same class of article, 

uced from ingots made from sound steel and 2 ray nn 
ed by the method described in this paper, total 
quantity of wasters re was reduced to the figure 
of 1.4 cent. ; that is, wasters threugh seams, roaks, 
and other causes were reduced from 6.2 per cent, to 1.4 
per cent,, a reduction of no less than 4.8 per cent, 
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In « large daily output it will be understood how great 
and important is the saving not only by avoiding the loss 
mentioned, but by also shortening the time output. 
Moreover, in America many failures have been found to 
result from defects kaown as *‘ internal fissures,” these 
being shown and fully described in the excellent 
“On Internal Transverse Cracks and Fissures in Rails,” 
to the Railway Gazette, March 19, 1915. by Mr. Robert 
Job. Ib has also been stated by Mr. Wickhorst, Secre- 
tary of the American Railway Engineering Association, 
that these crasks or fissures, which are often of a really 
dangerous nature, were generally found to occur in the 
upper portion of what is usually known as the “A ” rail 
—that is, from the uppermost portion of the rail rolled 
from the upper end of an ingot cast in the ordinary 
manner. It would therefore appear that if tion 
and unsoundness can in the first place be eliminated 





‘“‘A” rail, a 13 in. specimen for tensile tests from the head 
of the “C” rail, and 3-in. pieces for chemical, metallo- 
graphic, and hardness tests from the heads of the ‘‘ A,” 
**B,” and “CO” rails. were also cut to see if they 
had a bottom pipe from the bottom of the E rails of 
— 8 and 9, cast small end up by the Hadfield process. 

‘emperatures of the ingots in the blooming mill and 
of the rails at the hot-saw were taken by means of the 
Holborn. Kurlb.um type of Morse pyrometer as described 

where.* The observations are the mean of several, 
usually four or five. As will be seen from Tabie II., the 
ingots were started on their course at substantially the 
same temperature, and the finishing temperatures are 
also uniform and about the average value for American 
practice. Since the ingots were reheated from the cold 
state, the oxidation loss is perhaps somewhat more than 
would obtain in practice ; this reheating from the com.’ 


























inspectors who were examining the otber rails being 
rolled, and, of course, includes all defects, whether 
originating in the ingot or in the mill practice. It is 
to be noted that there are apparently available for rails 
from each of the ingots about 90 per cent. of the metal, 
with the exception of the piped ingot No. 6 (ordinary 
method of manvfacture). e subsequent metallographic 
examination of the rails shows, however, that it is only 
the rails from the Hadfield specially fed ingots, cast large 
ends up (Nos. 2. 3, 4), which can be absolutely relied upon 
to be sound to 90 per cent. 


5. Tzsts or Ralzs. 

(a) Mechanical and Chemical.—In Table III. are 
shown the Brinell hardness tests taken at the top of the 
“‘A” and ‘*C” rails for positions shown in Fig. 7. It is 
of interest to note that, with the exception of rails with a 
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from the ingot, as is the case with the ingots made under 
the system described in this paper, these us 
internal fissures in rails can be decreased—in fact, prob- 
ably made to altogether disappear—a point of great im- 
portance for American rail practice, in which the trouble 
now experienced in this respect is so considerable. 


4. MANUFACTURE OF THE RaILts DescriIBED IN 
THIS Parser. 
The ingots were ot gm into the soaking-pits, which 
had been allowed to cool considerably, on Sunday even- 
ing, and rolled on Monday, April 13, 1914, at 8 a.m., 


into 100-lb. P.S. section rails, the seven ingots being 
interpolated among other i the mill working 
smoothly with no long waits. In the land mill the 


rolling from ingot to finished rail is a continuous process 
without reheating of the blooms. In Table II. areshown 
some of the characteristics of the rolling. Apparently 


through a misunderstanding of instructions and un- 
familiarity with this type of ingot, the top bloom crops 
of the first two specially-fed Hadfield ingots, 


Nos. 2 and 3, were excessive—at least double what was 
necessary to carry the blooms through the rail-mill. The 
other Hadfield and comparison ingots were as 
instructed. ingot was sheared into two blooms, 
and each bloom furnished two rails of full length of 33 ft. 
The top or “‘A” rail was made the short rail—usually 6 ft, 
to 10 ft. long—to be examined as to soundness. 
drop-test specimen was cut next the bottom of this short 





The | ‘‘ Observations on Finishing 
Rails.” 





TABLE II.—Ro..ine anp Inspection or Incots AND Ralts. 





Number of ingot 
Taken from pit at ee 
Time in blooming mill 


= 4 

“ . Shr. 9m. | 8 hr. 
svennge temperature of ingot in blooming mill. .| 
Time blooming mill to hot saw . A 


2 4 

° 40m. 8 hr. 55m. 
1 m. 40 sec.|1 m. 40 sec, |1 m. 42 sec.| m. 30 sec. 1 m. 40 sec. 1 m. 30 sec. 1 m. 40 sec. 

1100 deg. O.|1115deg. C.|1110deg. O. 1110 deg. O. 1135 deg. O. 1150deg. 0. 1125 deg. C. 

3 m. 50 sec. 4 m. 10 sec.|3 m. 23 sec.| 4 m. 5 sec. 3 m. 20 sec. 3 m. 15 sec. 3 m. 22 sec. 


| 
| 


6 7 8 9 
9 hr. 11 m. 9 hr. 27 m. 9 hr. 43 m. /10 hr. 45 m. 


Average temperature, first rai] bar at hot saw 950 deg. | 960 deg. 970 deg. | 970 deg. 970 deg. 980 deg. | 980 deg. 
Average temperature, second rail barat hotsaw.. 945 ,, an * | UD os 945 ,, % ” 965 
bloom butt, per cent. of ingot --| 42+ 5.6t 7.8 | 129 5.0 6.3 
Total bloom butts ne sa ge oa -| 72pe 7.4 p.c. 9.7 p.c. 14.7 p.c. 8.0 p.c. 6.8 p.c. 8.3 p.c. 
Oxidation loss § et ae he --| MS | 27» 19, | 29, | 35 » 3.5 5, 25» 
Zuscentage of ingot available for rails 91 89.9 88.4 82.4} 88. 89.7 90.2 
Percentage of firste .. 77.2 77.1 62.5 } 9.5 54.3 51.9 28.5 
Percentage of seconds {| 22.8 22.9 47.5 90.5 27.4 48.1 23.8 
Percentage of scrap 0 0 \ 0 0 18.3 oO” 47.7) 
Typeotingot ..  .. Special feed, large | Ordinary | Ordinary | Special feed, small 
end up piping rising end up 











* Was held back before going to saw. 
extending into ‘* C” rail. 
middle of ingot were scrapped for mechanical de‘ects. 


pletely cold state is also considered a more severe ordeal 
r the ingot than the usual practice. The rating of the 
rails as firsts, seconds, and scrap was done by the railroad 


* Bureau of Standards Technologic Paper No. 38, 
ishing Temperatures and Proper- 





ties of 


+ Has been -orrected as explained in section 4. 
§ It is to be kept in mind that all are reheated ingots. A 
“| This classification includes, of course, defects due to mill practice. 


t Contains pipe, however 
|| Two rails, *‘ C” and “ D,” frow 


or seam (from ingots Nos. 6, 8, 9), they show a high 
rales of ohn ember for position 5 in the “A” rail. 
Otherwise, the hardness is quite uniform over the 
sections and from one rail to another, except. of course, 
for rails from the nickel-chromium ingot No.3. As 
shown by the last column of Table ITI., is a greater 
variation in over the section of the “‘ A” rails 
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than over the “‘C” rails, with the single exception of the 
rails from the ordinary ing steel ingot No. 6; but this 
latter had had a d discard per cent in the bloom. 

The results obtained by the Mt Maryland Steel Com 
for the drop tests are shown in Table IV.. those the 
inspection in Table IL, > Eiguiont tests in Table V., and 
chemical analysis for carbon in Table VI., in which the 
O and M positions refer to Fig. 7. 

The drop test, which is supposed to give a measure of 
the resistance to shock and of the ductility of the steel, 
—-= ry ~ ractical uniformity in this respect for all the 

he 














Referring now to Table V., the tensile tests show (the | 
nickel-chromium steel exce a high degree of uni- 
my a in all respects for fae yg of the 
y | steel from the centre of the various types of ingot as | 
rolled into rail. It See appear, therefore, that in so far 
as this limited number of comgneeane S is indicative, the 
usual mechanical and chemical tests not differen- 
tiate satisfactorily one type of rail steel ano 

(b) Metallographic Study—Macroscopic Examination.— 
Sulphur prints were taken of the front ends of all the 

“A” rails, as follow :— 








appearance of the fractures is shown in| Cuass I.: Ingots for Ratls Made by the Hadteld Pro- 
Fi ig. 2. 8, page 542. cess, Large End Cast Up.—This which includes the 
A comparison of the Brinell hardness (Table ITI.) and | rails from hy cast large end up b: Hadfield process, 
the analysis of carbon tion (Table VI.) is of some | is illustrated by Fig. 9, page 542. The macrostructure is 
interest. In a general way the increase in car content | very uniform ; the eulphur print reveals no marked inho- 
for the “‘ A” rails from the O to the M positions - Fig. 7) | mogeneity throughout the section. The web, which is 
corresponds with the increase in hardness: from the| usually the part consisting of the poorest material, here is 
15 [oer 
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Fic. 6. SutpHur SEGREGATION. 


outside to the centre of the rail section (positions 2 to 5, 
for example). The apparent exceptions to this for rails 
from ingots 8 and 9 will be explained in the section on 


_Tasie IIl.—Brinell Hardness Numbers. 

















| | Hardness Number in Kilogrammes Aver. 
warn Rail. | | per suas o Eimetes tee Peneens, Mean. wee, 
14 2/8 #)|5/)/6/7% |) 8 tion. 
2 | A | 250) 253' 250! 251\272 | 258| 258| 251] 255 |46.4 
2 | © | 258) 254] 253) 259/260 | 250) 256] 254) 257) 24 
3 A | 366] 347) 874| 351/398 | 362| 359| 359) 365 | 11.2 
3 | © | 851) 351) 364) 351/360 | 361| 851| 851] 354 | 4.2 
4 | A | 244) 241) 258) 247/205 | 246) 252} 250) 253 | 10.0 
4 | C | 251) 251) 258) 254/263 | 251/ 261/ 251) 252 | 1.1 
& | A | 248) 244) 264) 251/251 | 251) 262) 241) 249) 3.5 
& | C | 248) 252) 256 250/245 | 246] 255) 252} 251/ 32 
‘ | A | 248) 250) 262! 256/276 | 251| 245) 289) 258 / 85 
i C | 24%) 260) 254! 262/251 | 251) 255) 248] 254) 4.1 
S | A | 250) 248) 2¢0) 248/218*| 258) 260| 254) 250) 85 
S | © | 254) 258) 264) 251/279 | 261) 263) 263) 262 | 5.6 
9 | A | 24s) 251 251) 945/236*| 256) 264| 260] 251 | 6.2 
9 | C | 260 258) 260 267/264") 264) 264/ 263} 262 | 1.9 








* Seam or pipe through indentation. 
vel eractare by the presence of an area of ferrite en- 
veloping position 5, but not position M. It will aleo he 
noticed that the leesened car regregation for the ““C” 
rails—that is, near the centre of the ingot—accompanies 


® more uniform distribution of hardness over the section. 


practically uniform with theremainder of thesection. Only 
in the “A” rail of ingot No. 4 is there any decided hint 
of a laminated structure in the metal of the web. Fig. 13 
shows a view of a cross-section of the web of rails 3, 2, 7, 


_{and8. The polished section has been etched with dilute 


TaBLe 1V.—Drop-Test Results. 
100-Ib. P.S. section ; 3-ft. faikie te. weight of tup, 2000 Ib. ; 











| Elongation on Base, 
¢ | a Die cessaianinmeteamasitnantas 
“ Blow 3 aia s | r 4 | @ j 
& tee =] | 
s @#| 3 | a}b | 3 | 2/2 le 
2 First | 1.1) 0.08 | 0.06 | 0.05 | 0.05 | 0.04 | 0.08 | 0.24 
im a 0.8| 0.08 | 0.04 | 0.05 | 0.05 | 0.04 | 0.08 | 0.24 
= .| 1.1] 0.02 | 0.04 | 0.05 | 0.05 | 0.04 | 0.02 |0.22 
6 First, pipeat| 1.0 | 0.02 | 0.08 | 0.04 | 0.04 | 0.03 | 0.08 | 0.18 
fracture | | | 
First 11.0] 0.02 | 0.08 | 0.04 | 0.04 | 0.04 | 0.08 |0.20 
{ Second 11.9] 0.08 | 0.04 | 0.06 | 0.06 | 0.06 | 0.06 |0.81 
8 First, pipeat| 1.0 | 0.02 0.04 | 0.05 | 0.05 | 0.03 | 0.08 |0.22 
fracture | | } 
9 First ..|1.0] 0.02 | 0.02 0.05 | 0.05 | 0.04 | 0.08 | 0.21 





nitr'c acid. This method reveals y onntral stre’k in 
rail No. 3, which is not shown by thesulphur print. The 
centre of the web of rail No. 8 is slightly darker, indicat- 





ing a streak of slight carbon segregation. 








Crass II.: Ordinary Piping and Rising I for 
| Rails. — From ordinary piping and steel ( ll 
'and 12) rails No. 6and 7. No. pf decide int 
homogeneity in structure, but has a pipe which extends 
pape gor the entire A” and “B” rails and appears 


At the face of the “A” poll Gee gine bee 9 cuties 
dimension of 1}§ in.; at the beginning of the “C” 
rail it has narrowed down to }{ in. clphue print of the 
ey ym pl of 


tion accompanies this = pire 
“A” rail from ingo 7 has the usual appearance of 
material of this ‘a the sulphide inclusions are com- 
paratively a conspicuous. 

A section of this rail from ingot No. 7 was also etohed 
with cop is shown 


-ammonium chloride; its appearance is 
by Fig. ate The web shows a well-defined dark central 
streak, which is also shown in ™~} 10. Apart from the 
inhomogeneity i in the material of the web, no other pro- 








(4383. @) 


nounced characteristics of poor material are shown by 
this method of examination. 


TasLe V.—Results of Tensile Tests > from Centre of 



































Heads of “—" 
| 

$.5| Yield- | Ultimate | Blongation | Reduc- 
¢| —_ mt. | tien of} Fracture. 

a Point. | Strength. in & In. Ases. 

Ib. per sq. ia lit “Prrsto in. r cen 
3 98,700 9.75 27.3 |100 silk, cup 
cone. 
2)| 69,100 119,600 14.00 25.2 10 silk. 
4) 69,000 118,600 12.00 26.0 0 ,, 
6 | 69,300 | 119,800 14.00 27.3 10 ,, 
7 67,000 120,600 11.76 23.6 10 ,, 
8 69,000 119,600 12.00 20.4 10 ,, 
9| 68,000 119,000 11.75 20.4 10 ,, 
Analysis.+ 
"? E 7 aay . 
| Man Phos-  Sul- Chro- 

5% |Carbon. | ganese.|phorus.| phur, | ilicon.| oium, | Nickel. 
3 0.268 | 0.41 0.034 0.0438 | 0.195 1.44 3.65 
2] 0.662 0.99 0.083 | 0.047 0.169 _ _ 

4] 0.570 0.90 0.040 0.046 | 0.197 _ —_ 

6] 0. 0.90 | 0.052 | 0.054 | 0.197 | — - 

7| 0.618 0.93 0.063 0.066 | 0.197 a _ 

8| 0.598 | 0.94 | 0.041 0.070 | 0.216 - _ 

9| 0.610 0.98 0.044 | 0.057 | 0.226 _ — 

| 

sd Yield point found by use » of dividers and running the machine 
back - the point was found where there was a permanent 
stretc’ 


+ Analyses shown are from drillings taken from pulled tensile 
specimens. 


TaBLE VI.—Carbon Analysis of Rails to Show Segregation. 
O and M positions of Fig. 7 for tops of ‘‘ A,” “ B,” and “O” rails, 


‘on B-O. | B-M. 























Ingot Y Method of 
eo) 4.0. | 0-0. OM. Onsting. 
2 | 0.640 ‘Q.612 | 0.560 | 0.556 | 0.670 | 0.688 
3 | 0.278 | 0.290 | 0.260 | 0.270 | 0.240 | 0.272 | }1aree end up 
4 | 0.560 | 0.640 | 0.560 | 0.580 a3] 833 | special feeding. 
6 | 0.628 | 0.584 | 0.686 | 0.552 0.560 | 0.558 (Small end up ; or- 
deny piping 
0.550 | 0.648 | 0.670 | 0.598 | 0.578 | 0.568 dinary rising 
8 | 0.580 | 0.640 | 0.570 | 0.662 | 0.678 | 0.688 
9 | 0.608 | 0.640 | 0.680 | 0.600 | 0.676 | 0.688 } Special feeding. 
Crass III. ots i, the made by the Hudfield 
Process, Small Small Bad Onie The rails of this class were 


rolled from Hadfield ingots, my hn and cooled with 
the small end up. The macroscopic examination (Fig. 14) 
shows a structure very different from that of 

Extending through the centre of the upper 5 and beni 
is a soft streak, which, upon e the section with 
loride, remains light coloured. The 
sulphur print indicates that this central core is compara- 
tively free from sulphur. A microscopic examination 
shows that the metal here is quite free from carbon ; it 
appears as a streak of ferrite containing many inclusions, 
presumably oxides. This soft central ferrite streak 
appears characteristic of ts which 
have been cast in the inverted position, so fur as can 
be judged from these rail«. The soft centre extends to 
the centre of the ingot. Fig. 15 shows the appearance of 
No. 8 after —, with copper-ammonium chloride 








solution. The central remains white, indicating 
that it is comparatively free from carbon. The remainder 
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SOUND STEEL INGOTS AND RAILS. 





Fie. 10.—Photograph (natural size) 
of cross-section of the web of rails 
Nos. 3, 2,7, and 8 respectively, in 
order from the top, after etching 
with nitric acid. By oblique light 
the central streaks shown in Nos. 3 
and 8 appear white in comparison 
with the remainder of the metal, 
indicating a lower carbon content 
in this streak. The darkening «f 
the centres of Nos, 2 and 7 is due 
to a slightly higher carbon content 
here. 





Fie, &,—The photograph shows the appearance of the fractures due to the drop test. 






































Fie. 9.—Sulphur print of section from front end of Fie. 11.—Sulphur print of section from front end of Fie. 12.—Sulphur print cf section from front end of 
A rail from ingot No. 2, specially fed, cast large end A rail frc m ingot No.6 cast in ordinary manner from A rail from i t No. 7, cast in ordinary manner 
up. piping steel. The pipe shown extends into the C rail. from rising stee 


‘ 








Sa Ae eect | 





Fie, 13.—View of a section of the A rail of ingot Fie,"14.—Sulphur printjof B, rail from_ingot_ No.8, Fia. 15.—View of a section of rail feom ingot No. 8, 
No. 7 after etching with copper-ammonium chloride specially fed, cast_small end up. taken from the A rail after etching with copper- 
solution. Aside from the dark central_streak in ammonium chloride. The central streak s«hown by 
the web, the appearance is not bad, the sulphur print is here shown to be an area low in 


carbon. No other bad features ar- shown, other- 
wise the metal appears very uniforn, 
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of the rail has the appearance of good homogeneous 
material. Rail from ingot No. 9 shows this same charac- 
teristic, though not _ so pronounced as in No, 8. 
Sulphur prints were taken from the bottom of the 
. ie” (last in ingot) rails from ingots 8and 9. These had 
the same appearance as Fig. 9ofClassI. 

Microscopic Examination.—For the examination of the 
microstructure a ‘cross-section of the web, which is the 
portion usually having the poorest structure, was taken, 
and also a sample from the head midway between the 
centre and side. Rails from ingots Nos 2, 3, 7 and 8 were 
examined thus. ; f 

Fig. 10 represents a view of the etched cross-sections of 
the web( x 1) of the four railsexamined. Rail No. 3, by 


this method of etching, shows a central streak somewhat | and 


similar to the one noticed in No. 8. By obliquelight both 
of these central etreaks appear white. Rails Nos. 2 and 7 
show a slightly darker centre, which is due to the segre- 
gation of the carbon. _ . 

Rail from ingot No, 3 has a microstructure 1 different 
from the other rails (Fig. 16, Plate XXXVIII.). The 
amonnt of nickel and chromium (3.5 per cent. and 1.45 per 
cent. respectively) is apparently sufficient in spite of the 
low carbon to retard the transformation changes of the 
steel eg the comparatively rapid cooling of the rail, so 
that the ordinary pearlite-ferrite structure is not found. 
The microstructure as a whole is very fine and uniform ; 
the centre of the web differs principally in the amount of 
carbon. The metal isin the rather indefinite structural 
condition of sorbite or troosto-eorbite. The central 
streak throughout the web, which appears rather promi- 
nent from a maroscopic view-point, is nod markedly 
different from the remainder of the rail a: 
Io differs primarily in the amount of carbon, and there- 
fore in the amouno of ferrite; and so the structure is some- 
what coarser than throughout the remainder of the rail. 

The examination of the ‘‘ A” rail from ingot No. 2, 
Fig. 17, shows that the carbon segregation in a narrow 
central streak in the web. is sufficient to give the metal 
the ap nce of a eutectoid structure. Apart from this 
the microstructure is not unusual, and does not differ 
much from thabof the other rails examined. (From 


ingots Nos. 7 and 8.) i 

G spite of the poor structure indicated by the sulphur 
print for the rail from ingot No. 7, the microstructure 
ap fairly uniform (Fig. 18). There is but little 
carbon segregation in the central portions of the web, the 
metal is rather coarse as.to grain size, but apart from this 
compares rather well with the other rails of this com- 
position examined. The inhomogentity of the metal, 
due to the comparatively large sulphide inclusions, 
together with the coarse grain size, is probably respon- 
sible for many of the observed physical properties. 

In the rail from ingot No. 8 the main point of interest 
observed is the central longitudinal streak of compara- 
tively pure ferrite, extending throughout the first three 
rails rolled from the ingot (Fig. 19). This streak is full 
of inclusions, and bas the appearance of rather poor 
wrought iron; the line of demarcation between it and 
the surrounding metal is quite sharp and well defined. 
A section of the lower part of the web beneath this streak 
of soft metal shows a slight segregation of carbon in the 
centre. Otherwise the microstructure of the rail shows 
no unusual features. 

Tha following summary of the metallographic exami- 
nation may be made. 

(a) The rails from the ingots of the inverted Hadfield 
type show a characteristic soft central streak extending 
hoonsivent the ‘‘ A,” “ B,” and ‘* C” rails. 

(6) fhe sulphur print examination indicates a macro- 
structure for the rails rolled from the usual form of the 
Hadfield ingots (that is, cast large end up) much more 
uniform than for those from any of the other ingots. 

(c) The nickel-chromium steel rail shows a microstruc- 
ture very different from the others, due to the different 
— so that no strict comparison with others is 


e. 
(d) The ‘‘ pipe” in the rails from ingot No. 6 (piping 
steel castin ordinary way) occurs without any pronoun 
segregation in the neighbourhood of the pipe. This pipe 
extends well into the ‘*C” rail even after a top bloom 
discard of 13 per cent., confirming the characteristics of 
the split comparison piping ingot No. 10\0f P ph 3. 

(ec) The macroscopic examination indicates that rails 
from ingots 2, 3, and 4 are good throughout, from the 
front face of the ‘‘ A” rail; rails from ingot No. 6 are 
poor throughout some 60 per cent. of its entire length 
because of the pipe ; rails from ingot No. 7 show the ap- 
pow of the average rail at theface df the A section ; 
Nos. 8 and 9 show a central streak of soft material, which 
in the case of No. 8 extends through into the ‘‘O” rail. 
The streak in No. 9 is not so pronounced as in No. 8. 
The rails from the bottom of the Hadfield inguts cast 
small end up show no anomalies. 

(f) The top discard of ingots 2, 3, and 4 could have 
oeen reduced, as shown by above examinations. * 

From the several tables of tests and from the metallo- 
graphic examination, it is seen that the percentage of 
ingod available for sound rails of uniform homogeneous 
Structure is 91, 90, and 88 respectively for the specially 
fed ingots cast large end up, Nos. 2, 3, and 4, as com- 
pared with much less percentages of sound metal usually 
available from ingots cast in the ordinary manner, either 
of unsound nature or from piped steel not properly fed. 


6. GENERAL CONCLUSIONS. 


In all nine ingots were used in this investigation, eight 
furnished by one of us, all but one of which approxi- 
mately the same chemical composition. The examination 








‘ a. is hoped to have ready for this ‘ets final form 
agraph on a magnetic comparison of the properties 
of the am these several types of ingot. ‘ 
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of the split ingots shows the superiority of casting 
large end up and feeding by Se Ei pesomn Guah on 
ingot being physically sound and uniform hout, and 
practically free from chemical + The exami- 
nation of the rails shows that for ingots cast by the 
Hadfield process, those cast large end up will give rails of 
uniform quality free from internal flaws of all kinds; those 
cast small re up may show a soft region in the web of 
the “A” rail, but are otherwise sound. Those cast in the 
i manner from piping Ym a steel 
may or may not give sound rails, depending upon the con- 
dition ‘ e —_, = — = certainty of 
sound rails by the special ing rom 
ingo apote cast large end up there is a great coving in metel 
& consequent increase in percentage of sound b 
available for rails—in these experiments an average of 90 
cent. for meen? Sue 6 as compared with about 
per cent. for the piping ingot and an uncertain amount 
from the | type. : ‘ 
The physical and chemical tests to which rails or rail 
are usually subjected do not appear to give an 
adequate measure of the quality of a For example, 
the results of the tensile and drop tests and chemical 
analyses would not separate the sound from all the un- 
sound rails here examined. The metallographic exami- 
nation is a valuable aid in determining the quality of the 
finished rails. The question may be asked, is it not worth 
while to use, in the manufacture of rails, only sound steel 
which is cast and rolled in such a manner as to make 
practically every rail a sound and safe one? We believe 
= wept Sapa without pcr ty cost. ze : 
ne of the authors was recently present at the ys 
of a by this system from a 16-ton heat, the flui 
steel being poured into twenty-one 11-in. ingete, Be time 
occupied being about fifteen to twenty minutes. Kop nne 
uf patching, the sand tops in this system can used 
several times, in some cases three or even four times. It 
will be seen that no mcre time is required for the castirg 
operation than for heats of steel poured into ingots made 
in the ordinary manner. The sand heads are produced 
very cheaply. The air-blast attachment is fixed in the 
casting-pit, and an ordinary labotrer in a few seconds 


placed them in jon for operating the blast on the 
upper portion of the ingot and sand ‘head, after this is 
filled with fluid steel from the ladle. The whole cost, 


including the labour, is probably from 1s. 6d. to 23. per 
ton. 

There cannot be more convincing evidence that this 
rail problem must be attacked and solved than the follow- 
ing statement made by Mr. H. W. Belnap, Chief 
Inspector of Safety Appliances, Interstate Commerce 
Commission, Washington, D.C. :— 

Wha yn = — —- 2762 "~~ pe that 

iod (twelve years), resulting in death to persons, 
— to 6000, and property damage ting 3,237,793 
dols. On one railway alone there were 2760 rail failures 
during the months of November and December, 1911, 
and January, 1912. The number of rail failures which 
occur on railroads of the United States is constantly 


increasing. 

With regard to the microstructure work, this has been 
carried out in a very able manner by . Henry 8. 
Rawdon, of the Bureau of Standards, and we — 
our best thanks for the valuable assistance rende 

We are likewise greatly indebted for valuable assist- 
ance from several members of the staff of the Bureau of 
Standards, particularly Messrs. Hillebrand, P. H. Bates, 
Witmer, and Devries ; and, finally, wish also to take this 
rs) pe f of thanking Mr. I. B. Milne and Mr. W. J. 

wson, of Sheffield, for their share in the research and 
for 7 care and attention bestowed by them upon the 
work. 





List of Papers by Sir Robert Hadfield on Sownd Steel. 





| 











No. Title. Name of Institute. Year. 
1 |*On a New Method of Re-Iron and Steel Insti-| 1912 
| —— Segregation in Steel, tute 
eects” } 
2 “* Method of Producing Sound Iron and Steel Insti-| 1912 
| Ingote” uu 
3 | Plant for Producing Sound American Institute of) 1913 
Steel Ingote” |_ Mining Engineers 
4 “Méthode pour Produire des Revue de Métallurgie | 1918 
| Lingote d’Acier sains et) 
| Déceler la Ségrégation dans) 
| les Lingote d’Acier” 
5 |**Nouvelle Méthode pour Dé-| Revue de Métallurgie | 1913 
celer la Ségrégation dans les 
Li 8 d’Acier” 
6 |“*Sound Ingots” --|American Institute of 1914 
| Mining Engineers 
7*\*Sound Steel Ingots and|American Institute of) 1915 
4 | Mining Engineers 
8 |*Sound Steel for Rails and Franklin Institute 1915 
| Structural Purposes” | 
9 |** Sound Steel for Rails” ..|Franklin Institute 1915 
ad Steel Ingots _ a and Steel Insti-| 1915 
} £' ” tute 


— Joint paper by Dr. George K. Burgess. 





University of Lonpon, Untversiry Cotitecr.—The 


Provost of University College asks us to state that a new 
edition of the University Co: London, Pro Patria, is 
in course of preparation, and will be i shortly. Past 


and present students, or their relatives and friends on 
their behalf, are invited to send full particulars of the 
capacity in which they are serving the country at the 
present time. In the case of the y, rank and regi- 
ment should be given ; in the case of the Navy, rank and 
shi These ticulars should be addressed to the 
Publications fone, University College, London 


(Gower-street, W.C.). 





INDUSTRIAL NOTES. 


Tuer award issued by the Prime Minister in the 
miners’ wages question, to which we briefly referred 
in our last issue, is in the following terms :— 

‘*T decide that a prima facie case has been made out 
for an immediate advance of wages to coal-miners, 
owing to circumstances arising out of the war, but 
that, owing to the great variety of local conditions, it 
is not possible for me to fix an amount which shall 
“pply uniformly to all the coal-fields. 

“*T therefore decide that the amount of advance 
shall be determined forthwith as a special question by 
the Conciliation Boards and Sliding-Scale mittees 
in the various districts, notwithstanding any rule or 
agreement in force in any district as to jure, 
notice, maximum rates, or any other matter, For this 
—— the boards and committees shall consider and 

letermine within a week of yd yey date (May 6) 
the amount of the adva: ce, if in any case the 
parties cannot agree within that period, and there is 
no chairman or umpire empowered to determine the 
question, it shall be se by an umpire appointed 
by His Majesty’s Government. 

‘* Any advance shall take effect not later than the 
present date (May 6), and shall merge in any rise of 
wages that may hereafter be accorded in the district 
owing to a rise in the price of coal. 

** Any question as to the meaning of this award shall 
be referred to me for determination.” 

On May 7 the Executive of the Miners’ Federation 
met at Westminster Palace Hotel to consider the 
above decision of the Prime Minister. Mr. Robert 
Smillie occupied the chair, and issued the following 
statement at the close of the meeting :— 

‘The Prime Minister having decided that the 
special advance, owing to the ircrcased cost of living, 
shall be determined by the existing conciliation 
boards and sliding-scale committees, we recomm 
that each district shall at once put forward the claim 
demanded by the Conference—viz., 20 per cent. in- 
crease on current earnings.” 

Since the latter date, meetings between the repre- 
sentatives of the coal-owners and of the men’s associa- 
tions have been held in the various mining districts 
throughout the county. 

At the Newcastle meeting, an advance of 15 per 
cent. was decided upon in the case of the Northum- 
berland miners, the advance being upon the basis 
rates, to count from the 3rd inst., and to be merged, 
as per the Prime Minister’s decision, in any rise of 
wages that may be hereafter recorded in the county 
through rise of prices. 

On the other hand, the Coal Conciliation Board for 
the federated mioing districts in England and North 
Wales, after a five hours’ sitting at Manchester on 
Monday last, failed to arrive at an agreement as to 
the amount of the advance to be given under the 
Prime Minister’s award. The decision now rests with 
ee Se the independent chairman of the 


The coal-owners’ and miners’ sections of the Board 
both held separate meetings previous to the joint 
meeting. At the conclusion of the latter, the failure 
to effect a settlement was announced by the joint 
secretaries. 

Mr. F. J. Jones, South Yorkshire, presided, with 
Mr. Stephen Walsh, M.P., vice-chairman, and Sir 
Thomas Ratcliffe Ellis and Mr. Thomas Ashton, 
secretaries. 

Mr. Stephen Walsh, M.P., presented the men’s 
case, asking for an immediate advance of 20 per cent. 
The coal-owners renewed their offer to the men of an 
advance of 10 per cent. on the new standard, which 
is equal to 15 per cent. on the old standard. The 
proposal and counter-proposal were considered by 
the parties separately, and an effort was made by 
the men to secure from the owners an advance up to the 
new maximum, which would be 134 per cent. on the 
new standard, or the equivalent of 20 per cent. on 
the existing standard in other mining distzicts. The 
coal-owners maintained their refusal to go beyond 
the advance which had been offered in the meetings 
of the English Conciliation Board, when the new wage 
agreement was made. The men’s tatives 
considered themselves bound, in loyalty to the other 
districts, to press for the 20 per cent., as agreed upon 
by the Federation. 

At the close of the meeting, Sir Thomas Ratcliffe 
Ellis issued the following report :—‘‘ The Board has 
not been able to come to any agreement to-day, and the 
matter is now referred to the chairman, Lord Cole- 
ridge, who will be invited to preside at a meeting of 
the Board and fix an early day for the meeting.” 





The Birmingham Daily Post states :—‘‘ In a mani- 
festo the “_° for the Old Hill Miners’ Association . 
(Mr. Samuel Edwards) states that, as a result of the 
negotiations with the coal-owners on the English Coal 
Conciliation Board, the Miners’ Federation have been 
able to dispense once and for ever with the 1888 
basis, and substitute a new one which gives the 
men a 50 per cent. advance on the old basis, This 
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means that when a 5 per cent. advance is given 
on the new basis it will be equivalent to 74 per cent. 
on the old basis. : 

‘*A 5 per cent. advance on the present rates will 
represent to the thick-coal pikemen about 4d. per day, 
and to the loaders 3d. per day, as compared with 24d. 
and 14d. per day respectively under the old basis. 
The present rate of wages—viz., thick-coal pikemen 
63. 1044. per day, and loaders 5s. 6d. per day—will 
be the minimum for the next three years, whilst the 
maximum rate will be 234 per cent. This means that 
if selling prices of coal warrant it in the future the 
Association can claim through the English Coal Con- 
ciliation Board such an sdvance as will raise the 
wages of thick-coal pikemen to between 8s. and 8s. 6d. 
per day, and loaders to 7s. and 7s. 3d. perday. This 
should meet with the approval of all miners.” 


At a meeting of the Durham Conciliation Board, 
held on Tuesday last, an advance of 15 per cent. was 
agreed upon, calculated on the basis rates, making the 
wages 68? per cent. above the basis. 

he Scottish Conciliation Board advanced the 
miners’ wages by 18} per cent. on the 1888 basis rate, 
equal to 94. per day, and making the nominal day 
wage 7s. 9d. 

At the time of writing, we had received no intima- 
tion as to a decision having been arrived at in the 
other mining centres. 

In this coanection, the order issued by the Govern- 
ment for prohibiting the export of coal as from 
yesterday, the 13th inst., to other than British 
possessions and Allied countries should not be lost 
sight of. 


O.1 Tuesday last Major-General Sir Percy Girouard, 
of the War Office, attended a meeting of 8 engi- 
neers, held at the Town Hall, and dealt with the 
scheme for establishing a shell factory in a shed which 
the Leeds Forge had placed at the disposal of the 
War Office. Itis to contain machinery provided by 
a number of Leeds engineering works. The plant is 
to be under the control of the War Office, acting 
through the local Munitions Committee. Sir Percy 
Girouard, in the course of his speech, stated that the 
said Committee, after weighing all considerations, 
decided that the best way in which the resources of 
Leeds can be utilised was by the establishment of a 
national factory in their district which would work 
on the ordinary Government basis of cost without 
profit. He adued: ‘‘. . . This national factory, 
if it is to be a success, will depend upon the co- 
operation of the working men in the district with 





all the engineering employers; and in this regard| 


only one solution appears to be possible. Co-ordi- 
nation is necessary, and this can best be effected 
by appointing a large committee, representing both 
the employers of the district and the working 
men, to support the requirements of the national 
factory. Having secured the necessary skilled men, 
it would be proposed that they should be trained 
in this new work for whatever period is necessary in 
one of the munition factories of the cuuntry. I can 
assure you on behalf of the Secretary of State for War 
that he has appreciated the action of the Committee 
and of this district in the matter, and that in accepting 
such a trust he feels assured the Committee will ca 
out the work in a thoroughly efficient manner. ... It 
now only remains fur me to say I am placing the whole 
of the propoeals now worked out by your Committee 
before the Government, and I hope fur an immediate 
and favourable decision.” 

He also expressed the opinion that the scheme would 
in no way cripple even the smallest tradesman in 
Leeds, The work contemplated would give employ- 
ment to ten unskilled werkeun for every one skilled 
worker, and that ought to be a help rather than a 
hindrance to the district. As regards the machine 
to be utilised, he stated that firms would be left wit 
sufficient to carry on their ordinary business, in 
fultilment of the policy of maintaining tho financial 
stability of the country. 





We are informed that Sir William Lever, chairman 
of Lever Brothers, Limited, eperking at the distribu- 
tion of lung-service awards at Port Sunlight a week 
age, announced that his firm had prepared a echeme 
by which all employees would receive a war bonus to 
cover increased cost of liviog. They proposed to 
grant a bonus of 33. per week to all workers rated at 
28. a week or over, 23, to men receiving between 203. 
aud 28s., 1s. to all youths and boys receiving up to 
2))3., and Is. to all female workers. Sunday work 
would be paid at the rate of double time, instead of 
time and a half, as formerly. The clerical staff would 
be given a war bonus of 10 per cent. on the salaries 
of those receiving 60s. a week or under. The bonuses 
would not rank for overtime, and their payment was 
contingent upon full time being worked. The wives 
of soldiers would receive an allowance which, with 
the Government grants, would bring the amount up 
to thet which the men would be receiving if they were 
at ho ne. 


Claims for an advance in wages on behalf of skilled 
workmen recently put before the Employers’ Associa- 
tion of the Port of Liverpool and the Mersey Ship- 
Repairers’ Federation have recently been decided by 
the Committee on Production. This Committee, 
which consists of Sir George Askwith, Sir Francis 
Hopwood, and Sir George 8. Gibb, find that the wages 
of the workpeople in question should be advanced 4s. 
per week in the case of time-workers, and 10 per cent. 
on piece rates. Twenty-five thousand workers are 
affected. 





It is announced that a ballot is shortly to be taken 
amongst the members of the Amalgamated Society of 
Engineers on the question of accepting the Treasury 
agreement for the relaxation of the rules in reference 
to the manufacture of war munitions. The executive, 
in recommending its acceptance, states :—‘‘ We engi- 
neers hold the key to national success. Whilst 
realising our great power, let us also accept our great 
responsibilities.” 


The same society, through their executive, have 
issued the following challeoge to the Chancellor of 
the Exchequer regardiog the alleged drinking habits 
of workmen :— 

** We, on behalf of our members, protest — 

the statement of the Caancellor regarding the a — 
drinking habits of workpeople and consequent loss 
of time. 
‘*We should be pleased to investigate any specific 
charge, and feel confident that, so far as our members 
are concerned, the same can be proved to be without 
foundation. We trust the Chancellor will regard this 
challenge seriously, and at once take the matter up.” 








MICROGRAPHIC NOMENCLATURE. 

To THe EpitTor oF ENGINEERING. 
Sir, — The International Association for Testi 
Materials (so-called) has recently issued from its h 
office, Vienna (Austria), 11, Nordbahnstrasse 50, an 
astounding report from Committee No. 63 (chairman, 
Professor Henry M. Howe, New York ; secretary, Pro- 
fes-or A. Ssuveur, Cam' ridge, Mass.). 
Commiitee No. 53 includes two English representatives 
Pheer ig i Dr. W. Rosenhain, Teddington, and Dr. J. F. 
Stead, Middlesbrough. On this committee, by deliberate 
design, that emall village of about 500,000 people cilled 
Shetfield, the hub of the steel world, the home of micro- 
graphic analysis, and the greatest naval armoury the 
world has ever seen, is not represented at all. 

The a oe of the report above referred to is :— 
‘*The Nomenclature of the Microscopic Substances and 
Strueture of Stee! and Cast Iron. Nomenclature of 

ome Technical Terms.” The real significance of this 
report resolves itself, on analysis, iuto a deliberate attack 
by American metallurgists. under Austrian auspices, 
on Sheffield micrograpbic nomenclature. The Rip van 
Winkle nature of this pamphlet may be judged by the 
fact that Beta iron, which, with much sati:faction, Sir 
Robert Hadfield and I helped to bury at the meeting of 
the Iron and Steel Institute in London about two 
years ago, is assumed to Le still alive. This fact 
givee a key to the inaccuracies with which the report 
bristles: ¢.g., it is stated on page 21 that manganese 
sulphide was discovered by Arnold and Waterhouse. 
The pxper | Waterhouse and myself was pub- 
lished in the Journal of the Iron and Steel Institute, 
1903, No. 1, page 136 cz seq. The discovery of manganese 
sulphide was saunsunesd by me at the Bradford meeting 
of the British Ass. ciation in 1900, and was published by 
Professor Sauveur, the editor of the Metall raphist, in 
that journal for October, 1900, pages 273 and 274. The 
report also assumes that the water of research running 
strongly under the metallurgical bridges of Sheffield 
University has ceased to flow. The fact that in Sheffield 
Univer-ity it has been proved that there are three distinct 
types of steel, each with its own particular set of micro- 
constituents—name'y, iron steel, vanadium steel, and 
tungsten steel—is ignored. In the autumn Sheffield 
University, owing to a subsidy from the Institution of 
Mechanical ineers, London, will add a fourth and 
most remarkable specific steel—namely, molybdenum 
steel—to the annals of metallurgy. On behalf of Sheffield 
manufacturers I am, ex officio, a member of the Inter- 
natioval Association which has issued this report. I 
need hardly say that I shall resign that membership at 
the first opportunity, and I strongly advise British steel 
metallurgists to ignore the absurd manifesto which the 
Emeritus Professor of Metallurgy in the Columbia Uni- 
versity, of New York, and the Pro‘essor of Metallurgy 
in the University of Harvard, Mass., have thought fit to 
issue. 

I am, Sir, your obedient servant, 
J. O. ARNOLD, 

Fellow of the Royal Society, Londun, Professor 
of Metallurgy in the University of Sheffield, 
and President of the Sheffield Society of Engi- 
neers and Metallurgists. 

Department of i Science, St. George’s-square, 

Sheffield, May 11, 1915. 








Persona. — Mr. W. C. Carter, A.M. Inst. O.E., 
M.L.N.A.. consulting engineer, has opened a branch 
office in Liverpool at 12, Chapel Walks, South Castle- 
street, under the style of W. C. Carter and Moore, 





Limited, and under the management of the resident 
direct: r, Mr. W. H. Moure, M.I.N,A., A.M. Inst. E.E. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.— A quiet tone again prevailed 
in the pig-iron market last Thursday morning, a few sales 
of Clev warrants, aggregating 2500 tons, changin 
hands at a decline in rate of 6d. per ton. Cash prices fell 
to 64s. 10d. per ton, closing sellers being quoted at 
64s. 1ld., with one month 65s. 4d. and three months 
66s. 2d. A further fall, to the extent of 24d. per ton, 
took place in the afternoon, cash business being done at 
64s. 10d., with sellers at the close 64s. 11d. cash and 65s. 4d. 
one month. A turnover of 3500 tons was dealt in, making 
the total for the day 6000 tons. On Friday the down- 
ward tendency was still very ee. pri es in the fore- 
noon dropping a further sum of 8d_perton, business being 
done at . 10}d. cash. Abt this price for cash, and 
64s. 74d. one month, a small transaction of 1000 tons took 

lace. At the close sellers were quoted 64+. 1d. cash and 
Bas. 6d. one month. The afternoon market showed 
another sharp fall of 8d. per ton, and the dealings, 
amounting to 25,000 tons, were limited to forward account. 
After 64s. 6d. had been obtained, values dropped to 
63s. 9d., making a loss of 1s. 4d. on the day’s Eating. 
Closing sellers’ cash price was 63s. 4d., and one month 
63s. 9d Fortunately the market showed a much steadier 
tone on ay, prices in the forenoon fluctuating 
between 63s. and 63s. 3d. per ton cash, closing, how- 
ever, much the same as on Friday. A lot of 2500 tons 
was dealt in. In the afternoon session prices came 
away much stronger, and rapidly advanced from 7d. to 
94d. per ton over Friday’s values, cash and one month 

uotations being nominally 64s. 14d. and 643. 64d. sellers. 

wo lots, amounting to 1000 tons, were dealt in, one at 
64s. eleven days, the other at 64s. 3d. twenty-one days. 
This improvement was well maintained on Tuesday, 
prices rising a further 54d. per ton, 64s. 9d. being realised 
for cash, 65s. 6d. one month, and 66s. 3d. three months, 
while the transactions showed a business of 5000 tons. 
The afternoon showed a continued upward movement, 
and a turnover of 4000 tons was reported. For cash, 
business was done up to 64s., with sellers’ price at the 
close 65s. 6d. one month, and 66s. three months. This 
(Wednesday) morning Cleveland warrants took a further 
rise, advancing to 65s. 94d. cash, closing, however, with 
sellers at 65s. 6d. On forward account, up to 66s one 
month was paid. some 2000 tons being dealt in during the 
forenoon. There was a trifling reaction in the afternoon, 
and cash prices fell to 64s. 11d., the closing prices being 
nominally 6d. down, abt 653. cash and 65s. 5d. one month. 
Only one transaction of 1000 tons took place. 


Sulphate of Ammonia.—The trade in sulphate of am- 
monia continues very firm, and a rise in price is noted 
from the previous week. For prompt lots at Glasgow the 
price is steady at 132. 15s. per ton, and from 13V. 17s. 6d. 
to 14/. per ton at Leith. 


Scotch Steel Trade.—It would seem almost at the moment 
as if iron and steel manufacturers were doing nothing else 
but producing shells and other munitions of war, the 
majority of the large works going night and day, Sund wy 
as well as well as week day. Government orders are still 
pouring in fast, and every endeavour is b3ing made to 
get these out with the quickest possible despatch. Values 
are well maintained at the high levels which have pre- 
vailed for some little time now, and in addition to this 
@ persistent rumour asserts that important steel contracts 
have just been placed with local manufacturers by one of 
the Allied Governments. Otherwise, orders from abroad 
are naturally of a much more restricted character than 
usual, freight, transit, and the urgency of the work at 
present in hand preventing consumers from placing, or 
manufacturers from seeking, general orders which there 
might be considerable difficulty in turning out or deliver- 
ing with anything like despatch. The diffi :ulty of getting 
ex perien workers, too, is interfering rather seriously 
with the output. The following prices are quoted :— 
Ship-plates and angles, 9/. 10s , and boiler-plates, 10/. per 
ton—all less the usual 5 per cent. discount for Clyde or 
equal delivery. Plates of all grades for export trade are 
quoted at 9/. 15s. to 10/., less 24 per cent. 

Mulleable-Iron Trade.—The West of Scotland malle- 
able-ir.n trade continu's very steady, with makers still 
full up, and prices have r’sen, these being fi:m at 9/. 10s. 
per ton, less the customary 5 per cent. for ‘* crown” bars 
for home delivery, and 92. net for export trade. 


Scotch Pig-lron Trade —During last week practically no 
business was done in Scotch pig-iron until Friday. The 
same conditions prevailed as during the previous week, 
the prohibition of coal exports no doubt being respon- 
sible for the stagnant state of the export trade. Quite a 
fair amount of business was done, however, in makers’ 
iron in the home markets. Due doubtless to the lack of 
shipping facilities, foreign consumers are making little 
or no demand for this class of iron. Current market 

uotations for makers’ (No. 1) iron areas follows :—Clyde, 
Calder, Gartsherrie, Summerlee, and Langloan, 85s. (all 
shipped at Glasgow); Eglinton, 80s., and Glengarnock, 
86s. (both at Ardrossan); Dalmellingtun (at Ayr), 81s.; 
Shotts, 856., and Carron, 86s. (both at Leith); almost 
the same prices as in the previous week. 


The Glasgow Ar ents Ci —The Glasgow and 
West of Scotland Armaments Committe has received 
within the past few days fully 1500 offers of help, which 
are gradually being sifted out in their order of practical 
utility. Some of these are such as can be dealt with a 
once, and no delay is being permitted to stand in the way 
of these being taken advantage of. Many, of course, 
require careful consideration, but the C. mmittee expects 
t> get through the work of selection very quickly. A 
meeting of the special sub-committee appointed to deal 
with this matter was held on Monday, when there were 
laid before the members the returns from employers show- 


24, 














May 14, 1915. ] 


ENGINEERING. 





545 _ 








ing in detail, first, the men in their employment, dis- 
tinguishing between those engaged on Government work 
and those on other work ; and, secondly, giving particulars 
of requirements for the acceleration of urgent Govern- 
ment work. This sub-committee has been charged with 
the task of procuring with the least possible delay a 
sufficiency of labour to carry th h these important 


roug 
contracts with the utmost dispatch, and within afew days | reached 22 


expects to arrange for the transference of some hundreds 
of men to Government work. 


Students and Armaments.—A very laudable movement 
has just been set on foot ~ og a ® ———- in the 
University at present p i or the Arts’ Degree 
examinations in June, and the Medical examinations in 
July. The arrangement at present being entered into is 
that, instead of taking holiday during their usual three 
months’ vacation, these men shall take up work in 
the production of munitions of war, thus fullowing the 
lead given by the staff of the engineering d . 
In other cases this idea is proving most succeseful, and 
no doubt will do so in this instance. 

Glasgow Harbour.—Things are fairly quiet in the har- 
bour just now, and a ion has been made-that it 
would be advisable for the owners of liners to endeavour 
to make some arrangement, whereby by a combination of 
services or otherwise they might e to effect 
economies. It might be quite possible, for instance, for 
one outgoing cargo-boat to take the of two owned 
by different cqnpuaien. B... a no yy prospect 
ot expenses dropping, the hig’ rates necessary 
to po es disbursements. ae 
this, not a few shipping companies are ing mone 
fast. Recent accounts show that a locally- 5 
fleet paid 40 per cent. on ten of their steamers, while 
others are paying from 12 to 20 per cent. Against this, 
again, a few are only managing to “‘ make is meet.” 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
Exports under License.—The all-absorbing topic in 
commercial circles has been the prohibition of exports of 
coal and gg, | pig-iron to neutral countries except 
under license. The orders created some consternation, 
but with the arrangements that have now been made for 
carrying them out, they promise to work satisfac‘orily. 
With regard to coal, the + of the Committee of 
the Board of Trade that the question of export to the 
enemy was not in their minds when the order was made, 
but that the object was to guard our own supplies and 
those of our allies, has given satisfaction, and the 
procedure for obtaining licenses has met with general 
approval. So far as foundry pig-iron is concerned, the 
result of the deputation of ironmasters to the War Com- 
mittee of the Board of Trade is that, by ment, a local 
committee of ironmasters has this wat: boon established, 
to whom all applications for licenses have to be sub- 
mitted. The local committee will investigate each —_ 
cation, and forward their recommendations to 
This, if they are in order and meet with approval, will 
ensure the immediate issue of a license. is ev 
reason to believe that the methods now adopted to ad- 
minister the order will greatly expedite shi t, and 
the result should be a renewal of considerable business 
with customers in neutral countries. 


The Cleveland. Iron Trade.—A more cheerful tone 
prevails in the pig-iron industry, but business is still on 
only a very limited scale, both buyers and sellers con- 
tinuing to act with caution. The sales recorded are 
mostly confined to small lots for early delivery. So far 
as Cleveland pig is concerned quotations are very un- 
steady, as they are influenced by erratic fluctuations in 
warrants. A transaction or.two in No. 3 g.m.b. has 
occurred at 65s. 6d., but as low as 64s. has also been 
named, and the general market quotation now stands at 
65s. 3d. Other qualities of Cleveland iron move in 
portion to No. 3. Thus No. 1 is 67s. 9d.; No. 4 foundry, 
64s. 9d.; No. 4 forge, 64s. 3d.; and mottled and white 
iron, each 64s. These are merchants’ quotations. Many 
makers declare that the prices named are al 
unremunerative, and are not disposed to commit them- 
selves to any extent at the ruling rates. Buyers of 
hematite pig are backward, and prices tend easier, 
but some producers are well placed; and are not 
pressing sales. Second-hands quoted 102s. 6d. for 
Nos. 1, 2, and 3 East Coast brands, and doubtless several 
makers would accept that re, bat some of the latter 
still quote 105s ers of Sheffield consumers are re- 
ported on terms a shade below 100s. There is practi- 
cally nothing passing in foreign ore, and in the continued 
absence of sales over a period prices are very difficult to 
fix. The position is undoubtedly much easier, owing 
to lower freights, and the stocks consumers have been 
able to accumulate through the heavy deliveries of the 
He! two ——, To date ey A o— th im Sass 

re:gn ore e Tees amount to 60,068 tons. i 
Bilbao-Middlesbrough are now being fixed at 11s. 6d. 
Market quotations may be based nominally on 28s. ex-ship 
Tees for Rubio of 50 per cent quality. + is a sellers’ 
figure, and doubtless contracts could be made at rather 
As a matter of fact, forced sales of small lots have 
been recorded at a good deal lower figure, but such trans- 
actions do not fix market quotations. Coke scarce 
and dear. Local consumers experience consid diffi- 
culty in chesining adequate supplies. Durham bee-hive 
blast-furnace of average quality is 28s. to 30s., 





delivered at Tees-side works. 

Shipments.—Stocks of Cleveland pig iron in 

stores at Middlesbrough now stand 
beginning of the month stocks 


Stocks and 
the public warrant 
at 145,543 tons. Since the 


have been increased by 3336 tons. Shipments of pig-iron 
from the Tees to date this month average 496 tons per 
working dey, the total despatches being returned at 
4962 tons, all of which have gone from Middlesbrough. 
To the same date last month the loadings were given at 
6746 ton-, or a daily average of 843 tons, and for the 
corresponding part of May, a year ago, the clearances 
f ,987 tums, or an average of 2298 tons per 
working day. 

Manufactured Iron and Steel.—There is very little 
new to report concerning the manufactured iron and 
steel trades. Works are kept v busily employed, 
mostly on Government work, for which there is much 
——- for delivery. In many cases ordinary orders 

ve had to be held up. Prices all round are fully 
maintained. Princi mar quotations stand :— 
Common iron bars, 103.; best bars, 92. 17s. 6d.; best 
best bars, 107. 5s.; packing-iron, 7/. 10s. ; iron sh 
ges 9. bon iron ship- angles, 91. 10s. ; iron girder- 

. } Iron ship-rivets, 5 $ 
steel bars (fiemens), 92. 1 
steel ship-angles, 91. 5s. 
steel i, 9. 10s.; steel 
—all custo: 


rong | steel rails, 7/. 15. aed railway “oe 81.—all 
net f.o.b.; galvanised corrugated sheets, gauge, in 
bundles, 142, 10s. f.0.b.—less 4 per cent, 


Cleveland Miners’ Wages.—To discuss the national 
claim for a war bonus to meet the increased cost of living 
& meeting is to be held at Middlesbrough on Saturday, 
the 15th inst., between the representatives of the Cleve- 
land Ironstone Mineowners’ and the Cleveland Miners’ 
Association. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, W y 


ednesday. 
German Workmen in Shefield.—Difficulties are being | used 


experienced at some of the big iron works in the East 
End of Sheffield owing to the employment of German 
workmen. At one firm, fifty men came out on Tuesday 
refusing to go back until six who were engaged 
in their particular department had been discharged. ' 


South Yorkshire Coal.—There is no marked change to re- 
port in the general outlook, but with regard to the steam- 
coal position considerable uneasiness inconsequence 
of the new tions regarding export. If the interpre- 
tation is carried out in a broad-minded way, it will not 
harmfully affect shipping, but if cnawenl in any arbi- 
trary fashion, the tions will cripple seriously not onl 
South Yorkshire, but the new Sherwood Forest an 
Doncaster fields. i 
height. In the open market as much as 22s. per ton is 
being paid at the pit for South Yorkshire hards, and 
slacks are making as high as 14s. per ton at the pit. True, 
owners state that a large quantity of their output is con- 
tracted for at a lower rate, and t much of the advan- 
tage is gained by middlemen, but, notwithstanding the 
lessened product op, owing to the absence of thousands of 
the young‘and vigorvus colliers who have gone to the front, 
the output ye and profits must be substantial. The 
demand for s is heavy. The ition in the coke 
trade is equally strong. Foundry cokes are making up to 
22s. and 23s. per ton, and best steel-mel qualities 
26s. 6d to 27s. Gd. per ton at the ovens. The demand for 
house coal is much weaker, but this has had no influence 
on prices up to the present. Quotations on ’Cha: are 
as follows :— Best branch hand-picked, 20s. to 21s. ; 
ley best Silkstone, 17s. to 186.; Derbyshire best brights, 
17s. to 18e.; Derbyshire house, 16s. to 17s.; best Tange 
nuts, 156. to 16s.; small nuts, 13s. 6d. to 14s. 6d.; York- 
shire hards, 17s. 6d. to 20s. ; Derbyshire hards, 17s. 6d. 
to 19s. 6d.; best slacks, 11s. to 12s. ; seconds, 9s. 6d. to 
10s. 6d. ; smalls, 8s. to 9s. 


Iron and Steel.—Business all round in the iron and 
steel trade is under boom conditions. An increasing 
number of firms are devoting their attention to the 
manufacture of war material, and the organisation of 
this branch has reached a high state of perfection. 
The output far outdistances any other period, and with 
a larger supply of men and better transport, a still 
higher record could be reached. The men, with few 
exceptions, are working well, though here and 
trifling disputes are affecting the smooth running of the 
factories. The dearness of raw material and the advances 
to all classes of labour has increased enormously the cost 
of production, Hematites appear to have reached high- 
water mark, East Coast makers still ing 105s. f.o.b. 
for mixed numbers. Prices, delivered in Sheffield, have 
risen from 656., in ~y 110s. this month. Foundry 
irons are a trifle easier, byshire qualities being quoted 
at 70s. to 71s. delivered. illets are unchanged, but 
there is a t scarcity of local basic steel. Official 
prices are 8/. 10s. to 9/., but little can be obtained at 
these rates. At arecent meeting of the South Yorkshire 


ts Bar-Iron Association it was deci: to advance the basic 


price of ‘‘crown” bars by 15s., making the price 10/. 10s. 
per ton delivered, less 24 per cent. discount. Heavy 
sums are heing paid for steel scrap, which is in great 
demand. High-speed steel is in enormous request, and 
s business is reported. 





Tue Meta InrormaTion Borgav.—We are informed 
that Quin’s ‘‘ Metal Market Letters,” which have hitherto 
been circulated privately throughout the world among 
large consumers of and dealers in metals, and among 
merchant firms, and which had come to be regarded as 
the standard medium for news recy ne | to metals, now 
a under the title of the “‘ Metal Bulletin,” published 





twice weekly, on Tuesday and Friday morning. 





iP- | been 


Prices are already at an abnormal | b: 


NOTES FROM THE SOUTH-WEST. 
Cardif.—The Order prohibiti of coal t 
Bo am. B as io May cane we eamen, 
- further complicated business in the steam-coal trade. 

course, 


tion of the whole of the gas, , ammonia, &c., 
well as a considerable quantity of coal. As the result of 
successful experi ts, this waste is now obviated. 
From 1 ton of coal such as is carbonised at the new coke- 
ovens of the Ebbw Vale Com: there can be obtained 
about 9000 cub. ft. to 10,000 cu 
gallons of tar, 20 Ib. of sul 
to 16 owt. of coke. Of the gas produced, about half is 
required for heating the ovens, but the other half can be 
for various pu such as town lighting, for gas- 
engines, or for heating steam-boilers. In ordér to bring 
the equipment of their works well up to date, the Ebbw 
Vale Company, after careful investigation, recently 
decided to do away with a considerable number of their 
old-fashioned ovens, and to replace them by Kopper’s 
tive coke-ovens, together with a by-product 
plant on Kopper’s patent direct-recovery system. The 
whole of the meee Cone for handling the coal, 
discharging the coke, &c., is operated by electricity. 





Bustness Prosprors in Inp1a.—We have received 
an advance copy of a pamphlet bearing the above title, 
y Mr. A. T. Stewart, which gives in a concise form a 
very large amount of useful information covering trading 
in all specialities with the Indian Empire. In to 
engineering we find the following statement :—‘* The 
engineering trade generally in India is a most important 
one, and it is necessary that firms should have their own 
technical and selling organisations on the spot... . It 
is scarcely conducive to engineering success for manu- 
facturers to have their business conducted by a merchant 
in India whose versatility includes dealings in whisky, 
tea, and life insurance ; and yet there are many engineer- 
ing concerns ted in India in this fashion.” The 

phlet also contains data on competition and 
interesting statistics. It is published at the price of 2s. 
net by Mr. Francis Hodgson, 89, Farringdon-street, E.O. 





bg oo nn =e — = ae received Lo 
co is year- irectory apa 
the onrvent year. It covers London and the large 
British centres, Paris and Bordeaux, the German and 
Austrian centres, Amsterdam, Rotterdam, Brussels, 
Antwerp, &c. It also contains lists of im i 
British Colonies and foreign countries, with 
houses or buying agencies. 
are classified 


in 
9 ir Euro- 
jon exporting 
by streets, and the information includes 
reference to the class of goods shipped and the ports of 
destination; the book gives also an alphabetical directory 

according to the goods exported from London, 
covering pe mamnes of Che Saale op otek Gases. The 
present is the twenty-ninth annual edition. @ work is 
edited yy Mr. Walter Lindley-Jones, F.R.G.S., editor 
of the Mercantile Guardian, and is issued at the price 
of 10s., at the editor’s address, 16, St. Helen’s-p 
Bishopsgate, E.O. 


a 


Russ1a’s Imports of COAL AND Coxe.—The' imports 
into Russia during 1914 of coal across the European 
frontier amoun to 4,700,000 tons, of a value of 
46,200,000 roubles, which, com with the previous 

, shows a decrease of 2,820,000 tons, or 37.4 cent. 
deficit falls entirely upon the second half of the 
year, inasmuch as the first six months of 1914 show an 
increase compared with the ing period of the 
previous year of 630,000 tons, whilst the decrease on the 
second six months amounted to 3,400,000 tons. The 


imports of coal frcm different countries were as under :— 
1913. 1914. Decrease. 
tons. tons. per cent. 


190,000 200,000 
The imports of coke have decreased still more than those 
of coal, the im during 1914 amounting to 530,000 
tons (value, 6,200,600 roubles), against 960,000 tons (value, 
11,300,000 roubles) in 1913. The decrease consequently 
amounted to 430,000 tons, or 44.7 per cent., the import 
during the second half of last year being quite insigni- 
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NOTICES OF MEETINGS. 


Tha Institution oF MecHaNicaL ENoineers,—Friday, May 14, 
at 8 p.m., at the Institution of Civil Engineers, Great 
nee, Paper: ‘The Distribution of Heat in 
Cylinder of a Gas-Engine,” by Professor A. H. Gibson, D.8c., 


* | Member, of University Oollege, Dundee, and Mr. W. J. Walker, 
Research Scholar Dundee. 


B.Sc. (Carnegie ), of 
Tue InstiruTion oF MgcuaNicaL ENGINRERS: Murine 
Kaaeeernn— Sarit, May 18, at 8 p.m., in the En; a 
Club, Albert-square, Man , for the presentation discus- 
r entitled ‘‘ The Distribution of Heat in the Cylinder 
of a Gas- xe,” by Professor A. H. Gibson, D.Sc., Member, of 
a end Mr. W. J. Walker, B.Sc., of Manchester. 
ELLUMINATING ENGINEERING SocisTY. — , May 18, 
at 8.15 p.m., at the Royal Society of Arts, there be a dis- 
ion on ‘‘ Some Points in Connection with the Lighting of Rifle 
ces.” 
‘Tne Royal MerzoroLoeicaL Socrty.—Wednesday, May 19, at 
4.30 p.m., at 70, Victoria-street, Westminster. 
read :—1. ‘The Wet English Winter of 1914-1915,” by Mr. H 
Robert Mill, D.Sc., and Mr. H. E. Carter. 2. * on 
sheneiogien! Observations for 1914,” by Mr. J. Edmund Clark, 


Tus ArronavricaAl Sociaty or Great Britamn.—Thursday, 
May 20, at a ne. at the Royal Society of Arts, John-street, 
Adelphi. The third Wilbur Wright Memorial Lecture will be 
delivered by Professor G. H an, F.R.8., on “ The 


. B > Rigid 
Dynamics of Circling Flight ” ("Steady Motion in a Circle— 
lanes ” r. F. W. Lanchester, 


Lateral Steering of Aerop . x 
M. Inst. C.E., will ie. Immediately the lecture 
the Gold Medals of the Aeronautical Society, awarded 


tively to Professor Bryan and the late Mr, T. Busk, be 
ee by Major-General R. M. Ruck, ©.B. (Chairman of 
we to Professor Bryan and to Mrs, Busk (on behalf of her 


sop 

Tue Coxcrsrs InstiruTs.—Thursday, May 20, at 7.80 p.m., at 
Denison House, Westminster, when Mr. E. A. W. 
M. Inst. C.E., M.C.1., will read a paper 


titled ** Lime Coneret 
in the East.” 





Tas Rovau Ivstirvrion oF Great Barrraun.— » May 21, at 
9 o'clock, a discourse will be delivered by Mr. ward Heron 
Allen, F.L.S., F.Z.S., F.B.M.S. The subject is * Beauty, Design, 
and in the Foraminifera.” Afternoon lectures next week 
at 3 o’clock. On Tuesday, May 18, Professor Frederick Soddy, 

A., F.R8., on ‘‘ Advances in the Study of Radioactive Bodies” 


IL.). Ono Thursday, May 20, Professor V. H. Blackman, 
-D., F.R.S., on “The Movements and Activities of Plants 
Lecture I1.). Oa site A May 22, Dr. Martin O. Forster, 
-R.S., M.R.L, on “* Col ng Matters of the Organic World.” 
Lecture I. : ‘‘ Colouring Matters of Nature.” 
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THE SUBMARINE MENACE. 


Tue sinking of the Lusitania by a German sub- 
marine is an act which no words can adequately 
describe. As Lord Rosebery has written, this 
‘*infamy” establishes the moral degradation of a 
nation that can hail it as a victory and rejoice over 
it, and the mental degradation of a nation that can 
offer warning as an excuse for a massacre ; it is 
more, it is an act of extreme stupidity, because it 
achieves nothing, either moral or practical, towards 
the prosecution of the war. The vessel was an 
unarmed liner, pursuing the ordinary work of 
peace time, and the deliberate determination to 
sink her cannot be excused on any account. If 
it was to terrorise neutrals, in order to pre- 
vent them from ing the ocean, either in 
British or their own ships, or from sending their 
goods to open markets, it must fail; because 
a nation which could succumb to such acts of 
terrorism could not be regarded as virile or able to 
maintain their place amongst the responsible 
Powers of the world. If it was intended, again to 
quote Lord Rosebery’s words, to dismay our 
people, it must fail, because it will only arouse 
them to more fierce effort. Moreover, it can only 
further estrange the sympathy of the world, as it 
goes far to convince even the most judicially- 
minded as to the adequacy of the evidence of that 
absolute disregard for all that has been considered 
humane, even in war time, in order to achieve a 


488 | dominance which the world must now realise would 


be retrogressive in every sense of the word—spiritu- 
ally, ethically, and even physically. At the same 
time there is need in this country and elsewhere of 
patience and prudence in the highest degree. Criti- 
cism can only be helpful when it is well informed, and 
encouraged when the object 
to be achieved is clearly beneficial, and is attainable 
without grievous harm to the individual, and with- 


4] out violation of that sense of justice which is the 
otor «5 | highest attribute of a nation. 


Criticism has been directed against the Admiralt; 
because, while warning was given that an attac 
would be made on the Lusitania, there is no proof 
yet of adequate measures having been taken to meet 
the threateneddanger. There is a tendency on the 
part of some not to regard with the fullest res 
the power for evil of German militarism, and to 





STEEL INGOTS AND RAILS, 


assume that the threats made are merely anticipa- 
tions without the resource and ability to achieve 





them. This ten as we have time and 

said, has not omy as it mi Me tore 
been by the extent of information offici 
regarding the noe 
ing the desirable attributes of patience and pru- 
dence, we contend therefore that there is need also 


i | for the stimulating influence of honest declAration 


regarding the immensity of our task and the extent 
of the military machine requisite for the carrying 
out of thistask. The German menace against the 
Lusitania ought to have been accepted in all 
seriousness, but until Lord Mersey has made his 
inquiry it will be imprudent to consider whether 
or not the instructions given by the Admiralty to 

whether these 


be| the Lusitania were adequate, and 
“WE | was carried out to the fullest extent. It would almost 


seem as if the Lusitania, with characteristic British 
indifference to threatened by the foe, had 
moved with remarkable directness right ‘into the 
nay sod the German submarine ; and, further, as if 
the -out, jally in the danger zone, had not 
been as effective as the conditions demanded. 
When the history of the war comes to be told it 
will probably be me other this was the cause of 
the earlier German su ine successes rather thaa 
the efficiency, daring and seamanship of the officers 
of these craft. We recall that the captain of the 
U 21, which sank the Pathfinder on Sestember 5, 
explained his success in an interview semi-officially 
pu lished, thus :—” The Pathfinder wanted to run 
into the Firth of Forth, and I was lying there, so was 
able to shoot.” . The officer of the submarine which 
sank the Lusitania might as truthfully say that that 
t ship had to pass round the Old Head of 
insale in order to reach Live 1, and that he 
was lying there, and consequently he was able to 
shoot. 

The question as to whether merchant vessels 
should be convoyed scarcely merits discussion. Here 
is a case where patience is demanded of the people. 
The function of the British Fleet, is to be pre . 
alike as regards position, collective strength, and 
efliciency, for the decisive naval engagement ; it 
must continue united in full force waiting for the 
day. This is a supreme principle in strategy : the 
decisive point must always be the objective. The 
aim of the Germans is obviously and correctly, 
firstly, to ensure the destruction separately of the 
units of the opposing force in order that the 
balance of strength of the combatant fleets may be 
made more equal; and, secondly, by acts of 
terrorism to awaken demands from the people for 
the distribution of our force by the withdrawal 
of units from the decisive int, in order to 
satisfy uninformed public opinion in favour of 
such convoys for vessels like the Lusitania. It 
must be remembered that every week there are 
from 1500 to 1600 ships of over 300 tons’ arriving 
and departing from the porte of the United King- 
dom, so that if we admit the principle of convoy 
in the case of one ship, however valuable, it cannot 
be denied to others. But, as we have shown, 
strategically the principle is indefensible. 

Again, although the magnitude of the loss in this 
case is t, it must be agreed that the German 
submarines have not achieved the triumph which 
was anticipated from the begin ning of the war, 
and particularly when the so-called ‘‘submarine 
blockade ” was commenced on February 18 last. 
Although our traffic has proceeded almost with- 
out any interference as far as German warships 
are concerned, the total number of British mer- 
chant r= sunk or ca by the enemy in 
the first five months of the war was only 60, 
of which 47 were by enemy cruisers, 10 by 
mines, and three by submarines. These vessels 
re nted a tonnage of 234,630 tons, or only 
5 cent. of the total tonnage i in 
the (Gnited Kingdom. During the subsequent 
four months, up to May 5, the total number of 
vessels actually destroyed was 61, ae 
165,570 tons, equal to 0.86 per cent o the fleet 
owned in the United Kingdom, and of this number 
nine were sunk or captured by enemy cruisers, two 
by mines, and 50 by submarines. It will thus be 

i that since Admiral von Tirpitz made 
his threat that he would paralyse England by 
blockading her coast, and prevent supplies reach- 
ing us, by operations of German submarines, their 
work has been greatly increased, but they have been 
entirely inadequate to fulfil the purpose. One of the 
features of the operation is the number of fishing- 
boats which ntl, oe ruthlessly dealt with by the 
submarines. In the eleventh week of the bloc . 
ended on May 5, the number of trawler victims 
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of submarines or other ships was 16 and one by 
mine, whereas from August to the end of April 
the total number sunk was 55. Other craft have 
been attacked in the past few days. In addition 
to the Lusitania, there have recently been sunk 
the three-masted schooner Earl of Lithom on 
May 5, and the Harrison liners Candidate and 
Centurion on May 6. ‘The British Cayo Romano, 
which was chased near the Fastnet and fired at 
by a submarine, succeeded in escaping, and the 
steam collier Olivia had a similar narrow escape off 
the Waterford coast. It seems that there is not in 
all cases an attempt to conform to the international 
rules of warfare by even an examination to ascer- 
tain nationality or whether there is contraband of 
war aboard ; indeed, in many cases, as in the case 
of the Lusitania, the torpedo is fired without any 
warning whatever. 

We admit that all this seems unsatisfactory, 
particularly as there is nothing, as far as the Navy 
is concerned, which seems to balance the account. 
But it can surely be borne in mind that there are 
no German ships, either naval or mercantile, on 
the high seas, and that the German Fleet continues 
to remain within its base. If it does move out, as 
has been the case once or twice within the last two 
or three months, it quickly returns to its well- 
defended hiding-place on any indication of the 
approach of Admiral Jellicoe’s watchful fleet. 
There is still special need for calmness, notwith- 
standing the deep sense of outraged morality which 
cries out for the re-establishment of international 
integrity and universal humanity. There is abroad 
the suspicion, for instance, that German submarines 
must have bases along our coast ; but an examina- 
tion of the endurance of such submarines as are 
utilised for operations far down the English 
Channel, in the Irish Sea, or on the Atlantic 
seaboard of our islands, shows that their radius 
of action is quite sufficient to enable them to 
do seri-us damage. Of these submarines, the 
latest built are well over 200 ft. in length, 
with surface displacements of from 650 to 675 
tons. They are capable of running at from 16 to 
18 knots, and have sufficient fuel to give them a 
radius of action of close upon 2000 miles at this 
speed. But the tactics of the submarine rarely 
demand this speed, because if danger besets them 
they have only to disappear to a sufficient depth 
in order to elude the enemy, at all events for the 
time being. Consequently their cruising is probably 
done at a low speed, and some of the vessels are 
quite capable of doing 4000 or 5000 miles at such 
low speeds. Moreover, the nominal radius of 
action can be greatly increased if, as is probable, 
the ships leave their base in the awash condition, 
showing only their conning-towers. This is an 
advantage from the point of view of invisibility and 
safety, aud is, further, conducive to rapid disap- 
pearance under the surface. In such condition 
their ballast-tanks require to be partially fill-d, and 
when operations are to be carried out in waters dis- 
tant from the German bise, there is. no reason why 
fuel-oil should not be used in these ballast com- 
partments instead of water, the fuel-oil for the 
first part of a prolonged cruise being pumped 
from these tanks for use in the engine. When the 
oil in such tanks has been used, water can be 
pumped in to ensure the required degree of immer- 
sion. The vessel, having reached her station, to 
await the passage of her prey, need use little fuel 
oil, as she may remain in any condition, with the 
deck above water, in the awash state, or submerged, 
in a stationary position, or with only a sufficient 
way on to ensure rapid submergence if on the 
surface. The electric storage ba'teries in the later 
ships are supposed to give a radius submerged 
of about 100 miles at 4 knots, which would be 
quite sufficient to enab'e the boat to get out of 
the visible range of attack by torpedo-boat de- 
stroyers or other craft. But, when convenient, the 
main propelling Diesel engines can be used to 
re-charge the storage batteries by the working of 
the motor-generator. It follows, therefore, that 
there is no need of alarm on this score regarding 
German espionage or agents for the maintenance 
of re-fueling bases on our coast. 

That there are German spies or agents abroad in 
the land must be accepted as true; Germany’s 
traditions, and one might almost say the necessities 
of the case, leave no room for doubt on this point. 
From the first, it was the business of the Govern- 
ment to rout them out, as well as to prevent others 
landing. The sinking of the Lusitania is but an 
incident in the war, deeply regrettable as it is, 





and confirmatory of other incidents, which, as 
Lord Rosebery says, seem to be aimed at securing 
for Germany. without any possible competition, 
the title of the ‘‘enemy of the human race, and 
the horror of the civilised world.” Yet we must 
remember our position and sense of national 
jvstice, combined with that restraint which is essen- 
tia'ly a characteristic of a powerful nation fully 
determined to maintain its highest ideals and 
promote its best traditions. The Government 
must be urged to carry out, by every legitimate 
means, what is necessary to this end, and deal 
with aliens with firmness, but in the correct 
spirit. The statement was made in the House of 
mmons on Tuesday by responsible members 
that, when the Zeppelins did attack London, 
**many of the 20,000 aliens [resident in the Metro- 
lis} would light up this city in twenty or thirty 
ifferent places.” Such a statement, in such a 
place, unless made with convincing evidence, is 
most injurious to the state of the public mind, and 
militates against that spirit of calm, associated 
with determination, which all should strive to 
maintain and disseminate. It is greatly to be 
regretted that there should be any unlawful acts 
even against culpable aliens bythe populace. This 
is playing the German game, because such a pro- 
cedure once begun cannot be easily arrested, and is 
undignified and unworthy of the British race. 
The Government alone must rule and act. Aliens 
may be, must be, interned; but it would not 
be in accord with our sense of national juatice 
similarly to deal with those who can establish 
that their only departure from entire citizenship 
and loyalty is the misfortune that they have been 
born in the Fatherland. Naturalisation demands 
strict obligations on the part of the subjects, the 
renunciation of the birthrights of their native 
land, and allegiance and loyality to our Sovereign 
ruler, and there is mutual responsibility on the 
part of the State. Consequently mere birthright, 
which has been renounced in the act of naturalisa- 
tion, cannot be held to be a crime. There must 
be established alien acts or intentions to justify 
the forfeiture of liberty and protection by the 
adopted country in the case of naturalised foreigners. 
If there is need for surety of their full British 
sympathies, these should be guaranteed by British- 
born friends. 

Such extraneous agitation against all Germans in 
this country as has broken out, with regrettable 
results, during the past few days can only detract 
from the main business of the nation. Instead of 
creating or stimulating such side issues, the crime 
of the Lusitania and other such episodes should 
rather stimulate the nation not only to renewed 
efforts, but to a realisation that our duty is to-day 
immensely more urgent than it was nine months ago. 
Then we set out to maintain treaty obligations, 
and to re-establish the freedom of the smaller 
nations to work out their own destiny in harmony 
with international usage. To-day we are fighting, 
in addition, against the subjugation of science to 
promote wholesale murder by means which it is 
almost impossible for science to counteract. The 
Lusitania was regarded as the highest achievement of 
the science of naval architecture, but nothing could 
save her from the blow of the modern torpedo ; nor 
is it possible for merchant ships to be built within 
reasonable cost to withstand such attacks. The 
aim, therefore, of the British and allied races, 
whether as workers, as fighters, or as citizens, 
must be to contribute, without heat and without 
passion, towards the national—we had almost said 
universal—indomitable determination to achieve 
such a victory that in the future it will be impos- 
sible for any Power thus to degrade scientific 
knowledge and experience by its use in the ruth- 
less prosecution of ‘red ruin and the breaking 
up of laws.” 





COAL SUPPLIES. 


Yesterpay there came into force an Order in 
Council by which coal (including anthracite and 
steam, gas, household, and all other kinds of coal) and 
coke are prohibited from being exported to all des- 
tinations abroad other than British Possessions and 
Protectorates and allied countries. This is a grave 
step, and one which certainly has not been taken 
without much consideration. In 1913 the produc- 
tion of coal in the United Kingdom was 287 million 
tons, and of this, 98 million tons were exported. 
These are normal figures falling in with two rising 
curves, which, apart from minor fluctuations, show a 





year-by-year increase in both production and export. 
Both figures have naturally greatly fallen off owing 
to the war, but both are still of great importance. 
In March last our coal expor's were about 4 mil- 
lion tons, which is about 50} er cent. of the aver- 
age for last year. Of this quantity, something over 
a million tons went to France, but none went to 
Russia, and 2} million tons went to Italy, South 
America, the Scandinavian countries, and other 
non-allied customers. According to the returns of 
the Board of Customs and Excise, the average value 
of the coal exported in 1913 was 14s aton. To 
this must be added the cost of carriage, which is 
very largely done in British ships. Taking the f.o.b. 
value only, however, and neglecting the effect of 
the present freights, &c., it will be seen that the 
Order in Council will prohibit business worth, on 
the March basis, well over 30,000 0001. a year. 

In the position in which we now find ourselves 
the expression ‘* business as usual” has fortu- 
nately fallen to the level of a music-hall catch- 
a but that does not lessen the importance of 

nance in the war. Little good lies in prophecy 
just at present, but we shall certainly be wise 
and on the safe side to assume that the war will 
last a long time yet. In order that we may 
not live entirely on our savings, and to maintain 
our position as far as possible in the financial world, 
we must do what foreign business we can as long as 
it does not conflict with the conduct of the war. 
In view of the supplies we are drawing from over- 
seas, any exports we can continue will help in the 
maintenance of our gold reserve. One may take it 
that these reflections are not overlooked by the 
Government, and that it is only in deference to 
apparently overmastering considerations that they 
have inaugurated the prohibition of coal exports. 
The public are necessarily to some extent in the 
dark in reference to matters of this class ; but one 
side of the coal question was illuminated by a 
meeting held in the Hall of the Institution of 
Electrical Engineers on the afternoon of the 6th 
inst. 

The meeting was described as a National Con- 
ference of the Gas and Electrical Industries. We 
are not quite clear by whom it was convened, 
but it wasa very large and representative gathering. 
It was presided over by Sir Corbet Woodall, who 
was supported by Sir John Snell. A very large 
number of the chairmen and engineers of our im- 
portant gas and electric supply companies were 
present, as well as chairmen and officials of corres- 
ponding municipal undertakings. The object of 
the meeting was to direct the attention of the 
Government to the serious way in which the public 
services represented were affected by depleted 
stocks of coal, the difficulty of obtaining supplies, 
and the abnormal freights and coal prices now 
ruling. Two resolutions were adopted. They were 
in general terms, and we need not reproduce them 
ve  batim. They congratulated the Government on 
the Order dealing with exports, but urged further 
aud immediate steps to increase the output of coal 
from the pits, to give greater facilities for rail 
transport, and so to regulate the requisitioning of 
ships as to meet the requirements of public utility 
undertakings. They also asked that steps should 
be taken to reduce the price of coal to reasonable 
limits. The meeting also appointed a deputation 
to present its case to Members of Parliament, and 
to take any other action which might be found 
advisable. The deputation consisted of forty-two 
members, representing various important com- 
panies and municipalities. 

There is no doubt about the seriousness of the 
matter for which this conference was called. Sir 
Corbet Woodall, in the course of his speech, stated 
that an important Government official, discussing 
the subject with him a short time before, said that 
if coal ran out, he, for one, would be quite satisfied 
to do without gas or electricity and use a candle. 
The remark suggests an amazing inability to grasp 
the facts of the situation. The shutting-down, or 
the serious handicapping, of our gas works and 
electric-supply stations is not a question merely of 
affecting the personal comfort of people in their 
offices or homes; it is a question of the hamper- 
ing and perhaps shutting-down of half our manu- 
factories. The matter is of the first importance, 
and one can only suppose that it is in view of these 
and cognate services for which coal is essential 
that the Government has taken the grave step cf 
limiting exports. . 

The maintenance of our gas and electricity 
supplies is so important that those who represent 








May 14, 1915. ] 


ENGINEERING. 


549 








them are not only justified in taking, but bound to 
take, all the steps they can to guard their interests. 
We do not imagine, however, that they think the 
situation carries any imminent danger of the cessa- 
tion of these services. Questions of an absolute 
shortage of coal were raised at the meeting, and one 
speaker suggested that the reserves were only 
25 per cent. of what they were at the baw. of 
the war, while Alderman Kay, of the nchester 
Corporation Gas Committee, said his undertaking 
was worse off now than it was after the coal strike. 
On the whole, however, the speakers had more to 
say about the price of coal than its shortage. It 
was said that 20 million tons of coal a year were 
used by the gas works and elec‘ric stations, so that 
a rise of Is. a ton meant 1,000,000/. a year total 
increase. As present rises were more in the order 
of 93., it was suggested that somebody was ss 
very substantial profits. Sir Corbet Woodal 
pointed out that the increase of freights between 
the Tyne and London had been as much in some 
cases as 123. a ton, and that interned steamers 
released by the Government carried coal no cheaper 
than private traders. Baillie Irwin, of the Glasgow 
Corporation Gas Committee, said that their normal 
stock was 100,000 tons. At one time it had fallen 
to 27,000 tons, but they had been able to make it 
up to 50,000 tons. They were, however, being 
crucified on the price. 

The situation is a difficult one, ani there is no 
profit in pretending to one’s se!f ‘hat the Govern- 
ment, by some mysterious manceuvre, cin easily 
relieve it. A shortage of labour is the beginning 
and end of the matter. The prohibition of exports 
may do something, but, as we have eaid, it carries 
serious disadvantages. We confess we would 
much rather have seen an attempt made to im- 
prove the labuur output. The Eight Hours Act 
carries a clause which allows it to be partly sus- 
pended in case of emergency, and if the present 
state of affairs is not a case of emergency, 
we trust we may never see one. Apart from 
this Act, it would seem possible to increase the 
production of the existing labour in other ways. 
A full week is by no means being worked by all 
miners. The prospects of a fall in the prica of coal 
are not made any brighter by the present agitation 
for an all-round increase in wages; but if such an 
increase could be accompanied by an important in- 
crease in the output of the present labour, it might 
relieve the situation. As to the shipping question 
we doubt if much can be done with that. There 
are not enough ships for the work requiring to be 
done, an 1 they cannot be built in a hurry, especially 
jist now. We fear the freights will have to be en- 
dured. Ove hears suggestions for Government inter- 
vention here, but if the Government are to take 
over colliers and run them at a loss, the country 
will merely have to pay ia the end. The Govern- 
ment might just as well subsidise the gas and 
electricity undertakers and have done with it. 





DROP-FORGINGS FOR MOTOR-CARS. 

For many years we have come to look upon 
smith’s work as a comparatively rough preli- 
minary process. It is expensive. and, as a rule, 
providing the divergence from the desired siz9 is 
not too great, a good deal of tolerance is allowed on 
the understanding that it is cheaper to take the 
excess off by machine than to insist on accurate 
smithing. This craft has therefore suffered to some 
extent, though, of course, much skilled work is 
still done. With the object of at once cheapening 
the work and obtaining a more accurate product 
attention has been turned to various other pro- 
cesses, For instance, malleable iron ard steel 
castings now largely replace parts formerly turned 
out in the smith’s shop and forge, and in many 
classes of work are greatly superior to the original 
article, When castings do not meet all require- 
ments recourse is often had to drop-forgings. 

In railway and other work drop-forgings have 
been used on a large scale for many years. One 
of the earlie-t installations of drop-stamps in 
English railway shops was, we helieve, at Horwich, 
where a great ceal of care was devoted to the 
proper development of this useful process. There 
is no doubt that it is a process demanding both 
care and a thorough knowledge of the properties 
of the material worked. I: is not sufficient to cut 
two dies, and place between them a mass of hot 
plastic metal, in the hope that something as good 
as a casting or forging will be turned out. This 
was soon discovered in ordinary work with such 





materials as iron and mild steel. The fact is 
emphasised now in the motor-car industry, in 
which so many alloy steels are used. In a paper 
read before the Institution of Automobile En- 
gineers, in October last, Mr. L H. Pomeroy drew 
attention to some of the complaints levelled 
against British stampers. These complaints Mr. 
Pomeroy classed under four headings. First, there 
was a lack of knowledge of the physical character- 
istics of the material ; secondly, there was a tendency 
to dispense with preliminary hand-forging, coupled 
with overheating to secure quick forging ; thirdly, 
a lack of uniformity in products as regards finished 
sizes ; and, fourthly, a general disregard of subse- 
quent heat treatment. This is a pretty severe 
indictment, as we stated at the time; and if the 
pone by Mr. Arthur Stubbs, read before the same 
nstitution on Wednesday last, draws attention to 
the great care which really has to be exercised in 
this work, it will have done good service. Mr. 
Stubbs’s paper took up mainly the points of design 
and material. The process of production was 
touched upon, but not in great detail. 

It is, of course, a matter of considerable difficulty 
to decide just when drop-forging becomes justifiable 
on account of the cost of the necessary dies. For 
much work, in which use is made of the softer 
materials, ordinary cast-iron or steel dies may be 

The motor-car industry, however, is in- 
terested largely in special steels which require dies 
of a rather higher grade. Unless the number of 
parts is sufficiently large, the difficulty of making 
these may not be warrantid. Trouble is there- 
fore often experienced in obtaining drop-forgings 
to a particular pattern in small numbers. The 
present difficulty does not appear to be so much 
this, however, as dissatisfaction with the product. 
This may arise from various causes, and it is not 
easy to find a cure suited to all cases. The question 
of design is important, but matters relating to 
metallurgy and craftsmanship have no less an 
influence on the quality of the article produced. 
In fact, for good work an intimate co-operation of 
the a the steel-maker, and the stamper is 
essential. This, when the softer metals are used, 
in large works which do their own designing 
and stamping, is a relatively simple matter to 
contrive, though we all know probably of cases of 
drawing-oftices and shops both disclaiming respon- 
sibility for failures. Where design is carried out in 
one works, and the stamp-forgings are produced 
in another, with steel from a third, the matter is 
more difficult. 

The designer often looks, especially in motor-car 
work, for a material which will enable him to 
introduce light parts. He naturally turns to alloy 
steels, but is not always happy in his selection. 
The result is that he often specifies a steel with 
which under no circumstance could the forger pro- 
duce a satisfactory article of the design in question. 
Steels in common use, in addition to medium 
carbon steel, embrace nickel steel, nickel-chrome 
steel, chrome-vanadium steel, &. High-carbon 
steels are also employed, though they are difficult 
to work. The objection to nickel steels is their 
tendency to develop fissures and surface defects. 
Nickel-chrome steels have a very high elastic limit 
and are hard, difficult to work, and in the case of 
drop-forgings are liab!e to be spoilt by re-heating, 
or heating to too high a temperature with the 
object of expediting the work. On the other hand, 
chrome vanadium steel is much easier to work, has 
a very high resistance to shock, and generally im- 
proves with heat treatmont. This class of steel is 
also easy to machine compared with high-carbon or 
nickel-chrome steel, and possesses many superior 
characteristics. It will doubtless in time replace 
steels which are no better from the point of view 
of physical characteristics, but more difficult to 
work satisfactorily ; in fact, it appears that it 
might cut out nickel-chrome steels with ——a 
The selection of a suitable material for a particular 
forging removes many of the difficulties now 
encountered. The question is, Who should decide 
what is to be used ? 

In this country, where consulting engineering has 
developed a very precise form of specification, it is 
usual for the motor-car manufacturer not only to 
specify the material, but also the tests to which it 
is to conform, sometimes calling for analysis as well. 
It does not follow that this custom best serves 
the purpose. The steel-maker and the forger can 
both retort in case of failure, as Mr. Stubbs points 
out, that the steel was not suited to the design. 
Again, if the steel-maker makes choice of the 





material, he can complain that it has been spoilt 
in the process of stamping. 

There seems nothing left, therefore, but to make 
the drop-forger responsible for the choice of the 
material. This . Stubbs suggests should be 
done, and as far as we can see would tend to reduce 
the failures of which we hear. The worker of the 
metal knows, or should know, how the various 
alloys flow ; whether one or another will be pre- 
ferable for any icular drop-forging, from a study 
of the design, the number of heats probably neces- 
sary, and so on. With the responsibility thrown 
upon his shoulders for producing satisfactory forg- 
ings capable of standing specified tests, he would 
not only choose his steel carefully, but would also 
surely adopt suitable subsequent heat treatment, 
now often omitted because not specified, but with- 
out which the use of high-grade alloy steels is 
frequently pure waste of money. 

here is one point which cannot be properly 
settled by the drop-forger. It is the question of 
price. The designer wants a light part at small 
cost. The forger will contend for a reasonable 
price in view of the material he would have to 
use. It is possible that this would lead to dis- 
cussions as to whether it would not be possible, 
with some other steel or method, to obtain like 
results with less cost. That, of course, if the de- 
signer left the selection with the forger, could 
only be settled by inviting tenders from different 
firms. On the whole, although our designers love 
to keep as much control of the manufacturing pro- 
cesses in their hands as ible, we are in agree- 
ment with Mr. Stubbs that greater latitude should 
be given to the drop-forger in this choice of steels 
than he is ordinarily allowed. In fact, the simplest 
lan would be to shoulder him with the responsi- 
ility, if he will accept specified tests which might 
be standardised. The closer co-operation of the de- 
signer with the forger would also doubtless eliminate 
many failures due to insisting on drop-forgings for 
unsuitable parts, while consultation with the steel- 
maker would enable advantage to be taken, both 
in design and manufacture, of advances in metal- 
lurgy. In this latter respect, the pace would be 
set to the forger by the designer cutting down 
weights and simultaneously stiffening up his 
specification. 





PHOTO-ELECTRICITY. 


In his second Tyndall lecture on ‘‘ Photo-Elec- 
tricity,” delivered last Saturday at the Royal 
Institution, Professor J. A. Fleming dealt with 
the action of light on gases, with special reference 
to the action of solar radiation on our atmosphere 
and on radiotelegraphic phenomena. Reverting 
first again to the energy required to pull an clectron 
out of an atom, he stated that the elec'ron war, 
or represented, a certain charge of electricity, 
approximately one-sixth of one-trillionth of a 
coulomb, and as the product of a quantity of elec- 
tricity by the voltage was work, it was customary to 
express the work done in extracting an electron 
as the product of the charge and a certain voltage, 
known as the ionising voltage. This ionising 
voltage ranged from about 2 to 12 volts. It was 
greater for electro-negative atoms, which did not 
give up their electrons readily, than for electro- 
positive atoms. For gaseous oxygen it was 9 volts, 
or 9. 16/10” = 144/10” joules, about 15 billionths 
of an erg. Experimentall 
that the energy requi to extract a photo- 
electron was proportional to a certain con- 
stant, and tothe minimum frequency (or maximum 
wave-length A in Angstrom units (A.U.)) capable of 
liberating electrons ; it was explained in the first 
lecture that the light vibrations had to exceed a 
certain frequency (or keep below a certain maxi- 
mum A) before any photo-electric effect would 
take place. The product of the ionising volts 
and of the maximum )\ was found always to be of 
the value 11,000 or 12,000. In the case of the 
electro-positive metal sodium the ionising voltage 
was 2.1, and the A (as stated last week) was 
5500 A.U., i.e., waves of relatively large wave- 
length falling within the visible spectrum. In the 
case of oxygen, an en element, the 
ionising voltage was high, 9 volts, and the ionising 
wave-length therefore 12,000/9 = about 1350, which 
meant that oxygen could only be ionised by light 
from the ultra-violet end of the spectrum of very 
small 2. 

The experimental investigation of the ionisation 
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involved many difficulties, because there were so 
many possible spurious effects—surface films on the 
walls of the vessel, dust in the gas, ionisation due to 
the bubbling of the gas through liquids, &c. The 
containing vessel could not be made of glass, 
moreover, as glass was not transparent to ultra- 
violet light ; even quartz was only transparent to 
light down to A = 1850 A.U. To exemplify this, 
Professor Fleming passed air, filtered through 
cotton-wool, through a quartz tube, in which the 
air was exposed to the radiations from a spark-gap, 
and then through a tubular condenser, consisting 
of an inner metal tube joined to a charged electro- 
scope and an outer earthed tube ; hardly any photo- 
electric effect was observed, because the quartz was 
not sufficiently transparent. But when the hot 
gas from a burning candle was sucked through the 
same apparatus, the electroscope was discharged, 
both when charged positively and when charged 
negatively, because the hot flame contained ions of 
both signs. 
contain ions of both sigas in equal quantity; other- 
wise the effect might be due to dust particles or 
other causes. hite fluospar (fluorite) was the 
only material for containing vessels sufficiently 
transparent to ultra-violet light. 

Professor Fleming then turned to the question 
whether the sunlight emitted rays capable of ionis- 
ing the atmosphere. The light which reached the 
earth from the sun and from stars (Vega) did not, 
he said, contain any rays of \ less than 2950 A.U. 
(Huggins and Cornu). But that was because 
the atmosphere, and especially the oxygen, ab- 
sorbed shorter waves. The sun itself gave rays 
of much smaller wave-lengths. Speaking at some 
length of the sun, Professor Fleming said the sun 
was probably a mats of gas (of high density 1.4) 
formed of many concentric envelopes. The light we 
received came from the photosphere (a mass of 
glowing carbon flakes or particles at 6000 deg 
Cent.), which gave the continuous spectrum and 
emitted torrents of negative electrons like the 
carbon or metallic filament of his (Dr. Fleming’s) 
oscillation valve. Outside the photosphere was a 
layer of metallic vapours, 500 miles in thickness, 

roducing the Fraunhofer lines (reversing layer) ; 
urther out the chromosphere of vapoursof hydrogen, 
helium, and calcium, from which red prominences 
shot out; beyond that the attenuated atmosphere 
of the corona ; and much further out still, in the 
plane of the ecliptic, the lens-shaped, still more 
attenuated mass of the zodiacal light. The electrons, 

rojected from the photosphere through the enve- 
A , condensed molecules of matter around them- 
selves and formed negative ions, and when these 
ions were below a certain size they were driven 
outward by the light pressure, though pulled back 
towards the sun by gravitation. Referring to the 
energy relations, Professor Fleming stated that 
sunlight imparted to a black surface energy of 
1.47. 10° ergs, or 2.1 gramme-calories . om 
per second, and 1 cubic mile of sunlight at the 
earth’s surface contained an energy of 14,720 ft.-lb. 
(Kelvin’s first estimate had been 12,050). The 
intensity of the sunlight near the sun’s surface was 
46,000 times greater. The pressure exercised by the 
sunlight (as a general consequence of wave motion 
was 58 tons per square mile at the sun’s surface, an 
2.8 lb. per square mile at the earth’s surface, ; and 
the light energy per cubic mile hear the sun was 
302, 300 ft.-tone. Now gravitation near the sun was 
27 times greater than it was on the earth’s surface ; 
but the gravitation pull varied as the cube of the 
diameter of the icle, and the light pressure as 
the square of the diameter, and for bay small 
particles the repulsion from the sun by the light 
pressure predominated over the gravitation pull 
towards the sun. Particles of 13,000 A.U. = 
0.00013 cm. and of unit density (as dense as water 
would just be balanced, and smaller icles woul 
be pushed away from thesun. According to Schwarz- 
schild, particles of 1600 A.U. (twice the thickness of 
the thinnest gold leaf ss should undergo 
the maximum repulsion, and would be pushed away 
from the sun with an acceleration of 2 km. per second 
per second, Professor Fleming, like Arrhenius 
and Poynting,* had, he said, made calculations 
on the light pressure, and had found that particles 
of solar dust of diameters of 1600, 5000, and 10,000 
A.U. would want 25, 55, and 112 hours to travel 
from the sun to the earth at velocities of 1700 km., 
800 km., and 350 km. per second, and would enter 
the atmosphere of the earth with energies of 
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540,000, 120,000, and 45,000 horse-power hours. 
The energy was enormous, owing to the great velo- 
city, and an amount of solar dust that could be 
carried about in the pocket would possess sufficient 
energy to propel a large battle-cruiser (30,000 iiorse- 
power) for eighteen hours. 

These negatively-charged dust particles, Professor 
Fleming proceeded, entering the upper atmosphere, 
which consisted of hydrogen and helium, were 
deflected in spiral paths by the magnetic force of 
the earth, and accumulating in two rings about 
the magnetic poles, caused the aurore and 
the magnetic storms, which, again, were closely 
connected with the sun-spot activity. According 
to Arrhenius, Maunder, and Riccd, there was 
frequently an interval of from 20 to 45 hours 
between the meridian transit of a sun-spot and a 
— storm, and that lag would correspond 
with Dr. Fleming’s own calculation as to the time 
required for the negative ions to reach the earth 
m the sun. There was certainly sufficient 
reason to assume that the upper atmosphere was 
invaded by negative ions which im con- 
ductivity to it, though that conductivity was diffi- 
cult to estimate. An additional ionisation of the 
upper levels of the atmosphere was produced by 
solar light of 1400 A.U. and less, but only in the 
illuminated half of our atmosphere. As soon as the 
sunlight was withdrawn, most of the separated ions 
would recombine. There was hence a permanent and 
a variable ionisation, as would —> be men- 
tioned again. The ionisation at lower atmospheric 
levels could not be due to direct solar action, but 
might be due to dust, splashing of rain and ice par- 
ticles, radioactivity, &c. By means of unmanned 
balloons, observations had become ible up to 
the 20-mile level ; wireless telegraphy had drawn 
fresh attention to the phenomena at higher levels. 

When Mr. Marconi observed in 1902 that he 
could signal across the Atlantic to much greater 
distances (1500 miles and more) at night than at 
day (700 miles, wave-length 2000 ft. or 3000 ft.), 
he suggested a possible photo electric effect of 
daylight. That suggestion had not met with 
favour then, because the difference had only been 
observed at long ranges; but Professor Fleming 
thought the suggestion worth considering. The 
Hertz-spark effect (first experiment described in 
the first lecture*) did not depend upon the material 
of the spark balls (whilst the material was of im- 
portance for the ordinary discharge of electrons 
from polished plates by light), as long as the balls 
were charged to nearly the discharge potential ; 
then electric waves caused the spark to pass readily. 
The antennz were in that condition, and this 
Hertz effect was therefore possible. That the 
intensity of the current received by the antennze 
varied inversely as the square of the distance had 
been proved theoretically and experimentally by 
Duddell and Taylor. This law held only for a dis- 


.| tauce of 200 miles, however ; beyond that distance 


the received current fell off much faster than it 
should by day, and was much more irregular by 
night than by day. That had been shown by the 
observations which Dr. Austin, of the United States 
Navy, made in 1910 between the cruisers Birming- 
ham and Salem and the land station at Brant Rock, 
the wave-length ry tape or 1500 metres. 

The sphericity of the earth had first been sup- 
posed to make long-distance radiotelegraphy im- 
possible. In the first experiments of 1901 the 
ratio of the wave-length used (2000 ft. or 3000 ft. 
to the diameter of the earth (42,000,000 ft.) ha 
been that of the wave-length of green light to the 
diameter of a cherry, and to account for the possi- 
bility of the early range, and the much larger ranges 
of later years, diffraction of the long waves had 
been suggested and studied by Poincaré, J. W. 
Nicholson, Rybezynski, and others with negative 
results. Resuming these calculations for very long 
waves of 20,00 ft., H. M. McDonald and A. E. H. 
Love had recently come to the conclusion, however, 
that diffraction would account for the ter part 
of the day effect. Dr. Austin had tried to explai 
the rapid diminution in the intensity by some atmo- 
spheric absorption. Three questions thus remained 
open :—1. If the normal daylight range were pos- 
sible owing to diffraction, why was the night range 
greater and more irregular? 2. If diffraction did 
not account for the day effect, how were signals 
possible round an earth quadrant? 3. How were 
the abnormal effects at the transit from day to 
night to be explained ? 


* Soe ENGINEERING, page 521 ante. 
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Professor Fleming then dealt with these sunset 
and sunrise peculiarities and stray effects, referring 
chiefly to Mr. Marconi’s Royal tostitution lecture 
of June, .1911, which we noticed at the time ;* we 
should also. direct the attention of our readers to our 
reports on the discussions on ‘‘ Radiotelegraphy,” 
before the British Association, at Dundee and at 
Sydney, last August.t The only theory that gave a 
clue to the explanation of the effects, the lecturer 
thought, seemed to be the theory of ionic reflection, 
which was based on the theoretjcal proof of Dr. 
Eccles, that in a dielectric, popu with heavy 
ions, there would be a slight increase in the velo- 
city of the electric wave, and hence a bending of 
the electric rays, which might be described as an 
inverted mirage. When the earth and the air 
immediately above it became very hot throug 
the sun’s heat, light rays entering the layer 
obliquely became curved by refraction, and the 
lower rays (next to the earth) gained on the 
upper rays until they were totally reflected, 
and entered the eye in the inverted order, so that 
objects appeared inverted. By inverting a slide 
illustrating mirage, Professor Fleming stated, the 
Eccles effect might be explained. The two upper 
layers of the atmosphere were, as mentioned, 
layers of variable or diurnal variation, and, above 
it, of permanent ionisation. Both contained ions, 
due to the ultra-violet light and to solar dust. 
There was no sharp boundary between the two 
layers ; but they would bend electric rays down as 
high clouds reflected the light of the setting sun. 
When the sun set, the advancing shadow of the 
earth allowed the separated ions to recombine ; 
hence the surset and sunrise effects, which could be 
traced all through the year, especially when the two 
stations were lying east and west,so that the advanc- 
ing shadow intervened between trantmitter and re- 
ceiver. But the ions were not totally suppressed 
by the withdrawal of the light in the lower diurnal 
layer, which remained ionised in patches ; hence 
the irregularity of the light effect. A ray pro- 
ceeding upward in the direction A, B (Fig. 1) 
would in day time be bent and reach the earth 





(6400) 


again at C ; at night time, when the diurnal layer 
was partly destroyed, theray would proceed higher 
up into the permanent layer and would reach the 
earth at D, further away from Athan C; that would 
account for the increased night range. In illustrating 
the phenomena, Dr. Fleming made use of a slide on 
which two points about 45 deg. apart (Clifden and 
Glace Bay) were marked as transmitting and 
receiving-stations on a card which could be turned; 
the stationary earth’s shadow fell over both the 
layers mentioned, but did not blot out the upper, 

rmanent layer. At the border plane between 

ight and darkness there would be an irregular 

stratum of ionised and unionised air which might 
reflect or obstruct an electric ray, just as an 
emulsion of oil arid water was opaque to transmitted 
light, but reflected the light, until it had settled 
and became transparent again. That was the 
sunset and sunrise effect, already alluded to. The 
boundary plane seemed to act as a reflector (in- 
creasing the signal intensity) when it was behind 
the transmitter, and again when it was behind the 
receiver; when between the two it acted as a 
weakening absorber. Further to elucidate this 

int Professor Fleming placed an incandescent 
— L, a semi-transparent photometer screen §, 
and a plate of glass G, in the order either G, L, 8 
or L, g G; in both positions the light reflected 
from G increased the brightness of S. 

In conclusion, Professor Fleming remarked that 
many peculiarities of radiotelegraphic propagation 
remained obscure. In order to collect more facts 
all over the globe, he had, in 1912, s ested the 
appointment of a British Association Committee, 
of which Dr. Eccles was secretary. Unfortunately, 
the war had interrupted that useful work. Mr. 
P. R. Coursey, B.Sc. (Eng.), was in charge of the 
demonstrations. 





* ENGINEERING, vol. xci., page 763. * 
+ ENGINEERING, vol. xciv., page 349, and vol. xcviil., 
page 580, 
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THE NEW TECHNICAL CHEMISTRY 
LABORATORIES OF THE IMPERIAL 
COLLEGE OF SCIENCE. 


THERE will undoubtedly be in the future a large 
demand for chemists trained in this country to 
replace those of foreign birth who have vacated 
positions previously held, and to which they will 
not return. A special interest attaches, therefore, 
to the opening on Wednesday last of the new labo- 
ratories for chemical technology at the Imperial 
College of Science, South Kensington. The labo- 
ratories are under the direction of Professor W. A. 
Bone, F.R.S., whose name has been made familiar 
to engineers by (among other things) the very re- 
markable investigations on surface - combustion, 
which were described in our issue of May 10, 1912. 

The laboratories are intended solely for t- 
graduate work, and will be occupied by students 
who, having already qualified in general chemistry, 
wish to specialise in certain departments of tech- 
nology. This post-graduate course extends over 
two years. In the first year students are practised 
in technical analyses and the like, being required 
to prepare reports on various matters and materials 








ing-office, and a photographic dark-room. On the 
second floor is a lecture theatre, a room for experi- 
ments requiring to be carried out in the dark, a 
private research laboratory, Fig. 3, and a general 
research laboratory, Fig. 4. Through the generosity 
of Sir Alfred Mond, the laboratory has been provided 
with a Mond producer fitted with ammonia recovery 
plant, and with a gas-holder capable of holding 
3000 cub. ft. of gas. The plant is illustrated in Fig. 5, 
below. The gas-holder has a special value in view 
of the character of much of the work undertaken, 
since enough gas can be stored in it to suffice for 
the completion of most experiments. Town gas it 
is found varies so much in quality from hour to 
hour that its use becomes very inconvenient when 
a steady temperature has been maintained over a 
long period. By using a supply from the holder, 
which can be charged either with Mond gas, town 
gas, or a mixture of both, uniformity in the 
calorific value of the gas supplied to a furnace can 
be maintained. 

Very great attention has been paid to the heat- 





ing and ventilation of the building. By means of 
two fans, electrically driven, air is exhausted from 
_ trunks coupled up with the hoods over the work- 
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submitted to them, whilst in the second year they 
will engage in research work properly so called. 
Professor Bone has, moreover, made arrangements 
by which a number of selected students go annually 
to the Skinningrove Iron Works for a month, 
where they are enabled to gain experience in the 
conduct of coke-ovens, blast-furnaces, steel fur- 
naces, gas-p7oducers, &c., under the direction of 
Mr. Ernesc Berry, M.Sc., the coke-oven and 
blast-furnace manager. A temporary arrange- 
ment has also been effected with the Home Office, 
in virtue of which other students are annually 
given the opportunity of a month’s work at the 
Eskmeals experimental station. 

For the present, special attention is to be 
directed to the detailed study of refractory materials. 
Research of this class, being largely of a routine 
character, has been somewhat neglected by British 
scientific men, with the result that for many pur- 
poses special firebricks have had to be imported 
from Germany or America, countries in which 
** research factories” have proved highly profitable. 
The work at the new laboratories will, however, 
soon put our firebrick manufacturers in possession 
of the requisite data for the production of refrac- 
a to suit all present requirements. 

e new laboratories occupy two floors, and have 
been designed with a special view to the character 
of the investigations to be undertaken. On the 
ground floor is the laboratory for refractory mate- 
rials, Fig. 1, page 546, and the general analytical 
laboratory, Fig. 2. There is also here a workshop 
im which instrument-making is carried out, a draw- 


benches in each room. This air is made good by a 
supply which enters each room from the upper part 
of the windows, passing over the heating coils on its 
way into the room. The ventilation is thus on the 
down-draught system, and the floor of the room 
remains cool. Steam, air under pressure, gas, and 
electricity are laid on to each work-bench. The 
steam is supplied at 100 lb. pressure from boilers 
outside the building, but is reduced to 16 1b. before 
distribution. It is used for drying, distillation, 
and boiling. The electric current is used in part 
for operating heaters, but mainly for supplying 
power for various minor operations, such as the 
driving of the ingenious Simkinson filtrate-washer. 
This instrument consists of a filter-holder. which 
is balanced so as to tip when the level of fluid in 
the filter exceeds a certain level. In tipping, the 
electric current cuts off the water supply, thus 
preventing any risk of the filter overflowing. A run 
of several hours can thus be made without attention. 
The air and gas supply being under pressure 
greatly facilitates the operation of blow-pipes and 
the attainment of high temperatures a 
The pressure is maintained by a Keith and Black- 
man motor-driven compressor capable of working 
up to 15 lb. per sq. in., though normally the supply 
pressure is 5 lb. per sq. in. 

The analytic laboratory is fitted with complete 
plant for the investigation of solid and liquid and 
gaseous fuels, whilst in the laboratory for refractory 
materials there is, in addition to grinding and crush- 
ing machinery, an Adies tensile-testing machine. 





An experimental coking plant, with which al] the 


ordinary chemical operations ining to coke-oven 
practice can be carried out, is also installed in this 
room. A tar-still is another important piece of 
apparatus here, and the students are required to 
conduct the complete series of operations in- 
cluded in the passage from crude tar to a finished 
dye. Provision is made by which any one 
of the fdrnaces throughout the building can be 
coupled up to a recording pyrometer supplied by 
the Cambridge Scientific Instrument Company. 
This firm have also supplied a Féry optical pyro- 
meter, and Messrs. Foster, of Letchworth, have 
supplied another form of optical pyrometer. 

n the — research laboratory experiments 
on the occlusion of gas from heated metals are in 
progress. The plant here includes two different 
patterns of molecular air-pumps, by means of which 
very high vacua can readily be maintained for very 
long periods of time. Another research in progress 
in this laboratory has reference to the surface-com- 
bustion of gases, such as electrolytic gases, or a 
mixture of oxygen and carbon monoxide. Liquid 
air is used to freeze out moisture or carbon dioxide 
from these gases when it is desired to have them 
perfectly free from these constituents. The labora- 
tory does not, however, produce its own liquid air, 
but procures it from another department of the 
Imperial College of Science. Nevertheless, a plant 
by which gas can be compressed at 200 atmospheres 
into cylinders is provided in the general research 
laboratory. 

A large furnace has just been erected in this 
laboratory with a view to determining the relative 
effects in furnace work of ‘* regenerating”’ the air 
supply. the gas supply, or both. Coupled to this 
is a ‘* Bimeter ” CO, recorder, constructed by the 
Cambridge Scientific Instrument Company. 

Another interesting piece of apparatus in this 
laboratory is an Ionides brass-melting furnace and 
balanced gas-governor. The latter, when supplied 
with air and gas at different or varying pressures, 
passes on a mixture of both at constant pressure 
and composition to the furnace. This mixture is 
per se explosive, but the designer has succeeded in 
entirely suppressing back-firing, the mixture not 
igniting till it reaches the furnace. It enters this 
tangentially, and whilst burning traces a helical 

th round the crucible. A very high fuel economy 
is claimed, 20 Ib. of brass being melted with a con- 
sumption of but 1.4 to 1,8 cub. ft. of gas per pound, 

Some interesting measurements have recently 
been made here with the object of drawing up a 
balance-sheet showing in what proportion the heat 
from an ordinary gas fire is thrown off into the 
room and how much goes up the chimney. For 
determining the amount radiated out a bolemeter 
designed by Professor Callendar is being used. 
With this the distribution of the radiation over the 
whole of a hemisphere has been ascertained. The 
research has been described in a recent communica- 
tion to the Royal Society by Professor Bone, Pro- 
fessor Callendar, and Mr. H. J. Yates. 





EMULSIONS AND EMULSIFICATION. 

Emutstons do not usually concern the engineer 
very much, though he has a troublesome emulsion 
of oil and water to deal with in the condenser water. 
Scientifically they are of the highest importance. 
When fine particles of a solid are suspended in a 
liquid, physicists speak of a suspension ; when the 
particles are themselves liquid, they speak of an 
emulsion ; and when the particles are very fine, 
they are described as colloidal. Whether we are 
to imagine the ultimate particles of colloids as solid 
or as fluid is as difficult as to say whether or not 
the ultimate particles of gases—those particles 
which produce the kinetic gas pressure—are to be 
regarded as solid. 

Discoursing upon ‘‘ Emulsions and Emulsification” 
at the Royal Institution on Friday evening, the 
31st ult., Professor F. G. Donnan, F.R.S., Sir W. 
Ramesay’s successor at University College, W.C., 
emphasised especially the biological and physio- 
logical importance of the phenomena, which, he 

inted out, should be studied by cooks. He 
Fefined an emulsion as a distribution of one liquid 
in another. A little oil shaken with much water 
gave an emulsion in which the oil particles had 
a diameter of about a thousandth of a millimetre ; 
in an emulsion of a little water with much oil, the 
water particles were smaller ; the former emulsion 
was of the milk type, the latter of the butter 
type ; to demonstrate their different appearances, 
,the water or oil was stained with some dye, 
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Good emulsions, the lecturer said, were very 
stable and settled very slowly ; the oil emul- 
sion would turn creamy and the particles might 
conglomerate ; they would not coalesce under ordi- 
nary conditions, however. The chief factor pre- 
venting their coalescing was that all + mall particles 
carried electric charges. That could be shown 
by placing the emulsion in an electric field, in 
which the particles would migrate to the one 
or the other pole, according to their charges, or 
by neutralising the charges. Thus an oil emul- 
sion settled like the fog of magnesium oxide (pro- 
duced by burning magnesium wire) settled under 
a glass bell when electrodes were immersed into 
the fog or the emulsion, and an emulsion could 
also be made to coalesce by adding solutions of acids, 
alkalies and salts to them. In the latter case, the ions 
neutralised the charges on the particles, and it had 
been found that the positive ions of elements of 
high valency (in aluminium or thorium chloride, ¢.g.) 
were particularly powerful in coalescing oil emul- 
sions, the particles of which generally had a negative 
charge. By charge was understood the inner 
charge, the drops being assumed to be covered 
with an electric double layer, after Helmholtz. 
The charges were of the order of about 0.05 volt. 
The particles of some dyes carried a positive 
charge, and when such an emulsion was mixed 
with an emulsion of oil or gum mastic (negative 
charge), the particles coalesced (rose or settled 
according to their density); but when an excess 
of the one emulsion was used, the mixture became 
stable again. That proved that an emulsion re- 
mained stable or turbid as long as ite particles 
carried an electric charge (either positive or nega- 
tive), but became unstable and settled when the 
charge was neutralised. , 

In order to prepare a fine emulsion, Professor 
Donnan continued, it was advisable to add a little 
soap or alkali to the water with which the oil was 
shaken ; otherwise the oil would not break up 
into fine particles. Here surface tension came in. 
Water had a very high surface tension, and the 
addition of all other substances lowered this ten- 
sion. To demonstrate this, lycopodium powder 
was sprinkled on the centre of a surface of 
water, on which it settled like a film of snow ; 
but when the powder was touched with a glass 
rod dipped into caustic soda, the whole film 
was instantaneously swept off, being pulled away 
by the greater surface tension of the clean water 
outside the film. That the alkali acted so readily 
on oils was partly due to the fact that most oils 
contained a little oleic or other acid, and the alkali 
formed a soap with this acid. This action on oil 
was further exemplified by a pretty experiment due 
to Professor Donnan. From a pipette, which 
was bent upward, oil was allowed to escape under 
water ; owing to the high surface tension of the 
water the oil rose in drops to the surface of the 
water. When alkali was stirred into the water, 
the phenomena became momentarily indistinct ; 
but when the agitation had quieted yore gee. 
the oil was seen to rise in a steady th » no 
longer in drops. Certain therapeutically im- 
portant colloids, Professor Donnan explained, had 
similar effects as soap, and these ‘‘ protective 
colloids” resembled emulsifying agents. They 
lowered the surface tension, and surroundin 
the particles, allowed them to coalesce. Suc 
colloids appeared frothy, like soap solutions, and 
the appearance of a froth in general indicated 
the presence of a substance lowering the sur- 
face tension. Methyl violet was one of these 
substances. It gave with water a frothy solution ; 
when the solution was separated from the froth, 
with the aid of a big funnel, and a little ether was 

ured into the froth (which in itself looked lighter 
in colour than the solution), the clarified froth 
immediately appeared darker in colour than the 
solution. This and other experiments proved 
that the substance which lowered the surface 
tension became concentrated in the layer sur- 
rounding the particles of the emulsion. The addi- 
tion of acid to the emulsion destroyed this pro- 
tective action again, just as the addition of acid 
to the alkaline water in the Donnan experiment, 
above described, destroyed the oil-thread and made 
the oil rise in drops again. 

Having further elucidated these phenomena by 
means of slides, Professor Donnan drew attention 
to another experiment due to Dr. Patrick, who 
assisted him in the demonstrations. Mercury was 
forced in a very fine spray through the pores of 
wood, and the spray fell down a glass tube into 





which a red dye solution was introduced; the 
spray of very small mercury particles bleached the 
colour. Professor Donnan remarked that he did 
not suggest the de-colorisation of impure solu- 
tions of sugar and other products in this way 
instead of by charcoal. Our readers may remem- 
br a similar experiment: removing the colour 
from solutions by filtering them through fine sand. 
We are not quite sure whether Professor Donnan 
merely desires to intensify this effect of adsorp- 
tion by making use of very fine particles, or 
whether he would suggest some additional electric 
cause for the effect. The energy in the surface 
layer depends upon the product of the area and 
of the surface tension per unit linear dimen- 
sion ; the smaller the drops, the greater would be 
the relative area, and the greater, consequently, 
the diminution of the surface tension. 





NOTES. 
Tue Loox-Out ror SuBMARINES. 

Ir is widely recognised that, with an efficient 
look-out to detect the existence of a submarine in 
the neighbourhood of a ship, effective measures can 
be taken against a successful attack by the tor- 
pedoes of such craft, either by immediate and rapid 
retreat from the vicinity, or, if there is reasonable 

rospect of success, by combating the submarine 
t. It is true that the periscope offers a small 
point of observation, but this only increases the 
importance of a complete and sharp look-out. The 
difficulty is that, with the best of binoculars or 
telescopes, the movement of the ship disturbs the 
constancy of the observation. Even with the arms 
resting on the railof the bridge, or of the gunwale, the 
movement of the ship is a disturbing element. Mr. 
John Gardner, of Fleetwood, the well-known inven- 
tor of the Gardner submarine signalling system, has 
devised a method which promises to overcome this 
difficulty, as he ensures that the observer, comfort- 
ably seated, with his telescope supported on a stand 
in front, can be certain that the telescope or bino- 
cular glasses will always be approximately parallel to 
the surface of the sea, irrespective of the movement 
of the ship. He achieves this end by mounting a 
pedestal securely to the deck, and on this is carried 
the seat, with the table to support the telescope or 
binoculars on a standard, and the seat and table 
are maintained truly horizontal relative to the sea. 
surface by the operation of a gyroscope. More- 
over, the platform, with seat and table, is auto- 
matically rotated slowly from left to right, and vice 
versd, by the utilisation of the power for the gyio- 
— pe so that the observer need only concern him- 
self with keeping a sharp look-out within the field 
covered by the slowly-moving instrument. It 
will thus be seen that, irrespective of the move- 
ment of the ship, due to sea-swell or waves, the 
look-out can scrutinise every ~~ of the sea- 
surface within a radius compassed by the telescope 
in its movement to and fro. 


British InpustRraL Farr. 


This Fair was opened at the Royal Agricultural 
Hall, Islington, on Monday last, the 10th inst., and 
is to remain open till next Friday, the 21st inst. 
It has been organised by the Commercial Intelli- 
gence Branch of the Board of Trade, and contains 
very numerous displays made by British manu- 
facturing firms to the number of about 600. whose 
specialities are the following trades :—Cutlery, 
silver and electro-plate, clock trade, jewellery, 
stationery and printing, fancy goods, glass, earthen- 
ware and china, toys and gamer, in all their variety. 
The whole of the Agricultural Hall, with its gallery 
and annexes, is taken up by the stands, and the dis- 

lay has throughout the appearance of the British 
Bection at any one of the latest international Con- 
tinental exhibitions. The various shows are most 
complete, and fully representative of the different 
classes of trade they cover. They afford most satis- 
factory evidence that British manufacturers in all 
branches of industry are fully alive to the situation 
created by the unfortunate war which has been 
thrust upon the civilised world, and quite ready 
to supply all requirements. The Fair was opened 
without any ceremony whatever, at 10 a.m. on 
Monday last, and even at that early hour the various 
stands were being visited by a large number of 
business men of British and foreign nationality. 
For the help of these latter, a staff of inter- 
preters are in attendance at the Hall, and their 
services are placed at the disposal of foreign 
inquirers on application at the offices of the Com- 


mercial Intelligence Department of the Board of 
Trade, several of which are distributed in diffe- 
rent parts of the building. Two of these offices 
are quite close to the entrance and to a type- 
writing bureau and a writing and reading-room, 
provided for business transactions. Entrance to 
the Fair is by invitations, which have been sent 
by the Board of Trade to wholesale buyers of 
British nationality. Similar invitations have been 
extended in due course to Continental, Canadian, 
and American buyers, many of whom, we are 
informed, have signified their intention to visit the 
Fair. Attention is called to the fact that the 600 
exhibitors are manufacturers exclusively, and not 
wholesale dealers or factors. They are able and 
fully ready to meet the particular needs of any 
market, and business is further facilitated by the 
information which can be obtained to the fullest 
extent on commercial statistics, customs tariffs, 
shipping, and transport, &c., on application to the 
offices of the Commercial Intelligence Branch on 
the spot. A catalogue is handed to each visitor. 
It gives a detailed alphabetical list of the exhi- 
bitors, their address, and their specialities, a list 
of trades, metrical and Russian measures, with 
their British equivalents, and plans of the Fair. 
This catalogue will prove a useful guide to buyers 
after the Fair is closed. 





THE IRON AND STEEL INSTITUTE. 

Tue forty-sixth annual general meeting of the 
Iron and Steel Institute is being held this week in 
the hall of the Institution of Civil Engineers. by 
permission of the Council of the latter body. The 
meeting commenced yesterday morning, the 13th 
inst., at 10.30, and is being continued to-day. In 
the enforced absence of the President, Dr. Adolphe 
Greiner, the Past-President, Dr. Arthur Cooper, 
occupied the chair. 

In his opening remarks, the Chairman stated 
that it had come to the knowledge of the Council 
that an Association of Belgian engineers had recently 
been formed in London. He cordially welcomed 
to the meeting all the Belgian engineers who had 
been able to attend. 


Tue AnnuaL REPORT oF THE CoUNCIL. 


The minutes of the former autumn meeting 
having been agreed to, the Chairman called upon 
the Secretary of the Institute to read the annual 
report of the Council. This opened by stating that, 
since the beginning of the war in August last, 
direct communication with the President, Dr. 
Greiner, had, unfortunately, been impossible ; but 
from time to time news concerning him and his 
family had been received through various channels. 
During the siege of Liége, and from that time 
onwards, Dr. Greiner kad remained at his post, 
continually encouraging with his unfailing spirit 
the members of the staff of the Cockerill Company 
and his workmen, and organising means for alle- 
viating the distress of the large industrial popula- 
tion dependent on the company for employment. 
Notwithstanding the many anxieties through which 
he had passed, the latest news indicated that his 
activities were undiminished, and that he and his 
family were in good health. 

The total membership of the Institute on Dec- 
ember 31, 1914, was stated to be 2086, which 
includes the patron and seven honorary members. 
Among the 2086 members, there were no fewer 
than 632 of foreign nationality, of whom, at the 
outbreak of the war in August, 101 were Germans, 
Austrians, or Hungarians. Since August there 
had been two deaths and nineteen resignations of 
German members, leaving eighty names still on 
the register. The Council had had under con- 
sideration the position of these members, and it 
had been decided to take no active steps for the 
removal of their names from the list of members. 

The report gave the names of members of the 
Institute on active service in the armies of the 
Allied nations. The list contains eighty-three 
names, the report adding that in respect of members 
of Belgian, French, and Russian nationality, it 
was, unfortunately, incomplete, owing to the diffi- 
culty of obtaining the necessary information. 

The Council then offered their congratulations 
to several members of the Institute who have 
received distinctions :— 

Dr. Thomas Kirk Rose, Chemist and Assayer at 
the Royal Mint, and Mr. John Cowan, of Edin- 





burgh, have each had the honour of knighthood 
conferred upon them ; Colonel S. M. Renny has 
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been created Companion of the Order of the Indian 
Empire ; Mr. Charles F. Rand has received the 
Order of Isabela la Catélica and the Grand Cross of 
a Knight Commander of Spain; Dr. J. E. Stead, 
Vice-President, has had conferred upon him the 
honorary degree of Doctor of Science of the Uni- 
versity vf Manchester; Mr. W. R. Lysaght has 
been appointed High Sheriff of Monmouthshire ; 
Mr. W. H. Eilis has been elected Master Cutler of 
Sheffield ; and Mr. C. A. Edwards has been ap- 
pointed to the Chair of Metallurgy and Metallo- 
graphy at the Manchester University. 

he Institute had lost by death during the past 
year thirty-five members, among whom were the 
Right Hon. Lord Merthyr of Senghenydd, Vice 
President ; and three original members, Messrs. 
Joesph Cliff, Lincoln ; Henry Kirk, Workington ; and 
John Parry, London. Among the foreign members 
was Professor Honoré Ponthiére, aged seventy, 
who was Professor of Metallurgy at Louvain Uni- 
versity ; he was shot, together with his son, by 
the enemy at Hastiéres, in South Belgium, on or 
about August 20 last. 


FINANCE. 


The statement of accounts for the year 1914 
showed the total receipts to have amounted to 
63101. 8s., and the expenditure to 5805/. 16s. 1d.; 
there was thus an excess of income over the 
expenditure amounting to 5041. 11s. 11d. 


LIBRARY AND OFFICES. 


Reference was also made in the report to the 
fact that the library had afforded a meeting place 
for many Belgian and French members of the 
Institute who, owing to the war, have become 
temporarily resident in this country, also for mem- 
bers of allied societies and institutes in both 
countries who have found themselves similarly 
circumstanced. Considerable additions had been 
made to the library, and a new catalogue had been 
published. 


APPOINTMENT OF KEPRESENTATIVES. 


The acting President continues to represent 
the Institute on the General Committee of the 
Royal Society for administering the Govern- 
ment Grant for Scientific Investigations. On 
the Board of the National Physical Laboratory 
the representatives of the Institute are Sir 
Hugh Bell, Bart., and Mr. W. H. Ellis. Sir 
Hugh Bell had also continued to act as represen- 
tative on the Board of Governors of the Imperial 
College of Science and Technology. On the Engi- 
neering Standards Committee the Institute is repre- 
sented by Mr. Arthur Ovoper, Mr. George Ains- 
worth, and Mr. Illtyd Williams ; while Mr. Charles 
Dorman and Mr. R. E. E. Spencer have been 
nominated by the Council as members respectively 
of the Engineering Standards Sub-Committee for 
the Standardisation of Galvanised Sheets and the 
Sub-Committee for Special Steels for Motor-Car 
Construction. Mr. [lltyd Williams served as 
representative on the General Engineering Re- 
search Committee of the Institution of Mechanical 
Engineers. Sir William Beardmore, Bart., and 
Mr. George Ainsworth have continued to act as 
representatives of the Institute on the Technical 
Committee of Lloyd’s Register of British and 
Foreign Shipping. Dr. J. E. Stead, F.R.S., repre- 
sents the Institute on the Advisory Committee of 
the Royal School of Mines ; Sir Robert Hadfield 
F.RS., serves as representative of the Institute on 
the Court of the University of Sheffield, and also 
on the Home Consulting Committee of Hong Kong 
University ; and Mr. W. Peter Rylands has been 
appointed to act in a similar capacity on the Court 
of the University of Liverpool. Mr. Arthur 
Cooper, Lord Airedale, Sir Robert Hadfield, and 
Mr. P. C. Gilchrist have continued to serve on the 


Sir William White Memorial Consultative Com- 
mittee. 


INTERNATIONAL Conoress oF MINING, 
Meratiurey, &c. 


On the Organising Committee of the Sixth Inter- 
national Congress of Mining, Metallurgy, Applied 
Mechanics, and Practical Geology the Institute was 
represented by Mr. Arthur Cooper, who acted as 
Chairman of the Committee, by Sir Hugh Bell, 
Bart , who was appointed Honorary Treasurer of 
the Congress, and by Sir Robert Hadfield, F.R.S., 
Mr. George Ainsworth, and Professor Henry Louis. 
When war broke out it became apparent that it 
would be impossible to hold the Congress in 1915, 


foe life without ae | 





as originally intended, and the Committee decided 
in September to suspend the work of organisation 
and to defer the holding of the Congress sine die. 


Ecection or Memsers or Councit. 


In June, 1914, Mr. J. M. Gledhill was elected 
a Vice-President in succession to Mr. Adolphe 
Greiner, on the election of the latter as President 
of the Institute. Mr A. Lamberton and Mr. W. H. 
Hewlett were elected Vice-Presidents in November 
to fill the vacancies created by the death of Lord 
Merthyr and the retirement of Mr. J. M. While. 
On the outbreak of war, Mr. F. Springorum re- 
sigaed his membership of the Institute, thereby 
vacating his seat on the Council. The Institute 
had further to record the deaths, early in the 

resent year, of Mr. Arthur Keen and Mr. Wil- 
iam Evans, Vice-Presidents ; and in succession to 
them, Mr. E. Schneider and Mr. W. H. Ellis had 
been elected Vice-Presidents. In consequence of 
these changes, six vacancies arose on the Council, 
five of which had been filled by the election of Mr. 
Frederick Mills (Ebbw Vale), Professor Henry Le 
Chatelier (Paris), Sir John S. Randles, M.P. (Kes- 
wick), Mr. W. R. Lysaght (Newport), and Mr. 
Gustave Trasenter (Ougrée, Belgium). who took 
the places vacated by Mr. Gledhill, Mr. Lamberton, 
Mr. Hewlett, and Mr. Schneider, elected Vice- 
Presidents, and of Mr. Springorum, resigned. The 
Vice-Presidents and Members of Council whose 
names were announced at the last general meeting 
as being due to retire at the annual meeting were :— 
Vice-Presidents: Dr. J. E. Stead, Mr G. Ains- 
worth, and Mr. J. M. Gledhill. Members of 
Council: Mr. A. Lamberton, Mr. W. H. Hewlett, 
Mr. E. Schneider, Mr. W. H. Ellis, and Mr. C. J. 
Bagley. Mr. Lamberton, Mr. Hewlett, Mr. 
Schneider, and Mr. Ellis having in the meantime 
been elected Vice-Presidents, the list of those 
members due to retire now consisted of Professor 
Henry Le Chatelier, Sir John S. Randles, Mr. W. 
R. Lysaght, Mr. C. J. Bagley, and Mr. J H. 
Darby. No other members having been nominated 
up to one month previous to this meeting, the 
retiring members, subject to the changes specified, 
were presented for re-election. 

At this point the question of the eighty German, 
Austrian, and Hungarian members whose names 
were still on the list was raised by several members 
and was discussed in a preliminary way. It was 
ultimately decided to stay the morning’s proceedings 
earlier than was announced, in order to enable the 
Council to look further into the matter. In the 
meantime a proposal to delete the following words 
from the report of the Council :—‘‘ but it has been 
decided to take no active steps for the removal of 
their names from the list of members,” was put 
before the meeting, seconded, and carried. 


Bessemer MEDAL. 


In the absence of Dr. Greiner, it fell to the 
acting President to hand over the Bessemer Medal 
to Mr. Pierre Martin, the inventor of the steel- 
manufacturing process which is called here the 
open-hearth process. Mr. Martin’s first patent 
was taken out in July, 1865. The actual dis- 
covery was not new, for many metallurgists had 
previously demonstrated the ge of the pro- 
cess, but had failed through lack of means for 
maintaining a sufficiently high temperature in the 
hearth. The difficulty was overcome when Dr. 
Siemens introduced his regenerators. Mr. Martin’s 
first furnace had a 1-ton capacity, and later he 
succeeded in manufacturing steel by his process 
commercially. Several of his steel specimens were 
shown at the Paris Exhibition of 1867. His in- 
vention was one of extreme importance, and it 
had an immense success. His patent was attacked, 
and Mr. Martin, having insufficient means to 
defend his rights, was compelled to retire into 

i the advantages of 

exertions and labour. e basic process, at a 
later da‘e, still further increased the value of Mr. 
Martin’s invention. Dr. Cooper added that M. Paul 
Cambon, the French Ambassador, was to attend 
to receive the medal on behalf of Mr. Martin, but 
had found it impossible to be present owing to 
urgent duties. Mr. de Fleuriau, Attaché to the 
Embassy, was, however, in attendance, in company 
with a captain of the French army, a nephew of Mr. 
Martin, to the former of whom Dr. Cooper handed 
the medal. 

Both thanked the meeting for the honour con- 
ferred upon the nominee, adding that they would 
convey to him an account of the proceedings, and 





stating that many of the shrapnel shells now being 
used with the French guns were of Martin steel 
manufactured in Great Britain. 

A telegram was then read from the Comité des 
Forges de France, sending their good wishes to the 
President of the Institute, thanking the members 
for the honour conferred upon Mr. Martin, and 
communicating the Allies’ hi ceniiens in victory. 

A letter was also read from Sir Hugh Bell re- 
gretting his inability to attend the meeting. 

Note on THe Heatine or aN Open-Heartu 

Furnace By Means or Tar. 


This paper, by Dr. A. Greiner, was then read 
by ee We reproduce it in full on 

e 558. 

r. Cooper regarded this as an addendum to the 
author’s paper of last year (see ENGINEERING, vol. 
xevii., page 644), and said that the meeting would 
not discuss it. On his motion, a hearty vote of 
thanks was accorded to Dr. Greiner, together with 
an acknowledgment of the value of his services 
and hopes for his continued activity. 

Sounp Sreet Incots anp Rats. 

The next ‘pw had the above title, by Sir Robert 
A. Hadfield and Dr. George K. Burgess. It is 
reproduced on page 538 and was read in abstract by 
Sir Robert. 


We shall return to it and to the discussion upon 
it in our next issue. 


Recent ProaRess IN THE Design or Lance 
Biast-Furnace Gas-EnGInEs. 
A meeting was held yesterday afternoon at 
3 o'clock, when Professor H. Hubert, of Liége 
University, read a contribution on ‘t Recent Pro- 


gress in the Design of Large Blast-Furnace Gas- 
Engines.” 





AvusTRALIA’s Trapk.—The High Commissioner for 
Australia states that during 1914 Australia’s trade 
—— and imports) totalled 141,246,252/.; and was 
made up of imports, 73,945,664/., and exports, 67,300, 588/. 
These figures represent a decrease compared with the 
trade of the previous year, due almost entirely to the 
war. At the same time, the trade re ted 28/. 14s. 3d. 
per head of the population of the Commonwealth. 





Beietan Coat Inpustry.—The production of coal in 
Belgium has increased of late, although yet a long way 
below the normal, and it is still proportionately lower 
than the reduction in the number of hands. This is due 
to the less skilled hands, which it has been necessary to 
employ to a considerable extent, and to the circumstance 
that, in many places, they do not work every day, only 
five or four, or even not more than three days, a week. 
The coal mines belonging to the mixed undertakin 
Cockerills, Ougrée-Marihaye, and others—in the Fret 
instance satisfy their own requirements. The mines of 
Louviére and Sars-Longchamps are working, and have 
even lately added a new pit; also the Houssu concern is 
working a new pit. @ most active working takes 
mn in the Charleroi district, where several concerns 

ve joined in one union so as to be better able to over- 
come the difficulties of the railway traffic. The improve- 
ment in the canal traffic may also help to facilitate the 
a of coal, even if only by degrees. The situation 
at Charleroi has been a little less hopeful of late on 
account of a reduction in the domestic demand, and 
stocks are apparently accumulating in the absence of any 
=, and with reduced requirements on the part of 
industry and the railways. At the end of December 
there were about 300,000 tons stocked in the Borinage 
district, but financial difficulties stand in the way of 
greater activity. 





German Surprinc.—In accordance with the decree of 
February 25, the North German Lloyd has been relieved 
from calling the usual annual meeting and producing 
the balance-sheet for last year; the same applies to 
the Hamburg-Bremen Africa line. The Hansa Steam- 
ship Company, also of Bremen, declared a dividend of 
6 per cent., against 20 per cent. for the previous year, 
the surplus having dwindled from 8 790,574 marks in 
1913 to 1,745,646 marks for 1914 ; 2,000,000 marks were 
added to a war cost fund; four new steamers were 
added to the fleet in 1914, and ten were in course of 
construction. A number of their steamers were taken 
by the enemy, but most of their fleet lies in German 
and neutral ports; four steamers have been damaged by 
the English at Antwerp. The company’s vessels were 
insured against war risk. The Hamburg-South America 
Line pexe 4 per cent., against 10 per cent. for the previous 
year. ‘Two new steamers have been added to the fleet in 
1914, and five steamers, mostly cargo-boate, are in course 
of building. One steamer has been taken by an English 
cruiser and one at Antwerp. For two other 
steamers lost the Imperial Government has paid fall 
compensation. The Hamburg-America Line has also 
been relieved by the Senate from issuing a balance-sheet 
for 1914 and calling a general meeting. The reason given by 
the company for this step is the fact that for months the 
company has been more or less cut off from its connections 
and establishments abroad, and the board, therefore, is 
unable to form a correct estimate as regards the questions 
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In view of the regrettable loss of life attending the 
sinking of the Lusitania last week, the accompanying 
illustrations, Figs. 1 and 2, of the Carley life-float 
will prove of interest. The float is unique in many 
respects, and has been well tested in America, where 
it originated, and eleewhere. In fact, it has attained 
a wide degree of success, having been adopted by 
reveral navies, and by large steamship companies. 
Various sizes are made. The float consists of a large 
ellipse of copper tube, of large diameter. The tube is 
water-tight, and is stiffened internally with flanges. 
It contains a number of water-tight bulkheads, spaced 
at from 12 in. to 20 in. intervals. The floats range 
from 3 ft. 6in. by 6 ft. to 9 ft. by 14 ft., the copper 
tubes ranging in diameter from 12 in. in the small 
size to 20 in. in the largest. The tube is covered with 
cork, which protects it, the whole being covered with 
heavy waterproof duck and painted. Suspended from 
this float is a net of rope, forming a sort ot cage pro- 
vided with a floor of oak slats. The floor is small 
enough to pass through the float, to the inside of 
which the net is attached. 

It will thus be evident that, whichever way up the 
float falls into the water, the net and floor will hang 
down clear inside. The whole acts like a large life-buoy, 
with this difference, that the persons accommodated 
have something to stand on. The depth of the net 
is also such that, instead of being supported just 
above the water, in the Carley float the body is raised 
rather higher, and therefore is further out of the wash, 
which is often so trying to ple wearing the usual 
life-belt. This is evident from the view in Fig. 1. 
About half the body is immersed in the water, so that 
the actual ouagerng power of these floats is very 
large. The 9-ft. by 14-ft. size acoommodates sixty- 
seven persons, and the smaller sizes in proportion. 

These floats conform to the requirements specified 
in the reports of Lord Mersey’s Committee on the 
Empress of Ireland disaster. When in the water 
they are always the right side up, no matter how 
they are launched. In fact, they require no launching 
apparatus, and can just be dropped overboard, or the 
will float off the ship as it sinks, and are as serviceable 
in the case of a ship sinking with a heavy list as on 
one going down on an even keel; in this respect they 
have a great advantage over boats served by davits. 
They cannot turn over in a seaway, and persons 
cannot be swept overboard as from a raft. They 
ocoupy very little room com with their capacity, 
and are built in sizes which will nest easily. us & 
nest of floats capable of accommodating 161 persons 
can be arranged on the deck space taken y the 
9-ft. by 14-ft. size. This is accomplished as follows 
—At the bottom is the 9-ft. by 14-ft. float, with inside 
it one 5 ft. by 10 ft. Above is placed one 7 ft. by 
12 ft., with inside it one 3 ft. 9 in. by 6 ft.6in. On 
the top of these is one 5 ft. by 10 ft., and on the to 
of that again one 3 ft. 6 in. by 6 ft. Life-lines fit 
with corks are attached to the outside, and paddles 
are provided by which the floats can be manceuvred 
even in a rough sea, so that their utility in rescuing 
persons in the water after the sinking of a ship is 
very considerable. The agents in this country for the 
Carley float are the Maritime and General Improve- 
ment Company, Limited, Palace Chambers, Bridge- 
street, Westminster, London, 8.W. 





Tue Institute oF Marine Enoineers.—The hon. 
secretary of the Institute of Marine Engineers an- 
nounces that the said Institute has been removed from 
the ises in Romford-road to those on Tower Hill. 
All letters and communications should be addressed 
therefore to the Institute of Marine i 
Minories, Tower Hill, London, E. 


The | Westphal 





THE CARLEY LIFE-FLOAT. 














Fic. 2. 
Contracts. —The Monometer Manufacturing Com- 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 28. 

The Pennsylvania Railroad Company will require 
this year about 160,000 tons of rails, 194 locomotives, 
181 all-steel ger-coaches, and 16,245 freight- 
cars. Several other. systems are in the market for 
varying requirements, including the Rock Island, which 
wants 30, tons of rails. Greatest shipbuilding 
activity continues, with ship-plates very firm, while 

lates for other and less urgent needs are not strong, 

ing frequently shaded. The statement made several 
days ago remains uncontradicted—that the orders for 
shells reach in value 100,000,000 dols., which have 
been distributed among all available concerns. It is 
stated to-day that orders have been placed for eight 
additional ships, but details are wanting. Galvanised 
sheets have again advanced under a heavy demand. 
Inquiries are in hand to-day for large lots of pig-iron 
for export, and large shipments are now being as ae to 
Canada and England. Sool pig-iron demand is much 
better, especially for brands used in tool-making. A 
sharp increase in demand has set in for structural shapes 
in small lots, denoting an enlargement in general con- 
struction. The automobile industry absorbs lar; 
quantities of raw material, and the agricultural imple- 
ment manufacturers are also enlarging their orders. 
Engineering equipment plants are Tonty tting into 
better shape. Emplo capacity is slowly creeping 
——. A feeling of optimism is more apparent in 
all lines of business. Crop reports indicate an 
enlarged area in all sections from which reliable 
reports have been received up to to-day. But it must 
be said again that with all the wonderful activities in 
many lines there is an underlying conservatism which 
it is to account for. 





Coat IN Germany.—Reports from the Rhenish-West- 
phalian coal-mining district state that it has not been 
possible to increase the production of coal to any material 
extent. Extra shifts do not counteract the effect of 
calling up further instalments of skilled hands. Under 
these circumstances, it has caused considerable satisfac- 


‘| tion that the Department for War, after negotiations 


with leading coal-mining circles, has decided to allow a 
fair number of the miners thus called up to return on 
leave for some fixed time, so as to effect an increase in 
the production. This step will, it is stated, be taken 
case: and hopes are expressed that the much- 
d-for increase in the production will then ensue. 
In spite of the rise of prices, which came into —— 
on April 1, there seems to be no falling-off in the demand, 
rather the contrary. advent of warmer weather is 
not expected to make any difference in this respect. The 
large stocks at the Upper Rhine, and altogether in South 
y, are almost exhausted, which circumstance, 
coupled with the uncertainty as to a possible rise in 
prices from September 1, is likely to produce an active 
market during the summer. The increased demand for 
coke, which may now amount to about half the allotment 
figure, is attributed to the continued increase in the 
activity of the iron industry. A number of blast-furnaces 
and o iron industries have recently again been set 
going, which, of course, means a greater demand for coke. 
The negotiations ahout the renewal of the Rhenish- 
ian Coal Syndicate have led to the ac-eptance 
of a draft agreement by the majority of all mines, 





pany, Limited, Aston, Birmingham, state that the have 
received orders from the India-Rubber, Gutta-Percha, 
and Telegraph Works, Silvertown, for tin and hardening 
furnaces ; from the British Insulated and Helsby Cables, 
Limited, Prescot, cable furnaces ; from Messrs. Parsons, 
for Admiralty bearing-metals ; from Messrs. Nestlés and 
——— Condensed Milk Company, Tutbury, for 
solder-melting furnaces ; from the Coventry Premier, 
— and the Acton Metal Company, for aluminium 
‘urnaces. 





Tue South YorksHrre CoaLrigtp.— The sinking 
suction, which have been carried on during the last 
three years by the Rossington Main Colliery Company, 
have resulted in the winning of a fine seam of cos 
7 ft. 6 in. in thickness, at a depth of 880 . It is 
stated that the coal is of excellent quality. The Rossing- 
ton Company was formed by the Sheepbri Coal and 
Iron Company, Limited, and Messrs. John Brown and 
Co., Limited, with a registered capital of 500,000/. Some 
900 acres of land have been leased. The first sod was 
cut on June 10, 1912. Unlike most of the new colliery 
enterprises in the neighbourhood of Doncaster, the sink- 
ing has been almost uninterrupted. There has been no 
serious influx of water from the new red sandstone strata, 
which has in other cases seriously delayed operations. 
Everything, in short, seems to have gone well at Rossing- 
ton. The new colliery will give employment to several 
thousand bands when in full working order. It is well 
situated as far as railway communication is concerned, 
being close to the Great Northern main line, and within 
easy reach of the South Yorkshire Joint line. Rossington 
is about 5 miles south of Doncaster. 





Mo.yspENuM.—At the present time there is an — 
tionally large demand in this country for special s b 
These are much used in connection with armament work, 
and particularly for making machine-tools. They contain 
tungsten, manganese, vanadium, and molybdenum. In 
Germany all stocks of these metals are being comman- 
deered 4 the Government. In the United Kingdom 
molybdenum is at present in so great request that the 
ore is now selling at 540/. per ton. The Imperial Insti- 
tute has given considerable attention for many years past 
to the materials from which these metals are . 
During 1913 more than half of the world’s mo enum 
came from Australia, Fa gael from Queensland and 
New South Wales. But it is widely, —- usual] 
avaringly, distributed throughout most of the Britis 
Empire. It occurs, for instance, in, amongst other _ 
of Empire, South and Western Aust ew 
Zealand, Canada, South Africa, and India. In the 
British Isles it has been met with in the Cornish copper 
and tin mines and in quarries in Leicestershire, and it is 
said to have been worked in Inverness and Cumberland. 
The Imperial Institute communicated some time ago with 
the various producing countries in the Empire with 
reference to the present special opportunities of dis- 

ing of molybdenum, with a view to increasing. the 
Britieh output and encouraging prospectors in likely 
districts not yet worked. As a result of this action 4 
number of communications have been received from 
Canada, both from owners of deposits already being 
worked and of hitherto unmined lands known to contain 
molybdenum. Firms or individuals in this country who 
aré interested in the use of molybdenum can obtain parti- 
culars of these various Canadian es on written 
applicetion to the: D’-ector of the mperial Institute, 
South K 8.W, 
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DEVELOPMENT OF MOTOR DESIGN. 
By Freperick StricKLAND. 
(Continued from page 515.) 

SEVERAL other designs of engines separate from 
the gear-box were e, of which No. 3, Figs. 18 
to 25, was the last. In this the valves are placed 
ride by side and direct driven. In order to make 
& neat pipe arrangement a tube is screwed into the 
branch passage between the two inlet-valves, and 
a ; is cast in the aluminium cover of the 
water-jacket, Fig. 21. The idea is that this avoids 
the necessity of placing the cylinder centres as far 













apart as when the 
aa is brought 

tween them, and 
yet makes a neat pipe 
arrangement, and one 
that keeps the mix- 
ture warm all the 
way to the valves. 
The arrangement of 
the cam and pump- 
shaft centres is as be- 
fore, on the same line 
as the joint in the 
— - case, but a 

igh-tension magneto 
is used ; and in order 
to make this and the 
contact- breaker more 
accessible, it is driven 
through the oil-pump. 
The wheels of the latter are made the same diameter as 
the smaller of the timing-wheels, so that they can be 
cut at the same setting of the -cutter. The lubri- 
cation is on the same general plan, but an attempt has 
been made to cheapen the leads by casting grooves 
in the top of the crank-case to form the oil-leads. 
These grooves are closed and converted into passages 
by the eylinder flange being bolted down cn to them. 
The amount of drilling is thus small. 

In order to cheapen the attachment of the tappet- 
rod guides as much as possible, they are just slipped 
into holes in the erank-chamber with a small 


collar fitting into recess. The cylinder flange’! 


























Fies. 26 to 32. Sineie-Unit Type or Encine anp Gear-Box., 


projects over this and secures them. A si 
used in this engine for both main and cam-s 
—_— 0 bw means one —_ and nut is d 
with in cap. A centri water- is 
vided, driven off the same eats the pm a 
After getting out these designs it appeared that 
it was desirable that the engine and gear-box should 
be made as one unit. By this arrangement it is 
impossible for the gear-box and engine to get out of 
line in the slightest degree ; hence sweeter running 
is secured. The universal joints between the engine 
and gear-box are also dispensed with, and any possi- 
bility of noise and wear avoided. The whole can be 
made more compact, and thus the propeller-shaft 
longer and the dust-screen shorter. Weight is there- 
fore saved and the wear on the universal joint reduced. 
The cost of making # unit of this type is obviously 
less than that of the separate engine and gear-box. 
The machining of the crank-case and -box can be 
done at one setting, which is cheaper than setting them 
up separately. The cost of the universal joints is saved. 
e cost of erecting on the frame is very greatly re- 
duced : firstly, because there is only one piece to erect ; 
secondly, because this does not have to be accurately 
lined up to any other part. The difficulty of making 
a satisfactory arrangement on this plan is that usually 
the crank-case has the inspection-cover at the bottom, 
while the gear-box has it at the top. To avoid this diffi- 
culty, Design 4, Figs. 26 to 32, annexed, was got out. 
This drawing was never quite finished, and a 
many details are omitted. In it the loose door at the 
bottom of the crank-case is entirely dispensed with, 
and the case is cast with no joint, and in one piece 


le cap is 
bear- 
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with the gear-box, which has the usual door at the 
top. The ends of the crank-case have slots in them 
large enough to allow the crank-shaft to be dropped in. 
At the front this slot is closed by the cover of the gear- 
wheels, while at the back a small cover is used to 
close the slot. The top of the crank-case is closed by 
the mono-block cylinder casting. The cam-shaft and 
lay-shaft of the gear-box are on the same centre, and 
the bearings can therefore be machined at the same 
setting. A pin is used to carry the hollow lay-shaft, 
and this is prolonged to form the anchorage of the 
brake-shoes, thus avoiding @ special stud for anchor- 
ing them. The anchorage at the other side is formed 
by the rod on which the parts of the striking-gear slide. 
The cam-shaft, crank-shaft, and magneto-shaft are all 
in « straight line for convenience of machining. 

The arrangement of the gears in the gear-box is much 
as in Figs. 12 to 16 ( 515 ante), and the pedals 
would be carried in the same way on the supporting 
arm, and the external spring be similarly onck The 
clutch is, however, entirely carried on an extension of 
the equare shaft in the -box. Outside this is a 
long sleeve, castellated for the clutch to slide on it, 
am forming part of the main-drive pinion. A large 
bearing at the after-end of the gear-box allows the 
square shaft and main pinion to be withdrawn through 
it. If the swinging links conrecting the pedal and 
clutch are then disconnected, the latter can be 
removed. Both the cam-shaft and magneto-shaft are 
pushed in from the front of the engine and covered by 


one cover, which also carries the starting-handle. 
The tappet-rod mee are, as before, _— in, and 
held down by the cylinder-flange. e lubrication 


system is peculiar in that it provides for an oil-bath 
lubrication of the main bearings. A long trough is 

vided on the near side of the engine, with ducts 
rom it leading to the main i The intention 
is that this should always have some oil in it, thrown 
up by the big ends, which have dippers, and that the 
oll should circulate through the main bearings, owing 
to the slight head, and back to the trough under the 
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big ends. With slight modification this might be 
made a cheap, simple, and satisfactory system. 

Design 5, Figs. 33 to 40, follows generally on 
the lines of Design 4, but has the cam-shaft and 
magneto - shaft raised up somewhat to make the 
magneto more accessible. A water-pump is pro- 
vided, through which the magneto spindle passes. 
In this engine the lubrication scheme is much sim- 
plified, for each main-bearing cap is cast with an 
oil-cup in it, and the crank-case is so shaped that 
the splash will be directed against a projection 
at the top of the oil-cups, which would therefore be 
always kept full. In order that a considerable amount 
of oil may be kept in the crank-case without the 
engine smoking, a diaphragm is placed between the 
cylinders and the crank-case, and a passage of con- 
siderable size is made between the adjacent cylinders, 
so that air will not be drawn through the connecting- 
rod slot in the up-stroke of the piston. 

A further elaboration of this idea is Design 6, 
Figs. 41 to 50, page 557. This differs from the last 
mainly in having a multiple-disc clutch and forced lubri- 
cation. The clutch is made of a specially compact 
type and is so arranged that it can be easily removed. 
In order to do this the square shaft is withdrawn 
from the gear-box and the first pinion slid back. 
The clutch is next unbolted from the fiy-wheel 
and it can then be entirely removed. this 
design the pedals are mon oe | on the change-speed 
gear. This has a “ pick-up” at the outside, and 
therefore the rod to the gear-box does not slide. 
Hence, much the simplest eS carrying the pedals 
is to slip them on this rod. e lubrication in this 
engine is forced, and an attempt has been made to 
simplify and cheapen this as much as possible. In 
order to do this a separate pump is entirely dispensed 
with. The timing-wheel pinion on the end of the 
crank-shaft is enclosed ina casing, which fits close to 


the outside of the teeth, and o— into it is an idle | Officer, Lond 
inion running on a stud. ese 


together and 


orn the pump, Fig. 48. Running along the bottom of 























Fics. 33 ro 40. Stixete-Unir Type with SIMPLIFIED 


Lusricatine System. 


the crank-case are two cored passages, one forming the 
suction from the sump, and the other the delivery to 
the bearings. The es from these to the pump 
are made by grooves cast in the end of the crank-case, 
and all is covered by the front cover, Fig. 41. Any 
leakage past the wheels runs back into the crank-case, 
and the wheels are of such diameter that an ample 
supply of oil should be got even in spite of slight 
leakage. 

This should be considerably cheaper than the 
ordinary system of forced lubrication, for there is 
only one gear - wheel in place of the two of the 
ordinary pump, and therefore also only one seating 
to machine. Also there are no pipes to connect, 
and the only holes to be drilled are vertical ones 
from the top passage to the main a. It ought 
to work well, and there is no possibility of pipes 
becoming disconnected and letting out the oil. A 
suitable relief-valve would be provided in the front 
cover connecting the delivery and suction passages, 
and it would be necessary to provide the usual gauze 
filter. The date of this design is about 1910. 


(To be continued.) 





eens Sat Ex a vy # is nae ey 
upon our rail exports, the aggregate shipments to Apri 
having fallen to 78,462 tons, as compared with 164,277 
tons and 157,507 tons in the corresponding periods of the 
two former years. 





Tue German Zinc Union.—At the last sitting of 
representatives for the German zinc works it was decided 
to maintain the present quotations, as a material rise had 
recently been made. The reduction in the output has 
had a further favourable effect upon the market. 





NationaL GuarD MgcuanicaL TRANSPORT COLUMN. 
—Arrangements are being made for a convoy of vehicles 
to take 500 members of the National Guard to Kempton 
Park on Whit Monday next, and firms who are in a 
position to assist with commercial motor vehicles are 
invited to communicate with Mr. F. G. Bristow, F.C.LS., 
Adjutant, Mechanical STATES Column, City of London 
National Guard, 83, Pall London, 8. W. 


ImpeRIAL COLLEGE OF ScreNcCE AND TECHNOLOGY, 
1915.—The London County Council will be prepared to 
award for the session 1915-16 a limited number of free 
~_— at the Imperial College of Science and Technology, 

th Kensington, S. W. free places will be awarded 
on consideration of the records of the candidates, 
the recommendations of their teachers, the course of 
study which they intend to follow, and generally upon 
their fitness for ad study io Golan on coat to 
industry. i will not be required to und a 
written examination. It is possible that the free plac 
may be ex to two or more years. Application 
forms (T. 2/268) may be obtained from the Education 
County Council Education Offices, Vic- 
-C., and must be returned not 
May 22, 1915. 





on 
toria Embankment, 
later than Saturday, 
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Fies, 41 to 50. Sinere-Unit Types wits Piate-Ciutcs. 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information on these see ag 
can be obtained from the Commercial 7 ranch, 
Board of Trade, 73, Basinghall-street, London, E.O. 

Egypt: The ie Journal Officiel notifies that 
tenders are invited for the supply and erection of a swing 
bridge, required in connection with the Central Gharbia 
drainage scheme. Copies of the drawings, specifications, 
&c., may be consulted at the offices of the I tor 
Central Gharbia Drainage Projects, Ministry of Public 
Works, Cairo, where also tenders wiil be received up to 
noon on June 19. 

British India: The Secretary of State for India in 
Council invites tenders for the supply of (1) locomotives, 
(2) carriages, and (3) wheels and axles. The conditions of 
contract may be obtained on i to the Director- 
General of Stores, India Office, Whitehall, London, S.W.., 
and tenders are to be delivered at that office by 2 p.m. on 
May 26. 

i : = Sento Gaagtaies od ——_ 
reports that tenders, on the proper forms, wi 
received by the Victorian Railway Commissioners, 
Spencer-street, Melbourne, as follow :—(1) Upto lla.m. 


om June 30, for the supply and delivery of one 13-in. by 


centre lathe, for turning or gri 
traction armatures. (Contract No. 
ll a.m. on June 30, for the supply and delivery 

9-kw. motor generator and accessories for battery 
charging. (Contract No. 28,760.) (3) Up to 11a.m. on 
Jane 30, for the supply and delivery of four electric 
motors and accessories. (Contract No. 28,771.) (4) Up to 
11 a m. on July 14, for the supply and delivery of 100,000 
yards of tarpaulin canvas for truck covers. (Contract 


commutators of 
737.) (2) Up to 
of one 


| 


No. 28,722.) (5) Up to 11 a.m. on September 15, for the 
eg Png delivery of a 7-ton crane locomotive engine 
(5-ft. 3-in. gauge), together with one set of working draw- 
ings. (Contract No. 28,391.) Tenders must be accom- 
panied by a preliminary deposit of 
amount of the tender in the case of (1), (2), (4), and (5), 
and of 1/. in the case of (3). Local representation is 
necessary. 





| second section of the railway between Vii 


River Tamega. 
174,592 coonkes (about 26, 200/. at current rate of exchange). 


| 


Communications, for the construction, maintenance, and 
working of the undertakings 
|of water to Athens, Pirzeus, and their suburbs by usi 
| the springs at Stymphalie or Medas. and (2) the 
of a distributing system in Athens, Pirzeus, and 
Phaleron for water su 
| at Athens now repor 


tenders has been postponed until August 31/Se - 


ber 13. The estimated value of the contract is 56,000,000 


drachmae (2,240,000/.). 
the my oy & 


ll am. on thea 

yment of a provisional d it of 500,000 drachmae 

(004 to the Caisse Cen d@’Etat or the National 
k of Greece must accompany each tender. 

Cuba : The Gaceta Oficial, Havana, announces that the 
following persons have been 
| electric power and lighting tin Cuba :—Sefior 
| Cabrera, at Fomento, Province of Santa Clara 
Francisco Frias, at Niquero, Province of Oriente ; 


Sealed tenders will be received 


| 


4 per cent. of the 


Portugal: The Diario do Governo, Lisbon, publishes a 
notice approving a project for the construction of the 
and Chaves 
—viz., from Moure to Chaves, by the left bank of the 
The cost of this section is estimated at 


Greece: With reference to a call for tenders by the 
Greek Ministries of the Interior, of Finances, and of 


for (1) the supply 
] m= 
ayin 
d H.M d Non 
pply and sanitation, H.M. Minister | 
te that the date for the receipt of 


of Communications, Athens, up to 
ve-mentioned date. A receipt for the 


ted permission to instal 
Benito 


; Sefior 
Sefiores 


José F. Prieto and José Lores, at Real Campifia, Pro- 
vince of Santa Clara, and also at in the 
Municipal District of Rodas. In each case the conces- 
sion will be rescinded if the plant is not in working order 
within a year from the date of the concession. 

Chile: With referen:e to a loan of 200,000/. for public 
works at Antofagasta, H.M. Consul at that place states, 
in his report on the trade of the Antofagasta district in 
1914, which will shortly be issued, that the loan was duly 
offered by the nS Antofagasta on Govern- 
ment guarantee and was taken up by a British firm. Up 
(136,000) are being called for} parties. likely tre 

-) are or; parties y to 
ae are nearly all Chilean firms. The remainder 
of the loan is to be devoted to the following works :— 
30,0001. for the erection of a market place 

40001. 


Pp 
the construction of a road to the sporting ; 

for improvements in Mejillones; 80001. for rubbish 
incinerators ; and 2000/. for the erection of public baths. 





Tue TRAINING OF APPRENTICENS.—We have received 
from Mesers. Ruston, Proctor and Co., Limited, Lincoln, 
a copy of a pamphlet setting forth the terms on which 
they take premium apprentices, and the character of the 
training given. Their course generally extends over four 
years, and the premium required is 50/. perannum. The 
pupils work under the guidance of a supervisor of 
apprentices, who sees that they are passed on from de- 
partment to department in due couree. Facilities are 
afforded the pupil for attendance one day a week duri 
the winter at a special course at the Lincoln Technical 
School. The firm employ in normal times 5000 han 
and the works occupy 100 acres. The large foreign 
colonial trade conducted provides many openings for 
pupils who have conducted themselves satisfactorily 
during their term of apprenticeship, 





| 
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NOTE ON THE HEATING OF AN OPEN- 
HEARTH FURNACE BY MEANS OF TAR.* 


By A. Greiner, D.Sc. (President). 


or pro- 
was ing the un- 
happy circumstances—such as those from w! we are 
all suffering at the present moment—which would compel 
the Cockerill Company to face the solution of a fresh 
problem of this nature. After the total stoppage of the 
works entailed by the foreign occupation, and once the 
tion 


preliminary period of had it 
appeared to us that we had ° ee duty before us— 
that of helping the working population around us 


to the utmost extent of our power to earn its livelihood, 
For this reason I decided at-once to undertake the manu- 
facture of a portion of the orders we carried on our books, 
so far as circumstances would allow. 

The steel works were thus compelled to contemplate the 
necessity of relighting an open-hearth furnace. Our 
reserves of gas-coal had been speedily exhausted ; the 


pony | battery of coke-ovens which was working was unable 
to furnish us with gas, of which it was i in pressing 
need; the importation of British coal was im i 


and, as a matter of fact, we felt the need freeing 
ourselves from the long-established dependence of the 
works upon foreign countries as regards the supply of 
gas-coal. ‘I‘here remained, as our sole resource, the tar 
trom the coke-ovens, 

I had quoted last year some figures relating to the use 
of this fuel at the Gary works in the United States ; that 
which others had su in doing we likewise wished 
todo. Indeed, even as far back as last summer, experi- 
ments had been undertaken for heating by tar the little 
12-ton furnace kept for our experiments, which had 


already been modified for the purpose of utilising coke- | 7 


oven gas. With this furnace the members of In 
stitute are already familiar.t These earlier experiments 
were carried out by employing injectors of a very rough 
kind, which were led in, one at each end of the furnace, 
in the axis of the port of delivery of the coke-oven gas. 
An t of this description allowed us, in the 
eventof delay or stoppage, to have recourse, without loss 
of time, to theolder form of fuel, which always remained 
available. Indeed, asa matter fact, during this experi- 
mental period, I am compelled to admit that the incon- 
veniences arising from the use of tar were numerous, and 
we obly succeeded in finishing a few of the charges com- 
men with this fuel without being com to fall 
back on the earlier method of heating. much was 
this so that when we found ourselves brought to a stand- 
still for want of the coal which might have been used 
to feed some other furnace, the problem was a long way 
from having been solved. Nevertheless, the stimulus 
of need, ad to the satisfaction that we promised our- 
selves at baing able to do without foreign coal, decided us 
to employ this mode of heating, by hook or by crook. It 
is nob my intention to describe here the details of an 
installation so often modified, and still less the succession 
of set-backs which neither rebuffed nor discouraged the 
engineer, Mr. Bourgy, who was in charge of the open- 
hearth furnace. I will confine myself to saying that not 
a single charge was lost. On the contrary, experience, 
even when unhappy, being a fruitful lesson, we arrived 
by successive mudifications at furnishing this experi- 
mental furnace with sufficiently reliable appliances which 
have enabled me to-day to ed before you a few figures 
resulting from practice that become traly commercial. 
These results relate to a campaign of ten weeks’ work, 
from Januiry 10 to March 20, 1915, undertaken in the 
furnace after repairs, and during which, apart from the 
intervention of Sunday, the only stop; of work 
resulted from a delay in the deliveries of fuel (a detail 
which it is not always possible to control). Owing to 
various circumstances the furnace was stopped at the end 
of ten weeks, after having produced, in 215 charges, a 
total of 1986 tons of steel of varying composition. 

In the present arr » the tar is delivered to the 
sprayers (one only in each burner) with a regular feed and 
under a uniform pressure of half an atmosphere. It is 
sprayed by means of air compressed at about three atmo- 
spheres. The hot air of combustion is admitted above 

e injector through the existing port, inclined atan angle 
of 45 a. The average consumption of tar throughout 
the whole campaign has been 133 kg. (293 Ib.) per ton of 
steel. including in this figure the amounts required for 
lighting up and for heating during >= On the 
other hand, with an uninterrupted ru average falls 
to 115 kg. (253 Ib.) per ton of steel. average weight 
of the ch rges had to be diminisbed in order to avoid any 
deflection of the jet of flame issuing from the pulveriser 
towards the crown of the furnace. Nev several 
charges of 15 tons have been worked successfully without 
any other inconvenience than a rtionately longer 
fate wap bem The proportion of pig-iron found necessary 


in the re pooetyet hy dang | 

I may add that, after these 215 u the furnace is 

still in an excellent working condition. roof appears 

even less damaged than after a similar campaign with 
gas; only the chambers became encrusted 


coke-oven ' 
The bricks of the checker-work became covered with a 
carbonaceous su and it will be necessary to 
devise some means of remedying this inconvenience. 

I wish to add that, xs a sequel to the satisfactory 
results we are obtaining, we have built a new furnace of 





\ Sapee ane before the Iron and Steel Institute, 
Thursday, May 13. 1915. 

+ Journal of the Iron and Sseul Institute, 1913, NoITI., 
page 93. 





prod ith cok after ; Fiat Seosion 
ucer-gas ; wi e-oven a i 
pant ond of ta bane ; and, finally, when 
using tar, and without any further modification the 
addition of the pulverisers :— 

















Prod Le ove ae | 2 
woe jucer- | Oven 
+ Hot Air. | + Hot Air. | + Hot Air. 
Tonnage produced dur 
paign 2624 T. 3516 T. 1986.5 T 
yao age age 89 T. | 488. 38 T. 
vnge roportion 
s pig: Fen per charge .. an cent. is per cent. b per cent. 
Fuel consum: ion per) ” 300 kg. 1280 cub. m.*| 115 Ks 
of . } { (660 Ib.) ((9800cub.ft.)| (253 Ib.) 
Cost of heating per) 8.40fr. | 4.20 fr. 4.60 fr. 
ton of steelt.. { (6s. 94.) (88. 4d.) | (88. 8d.) 
* This figur is difficult to devermine accurately. 
t based on the follo :—1 ton juding 
cost of gasification, coste 28 ta 2s.). 1 cubic metre of coke- 


oven gas costs 1.5 centimes(0.15d.). 1 ton of tar costs 40 fr. (1/. 12s.). 





CATALOGUES. 

Wire Ropes.—A catalogue giving dimensions, weights, 
breaking loads, and other data of wire ropes, which they 
manufacture for all purposes, has come to hand from 

essrs. Cradock and Co., Limited, of Wakefield. 
The catalogue includes round wire and locked-coil ropes, 
crane ropes, special non-rotating ropes, oil-well ropes, 
ropes for aeronautical work, &c. Illustrations of suspen- 
sion-bridges and wire ropeways constructed by the firm 
are also included. 


Electrical Machinery for Mines.—The latest publica- 
tion from the General Electric Company, Limited, of 67, 
Queen Victoria-atreet, E.C., is a letin relating to 
collieryand mining machinery. The first section of the 
bulletin is devoted to gen considerations concerning 
the selection, installation, and arrangement of generating 
and transforming plant for collieries, while later sections 
deal with woenen | meme and sub-stations, motor driven 
plant for winding, hauling, &c., switch-gear and instru- 
ments, cables, telephones, and lighting accessories. The 
bulletin is profusely illustrated, and contains much usefu] 
information for colliery managers and electrical engineers’ 


Mechanical Stokers. — We have received from the 
National Stoker Company, of Oovington, Virginia, 
U.S.A., & catalogue illustrating and describing the Crowe 
mechanical stoker, and illustrating its application to 
many different types of boilers. These stokers are of the 
chain-grate type, and consist of endless chains carrying 
transverse fire-bars, to which fuel is supplied from a 
hopper in front of the furnace. chains are driven 
through worm-gearing Vv a small steam-engine with an 
oscillating cylinder. umerous installations are illus- 
trated, and a number of testimonial letters from users 
are reproduced ; results of trials are also given. 


Electric Hand-Lamps.—We have received from the 
Fuller Accumulator Company, Limited, of Woodland 
Works, Wick-lang, Bow, E., a circular giving particulars 
of a new design of electric hand-lam ey supply. 
These lamps, which are sold under le name 
‘* Presto,” consist of a nickel-plated parabolic reflector, 
fitted with a be py lens, and mounted on a swivel 
bracket, vided with a handle for carrying. Inside the 
reflector is mounted a high-efficiency metal- ent lamp, 
which bout half an am -“ = 
con 


uires a current of al pere, 

by a switch at the back of the reflector. 
apparatus, which weighs only 5 oz., is intended to be 
changed to the terminals of an ordinary dry-cell or two- 
volt accumulator, thus formi an inexpensive and 
efficient hand-lamp, which can easily be carried from 
place to place. The circular states prices for the lamp 
nm ange and also for dry cells, accumulators, and spare 

ps. 


Water-Tight Door Indicators.—From Messrs. Siemens 
Brothers and Co., Limited, of Woolwich, S.E., we have 
received a circular illustrating their electrical indicator 
for use in connection with water-tight doors on steamers. 
The indicator consists of a teak case having an enamelled 
front, on which is drawn a plan of the decks, showing the 
water-tight bulkheads. © positions of the doors are 
indicated on tha plan by small circular windows fitted 
with ruby glass. Electric lamps situated behind the 
windows are controlled by ial switches operated by 
the doors when closing, so the windows are illumi- 
nated when the doors areclosed. Two lamps are employed 
at each window in case one should fail, and an extra 
window, illuminated by a lamp supplied by the same 
circuit as hodesvouthemen, isalso provided to show when 
the current is on. The switches operated by the doors 
are contained in, water-tight cases, and are 
constructed. The whole a; 
with the regulations of the 
at Sea. 


wnd are very strong] 
tus is said to comply full 
vention for Safety of Life 


Electrical Machinery.— Among the recent publications 
of the British Thomson-Houston Company, Limited, of 
Rugby, isa descriptive list relating to their type “‘ D. R.” 
continuous-current generators, which are made in the 
protected and enclosed-ventilated types. The construc- 





tion of these machines is fully described, and i i 


dimensions 
and shipping particulars are given of the four frame 
sizes A price- ti rent 








volts, and with capacities of from 1 to 39 horse-power. 
The prices stated are for shunt machines, but they can 
also be supplied with compound or series windings. Two 
other price-lists issued by the firm deal respectively with 
alternating-current brake-magnets and lightning t 
of the multi-gap type, with graded shunt resistances, 
for use on al t circuits. The former are 
intended for use on 25 to 50-cycle circuits at pressures 
up to 600 volts, and are suitable for operating mechanical 
ied in Gif po dang ne sable of ne 
su in differen sizes, ca exerti 
pulls of from 25 Ib. to 150 Ib., the ae tae 2 in. in 


all cases. 
received from the Premier 





a i an er - 
and Engineering pany, Limited, of Broadway- 
court, Broadway, Westminster, S.W., a catalogue giving 
— of their dry-air filters 4 use bese turbo- 
air-compressors, ventilating ts, &e. 
Theee filters consist of a number of cloth bags drawn over 
light frames carried by a wooden framework, and kept 
taut by means of springs. Their construction is illus- 
trated and fully described in the catalogue, and several 
installations are also illustrated. The standard filters are 
designed to work with an initial pressure resistance of 
1 mm. water-gauge actoss the cloth when new ; but when 
space is yt moe ga . + of 3 mm. water- 
uge may ‘or. © resistance, of course, 
Seotman as the cloth becomes dirty, rising to about 
18 mm. to 20 mm. after six to ten weeks’ work. The 
cloths are then cleaned by a vacuum cleaner, or any 
other means which will not cause the cloth to shrink. 
A differential gange, reading accurately to 0.25 mm., is 
provided to enable the pressure drop to be seen at a 
lance. The catalogue gives general particulars of plants 
ving capacities ranging from 4000 cub. ft. to 70,000 
cub, ft. per minute, but smaller i—_ suitable for use 
with Fn nae ted motors and small air-compressors 
ee —— Rt also Fm ived = the same 
a pamphle ting to air-filters of the water- 
type, which they also manufacture. ‘ected 


Air- yt i ey Th have received from Messrs. Isaac 
Storey and Sons, Limited, of Empress Foundry, Corn- 
brook, Manchester, a copy of their latest catalogue, which 
gives very full _—_ ars of Scotts’ patent air-com- 
pressors, of which they are the sole manufacturers. We 
illustrated and descri these compressors in our issue 
of February 20, 1914, on page 252, so that we need not 
deal with their construction here. We may, however, 
remind our readers that their most important feature is 
the type of valve adopted, which takes the form of a 
plate with a large number of counterbored holes, each 
containing a steel ball. The balls are kept in place by 
another perforated plate, so arranged that the metal 
between the perforations comes over the holes in the 
lower plate containing the balls. It is justly claimed that 
these valves are highly efficient, reliable and durable, 
and that they have the additional advantage of requiri 
no operating mechanism. The catalogue illustrates an 
describes the construction of the compressors, and calls 
attention to many other special features. It also gives 
a. dimensions, prices, shipping particulars, and 
other data relating to all the different types and sizes 
made ; Scotts’ control system for air-compressors is also 
dealt with. The book is well printed and illustrated, and 
apf ~ 
ly requi y com -air users, who wi 
— appreciate the care bestowed upon its com- 
ion. 





Tue American Cyanamip Company, Nracara FALts, 
OnTarI0.— From a paper read by W. S. Landis before the 
Philadelphia Section of the American Chemical Society, 
in March, on ‘The Fixation of ae Nitrogen,” 
we see that this com , with which Mr. Landis is con- 
nected as chief nologist, started in 1909, with an 
annual output of 12,000 tons of cyanamid, and that last 
year’s output amounted to 64,000 tons. The plant com- 
prises twelve lime-kilns, eight three-phase electric calcium- 
carbide furnaces, each with three carbon rods for 20 tons of 
carbide and 3000 horse-power each, a gas plant sufficiently 
large to serve a town of 25,000 inhabitants, one of the 
largest liquid-air _— in existence, ammonia refrigera- 
tion plant, &c. nitrogen for converting the carbide 
into cyanamid was first obtained by passing air over glow- 
—— r, the resulting im po oxide being subsequently 

again by natural gas. When the supply of 
natural gas ae out the gas 
last year a de _—— 
of the cyanamid is utilised as fertiliser under the name 
of lime nitrogen (kalkstickstoff, or nitrolvin). Some 
cyanamid is converted into ammonia by decomposition 
with water under high ure, and the ammonia is 
absorbed by sulphuric acid or by phosphoric acid ; the 
new “ammophos” so obtai is ® very valuable ferti- 
liser. The preparation of other products—nitric acid, 
creatin, cyanide, &c.—is so far on the laboratory scale. 
It was mentioned that the grinding of the cyanamid had 


Y | never led to any explosion ; as the amide always contains 


some unconverted carbide, the generation of acetylene 
must be feared. Itis rather striking that Mr. Landis con- 
sidered the production of cyanamid as more economical 
than the direct oxidation of the atmospheric nitrogen 
into nitric acid by arc-furnaces, because the former 

requires only a fifth of the electric power of the 
latter, water-power being generally expensive and scarce 
in America, 
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, “ iven in the Specification D inge is stated 
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ELECTRICAL APPARATUS. 


9168/14. Societe Anonyme le Carbone, Levallois 
Perret, France, and kk. Gindre, Paris, France. 
o Brushes. (37 Figs.) April 16, 1914.—This inven- 
tion relates to the attachment of electrical conductors to dynamo 
brushes or the like, and has reference to attachments of the kind 
in which the brush or the like is recessed or countersunk to 
a metal-bound portion of the conductor in the 

form of an eye, through which and through a hole in the brush 
e like is passed a vubular pin or rivet, the ends of which are 
expanded so as to present a retaining flange or zone of metal. 
The formation of the metal-bound eye of the conductor is in 
some cases effected by folding a suitably-shaped and recessed 
blank of metal upon a portion of the conductor ; also in some 
forms of attachment a perf: metal clip or saddle-piece is 
provided to clamp over the top of the brush and be secured 
thereto by the tubular pin or rivet, the conductor being also 
embraced at its end by the clip or saddle-piece, and passing out 
from beneath the same through a perforation therein. The com- 
bination of parts, aecording to the present invention, consists of 
the carbon brush or the like, an electrical conductor, a sheet of 
metal so shaped and folded upon one part or one end of the con- 
ductor as to encase the or end whilst presenting an eye for 


the passage of a pin or rivet, a saddle-piece or knee-piece ted 
to fit upon 


the carbon brush and enclose the metal-bound eye of 





and a tubular pin or rivet, the ends of which are ye to 
present a retaining flange, the recessed or countersun 
rush b ing grooved or channelled in certain 


saddle-piece or knee-piece without becoming chafed, or the 
saddle-piece or knee-piece being itself perforated, rounded off, 
or bent back, at the part where the conductor passes out from 
beneath it, or both formations being adopted. The metal sheet A 
comprises a central ion and two portions so 

and perforated that when a stranded uctor A! is ied 
through the two holes a, a, and the intermediate portion of the 
conductor is spread out upon the central my ny and thereupon 
enclosed by folding and pressing upon it two wing porti 

the metal-bound conductor represented by Fig. 2 te. Fig. 3 
shows a form of metal saddle-piece B. Fig. 4 shows the top end 
of a carbon brush O, and grooved to accommodate 
metal-bound conductor and one of the saddle-pieces, and 5 
shows the parts assembled and secured by a tubular rivet D. 
carbon brush C is formed with channels c, c, and the saddle- 
piece B is slightly distended or expanded, as shown in Fig. 8, or 
provided with rolled edges, so that the 
or chafed by sharp edges in a ge out from beneath the saddle- 
piece. By cnaieving a tubular rivet of considerable thickness, 
sufficient metal is available to enable a large flange to be formed 
by expanding the end in a chasing lathe, thus ensuring that the 
hole in the saddle-piece is —s to a substantial extent, so 
as to ensure a good and 


lectrical attachmen 
(Sealed March 18, i915.) sat - ‘ 
194/14. E. Wilson, London. Wireless Telegraphy. 
(6 Figs.) oe 9 3, 1914.—This invention relates to the treat- 
ment of iron 


other magnetic materials for the purpose of 
varying their magnetic properties, either with a view to their 
general improvement in magnetic properties or to an improve- 
ment in particular respects—for 
icular densities of magnetisation P 
or which the material is to serve. The patentee has found that 
a piece ned py mw wherever aes a iron is used it may be 
f lud gneti m alloys and other magnetic 
materials), if enclosed in a magnetic shield which protects it from 
emer yey by the earth’s flux, can, by demagnetisation, be 
rought to a condition of greater sensitiveness to small magne- 
tising forces than is ble by any ordinary demagnetising 
Process carried out without the use of a shield. In ite simplest 
application the invention consists in enclosing the iron cores 
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(19) 
of instruments or apparatus which depend u the induc- 
tance or transformer effect of a wound cere within a@ magnetic 


shield, so as to shield them completely from the earth’ 
field, and further in reli then” oe an etisation 
ppd a may aay — — the shield. The draw- 

a well-known form of magnetic detector com- 
poling ® band 1 of iron which is continuously rotated by 
sy ~ a3 —_ means ¥~ two roll and at a part 

jen, surrounde: an insula ‘ 

w is a coll 4 inserted in the ~~ § yh — 


receiving circuit of a wireless-te y set. Outside the 
coil 4 is a bobbin i 
pay : Ang yo EHF 


of the recei 
ing the core slightly 





ponptence of 4 Conates sin 


conductor will not be cut | be 


material is very much more sensitive to other 
condition is thus 


cycle imposed upon it by the magnets 6 if it f 
flux whatever except that of these magnets. To 
in accordance with the invention, a portion of the core sur- 
rounded by the coils 4 and 5, and acted upon by the magnets 
6, is enclosed within a stout iron ae which may con- 
veniently be built up from stampings soft iron, but ma 
also be made of solid soft iron. It is, however, not en 

to introduce the active portion of the coil 1 into this 


es 


ice in entering it would retain some, at any rate, of 
magnetism imposed upon it by the earth’s field; It is therefore 
necessary to provide at the point where the core enters the 
casing means for completely depriv it of any ti 
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it 
retains. The means shown consist of a div: g spool 8, the coils 
of which an alternating current. By this means the core is 
subjected as it enters the casing to an alternating excitation 
which dim as it proceeds, leaving the core practically 
without flux at the moment when it enters the 


(3 Figs.) January 10, 1914.—This invention relates to internal- 
combustion engines of the two-stroke-cycle type. Heretofore 
it has been the general practice to drive the magneto in such 
engines by chains, spur or other , which is inconvenient 
in practice and expensive to man . It has, however, been 
Pp d to mount the armature of a magneto upon an extension 
of the crank-shaft, but such constructions have had the disadvan- 
tage that the conventional ——- of magneto with its spindle 
provided with a ta end could not be employed, and a special 
“= or mounting of the armature would be required. 
it the object of the present invention to overcome these 
defects, and to provide a simple and reliable magneto drive 
adapted to the standard or conventional forms of magneto, 
in accordance therewith the conventional tapered end of the 
armature spindle of the magneto is attached to one member of a 
coupling, of which the other member is carried by the crank- 





the | shaft of the engine with which the armature spindle is in align- 


ment, and by which it is directly driven h 
In carrying this invention into practice, as illustrated in the 
drawings, the magneto A is ted upon a bracket B, 
cast integral with the side C of the crank-case, the magneto 
ing disposed with ite armature shaft D in alignment with 
the crank-shaft.E. The end of the armature spindle is drilled 
and tapped, and to this is secured a small crank F, this crank 
being connected part F2, projecting from the fly-wheel 
F3, and being provided with an internally-tapered gripping part 
F4 which engages with the as y er extremity of 
the armature spindle. The magneto drive, it will be seen, is 
therefore direct as the F2 rotates with the fiy-wheel, and 
carries round with it the crank F and armature spindle. By 
the crank-case side © relatively to the crank-case C! b 
a slight rot a, > ny ~~ y— that — aa - 
magnets may moved relatively to t armature, - 
tioned for a few ‘ees as desired, in order to advance or retard 
the ignition. ( March 25, 1915.) 


1 he 4 7 Motor-Car Somoeny. Limited, 


urray, mbustion 
es. (3 Figs.) January 28, 1914.—This invention relates 
to two-stroke-cycle internal-combustion engines of the pump-fed 


the coupling. 








type, and has for its object to provide a six-cylindsr engine of 
two-stroke cycle in which three of the cylinders are workin 

cy three pump-cy in which the rotational 
balance is practically complete, and in which, while a vacuum 
adequate for the effective induction of the charge is obtained in 








i 


rtain 
at Oe 3 —— the inlet-port is 
m considerably smaller 
SOG pra 
cylinder wer, it may be necessary 
olume less than that of the other pump- 


of opera- 
tion of the magnets 6 and of the coil 4. (Sealed March 25, 1915.) | cylinders. (Sealed March 25, 1916.) 
GAS-ENGINES, PRODUCERS, HOLDERS &c. GUNS AND EXPLOSIVES. 
722/14. Butter Limi and W. H. Butter- estley Richards and Limited, and 
bustion Engines. | 1. Magazine Small Arms. 


B. or, Birm: \° 

igs.) Ls 18, ge pany a ag arms 
pro th magazines of the type having a spring - p 
platform on which the column of cartridges aarget into the 

ine rest, the platform serving to raise the cartridges into 

pollian se that they may be fed successively into the 
or firing-chamber as the bolt is closed—that is to say, when 
bolt is moved forward to close the breech, and having a pair cf 
inwardly-projecting spring-lips or tongues for retaining the cart- 
ridges in the magazine w! the sliding bolt is drawn back for 
ppening the breech. The invention consists in :providing for a 
limi vertical motion of the cartridge-retaining or tongues 
in addition to their usual horizontal motion, so aso permit the 


and | uppermost cartridge in the magazine to be raised into a 
une than is 


— 

usual, and ae into a more direct line 

with the firing or cartridge.chaniber of the barrel. a is the body 

or shoe of the small arm, and } is the opening therein, below 

which the —— (not shown) is fitted. c, care the lever-like 
arms, piv one on each side of the body a, and so 

that their forward ends, which are provided with inwardly- 

pro: g lips or tongues c!, cl, are in advance of the charger- 

a! or front end or face of the bolt d when the bolt is in 

te rearward The lips or tongues c!, cl are accom- 

modated in, and work across, cut-away or recesses a®, a? in 


the bolt-way, the lips or tongues projecting beyond the inner 
presented edges 


Fig.1. 


of the boliway, so as to overlap to a con- 
a’ 


























siderable extent the part of the cartridges in the ine over 
which they are situated. ¢,¢ are the cy by which the lever 
arms c,¢ are attached to the body of the small arm, so that 
they may be capable of motion both in a horizontal plane 
or imately zontal plane, and vertical pO pe 
vertieal plane. It will be that the ve or rocking 
motion of the arms c is obtained by making the pivot-pin ¢ 
slightly taper, the hole in the arm through which the pin ¢ passes 
being cylindrical, sufficient play being thereby obtained to permit 
of the requisite vertical or rocking motion of the arms and or 
tongues c!,cl at the front end thereof. upper faces of the 
tongues cl, cl are normally flush, or appocnienstety Gath, with the 
upper faces or edges of the bolt-way; but under action of the 
upward pressure of the cartridge, they are raised, while when 
the bolt ——— forward for closing the breech they are de- 
ae rare simultaneously turned outwards on the ome ¢,a8 
ndicated in dotted lines in Fig. 2, against the action of 8 
J, J bearing on the short arms of the levers. The levers remain in 
their and outwardly-turned positions while the bolt is 
closed, but immediately return to the position 

Fig. 2 under the action of the « f, as B00D as 
rearward motion bas passed from over the _—— tongues cl, cl, 
and the cartridges are securely retained in magazine by the 
overhanging lips or tongues. lifting of the ton or lips 
cl, cl when the bolt is withdrawn permite the car or cart- 
ridges in the magazine to rise slightly under the action of the 
, the top cartridge being thereby t into a 
position for the engagement therewith of the bolt when 
advanced for as the cartridge into the firing-chamber. 
(Sealed March 25, 1915.) 


MOTOR ROAD VEHICLES. 


9162/14. H. 8. Yo A. T. Best and R. H. Rich- 
are We pn tor-Cycle Driving 
ty yh , 


-Chains. 
914.—This invention relates to driving-chains, 

nery, but has been more 

for motor-cycles. The ob; 


sented in 
bolt in its 


to driving-chains for various kinds of machi- 
ly designed for driving-chairs 
of the invention is to provide an 





improved chain of the kind wherein spring means are provide 
to give a certain amount of elasticity, which is particularly 

rable in motor-cycle work in order to absorb the shocks due 
to the firing of the engine. According to this invention, com- 
pression springs are d between abutments carried by 
extensions formed upon the outer or upper side of certain links 
in such a way that when the chain is permitted to slacken at all 








ENGINEERING. 
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the 
the said plates, and shorten the effective unstressed length 
chain. ide-rods may have any convenient form of 
vent ti from bein withdrawn from the abutment- 
lates, but are of sufficient to permit the chain to take 
The curvature of the chain-wheel or like. Where a al link is 
employed for — the ends of the chain, one of such heads 
for that particular link may preferably be a detachable nut 
screwed upon the rod for easy detachment. (Sealed April 20, 
1915.) “ 
22, 14. The Wolseley Tool and Motor-Car Com- 
pany, Limited, and A. A. Remington, Birmingham. 
hange-S: (3 Figs.) Jan 2, 1914.— 


This invention relates to the type of mechanism in which change- 
gear of a motor road vehicle is carried by a bore pe a 

rust member which is rigid witha transverse casing, within which 
the differential and live axle are contained, and is connected with 
a transverse member of the vehicle frame t the medium of 
a universal joint, and in which the selector rods, through the 
medium of which changes of s are effected, are operated 
the medium of a device which may be with one 

or other of the rods at will. The invention in the com- 
bination with selector rods which are carried by the torque-and- 
thrust member, and are arranged with their effective longitudinal 
axes intersecting the transverse axis of the universal joint of such 
member, of an arm which is journalled to the frame of the vehicle 
independently of the torque-and-thrust member, and pom be 
moved sideways and engaged directly with either of such is at 
Ais the tubular Sa member, A? a casing 
the rear end thereof, which contains the change-speed =, and 
A) the transverse casing, which contains the live e. isa 
universal joint between the forward end of the member A and a 
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transverse member ©! of the frame ©, the sides and transverse 
member of the frame being shown by broken lines. In the par- 
ticular instance shown, the forward end of the member A is 
cranked downwards and then forwards to its universal joint B, as 
described in ification No, 99, of 1914, but this is not essential 
to the present invention. selector rods E for operating the 
change-speed gear are guided from the member A, such as by 
guide-) a2, which project from the side of the member. The 
Cnective longitudinal axes of the rods E intersect the transverse 
axis of the universal joint B which the member A makes with the 
frame, and the transverse axes of the ends of these rods are shown 
to be substantially coincident with the transverse axis of such 
universal joint when the rods are in their mid-position. It will 
be obvious that when a selector rod is in ite mid-position the 
transverse axis of its end does not vibrate at all under the vibra- 
tions of the torque-and-thrust member ; and that when: in its 
extreme forward or backward position its transverse axis moves 
only slightly up or down, which has no tendency when the rod 
is engaged with the selector lever F, which, together with its 
gate, is carried by the transverse member Cl, to move the rod 
substantially endways in relation to the change-speed gear. 
(Sealed March 18, 1915.) 


PRINTING AND ALLIED MACHINERY. 


13. Lino and Machinery, Limited, Lon- 
an CMerventhater ete Maschinenfabrik, ine eg Fige} 
known tri ‘or i 





ny) Matrix 
December 81, 1913.--As is 


» the posing 
machines to produce type or lines of type have positive characters, 
wo that type, of he ilnee of type prod 

a 


juced from such matrices 
obtained from them on r 





then from this plate to a rubber sheet on the offset cylinder. 
invention deals with a matrix consideraly sim the offset 
printing process, and economising greauly in time, so that it is 
possible to print on an offset directly with composition 
produced on a composing-machine. A to the invention, 
the matrices for machine composition are led with negative 
characters @, b, 80 that the types, logotypes, or lines of type cast 
therefrom, will have positive characters. With composition made 
up from such types or type-lines the offset cylinder can be inked 
directly by the type or type-lines without it being 

to y make a single transfer upon paper. (Ssaled 
March 2%, 1915.) 


RAILWAYS AND TRAMWAYS. 


29,752/13. The British 
Bronact Ziel, ewe 


December 2%, 118 hie invention relates more 


? 





Coen Sean ee 
apotum of tagenansatve teak g, whereby power is octe 
stem ve ing, re! re’ 

ae when the vehicle is being retarded. is i 

in a regenerative control system, in which the shunt excitation 
sup:rimposed on the series-field windings is au ly varied 
by means of regulating mechanism, which varies the resistance 
in the circuit, so that substantially constant values of regene- 
rated current are maintained, t of voltage fluctuations 


field 7. The series field is excited during motor operation by 
current taken from the line. The exciter is driven, and may be 
mounted, on the same shafc as an auxiliary motor 8, which pre- 
ferably has a series field, and may be the same motor employed 
to drive the blower B for cooling the traction motor. An 
auxiliary generator 10, shunt wound, is a mounted on 
the shaft of the motor-generator set. This generator supplies 
the shunt field of the exciter and, through the conductor 17, the 
auxi circuits of the locomotive, such as the lighting and con- 
trolling circuits. The exciter-armature circuit contains a contactor 
swi 11, which is arranged to close when the motor is being 

to regenerate and supply current to the line. The shunt 
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field 7 of the exciter has a resistance 12 connected in series, the 
terminals of which are connected to the regulator 13. This regu- 
lator is used to periodically short-circuit the resistance 12in order 
to vary the shunt field of the exciter, so as to keep the current 
traversing the shunt 14constant. One of the contact-controlling 
coils of the ee is excited in proportion to the voltage dro} 
across the tance 14—i.¢., in proportion to the regene’ 
current. Rise of nerated current opens the contacts of the 
regulator and inserts resistance in the exciter field, so as to 
uce the auxiliary excitation superimposed on the field F, and 
bring the regenerated current to the predetermined value. 
Another coil on the regulator is connected by leads 16 across the 
armature of the = machine, and tends to open the contacts 
and reduce the exciter field when the exciter vol rises to a 
value which would cause the field F to be traversed by a current 
higher than is desirable. A further coil connected to the leads 15 
is used for setting the current value maintained by the regulator. 
The excitation of this coil is controlled by the operator's braking- 
handle 35a, and acts to oppose the coil connected across the re- 
sistance 14. Cutting out resistance by the handle 35a maintains 
a higher voltage drop across the resistance 14, and thus the 
reguiator maintains a constant regenerated current of higher 
value, accompanied by a higher braking effort. The 
holds the regenerative line current as fixed by the braking- 
handle 35a of the master-controller. The ability to hold the line 
current constant provides means for limiting the current in the 


armature of the motor, — is necessa’ ly restricted by its|G. W. 


capacity. The -co to leads 16 will it 
the current in the motor-field to its capacity. Means may also 
be provided to limit the generated voltage in case of excessive 
line-drop or sudden fluctuations in load external to the genera- 
ting locomotive. (Sealed March 18, 1915.) 


380/14. E. S. Luard, London. Automatic Brake 
Apparatus. (2 igs.) January 6, 1914.—The present invention 
relates to vacuum automatic brake apparatus, and particularly to 
that comprising the so-called ‘‘ combined ” type of brake cylinder. 
The latter type of cylinder, as is well known, is usually employed 
for the carriage stock, and is advantageous in economising 
Space in that the brake cylinder proper and hamb 





° a, 
January 13, 1914.—This invention relates to the 


The various outer walls of the vacuum chamber may be suitably 
stiffened. When the side walls and top of the vacuum chamber 
are, as preferred, made of sheet wrought iron or mild steel, 
stiffening ribs may be formed in these walls by stamping therein 
cesvagetions or depressions 5. (Sealed March 18, 1915.) 
MISCELLANEOUS. 
Steel, Peech, and Tozer, Limited, and 
Sheffield. ‘Reseating Valves. (3° Figs | 
construction of a 
hand-tool or implement for use in the of reseating or 
renovating the seating of butterfly valves and other circular 
valves in situ, and torsimilar operations. In common with other 
devices of this class, the device comprises a central spindle, around 
which is arranged a sleeve adapted to bear on the valve-seating, 
and a cutter passing through a slot in the said spindle, and 
fastened thereto, and jecting through a slot in the sleeve, 
a spring being arvanged to ress the cutter out of contact with 
the valve-seating. According to this invention, the sleeve 
around the spindle is provided with an extension below the 
cutter adapted to take a bearing in the bore of the seating. 
A spindle A carries the cutter and its cotter, and is provided 
at its upper end with some arrangement, such as a squared 
torsninal Ae, to enable the spindle to be rotated. Towards 
the lower end of the spindle there is fixed a collar B, and 
below the collar, and nearer the end, a transverse slot is 
made through the spindle to receive cutter C and its cotter D. 
The lower of the spindle and the fixed collar B are enclosed 
within a ng or sleeve E, the upper portion of which constitutes 


914/14. 
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a spring-box E?, It contains a spring F of any suitable construc- 
tion, its points of resistance when compressed being the under 
side of the collar B and the bottom of the spring-box E2. The 
object of the spring F is to keep the collar B in sufficiently close 
contact with a screw-plug H to prevent the balls of a ball- 
bearing, which is preferably interposed between the parts, from 
falling out when pressure is applied to the spindle A to take the 
cut, or when the appliance is not in use. e spring also pro- 
vides a yielding pressure between the sleeve E and the valve- 
seating. Below the spring-box the continuation of the sleeve 
is the transverse slot to receive the cutter O and the cotter D. 
The configuration of the cutter is made to coincide with the 
desired profile of the valve-seating, and preferably it projects 
from the spindle at both ends, the one end C2 being adapted for 
squaring the _— face, and the other O® having a diagonal cutting- 
edge for producing the proper angular face of the seat, usually 
45 deg. The extreme end of the sleeve E is preferably made to fit 
the bore of the seating G, and to act as a steadying support for 
the end of the spindle, the feed action may be given by a screw- 
threaded plug H placed over the upper end of the spindle, and 
engaging with a corresponding screw-threaded opening into the 
valve-box I, but the patentees do not confine themselves to this 
particular method. A slot is made through the sleeve of suffi- 
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reed cient length to permit the required vertical movement of the 


cutter during its operation, and to give access to the cotter for 
any desired purpose. (Sealed March 18, 1915.) 


9116/14. Evershed and Vignoles, Limited, and 

v. London. Recording Instruments. 
(3 Figs.) April 9, 1914.—This invention relates to marking 
devices for recording instruments, and has for its object the 
construction and arrangement of such a device whereby all risk 
of blotting of the ink and clogging of the pen are avoided, and 
uniformity of marking effect is ensured whatever the speed of the 
= or other medium for receiving the graphic record may be 
relative to the marking device or pen. A marking device for 
recording instruments, according to this invention, consists of 
an elongated trough having a discharge-nozzle with an orifice of 
predetermined size at one end thereof, means for ——— the said 
trough about a horizontal axis to give a preponderance of weight 
upon the nozzle to press the same upon, and make a joint with, 





are combined, the former being mounted within the latter. 
According to the present invention, the outer walls of the 
vacuum chamber are given such a form that, with a brake 
cylinder of given capacity, the vacuum chamber will be of a 























pacity greater than h , while being adapted to be 

pieced eonaly in the available space in the bay. Referring to 

drawing, 1 ie the brake cylinder proper, in which the piston 

2 can move in the usual manner; 3 is the vacuum chamber, 

the outer walls 4 of which are those of a rectangular parallelopiped 
y istance 


having lateral dimensions limited the between the 
nal beams which form the sides of the bay, or by the 
distance between the brackets on the same, ha’ a 


substantially greater than its width. The top, side, and bottom 
walls of the chamber are thus substantially plane surfaces, the 
> walls which the su g trunnions being 
as as possible to the 1 of brake cylinder proper. 





e tum. The ink-reservoir is formed as an 
elongated tank a, which is pivoted about a horizontal axle b at 
right angles to the length of the tank a, and placed at a point 
wi pao a preponderance of weight to one end of the tank a 








’ 
as is 


of such an 'y to give the proper marking 
, the axle b being removably carried by a stirrup 6! con- 
veniently mounted on the indicating mechanism whose relative 
movements are to be graphically reproduced. At the heavier 
end c of the tank a a and short tube d is arranged, which 
may be or formed by a part of the tank a out- 
wards, through which the ink can flow when in contact with the 
eor um, and made of such diameter 

that wi the latter is stationary the flow of ink entirely stops, 
hI — ook deaet wy fred tube d. 
ess nnel shape of the requ tu : 

hich has been experienced 

In operation, the movement 
paper ¢ under the influence of the cylinder f and wheel g 
of the end of the tube d, so that it 
, and forms a joint, owing to the 


€ 
Sia. by te the tube d downwards 
on to the papere. (Sealed March 18, 1915.) 
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SOUND STEEL 


INGOTS AND RAILS. 


(For Description, see Page 538.) 








A 


Fie. 16.—A, B, and CO show the microstructure of rail No. 3 (nickel-chromium) in the head, centre of web, and outer portion of web respectively. 





Fie, 17.—A, B, and C show the microstructure of rail No. 2 in the head of the rail and central and outer portions of the web respectively. Magnified 100 diameters. 











Magnified 100 diameters. 








The main part of the rail 


has the ferrite- -pearlite cell structure usually found in raile of this composition. | {In the central part of the web the carbon has segregated sufficiently so as to give a structure approaching 


that of metal of eutectoid composition. 























Fie, 18.—A, B, and C show the microstructure of railjNo. 7 in the head of the rail and central and outer portions of the web vo pe Sa Magnified 100 diameters. The microstructure indicates 
but little segregation of the carbon in the central portion of the web. 


A B 


Fig. 19.—Microphotographs showing the microstructure of rail No.8. Magnified 100 diameters. 


the soft ferrite layer ; the carbon is high enough to give the metal a eutectoid structure. 


D. 








D 


A.—Microstructure typical of the metal of the greater part of the head of the rail. B.—Structure 
of the soft central streak in the upper part of the web. The metal is ferrite containing numerous inclusions. C.—Structure of the centre of the lower part of the web. This is outside the area of 


—Structure of the outer portion of the web. 


(To Face Page 539.) 
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THE IRON AND STEEL INSTITUTE. 


As stated on page 553 of our last issue, the first 
—— read at the meeting of the Institute on 

ursday, the 13th inst., was one by Dr. Greiner, 
on ‘** The Heating of an Open-Hearth Furnace by 
Means of Tar.” This paper, which we published 
on page 558 ante, was not discussed. 


Sounp Street Incots anp Rats. 


The paper next taken was one having the above 
title, written by Sir Robert A. Hadfield and by Dr. 
George K. Bu of the Bureau of Standards, 
Washington. This paper was published in full in 
our last issue, on page ante. 

In presenting the paper, Sir Robert said he 
should first mention that the research it dealt 
with formed a continuation of that detailed in 
his two papers to the Institute in 1912. This par- 
ticular research originated as the result of some 
experiments in which he poured molten copper on 
the top portion of an ordinary steel ingot about 
ten minutes after this had been cast. It was then 
found that the copper penetrated even to the 
bottom of the ingot, thus showing how important 
it was to maintain in the ingot mould a ferrostatic 
pressure by feeding methods much longer than was 
ordinarily thought necessary. If this were not 
done, then satisfactory ingots free from unsound- 
ness, piping, and segregation could not be obtained. 

The waste in steel-making to-day was simply 
gigantic; no other adjective met the case. For 
example, the world’s estimated output of steel 
was about 75,000,000 tons per annum. Probably 
at least 25 to 30 per cent. was wasted in the form 
of scrap. If this could be reduced by one-half there 
would be a saving of no less than 10,000,000 tons. 
There was, moreover, a serious loss from oxidation 
to be considered ; in other words, each time the 
steel was remelted in the form of scrap there was a 
certain loss that was never recovered. Asa further 
illustration, Sir Robert added that if the working 
with 25 to 40-ton open-hearth furnaces were taken 
as a basis of comparison, the furnaces averaging an 
output of from 400 to 500 tons per week, then if 
methods of making sound steel were adopted, about 
600 such furnaces could be shut down, and the 
same net output would still be available. 

A remarkable collection of longitudinal and cross 
sections through actual steel ingots were exhibited, 
showing that the method confers absolute sound- 
ness to the metal, also of discards, which amounted 
to 9 and to 15 per cent. of the weight of the ingots. 
Sir Robert also showed photographs of rails which 
had failed, adding that, considering the progress 
made, it was a slur on the metallurgical art to con- 
tinue to produce such rails. There was no necessity 
to make a single unsound ingot, or, if one were made, 
it should be possible to detect it. If he were a rail- 
user, it would appear to him much more logical to 
inspect the original products and detect any defects 
or any objectionable point in the product at the 
first stage. The tests in the manufacture of armour- 
piercing projectiles was most severe, and the least 
imperfection in the material was of the greatest 
gravity ; no one would think of using steel contain- 
ing blow-holes, even though they were supposed 
to be closed up. He had made nothing under 0.15 
per cent. carbon, but there was no difficulty with 
his method in mvking sound steel ingots with the 
lowest or the highest carbon. The saving secured 
by his method more than paid for any expense in 
carrying it out. He was now making the same 
number of projectiles from 750 tons of ingots as 
would be obtained from 1000 tons cast in the 
ordinary way. This also led to a saving in time. 
We illustrate an installation of Sir Robert Had- 
field’s method in Figs. 1 and 2, on page 562. 

The discussion was opened by Mr. B. Talbot, who 
said that in reading the paper he could not help being 
struck by the manner in which the authors spoke 


of the overwhelming superiority of the ingots which | had 


had been cast by Sir Robert’s feeding process. The 
following questions naturally arose :—If there 
was this great superiority, was it brought about 
by that method of feedmg the sink-head, and, 
if a comparison had to be made, should not such 
a comparison be made between ingots having the 
same characteristics? And, further, if sink-heads 
had to be used, should not a comparison be 
between the fed ingot and an ingot cast with the 
ordinary sink-head, but not fed? In going through 
the paper he noticed that that had not been done, 
as the same class of ingot had not been used 


the ingots used. Some of these ingots were cast 
with the large end up, others with the small end up, 
using the Hadfield system, and, as a comparison 
ingot, there was one which he presumed was made 
of an ordinary high-phosphorus American acid Bes- 
semer steel. It must be presumed that the eight 
other ingots obtained from Sheffield were of acid 
open-hearth steel, made under the well-known 
careful and expensive Sheffield system. It would 
be also noted that in all the Sheffield ingots there 
was 0.2 ae cent. of added silicon. It was also said 
that in the ingot No. 1, which was used for cutting 
in two longitudinally down its centre, and which was 
also plotted for analysis over half its face, that 
0.1 per cent. of aluminium was added, which, 
if correct, meant over 2 Ib. per ton of steel. That 
was an amount of aluminium which was never used 
in ordinary steel manufacture. Why an ingot 
should be used with that extraordinary addition— 
when it was well known that aluminium decreased 
segregation—to illustrate the absence of segrega- 
tion, as well as its well-known effect in promoting 
solidity, he could not understand, unless the com- 
—- ingot were treated in the same way. 
urther, why should an acid open-hearth ingot with 
0.20 per cent. silicon and 0.1 per cent. of aluminium 
added, specially made in Sheffield, be compared with 
an ordinary acid Bessemer American ingot, to which 
neither silicon nor aluminium additions were made ? 
It would have been more satisfactory if the com- 
— ingot had been made by the basic open- 
earth process with its well-known low phosphorus 
and cubes contents. Seeing that in the year 
1914, out of 1,850,000 tons of rails made in the 
United States, over 1,500,000, or 78 per cent, 
were of basic open-hearth steel, and only 323,000 
tons, or nellinn over 16 per cent., were acid 
Bessemer, one would think it would have been 
better to have carried out the comparison on the 
78 per cent. rather than on the 16 per cent. 
n Table I. the ingot No. 7 was spoken of as being 
ordinary rail steel of rising or boiling nature, and its 
analysis was practically identical with No. 6, which 
was spoken of as ordinary rail steel which piped. 
In both cases the silicon was 0.2 per cent., and he 
resumed that it was added silicon in both cases. 
ff so, why should the one pipe, and the other be 
of a rising nature? In all his experience he had 
never seen an ingot of a rising or boiling nature 
in which 0.2 per cent. of added silicon was found in 
the steel after it was cast. The sulphur print 
of the rail from ingot No. 7, which was illustrated 
in Fig. 12, had indications of not being piping steel; 
but if there was only 5 per cent. taken off the top 
end of the bloom and the sulphur print was taken 
at that point, it was not surprising, seeing that in 
that particular ingot the sulphur was high, being 
0.8 per cent. If the steel had 0.4 or 0.5 per cent. 
sulphur, as had most of the other ingots, the con- 
trast in the print would not have been so great. 

In Table it. were given the rolling and inspection 
features of the rails. It was not said, however, 
whether the sink-head was cut off before the cold 
ingot was charged. He presumed it was not, and 
that the hollow-ended ingot was rolled down into 
a bloom without first having the sink-head portion 
removed. He should like to know whether the 
sink-head was removed before charging, and, if so, 
if the weight was included in the percentage of the 
bloom given in the table. If the sink-head was 
not detached, was there no trouble with the hollow 
end, as shown in Fig. 1 (see page 539 ante), in rolling 
it down to a suitable-sized bloom for the rail-mill ? 
He was struck, in Table II., by the large ——- 
age of seconds from the Hadfield ingots. Possibly 
the American classification was different from 
English practice, and that many of those seconds 
could be used in the track. One would like to 
know, therefore, the actual percentage of defectives 
out of the seconds which could not be used, and 
what percentage of seconds Americans generall 
An immense amount of piping was met wi 
in ingot No 6, as, according to the return, 90 per 
cent. of the rails were seconde, largely due to pipe, 
and as there were many thousands of tons of rails 
made with 0.2 per cent. of silicon in them, it was 
evident that the pipe did not extend in ordinary 
— into the bottom portion of the ingot, as 

ir Robert’s results would lead one to believe. Of 
course, if such an ingot was cast and purposely 
allowed to become cold, there was no doubt piping 
would be more develo than if the ingot was 
charged hot and rolled direct, as in ordinary ice. 

Towards the end of the 


per, when dealing with 


small end up, Sir Robert stated that under the 
microscope there was seen to be a soft streak, and 
that the soft centre extended to the centre of the 
ingot, and also that the central streak remained 
white, indicating that it was comparatively free 
from carbon. Judging from those indications, Sir 
Robert stated, ‘‘this soft central ferrite streak 
appears characteristic of rails rolled from ingots 
which have been cast in the inverted position, so 
far as can be judged from these rails.” 

By ‘inverted position ”’ Sir Robert doubtless 
meant the ordinary position. Upon what grounds 
was such a statement made? If Sir Robert looked 
at his comparison American ingot, could he show 
any spot in that ingot where the pure iron could 
be found? The fact was that erratic metal, with 
slag inclusions, was often found in pipes which had 
not heen properly filled during the solidification of 
the ingot, and it was possible that the streak which 
Sir Robert met with in his rail, as shown in Figs. 14 
and 15 (see pave 542 ante), and also in M.crograph B 
(see Plate XXXVIII., published last week). was 
the renewing of a pipe, and was due to the filling 
of the pipe by metal oxidised under Sir Robert's 
blow-pipe treatment from the sink-head. If Sir 
Robert had shown the meeting the extent of the 
pure iron in the cut-open section of an ingot, it 
would have been more satisfactory than simply 

iving the centra) streak, as shown in the rails. 

e would like Sir Robert to explain how he 
accounted for metal quite free from carbon being 
in such a position, and whether he could find it by 
analysis. 

Another point which required explanation was 
the statement that casting big end up was superior 
to casting with the small end up, which was the 
invariable custom in rail and many other steel 
works. Whilst Sir Robert’s conclusion might be 
correct for small ingots, it was doubtful if it was 
safe to dogmatise for all sizes of ingots. He had 
had some photographs prepared of ingots of a 
weight in common use in rail works—namely, some 
3$-ton ingots—in order to see what the results 
really were. As Sir Robert used a refractory 
top on his mould, he had done the same, so as to 
make a fair comparison. Personally, he was a 
believer in the brick-lined top when it was desired 
to reduce the piping in the ingot, or, at any rate, 
to bring the pipe nearer to the top ; and it was to 
the use of that well-known device that he attri- 
buted Sir Robert’s better results, rather than to 


his special blow-pipe arrangement, which he used 

in addition. 
At this point, Mr. Talbot referred to photo- 
cast, 


graphe of sections of ingots which he ha 
ollowing different methods, and added that he 
would deal in detail, by a contribution in writing 
to the Proceedings, with the further comparison 
between these methods and the one advocated in 


the paper. 

Mr. Greville Jones, who followed, said it was 
a pity that a comparison had rot been made in the 
paper with rail ingots of British manufacture. 
There were very few complaints in regard to British 
rails, and the natural conclusion to be drawn from 
this fact was that the British rails were good rails. 

Mr. W. J. Dawson was of opinion that Mr. 
Talbot’s criticiem was hardly a fair one ; he had not 
quite appreciated the object of the paper, which was 
to illustrate the production of absolutely sound 
ingots. He (the speaker) had been closely aeso- 
ciated with the paper then under discuesion, and 
he was hardly in a position to criticise it. Actual 
specimens of ingots were in the room, the members 
were able to inspect them, and the results of the 
method would speak for themselves. 

Mr. C. E. Stromeyer oe the opinion, in 
regard to failures in steel plates, that these failures 
were largely due to the use of Bessemer steel scrap 
in the open-hearth furnaces, and that was one 
reason for which he welcomed the paper. In a 
general way, the question of piping and that of 
quality should, he thought, have been kept sepa- 
rate ; the method might not improve the quality, 
although it might reduce the piping. Fractures in 
rails were not due to piping, but to defective 
material. Bad qualities of steel were very much 
worse at cold than at ordinary temperatures. He 
did not think the method would improve the 
quality, although it would reduce the piping. 

Mr. W. H. Hewlett said that segregation was a 
very detrimental and as Sir Robert 
Hadfield by his method uced segregation, he 
was rendering a very great service. 








for the comparison. In Table I. there was a list of 


the ingots cast by the 


adfield process with the 





Mr. F. W. Harbord expressed the same opinion, 
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adding that they welcomed any process which gave 
sounder ingots, and the reduction of blow-holes was 
what all steel manufacturers had been ening at. 
The proportion of seconds seemed to him very high, 
and he would have liked the figures to have been 
given for the American ingot also. 

Mr, T. Twynam asked whether Sir Robert Had- 
field had found an increase in the carbon content of 
the metal just below the cavity ; in other words, did 
there occur carbon impregnation. He (the speaker) 
said he had found impregnation to occur, and he 
wanted to know whelher the author had had the 
same experience. A segregation of carbon at that 
part was dangerous. 

Professor A. McWilliam, referring to Sir Robert’s 
opening remarks in regard to inspection—which he 
(the author) stated might take place at an early 
stage of manufacture—said he was tue in- 
terested in them ; the procedure would be a good 
one, but it would throw a very great responsibility 
upon the inspector. The question was surrounded 
with difficulties, and he thought inspectors would 
still have to consider the final product. If ingots 
were produced regularly of the type of those ex- 
hibited, they would approach very closely to ideal 
conditions, and the services of an inspector would 
be done away with completely. He had always 
advocated the manufacture of more solid ingots, 
and the doing away with piping altogether. If the 

r led to this and to the doing away with blow- 
fo es, it would mark a good step forward. 

Sir Robert Hadfield, in replying to the discussion, 
said that he would be very pleased to reply fully to 
all remarks by correspondence. The object of his 
method of manufacture was to obtain sound ingots. 
If Mr. Talbot arrived at the same results by any 
other means, he (Sir Robert) was quite pleased 
that he should be able to doso. He (Sir Robert) 
had simply illustrated his own method for obtaining 
a sound product. If Mr. Talbot made an ingot 
exactly on the lines indicated in the paper, he 
would obtain about 90 per cent. of work, 
The specimens of sound ingots he had exhibited 
in the room were all of converter steel. The War 
Office and Navy specifications were most diffi- 
cult specifications to meet ; in order to show the 
success of his method of manufacture, he added 
that ingots manufactured by his firm, to the 
number of 120, had been cut through, and not 
one had been found defective. The ingots in 
question were representative of makes which ex- 
tended over a period of from seven to eight 
months. If Mr. Talbot obtained similarly good 
results, he (Sir Robert) would be the first to con- 

ratulate him. Mr. Talbot had made an ingot not 

y the method described in the paper, and then 
com it with the one made according to the 
method. He could not institute a comparison 
unless he had copied the method exactly. When 
casting the larger end upwards, he (the author) 
added that there was a larger ferro-static pres- 
sure, and a better result was obtained. In re- 
gard to Mr. Stromeyer’s remarks, Sir Robert 
stated that his method of manufacturing the ingots 
did certainly lead to the manufacture of better 
quality rails, as was evidenced by the etchings. In 
the matter of carbon impregnation, when 9 to 
10 per cent. discard was cut off, all trace of carbon 
impregnation was removed with the discard ; if it 
were not so, the British Government would have 
rejected material for that reason, and so far there 
had been no rejection in a total quantity of about 
70,000 tons of ingots made in the manner described. 

Dr. Arthur Cooper, in moving a vote of thanks to 
Sir Robert Hadfield, which was carry | responded 
to, added that all the members would, he felt sure, 

that the subject which Sir Robert had 
dealt with was one of the greatest possible im- 
portance to steel-makers, who all aimed at produc- 
ing the greatest possible percentage of sound steel. 


Recent Progress in THE Design or Larce 
Biast-Furnace Gas-EnGINgEs. 


On Thursday afternoon a lecture was delivered 
by Professor H. Hubert, of Liége University, on 
** Recent Progress in the Design of Large Blast- 
Furnace Gas- Engines,” with special reference 
to Belgian practice. We pro to reproduce this 
lecture in one of our early issues. Mr, A. Lamber- 
ton, who occupied the chair in the absence of the 
acting President, asked Mr. H. Savage, of the 
Cockerill Company, whether he had any remarks to 

ut before the meeting. Mr. Savage replied that 
fe had nothing to add, since the lecturer had prac- 
tically exhausted the subject. 





THE PRODUCTION OF SOUND STEEL INGOTS. 





MESSRS. HADFIELD, LIMITED, SHEFFIELD. 


“4 





” Fic. 2. Srrippena THE Ineors. 


Mr. Lamberton said that if the paper had been | 
received earlier, the members would have been in 


& position to ask Professor Hubert a few questions ; 
it was really more of a paper than a lecture, and he 
invited members to ask a few questions. 
Mr. R. B. Slacke stated that he was associated 
with a British firm who manufactured Continental 
-engines under a licence. In regard to Professor 
ubert’s statement to the effect that the Cockerill 
Company could obtain an average pressure of 78 lb. 
r sq. in., while securing a high compression, 
fe (the speaker) asked whether this condition 
obtained under a continuous load. He also asked 
whether the Cockerill Company had given up the 
building of their cylinders in several sections and 
whether that departure was a recent one, because 
recently Continental works were making them in 
two parts, to avoid casting stresses and expansion 
stresses in working. Professor Hubert’s notes on 
governing were interesting, but he (ee speaker) 
would have to study them at leisure. 
method of lubrication represented, moreover, less 





standard practice for gas engines. He thought that 
Continental engineers had given up the cooling of 
the exhaust-valves years ago, and he asked whether 
Messrs. Cockerill still cooled them. One Con- 
tinental works used a scavenging system in which 
the cylinder was scavenged out after each exhaust 
stroke. This cooled the cylinder and got rid of the 
exhaust gases and increased the output of the 
ow by about 30 per cent. : 

rofessor Hubert, in reply, remarked that his 
knowledge of the English language was too limited 
to allow him to follow the points put forward, but 
he would have much pleasure in dealing fully with 
all questions by correspondence. 

On the motion of the Chairman, who voiced the 
pleasure which the members felt at welcoming 
visitors from the brave little neighbouring country, 
Professor Hubert was accorded hearty thanks for 
his contribution. The Professor, in acknowledging 
these, gave a brief history of the Cockerill works, 


e Cockerill | saying that they were founded bya British engi- 


neer, and adding that the arms on the Cockerill 
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escutcheon, ‘‘ Courage to the last,” was specially 
applicable at the present time. 


Avien MEMBERS. 


On the members wren tie | on Friday morn- 
ing, the 14th inst., the question of the alien members 
was first dealt with, Dr. Arthur Cooper, the acting 
chairman, stating that on the previous day refer- 
ence was made to the paragraph in the rt of 
Council which applied to these members, and which 
we reproduced on 553 ante. He called atten- 
tion to the fact. that the Report was drafted two 
months ago. The Council realised that much had 
happened since then, and had at first decided to 
postpone the question for consideration at the next 
Council meeting. In view of the discussion which 
had taken place at the general meeting on the 
previous day, the Council had further considered 
the matter, and had drafted the following resolu- 
tion, which was then read :— 

“That the names of all alien enemies be struck 
off the list of members of the Institute, and that 
steps be taken to amend the bye-laws so that they 
provide for the future that, in the event of war 
existing between this and other countries, citizens 
or subjects of which are honorary members or 
members of this Institute, such honorary members 
or members shall ipso facto cease their member- 
ship.” 

The Chairman then asked Mr. G. M. Ritchie, 
who had raised the point on the previous day, to 
make a statement in regard to the resolution. 

Mr. G. M. Ritchie stated that he had had no oppor- 
tunity of discussing the point with more than two 
or three members. He spoke for himself, and he 
had personally no hesitation in accepting the pro- 
posed resolution, which met the case of the 
moment. He felt no prejudice, however, against 
those members which were not of German origin, 
especially those of Hungarian nationality, and he 
hoped that in the course of time these nationalities 


would again be welcomed. The German members, | i 


however, were of quite a different category. 
It was incumbent upon the Institute to act in a 
proper manner by differentiating between our 
enemies. 

The Chairman moved the adoption of the report 
as amended by the resolution, adding that the 
Secretary would see the Institute’s solicitors with 
reference to the amendment of the bye-laws. Mr. 
Ritchie seconded, and the motion was carried 
unanimously. 


AnprRew CarneGcie Gotp Mepat. 


The Carnegie Gold Medal was awarded to Mr. E. 
Nusbaumer, of Paris, in recognition of his researches 
on ‘* Rotary Bend Tests,” and in his absence it was 
handed to Mr. H. Le Chatelier. 

Mr. Le Chatelier thanked the Institute on behalf 
of Mr. Nusbaumer, who was sorry he had been 
unable to come to the meeting. Like all Frenchmen, 
he had been mobilised, and at the present time he 
was at the front in a iment of artillery. He 
would feel much honoured by the distinction which 
had been conferred upon him ; it would encourage 
him to continue his études in the same direction. 

The Secretary then read the Carnegie Scholar- 
ship Awards for 1915. 


Brinett Harpness anpD Tenacity Factors or 
a Serres or Heat-Treatep Speciat Streets. 


The first paper taken on Friday was the one 
having the above title, contributed by Dr. A. 
McWilliam, Metallurgical Inspector, Government 
of India Railway Department, and by Mr. E. J. 
Barnes, Associate in Metallurgy of Sheffield Uni- 
versity. It was read in abstract by the former, 
who stated that they had decided to determine the 
Brinell hardness numbers of a series of very care- 
fully heat - treated specimens. The pa gave 
the factors, maximum stress divided by lentes 
number, and yield - point divided by hardness 
number, for the specimens of chrome steels and 
others. Some tables in the paper brought out 
clearly that it was really only the maximum stresses, 
and not the yield-points, that bore any approxi- 
mately consistent relationship to the hardness 
numbers, and the factors for the yield-points were 
not given in most instances. It was well known, 
the authors added, that many calculations were, 
for convenience, made.on the maximum stress, 
which really ought: tobe made on the yield- 
point or on the elastic limit of the steel, but were, 
nevertheless, generally successful in practice, because 
of the fairly consistent relationship between the 





elastic limit and the maximum stress in steels of 
the types and sections generally used in important 
structures. Cases had, however, come under notice 
where, owing to special circumstances, the elastic 
limit was much less than the usual percentage of 
the maximum strees, and trouble had resulted. In 
referring to the numerous figures contained in 
their paper, the authors stated that the fair con- 
sistency of the factors in steels varying from 24 to 
112 tons per sq. in. tenacity, with yield-points 
from 50 to 95 per cent. of the maximum stress, 
and for varying compositions and heat treatments, 
indicated that for any type of composition and heat 
treatment of a steel a few preliminary experiments 
would determine a factor by which a close approxi- 
mation to the tenacities of similar steels could be 
calculated from the Brinell hardness numbers. 

Dr. C. A. Edwards, who opened the discussion, 
said that in certain experiments which he had carried 
out with chrome steels he had found that when 
heat-treating them in various ways he obtained 
different variations in the Brinell hardness ; this 
he illustrated by a number of curves on the black- 
board. He had concluded from the tests he illus- 
trated that chrome steel was a self-hardening steel. 
When tungsten was also present the effect was not 
due to the tungsten, but was due to the chromium. 
If, therefore, Mushet had worked with a pure 
tungsten alloy he would not have discovered 
mushet steel. He (the speaker) had taken curves 
of a 6 per cent. chrome steel, and had found 
that, in cooling it down, great variation occurred in 
the occurrence of the critical points, and his ex- 
periments pointed out that by carrying out cooling 
at different rates in a laboratory, it was possible to 
control any property of the steel. 

Mr. H. iL Chatelier, who followed, said the ex- 

riments carried out by Messrs. McWilliam and 
Doone confirmed the absence of proportionality 
between the Brinell hardness number and the 
yield-point. For the passing of certain material 
in the case of which the yield-point was of the 
greatest importance, the use alone of the Brinell 
test would not afford a sufficiently accurate guide. 
On the other hand, the Brinell test can be resorted 
to, and serve as a guide when other conditions are 
extant for determining the metal; when, for 
example, the chemical composition or the thermal 
treatment is known. The constancy in these 
conditions, coupled with the fixity in the hardness 
number, suffice to show that the characteristics of 
metals which are being compared together remain 
constant, the yield-point, therefore, remaining also 
constant. 

Dr. Stead found the paper most interesting, in 
that it pointed out the value of the Brinell testing- 
machine. This machine was now in almost con- 
stant use, and it should be met with in every works, 
since in one minute it was able to give a good 
indication of the properties of steel. 

. Rosenhain said it would be wrong for the 
Brinell test to be resorted to for investigating new 
material, but it was a useful method for a number 
of purposes, such as routine tests carried out when 
comparing series of similar pieces similarly treated. 
He endorsed Mr. Le Chatelier’s remarks. 

On the motion of the Chairman, the authors 
received the cordial thanks of the meeting for their 
contribution. 


Iron, Carson, AND PHOSPHORUS. 


The next paper taken was the one by Dr. Stead 
on ‘‘ Iron, Carbon, and Phosphorus.” We com- 
mence the reproduction of this paper on page 569. 
It was read in abstract by the author, who exhibited 
several of the specimens with which he had dealt. 

The discussion was opened by Dr. H. C. H. 
Carpenter, who stated that the contribution was 
in reality a series of papers by Dr. Stead, who 
spoke with authority on all the phenomena which 
were connected with phosphorus. 
ae le H. Hatfield, who oe said that 

. Stead’s original r on ph orus, con- 
tributed in 1900, ‘still ‘eoadiiie che tou source 
of their information in regard to phosphorus in 
iron and steel. The second paper, just read, would 
rank with the first one and would give the Institute 
two papers of great importance. Dr. Hatfield 


wished to place himself in the position of a student | 


who was seeking for guidance. The author had 


ogee of a moe Menace and had suggested 
at phosphorus threw out carbon and caused 


ghost-lines. He (the speaker) pointed out condi- 
tions in which the carbon could displace the phos- 
phorus, a point of importance to noted when 





considering phosphorus as constituting ghost-lines. 
He added that he had tried Dr. in’s re- 
agent exhaustively, and had so far not obtained 
any satisfactory results, Dr. Rosenhain went a 
short time ago to Sheffield, where he had given a 
lecture, and had shown micro-sections, one of which 
gave the illustration of a well-known defect. This 
defect was well i. and = 9 due vcaler) 
segregation of horus. He (the er 
showed to the mitten a number of his otlia’ talove- 
sections etched with Dr. Rosenhain’s ent, and 
also with that of Dr. Stead; he pointed out the 
differences which he obtained, and suggested that 
the irregularities seen were haps not due to 
eee The white patches he called atten- 
ion to in his own specimens were perhaps high in 
silicon. He then dealt with a band of ferrite, of 
which he also showed a micro-section ; the copper 
was deposited in some crystals and not in others. 
He had obtained little more information than when 
using picric acid in regard to the distribution of 
phosphorus. Asked at this point by Dr. Rosenhain 
what magnification he worked to, Dr. Hatfield 
stated his magnification was 150. This, said Dr. 
Rosenhain, was fifty times too large. 

Mr. H. Le Chatelier said that a very simple 
means for characterising phosphide of iron was to 
have recourse to caustic soda and an electric 
current. The phosphide of iron was attacked and 
the cementite remained intact. He added that 
electrolytic methods could, he thought, be used 
more oe epee | than they were at the t 
time ; they made it easil ible to regulate the 
action of the reagent. ith copper they worked 
most satisfactorily, but with iron there were 
polarisation phenomena to contend with ; inversion 
of the anode and cathode could, however, be carried 
out. He was unable to enter into the subject more 
in detail, since he had only recently commenced 
or sey on the lines he suggested. 

. Rosenhain said the reagents were new in the 
sense that they had been worked out a little more 
fully than formerly. Osmond used copper solutions 
for etching, but he (the speaker) believed Osmond 
removed the copper from the surface. There were 
two kinds of actions, a dissolving one and a pure 
etching one, with at the same time a deposition of 
copper. One or the other might mderate. If 
the etching action preponderated, the effect would 
be similar to that with picric acid. Ghost-lines were 
so common in all commercial steel that it was 
ridiculous to say that the mere existence of bands 
containing more or less phosphorus necessarily 
rendered the steel bad. But when the bands were 
excessive in number or in width and intensity, it 
was 1 to beware of them. There wasa con- 
centration of phosphorus in the bands. There 
occurred also alternate layers of two materials which 
differed in their critical temperatures and in their 
mechanical properties, both hot and cold. They 
were being forged or rolled together, and they 
were unequally expanded in the process. Their 
internal behaviour was different, with the re- 
sult that internal stress was produced when 
the metal cooled. Where large plates had cracked 
spontaneously, the cracking was associated with a 
pe amount of banding and with a large difference 
in the phosphorus content between successive layers. 
There was also the effect of the bands = 
the critical points of the steel. He (the speaker) 
thought Dr. Stead had got over the difficulty 
with his reagent. To judge properly of the 
new compet solutions extremely low magnifica- 
tions to be used, 2, 3, or 4 diameters at most. 
He (the speaker) thought Dr. Stead was right 
when he eaid that the whole question of the rate of 
deposition of copper was the ease of solubility of the 
ferrite, and consequently the question of the purit; 
of the ferrite. Carbon dendrons were not obtained 
when the metal was etched with pi acid, 
because the carbon diffused so rapidly. Silicon 
diffused more rapidly than phosphorus. Phos- 
phorus, in fact, was one of the most slow-diffusing 
components, if not the slowest. In the use of the 

ent it was n to consider fo’ and 
rolled material and castings ee He believed 
nickel behaved in a somewhat similar manner ; 
nickel in copper diffused most slowly, and nickel 
remained in dendritic cores. 

Mr. E. H. Saniter said the world mainly owed 
to Dr. Stead its knowledge of the action of phos- 
phorus in steel. He was much interested to hear 
that Dr. Stead had found such a mass of specially- 
coloured sulphide, so-called manganese, and had 
been able to analyse it ; that he found it to be 4 mix- 
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ture of iron and manganese sulphide, and not pure 
manganese sulphide, as had been rather generally 
su hitherto. He (the speaker) referred to a 
mixer he had used for containing iron before it went 
to the steel furnace. It was lined with silica bricks, 
which had behaved like sponges, and had absorbed 
the iron into all their pores. Cast iron was found 
under the silica bricks. These had allowed pure 
carbide of iron to go through, but had resi the 
passage of the phosphide of iron. He had made an 
experiment with Dr. Rosenhain’s reagent, which 
was not satisfactory. He asked Dr. Stead to give 
accurate data for er pre the reagent aright. 
Was it necessary to take absolute alcohol, or could 
methylated spirits be used? It was a question of 
degree whether ghost-lines should be considered 
dangerous. Wasa white or a black ghost-line the 
better or the worse? It seemed to him (the 
speaker) that if one added carbon to phos- 
orus the ghost-line was more likely to arise. 
ere were ghost-lines in steel where there were 
no blow-holes, and that agg explanation. He 
added that it was possible to see the dendrites 
without any copper solution, by pans the steel 
in a good light and viewing it with the naked eye. 

Mr. R. G. Scott, referring to the author’s state- 
ment in which he said that the mass of 500 to 600 
tons in cooling very slowly, contracted circum- 
ferentially and com the central portion, 
asked why this should be so. He (the speaker) 
had never found signs of pressure from the outside, 
it was always the opposite. He instanced what 
took place in regard to the behaviour of steel in the 
ingot mould. 

rofessor A. McWilliam said, in regard to ghost- 
lines, a point of great importance was the trans- 
verse section of the lines. 

Dr. C. A. Edwards showed on the blackboard a 
sketch of a casting which had come under his 
notice, and, at a part which he indicated, the 
turning-tool could not touch the metal. Pieces 
broken off from that part showed a very large 
number of small blow-holes. The phosphorus had 
been ted to a very large extent inside the 
Sow-betes. This showed the importance of study- 
ing very carefully the contents of the blow-holes. 

Dr. Stead, in his reply, agreed with what Dr. 
Hatfield had said, as his own experience was prac- 
tically identical. But the mts were not 
intended to apply to pig. iron, to which Dr. Hatfield 
had applied con. ith pig-iron, Dr. Stead had 
also found they not only showed the phosphorus 
areas, but also silicon concentrations, which had 
never been shown in pig-iron by any other —. 
r cent. silicon there occurred a large 


Up to 5 
area which remained white. The graphite had 
decom into pure iron and graphite, whilst 


the silicon in the primary crystallite form had not 
had time to diffuse out. Dr. Hatfield’s magnifica- 
tion was too great. Mr. Le Chatelier’s method 
was a good one for detecting free phosphorus, but 
it did not apply to phosphide in solid solution. 
It was Mr. Beniter'’s method of ~ — 
poorer m the richer parts of phos- 
phorus Ret he (Mr. Stead) had adopted when he 
separated the poor crystallites from the other 
crystallites rich in phosphorus. He agreed with 
Dr. Rosenhain on all points. Other things be- 
sides phosphorus interfered, and it was neces- 
to be careful in the use of reagents. Phos- 
horus might sometimes increase the tenacity, and 
t might occur that to make the whole structure 
eq tenacious, Natwre caused the carbon to go 
out. Tn rogard to Mr. Scott’s remarks, circum- 
ferential pressure was not only produced by con- 
traction from the outside, but by the gradual 
graphite formation in alternating rings as these 
were formed. The cooling of the huge masses 
he (Dr. Stead) had dealt with was exceedingly slow. 
Mr. McWilliam was quite right in saying that the 
transverse direction of ghost-lines was most dan- 
gerous. Dr. Stead was se: Dr. Edwards was 


not going to read a note on the paper, as he had 
promi He added that pure iron could be com- 
pletely converted into Fe3 C by exposing to carbon 


oxide ata temperature of 600 deg. Cent., and that 
this did not occur by fusion. e would deal with 
this point at the next meeting ; he had referred 
incidentally to it in his paper. 

On the motion of the i » Dr. Stead was 
heartily thanked for his contribution. 


On tHe Nature or THE A, TRANSFORMATION 
in Iron, 


The last paper taken was the one having the 





above title, contributed by Mr. Kétaré Honda, of 
a See Tohoku University, Japan. It was 
ref to in abstract by Sir Robert Hadfield, who 
said this was, he bejieved, the very first paper 
which had been put before the Institute by a 
Japanese scientist. The Institute received it with 
the greatest pleasure. It had a very important 
bearing upon the discussions of the various allo- 
tropic ~allibiations which had been carried out of 
late years by metallurgists. Similar pa by 
Japanese scientists had been published in Germany. 
They should, however, come in future to this 
country ; we were able to handle them better than 
Germany. The author had covered a large amount 
of ground. A statement of his was an important 
one ; it was to the effect that the heat evolution or 
absorption corresponding with the A, transforma- 
tion took place in a wide range of temperature, at 
least within a range of over 100 deg. Cent., although 
its ter part was evolved or absorbed within 
30 any to 40 ae Pag The A, transformation 
was therefore probably not an allotropic ch . 
Dr. Stead said that for the last two months he 
had had most interesting correspondence with Sir 
Robert Hadfield upon the question as to whether or 
not there was such a thing as y allotropic iron. 
Considerable doubt had been expressed in certain 
quarters as to the existence of the 8. Mr. Honda, 
in order to completely destroy 8, took the y change 
at A, asundoubted and proved. It meant that at 
A, there was a contraction of the molecules. There 
was also a disturbance in the electrical properties 
and in the conductivity, and a disturbance in the 
thermal properties. He (Dr. Stead) showed a photo- 
graph to enforce his points. The internal physical 
change which occurred might be called by any other 
name than allotropy, but that did not matter so 
far as the arguments and discussions went. It was 
an internal physical change which it was now 
suggested should be called by another name. 


Allotropy was an internal physical change un-| p 


accompanied 5 o change of state at the critical 
point. That being so, 8 was undoubtedly an 
allotropic modification of iron. Mr. onda 
and others said that the § change was not a 
point, that it was spread over a wide range, and 
that therefore it was not right to conclude that 
that was an indication of allotropic change ; but 
they said with regard to A, that yl was such a 
multitude of phenomena that they considered it 
was evidence of a very apparent internal change 
at a point. He (Dr. Stead) was rather surprised 
at Sir Robert and some of his friends being so 
anxious to kill 8, and thought they would have 
accepted y as the executioner ; but they said the 
executioner did not exist. Did both not exist, 
both y and 8? It all depended upon what one 
defined as an allotropic change. He (the speaker) 
was quite prepared to give it another name. It 
was most important that there should be a proper 
definition of what was an allotropic change. It 
was ye to get away from the internal 


physi —_. 
. H. Le Chatelier showed on the blackboard a 
series of curves illustrating the transformations 
on heating and cooling, pointing out that there 
no sudden change at A, ; there were pro- 
duced curves and no sharp angles, the trans- 
formation being a ‘‘ continuous” transformation. 
He also illustrated diagrammatically a device which 
he had adopted for his own investigations, using a 
spiral of nickel, which was heated uniformly over 
its whole length in a sulphur bath, and was con- 
nected to the mirror of the recording apparatus. 
He had used nickel, which facilitated matters from 
the point of view of the temperature required, but 
the results he obtained were equally applicable to 
the transformations which iron would yield. 

Dr. Rosenhain drew attention to a direction of 
research taken up recently, which, he thought, 
must modify the ideas held on allotropy ; he re- 
ferred to the work of Professor Bragg on the 
reflection of Réntgen rays by crystals. It had been 
shown that a crystal was built up not of molecules, 
but of atoms. A crystal was the next unit after 
the atom. If that was the case, what was meant 
by an allotrepic change in a crystalline solid? It 
could only mean that the atoms were arranged 
differently in the various allotropic conditions, and 
that there must be some reason why they arranged 
themselves in one way in one range of temperature, 
and in another way in another range of tempera- 
ture. He thought one must look for a change in the 
atom itself. the phenomenon allotropy or by 


another word, there were deep-seated, far-reaching 








internal physical changes which had to be accounted 
for and taken into account when considering the 
behaviour of steel during slow and rapid cooling. 

The Chairman called for a vote of thanks to Mr. 
Honda for his . It was most heartily re- 
sponded to. He hoped that this paper would be 
followed by a large number from Japanese experi- 
mentalists. 

The nine other papers on the list were taken as 
read, and will be discussed by correspondence. 

The usual vote of thanks to the Institution of 
Civil Engineers for the loan of their premises, and 
to the Chairman, concluded the proceedings. 





RECENT PROGRESS IN PYROMETRY. 

THe progress made in the design and con- 
struction of pyrometers during the last five years 
formed the subject of a paper read before the 
Royal Society of Arts on the 12th inst., by 
Mr. Charles R. Darling, A.R.C.Sc., F.I.C., of 
the City and Guilds Technical College, Finsbury. 
Although no pyrometers based on new principles 
have been introduced during the period, many 
improvements have been nals in the design and 
construction of the instruments, and the methods 
of using them for measuring high temperatures in 
industrial processes. It is interesting to note that 
the progress has been due almost entirely to the 
efforts of instrument-makers and Government in- 
stitutions, such as the National Physical Labora- 
tory and the United States Bureau of Standards, 
and little of importance has emanated from educa- 
tional institutions. j 

The boiling-points and melting-points of metals 
and other substances have been confirmed, or 
slightly modified, by recent investigations, so that 
standards of temperature at convenient intervals 
from the boiling-point of water to the melting- 
point of platinum are now available for calibration 
. The standards now appear to be well 
established, and even the melting-point of platinum 
(given in the paper as 1755 deg. Cent.) may be 
relied upon within two or three degrees, although 
it has nm arrived at by extrapolation. It is 
suggested that the National Physical Laboratory 
should follow the example of the United States 
Bureau of Standards, and issue materials of certi- 
fied melting and boiling-points, to enable users to 
calibrate their own instruments. This ure 
would certainly be a convenience to users who do 
not feel justified in maintaining a standardised 
pyrometer for calibration purposes only. 

A great extension in the use of base - metal 
thermal junctions has taken place during the 
period under consideration, iron-constantan couples 
and couples employing nickel alloys being now very 
largely used for industrial purposes, not only on 
account of their cheapness, but more especially 
because of the ter electromotive force pro- 
duced by these couples. For temperatures lower 
than 700 deg. Cent., such as are obtained with 
superheated steam, copper-constantan junctions are 
now frequently employed. Considerable doubt has, 
however, been thrown on the reliability of base- 
metal junctions by Kowalke, who investigated a 
number of junctions supplied by American makers 
and found them to vary from 20 deg. to 130 deg. 
Cent. during twenty-four hours’ heating, the dis- 
crepancies being most noticeable at the higher 
temperatures used—viz., 800 deg. to 1000 deg. 
Cent. To avoid these errors it was suggested 
that the couple should be maintained at its upper 
limit of temperature for a long period before cali- 
bration, and should be imme during use to the 
same extent as during calibration. The general 
experience of users of British-made base- metal 
couples is, however, that changes in calibration 
are much less than those above mentioned. An 
iron-constantan pyrom-ter tested by Mr. Darling, 
after having been in use for nearly three years, 
was found to be quite correct at the melting-point 
of zinc (419 deg. Cent.), and only 5 deg. low at 
800 deg. Cent.—a result which compares favour- 
wer Fe any type of pyrometer whatever. 

bon-graphite junctions, which may be used 
for temperatures up to 2000 deg. Cent., have also 
been investigated. Their utility in experimental 
work is already established, and if they can be 
adapted to industrial requirements, they should 
prove extremely useful for such work as measuring 
the temperature cf molten steel in the ladle. 

Several new materials have been introduced for 

ing thermal junctions. They are alundum 
oxide of aluminium) and two materials of the 
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carborundum type known as ‘‘silfrax” and ‘‘silit.” 
All are, however, brittle, so that they cannot be 
subjected to rough usage. For use with molten 
brass, &c., a new type of sheath, with a tip of 
molybdenum, has been introduced. The molyb- 
denum tip is connected to a nickel tube, covered 
with a protecting material to prevent it from 
coming into contact with the molten metal. 

A new departure in the method of indicating 
temperatures in commercial instruments has been 
made by the Leeds and Northrup Company, of 
Philadelphia, who have adopted the potentiometer 
principle previously employed for laboratory work 
only. The Cambridge Scientific Instrument Com- 
pany have also adopted the potentiometer principle 
in order to obtain closer readings over a given 
range. The arrangement enables the whole scale 
of the instrument to be used for a half, or some 
smaller fraction, of the total range of temperature. 
Mr. R. W. Paul attains a similar result by means 
of a Wheatstone bridge arrangement, which also 
combines a device for automatically compensating 
for changes in the temperature of the cold junction. 

Few changes have been made in connection with 
resistance pyrometers, but their use for measuring 
low temperatures, and for moderately high tempera- 
tures in certain chemical processes, has been largely 
extended on account of their great accuracy. Sir 
William Crookes has recently found that the varia- 
tions which occur in the readings of these pyro- 
meters when subjected to high temperatures for 
long periods are due to the fact that platinum (the 
metal invariably used in resistance pyrometers) is 
measurably volatile above 1000 deg. Cent. Northrup 
has found that certain metals, such as copper, 
double their resistance during the process of melt- 
ing, after which the resistance of the molten metal 
increases uniformly as the temperature rises. It 
may be possible to devise an instrument employing 
molten metal as a resistance material, and, if so, 
the useful range of this type of pyrometer could be 
considerably extended. Another possible extension 
of the resistance method of temperature measure- 
ment is suggested by the decrease in resistance 
which occurs with rise of temperature in pyro- 
conductors such as glass. Alundum, for instance, 
has a resistance of 6100 ohms per cm. cube at 
1100 deg. Cent., while at 1600 deg. Cent. the 
corresponding figure is only 190 ohms—an average 
decrease of nearly 12 ohms per degree. Very 
coarse instruments could, of course, be used to 
detect changes of this magnitude, and it is quite 
possible that a pyrometer based on this phenomenon 
will be devised. 

For measuring temperatures higher than 1000deg. 
Cent. pyrometers of the radiation type have been 
widely adopted. The Féry instrument, made by 
the Cambridge Scientific Instrument Company, has 
been improved by the employment of an alloy 
of antimony and zinc, in atomic proportions, as 
one of the junction materials on which the rays 
from the furnace are focussed by a mirror. The 
greatly increased electromotive force obtained 
enables pivoted indicators to be used with these 
instruments in place of the suspended coil galvano- 
meters originally employed. The gilt mirror 
formerly used has been superseded by one made 
of a special alloy of higher reflecting power, and 
the focussing head is now uated so that the 
pyrometer may be focussed for any distance with- 
out sighting. The instrument has also been ap- 
plied to the determination of the temperatures of 
molten metals by mounting it at the open end of a 
fireclay tube, the closed end of which is dipped into 
the metal and kept permanently in focus. In this 
way temperatures up to 1500 deg. Cent. have been 
taken in small ladles, but it has not yet been found 
possible to use the method with large masses of 
molten metal which cannot be approached closely. 
Foster's fixed-focus instrument, which is now well 
known, has found many applications for general 
workshop requirements. is instrument has also 
been adapted for measuring the temperatures of 
molten metals, and a special form designed for 
lower ranges, such as from 500 deg. to 1000 deg. 
Cent., can now be procured. Another form of 
fixed-focus pyrometer, due to Thwing, has been 
marketed by Mr. R. W. Paul. It consists of a 
tube containing a polished cone, at the apex of 
which a thermal junction is fixed. The heat rays 
entering the tube pass into the cone, and are finally 
sellecied on to the thermal junction, which is con- 
nected to a unipivot galvanometer as an indicator. 
The readings are independent of the distance as 
long as the lines joining the base of the cone 





with the extremities of the entrance to the tube, 


and crossing each other at a point inside the tube, 
fall within the limits of the hot body. While 
dealing with radiation pyrometers the author 
mentions that various determinations of the value 
of K in the radiation formula E = K (T,‘ — T,*), 
where E is the energy radiated by a black body in 
watts per square centimetre, have shown the value 
of the constant to he 5.6 x 10-". 

The standard forms of optical pyrometers due to 
Féry, Wanner, and Holborn and Kurlbaum have 
been improved in detail, and some new t of 
instrument, based upon the principle of colour ex- 
tinction, have come into use. One of these consists 
of an eye-shade, in which two pairs of cells con- 
taining coloured liquids, corresponding to two 
slightly different temperatures, may be fitted. A 
furnace is controlled by arranging the heat so that 
the hot body is visible though one pair of cells, and 
not through the other pair. This appliance is v 
useful in connection with the hardening of ow’ 
and other processes which require a steady tempera- 
ture to be maintained. Further iculars of it 
will be found in our issue of November 22, 1912, on 
page 720. Another form of colour-extinction pyro- 
meter, introduced by Alder and Cochrane, con- 
sists of a small telescope having a coloured prism, 
which may be moved up and down so as to interpose 
any desired thickness in the path of the rays of 
light. By measuring the movement of the prism 
required to just extinguish the image of the hot 
body, a reading of the temperature is obtained. It 
has also been shown in a paper read by Messrs. 
Paterson and Dudding at a recent meeting of the 
Physical Society, dealt with on page 422 ante, that 
the temperature of many metallic substances can be 
measured accurately by matching the colour against 
that of a black body, the temperature of which can 
be regulated as desired. Using a carbon-filament 
lamp which had been calibrated. against a standard 
black body, a reading of 1750 deg. Cent. was 
obtained for the melting-point of platinum—a very 
close approximation to the accepted figure. It is 
therefore reasonable to expect that an optical p 
meter designed on these lines, suitable for industrial 
purposes, will be produced by our instrument- 
makers. 

Extensive improvements have been made during 
the last few years in recording _ = for pyro- 
meters owing to the fact that the advantages of 
ence records of ae ee ~ 

m very widely recognised. © apparatus 
however, been Pally dealt with by Mr. Darling in 
a paper read about a year ago before the Faraday 
Society, referred to in our issue of May 1, 1914, 
on page 600; there is thus but little to add on 
this occasion. The modern tendency, the author 
states, is to abandon photographic recorders in 
favour of those giving inked records, although the 
former are still made and used. The Foster re- 
corder, in which the pointer carries a capillary 
tube with an inked wick, is described in the 
paper. A presser-bar actuated by clockwork 

resses the pointer on to a paper disc at definite 
intervals, between which the pointer swings freely. 
The well-known thread recorder of the Cambridge 
Scientific Instrument Company has been adapted 
to give several records simultaneously. For this 
purpose two indicators, connected to separate pyro- 
meters, are placed side by side, and their pointers 
are depressed at intervals on to the inked thread, 
so that a mark is made on the paper under the 
thread. Four records may be obtained simul- 
taneously with two indicators by using two dif- 
ferent coloured threads with an automatic device 
which depresses the pointers on to each thread in 
turn. Two pyrometers, which may be either of 
the thermo-electric or radiation type, are con- 
nected to each indicator, and are brought into 
circuit in turn, and in this way four records can 

be obtained on the same chart. 
by the Leeds 


Electric motors have been adopted 
and Northrup Company, and by Mr. R. W. Paul, 
for driving their recorders, both of which can be 
used with thermo-electric or resistance pyrometers ; 
that of the former firm has not yet been adopted 
in this country, although it is largely used in the 
United States. Messrs. Siemens, who first pro- 
duced an ink recorder, have made several improve- 
ments in their instruments, in which the paper 
oy between an inked ribbon and a knife-edge. 

e pointer, which is made of thin metal, is 
brought down at intervals on to the ribbon, so 
that the paper is pressed between the ribbon and 
the knife-edge, and a smal] dot is thus made at 





each contact. The case is now constructed entirely 
of metal and jointed so as to be dust-proof, and is 
also made with a sloping window in front, so that 
a large — of the record can be seen at a glance. 
It will thus be seen that substantial advances 
have been made in all branches of pyrometry. 
These advances are ely due to the fact that 
all establishments in which pyrometers are made in 
this country are under the direction of tho: hly 
skilled scientific men, and that they are all ry al 
touch with the National Physical Laboratory, which 
has proved invaluable in connection with the cali- 
bration of instruments. It is pleasant to be able 
to agree with the author, who states in his con- 
clusion that, as a result of the intelligent appli- 
cation of science to industry, British pyrometers 
cannot be excelled by those of any other country. 
In commenting on the paper, Sir Robert A. 
Hadfield, who presided at the meeting, pointed out 
the immense importance of temperature measure- 
ment in the metallurgical industries. Nearly all 
the developments of special steels, he said, were 
due to the fact that it was now possible to 
measure temperatures ranging from a few de- 
grees up to 1200 deg. Cent. or more. The hard- 
ness and ductility of ordinary carbon tool steel 
were profoundly modified by eg at tem- 
peratures differing by only a few degrees. The 
change in the magnetic properties of iron ac- 
companying a very small change of temperature 
near the critical point was also mentioned as an 
illustration of the importance of accurate tempera- 
ture measurement. Continuing his remarks, Sir 
Robert said that there was still no very accurate 
means of determining the temperatures of 
inasses of fluid steel, and as the behaviour of steel 
during casting is affected by the temperature, a 
— pyrometer, capable of detecting small 
ifferences in such high temperatures, is required. 
Thermo-couples were liable to become v ry brittle 
when exposed to high ee if: im- 
mersed in fluid steel they disintegrated. Optical 
pyrometers gave useful service, but many sources of 
error in such observations had still to be eliminated. 
With to the best form of thermo-couple, Sir 
Robert found nothing to supersede couples of 
platinum and platinum-rhodium alloy for all-round 
service. The use of these couples, he said, did not 
work out so expensive as tnight be imagined, since 
the scrap platinum from high-temperature work was 
quite serviceable for low-temperature work. He had 
had a difficulty, until recently, in obtaining thermo- 
couple instruments with a sufficiently high re- 
sistance, made of material which would not vary 
with fluctuations of atmospheric temperature ; the 
difficulty had, however, now been overcome. Moat 
ing pyrometers were of insufficiently high 
resistance, and he had found nothing more service- 
able than the Roberts-Austen photographic re- 
corder, made by the White Instrument Company. 
Sir Robert emphasised the desirability of calibratin 
poe with standard melting - points —- 
iling-points in preference to relying on the 
maker's calibration or on standard couples. He 
also referred to the valuable work of the National 
Physical Laboratory on temperature measurement, 
and gave some interesting figures comparing his 
own and other investigators’ results on estimating 
gy ne by — He also —_ to em i 
e im ce of pyrom in the metallurgi 
industelen, thes his firm e@ many -seeee oe 
temperature measurements in the course of a week, 
and a loss of some hundreds of pounds would 
probably occur if any one of these measurements 
was inaccurate. Their expenditure on platinum and 
platinum-rhodium wire alone would probably be 
about 6001. during the present year. 





RECENT THAMES BRIDGE AND 
TUNNEL CONSTRUCTION.* 
(Continued from page 483.) 

One of the most important bridge improvements 
carried out in the London area within recent years 
poder — of eager Bridge, which = 
eff wi e@ primary object of carryin e 
_—— —— Council tramways over =. bridge. 

is y improv e system by ena 
a loop is be cumngitted over Blackfriars a 


* We regret that in our first articlé, in which the new 
Southwark Bridge was ill and described, we 
omitted to state that the architectural design for 
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A RAILWAY CROSSING MADE AT 


THE FRONT. 








up; the ram was again pumped up tothe lower cotter, 
thus freeing the higher one, which was shifted up 
to another hole. The water was again allowed to 
escape, and lowering took place to the same extent 
as before. These operations were repeated until 
the caisson reached the river-bed, additional strakes 
of steel shell-plating being added to the body of the 
caisson, as required, during the period of lowering. 

The caissons were then sunk under compressed 
air through gravel and London clay to the depth of 
the old foundations. The air-shafts by which the 
working-chamber was reached were connected to the 
caissons in the positions shown in Figs. 26 and 29, 
Plate XX XTX., and one of the air-locks is illus- 


| Fig. 32. 
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trated in Figs. 34 and 35, on page 574. These air- 
locks were of the type designed and used by Sir 
William Arrol and Co., Limited, for many years, 
the material-lock being above the man-lock, with 
an overhead gear for raising the buckets from the 
working-chamber, and shooting the material on to 
the staging. The man-lock had twochambers with 
hinged doors, and the material-lock one compart- 
ment with two horizontal sliding-doors. The skips 
passed through a shaft in the man-lock, which 
obviated interference with the ingress and egress of 
the workmen. The sliding-doors were fitted with 
locking-gear, so that when a full bucket was raised 
the shaft in the man-lock, through which the skip 
passed, was closed to the caisson before the bucket 
could be passed to the material-lock. The sliding- 
doors were manipulated by rack-and-pinion gear 
actuated by hand-wheels. e buckets were raised 
and lowered by 10-horse- power electric motors 
placed outside, the shaft of the winding-drum ° 
ing through an air-tight gland on the.side of the 
material-lock ; an inspection of Fig. 34 will make 
this clear. Four men were usually employed in 
the working-chamber excavating and filling buckets 
of 8 cub. ft. capacity. They pulled 4 communica- 


tion-cord, which is seen in Fig. 36, whereby a valve 
was opened alongside the hoisting-engine, the 
escaping air blowing a whistle to notify the atten- 
dants that a skip was ready for hoisting. The air 
supply was provided by compressor plant in dupli- 
cate, stationed on the Victoria Embankment 
Terrace, and driven electrically by 35-horse-power 
motors ; the maximum air pressure employed was 
about 25 Ib. per sq. in. 

The permanent caissons do not extend above the 
bed of the river, and temporary caissons, shown in 
Figs. 30 and 31, Plate XXXIX,, were therefore 
== to allow the masonry of the piers to be 

uilt up in the dry. These caissons consisted of 
a series of horizontal rings, composed of }4-in., 
ys-in., and g-in. plates, provided with angles on 
the inner edges, to allow the rings to be bolted 
together ; Fig. 30 shows the internal timbering 
provided to resist the water pressure. The tem- 
porary caissons were attached to the permanent 
caissons by long bolts, 14 in. in diameter, placed 
with the nut downwards through an angle-bar 
riveted to the shell-plating, along a line 4 ft. 9 in. 
above the top of the permanent caisson, and also 
passing through the angles at the junction. The 
object of this arrangement, which is most clearly 
shown in the detail, Fig. 32, annexed, was to 
enable the bolts to be withdrawn from above low- 
water level when it was required to remove the 
temporary caisson. To control the level of the 
water inside the caisson, a 9-in. sluice-valve, shown 
in Figs. 30 and 31, was provided. 

A Tas of 12-in. timber sheet-piling, shown in 
Fig. 25, was driven on each side of the pier between 
the old and new caissons to prevent any future 
scouring action, and to make the old pier con- 
tinuous with its extension. The space thus enclosed 
was then excavated to a depth of 10 ft. below the 
top of the caissons, and filled with 4 to 1 concrete. 
These sheet-piles were carried up to about 5 ft. 
above high-water level, to form temporary coffer- 
dams, shown in Fig. 23, and were connected with 
additional strakes of the temporary caisson bolted to 
the bottom strake previously described. The whole 
served to enclose an area within which, after the 
water had been pumped out, the building of the 
pier extension was carried out. 


(To be continued.) | fy | 





RAILWAY CROSSING MADE AT 
THE FRONT. 

THE illustration above affords interesting evidence 
of the good work which is being done at the Front 
by our Royal Engineers. It was completed entirely, 
from start to finish, in ten days, and it could not 
have been obtained from England in less time. The 
job was in the hands of the 109th Company, and 
was done without any other tools than those shown 
in the photograph which we reproduce. 

The work was carried out with odd lengths of 
75-lb. rail, which otherwise would probably have 








been wasted, To cause as few joints as possible, 


and so to obtain rigidity, the wine rails, or cheeks, 
to the outer crossings are carried through in one 
piece until they form half of the frog at the centre 
of the middle diamond crossing. These frogs are 
cleated for strength with bent fish-plates in the acute 
angle made by the two pieces of rail which form the 
one frog. Flat-bottomed rails were used and bedded 
on #-in. — and screwed down to it in all cases 
with coach screws. Over 250 holes had to be drilled. 
The crossing is now in constant use, and has been 
found quite satisfactory, though on boggy ground. 
Our readers will agree that it is a most satisfactory 
piece of work for a field forge, and that it reflects 
great credit on the officers and men of the 109th 
Company of the Royal Engineers. 





THE LATE MR. JOHN SAMUEL WHITE, 
OF COWES, 

Art atime when the advantage of high speed is being 
so fully and practically demonstrated in the test 
war, naval or otherwise, which the world yet 
experienced, there is a widened interest attaching to 
the death of one who played a very important part 
in the evolution of this t pe of war vessel. We refer 
to Mr. John Samuel White, the founder and chair- 
man of the company which carries. his name, and 
which, because of the work done at East Cowes, in 
the Isle of Wight, will ocoupy no inconsiderable place 
in the history of naval architecture and marine engi- 
neering as applied to small craft. Mr, White was 
by heredity a shipbuilder, as his forbears had been 
exponents of the craft of the shipwright, and his father 
had a shipbuilding business at Medina Dock, at West 
Cowes, and on this site, in later years, was built the 
extensive engine factory of the present company. 

Mr. White gave evidence as a boy of the fact that 
in his case, as in so many others, hereditary influ- 





Photograph ly Elliot and Fry. 
Tue tate Me. Jonn Samvuet Waits. 


ences were operative, and while serving his appren- 
ticeship as a shipbuilder he found relaxation in the 
manufacture of working models of boats and mecha- 
nical contrivances, which tended to cultivate that 
progressive initiative which in later years had full 
play in connection with the building and equipping 
of pinnaces and torpedo craft. He was only twent; 

years of age when, in 1858, he started in busi- 
ness for himself at East Cowes. It was a small 
beginning, but he recognised the potentialities of 
lightly-built craft propelled by fast-running machinery, 
and secuted the co-operation, as far as engine-build- 
ing was concerned, of Messrs. G. E. Belliss and Co., of 
Birmingham, now Messrs. Bellissand Morcom, Limited. 
As Cowes was the home of the Royal Yacht Squadron, 
he readily found a clientéle for pinnaces, and from the 
building of these for purely pleasure craft it became 
an easy step, especially with the success of the spar- 
head Moe 9 to the construction of small vessels 
to carry this destructive weapon. At the same 
time Mr. Belliss and others were working assidu- 
ously to increase the power per unit of weight 
of ap am machinery. The consequence was the 
further development, in 1856, of vedette-boats. The 
next advance was made in the substitution of steel for 
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wood in the construction of these vessels, and, this 
es the . to the building of a boat designed 
exclusively for firing torpedoes became easy. 

Not ae the British Admiralty, but many foreign 
navies, became his clients, and, thus encouraged, Mr. 
White moved from step to step in connection with the 
building of special craft to utilise the Whitehead tor- 

o when it was invented in 1864, and introduced 
into the British Navy, after experiments, a few years 
later. One of the necessities of torpedo warfare, it 
was recognised, was the ability of the craft carrying 
the torpedo gear to be rapidly manceuvred, and to 
meet this end Mr. White introduced the well-known 
turnabout system of steering. From his own design, 
and at his own expense, Mr. White constructed, in 1885, 
the first 150-ft. torpedo-boat built in this country, and 
it was notable that the vessel was not only fitted 
with a turnabout rudder, but with a ram—features 
which still characterise the latest of torpedo-boats. 
The success of the 150-ft. torpedo-boat encouraged the 
construction of a 200-ft. boat, again at his own ex- 
pense ; and in her case the achieved attracted 
the attention of, among others, Captain (now Lord) 
Fisher, who was then the head of the torpedo and 
gun establishment at Portsmouth. The 200-ft. boat, 
which was named the Sea Serpent, was purchased 
by Messrs. Armstrong, of Newcastle, after it had 
been surveyed and reported upon favourably by Sir 
Philip Watts, who was then on the Elswick staff. 
Soon afterwards the British Admiralty placed orders 
with Messrs. White, not only for torpedo-boats, but 
for torpedo gun-boats, and in 1889 the firm decided 
to build the engine works at West Cowes. Since 
that date they have manufactured the machinery for 
all the naval and merchant vessels construc at 
their shipbuilding works. It is not necessary here to 
refer to the successive advances made by Mr. White 
in connection with design, but it may be accepted 
that, as we have already said, he played a very con- 
siderable part in the development of torpedo craft to 
that high state of excellence which is now typified by 
the present-day vessels, having speeds ranging up to 
35 knots. 

Although advancing years compelled Mr. White to 
relinquish his immediate control of the works into 
younger hands, he continued to take the same prac- 
tical interest in the concern right until the close, and 
his sympathy and encouragement were largely in- 
fluential in the application of water-tube boilers, 
turbines, and Diesel engines, and the manufacture of 
aeroplanes and seaplanes, in all of which the firm 
now take a prominent part. He retired in 1897, and 
in the following year the firm was converted into a 
private limited-liability compuny, of which he became 
chairman, continuing in that position until the end. 

Mr. White had all the characteristics of the cour- 
teous English gentleman. To equanimity of tempera- 
ment there was added keenness in business, associated 
with a high sense of personal and commercial rectitude; 
he was at all times sympathetic towards progressive 

roposals and full of encouragement for their authors. 

e reputation which the firm gained and continued to 
hold for sound work was largely the result of the prin- 
ciples he invariably inculcated. His relationship with 
the workers was essentially friendly, and the great 
growth of the districts around the works, consequent 
upon the advancing prosperity of the firm, was ever a 
matter of keen personal satisfaction to him. He, how- 
ever, was of a naturally retiring disposition, and took 
no part in local public affairs, except to take his share 
in those charitable undertakings which are indispens- 
able in all manufacturing communities. Nor did he 
play any important part in the affairs of the Institu- 
tion of Naval Architects, although he was one of the 
earliest, if not among the first, members. 

As we have said, he maintained his interest in all 
matters affecting the industry of his district, and, 
although he had been ailing, his death, on the 14th 
inst., at the age of seventy-seven years, came unex- 
pectedly. His remains were interred at the Whipping- 
ham Cemetery on the 18th inst., the funeral being 
attended by a large number of employees and many 
naval and Admiralty officers. 





STRESSES IN ARCHES AND RETAINING- 
WALLS. 
To Tae Epiror or ENGINEERING. 
Siz,—I am not aware why Professor Chatley volun- 
teers information in your last issye to the effect that the 
compressive stress in a masonr} joint is— 


fa P(D- 24) 


stfu. .w 
3 —aA 
(2 -4) 
where P = thrust per unit thickness ; 
D = width of joint ; 
A = eccentricity of thrust greater than D ; 


put I would suggest that the formula might preferably 
be written— @P 


(3-4) 





f= 





which agrees with what is given in many books, and is 
practically self-evident when one understands the 
assumptions involved. 
Yours faithfully, 
: Freperic Bacon. 
University College, Cardiff, May %, 1915. 





SHORTAGE OF SHELLS. 
To THE Epiror or ENGINEERING. 

Sir,—I am writing to ask if, through the medium of 
ENGINEERING, you would allow me to call for volunteers 
among engineers resident in or near London, and engaged 
during the day, to give up, say, three hours every night 
to the cuentas manufacture of shells or their constituent 
parts. I know that in London there are many firms 
who are very short of mechanics, and I believe that such 
an effort, if adequately responded to, would have the 
approval of the War Office. 

am prepared to offer my services in the manner indi- 
cated, and I shall be very glad to receive the names of 
any engineers who are ready to do the same. 

A similar movement has been successfully adopted in 
the North of England, and I do not see why London 
engineers should not do the same. 

I am, yours faithfully, 
H. M. Surtees TuckweE tt. 

21, 22, Tavistock-square, London, W.C., 

May 18, 1915. 





MICROGRAPHIC NOMENCLATURE, AND 
THE INTERNATIONAL ASSOCIATION FOR 
TESTING MATERIALS. 

To THE Eprrog or ENGINEERING. 

Srr,—In your issue of the 14th inst., on page 544, Dr. 
Arnold refers to a report of the International Associa- 
tion for Testing Materials on the Nomenclature of Micro- 
scopic Substances and Structure of Steel and Cast Iron. 
In his letter Dr. Arnold gives the names of two of the 
English members of the Nomenclature Committee, of 
which there were three, Professor Carpenter, Dr. Rosen- 
hain, and myself, and also states his opinion that Sheffield 
has been oo on the following grounds, viz. :— 

1. That Sheffield was not represented on the Committee. 

2. That no notice was taken of the alleged slaughter 
and burial of ‘‘8 iron” by Sir Robert Hadfield and himself. 

3. That full credit was not given to him for the dis- 
covery of the dove-coloured manganese sulphide in steel, 
and that the implied date of the discovery is incorrect. 

4. That some of his more recent and valuable dis- 
coveries were not referred to in the report. 

The prominence given to the name of Dr. Rosenhain 
and to my own, coupled with the alleged insult ‘‘to the 
little village of 500,000 inhabitants,” implying as it does 
the responsibility of these two gentlemen, together with 
the threatened terrible calamity of the resignation of 
Dr. Arnold from the Association, makes necessary a 
public explanation of the situation as it really exists. 

The Engiish members of the Committee were elected 
from English members of the Association, and as 
Dr. Arnold did not join the Association till eighteen 
months afterwards, he was not at the time qualified for 
election. As a descendant of several generations of 
Steads who were Sheffield cutlers, and being intimatel 
associated with the interests of Sheffield trade, and wit 
Dr. Arnold, the general committee of the Association 
(Dr. Arnold not being available) naturally regarded me 
as the next best representative of Sheffield. Had Dr. 
Arnold been a member, he would undoubtedly have been 
elected as a member of the Nomenclature Committee. 
This dispoces of the first ground of offence. 

The answer to the second point is simple. The report 
objected to is nothing more than an excerpt from vol. ii. 
of the Proceedings of the Association for Testing 
Materials, containing the official records of the New 
York Congress of 1912. The report is therefore not a 
recent production, for it was circulated to all members 
of the jation in August, 1912, or at least nine months 
before the date of the controversy at which Sir Robert 
Hadfield and Dr. Arnold “ helped to bury 8 iron.” 

My rejoinder to the third item of 
that by associating the name of Waterhouse with Dr. 
Arnold, an implied chronological error did, unfortunately, 
oe ae the report, but I am absolutely certain this 
would have been corrected with thanks by the Committee 
had Dr. Arnold drawn attention to it. Possibly he may 
not have seen the report of 1912, but a copy was sent to 
the Sheffield Engineering and Metallurgical Society and 
was available for his inspection. But surely this is a 
trivial matter. Everybody in the whole metallurgical 
world gives Dr. Arnold, and Dr. Arnold alone, credit for 
the discovery of the dove-coloured sulphide in steel. 
There is no other claimant. 

The last ground for complaint is easily answered. Dr. 
Arnold has always fought those who coined names which 
did not convey some idea of the nature of the substances 
named. There is much to be said for this point of view, 
and it is probable Dr. Arnold’s efforts have had their 
effect, for few new terms have been coined in recent years. 

The terms objected to by Dr. Arnold, however, had 
received such general recognition, and, moreover, 
found their way into a host of text-books at the time the 
report was made ; these facts had, to be taken into account. 
Dr. Arnold and all the members of the English Commit- 
tee have carefully avoided coining new terms, and as there 
were none made in Sheffield, it is not surprising that what 
had no existence did not appear. 

Farther, let me add that during the preliminary con- 
sideration of the draft report sent to me by Howe, Dr. 
Arnold and I had much correspondence about nomencla- 
ture. On November 22, 1910, I wrote to Dr. Arnold 
informing him of the election of the committee, and asked 


id offence is this, 





him for his views, and from that date until the end of 
1911 a number of letters between us, and Dr. 
Arnold’s views were duly forwarded to Dr. Howe... It is 
therefore only just to say that, although not actually on 
the Committee, as a matter of fact Dr. Arnold was to 
all intents and poses a member. It was open during 
that period for Dr. Arnold to send to me the names of 
any new constituents he wished to be noticed. Had he 
done so I am sure they would have been introduced into 
the report. As it was, the original draft report was 
modified considerably to meet the views of Dr. Arnold 
and the other English members of the Committee. 

In conclusion, let me in the first place express my 
regret, which I am sure will be felt by all the members 
of the Nomenclature Committee, that in error the name 
of Waterhouse was associated with that of Dr. Arnold as 
joint discoverers of the dove-coloured sulphide in steel. 
Secondly, that = oe could | 4 ——— for 
not possessing the gift of prophecy, and could not publish 
what Sir Ro Hadfield and Dr. Arnold were going to 
do nearly a year after the report was published ; neither 
could they refer to the claim of Dr. Arnold, made for the 
first time only a week ago, t he is the discoverer of 
molybdenum steel. 

International associations are ponderous institutions, 
and it is ——— to meet the exact views of every 
member, when nothing serious is involved, and only 

uestions as to the names of micro-constituents are in 

e balance, there must be concessions to the opinions of 
the greater number. The reference that the report was 
printed in the country of an alien enemy loses the 
obviously intended _—o when it is known that it 
was printed two years before the war began. 

I am, yours truly, 
J. E. Sreap. 

11, Queen’s-terrace, Middlesbrough, 

May 19, 1915. 





THE ENGINEER’S UNIT OF MASS. 
To THE EpiTor OF ENGINEERING. 

Sir,—A year or two ago I drew attention to the need 
of a name for the “‘engineer’s unit of mass”—a mass of 
32.2 lb.— maintaining that to give a convenient name to 
this unit (such, for instance, as *‘meng”) would prevent 
confusion and error. 

Professor Perry’s word ‘‘slug” has made progress, 
but apparently the majority of engineers prefer to 
muddle along in the old way. Some of the best of them 
will, for instance, say that the moment of inertia of a 
fily-wheel isso many pound-foot units, when, instead of 
pound, they mean ‘‘engineer’s unit of mass.” A most 
astonishing case of error (or, perhaps, confusion, if this 
sounds kinder), attributable, in my opinion, to this lack 
of a name, occurs at the top of page 20 of Circular 894, 
issued by the Board of Education under the title of « 
** Memorandum on the Teaching of Engineering in Even- 
ing Technical Schools.” 

The Circular states, 

** Kinetic energy = _- 
ine ey = 39° 

Most schoolboys know that such a statement is non- 
sense. Asitis accompanied by « quite correct statement, 
wv: 

2y ° 
the error might have been due to the printer, but on the 
very next line occurs :— 


”» 


‘** Kineticenergy = 





‘**g x force = mass x linear acceleration,” 


@ similar piece of nonsense. The excuse that might this 
time be u —that the word ‘‘ mass” really should have 
been ‘‘ weight ”—becomes of no avail, because in the 
next succeeding line the word “inertia” is used. 

There is, I fear, but one conclusion—a conclusion borne 
out on more than one of the pages of this unfortunate 
Circular—that some of those who think they can teach 
the teachers should themselves go to school again. 


Yours faitbfully, 
F. ita DENTON. 


N ee ne Institute, Clerkenwell, 
mdon, E.C., May 10, 1915. 





‘UTILISATION OF SOLAR ENERGY.” 
To THE EpiTor oF ENGINEERING. : 

Sir,—With reference to the paragraph in your issue 
of April 30 last on the subject of ‘‘ Utilisation of Solar 
Energy,” you state that the over-all efficiency of the 
Shurman power plant erected in Egypt is only 4.3 per 
cent. Few boilers have a thermal efficiency of more than 
70 per cent. under working conditions, while the thermal 
efficiency of a good steam-engine under similar condi- 
tions is rarely more than 15 per cent., giving a combined 
over-all efficiency of 10.5 per cent. Assuming, of course, 
though you do not say so, that 4.3 per cent. refers to 
over-all thermal efficiency, it appears to me that, con- 
sidering the present state of the art of utilisation of solar 
energy, the result given by Mr. Shurman is not at all a 
bad one, since 4.3 is 41 per cent. of 10.5. 

Yours faithfully, 
H. Crom Boors, F.C.G.1., M. Inst. C.E. 

Amberley, Purley, Surrey, May 15, 1915. 

[Radiation reaches the surface of this earth in a “ high 
grade” ferm, well over 90 per cent. of it being theoreti- 
cally ‘‘available” for conversion into useful work. Of 
this theoretical 90 per cent. only 4.3 per cent. is thus con- 
verted, which is not a satisfactory result. As a conse- 
quence an enormous area has to be occupied to obtain but 
a very moderate output.—Ep. E.] 
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IRON, CARBON, AND PHOSPHORUS.* 
By J. E. Sreap, D.Sc., D.Met., F.R.S. (Middlesbrough). 


Since I presented my paper on ‘‘ Iron and Phosphorus” 
(%)+ to this Institute in 1900, T have not ceased to study 
the alloys of iron, phosphorus, and carbon, and have pub- 
lished some of the ts of my investigations in papers 
and lectures given before several societies, a tabulated list 
of which will be found in the bibliography at the end of 
the present paper. 

By way of inteadustion it is necessary briefly to review 
what has previously been published of late years. 


SECTION I. 
INTRODUCTION. 

The only paper of importance presented to the Iron 
and Steel Institute since 1900 dealing with the alloys of 
iron and phosphorus is one by Saklatwalla (4!) on the 
constitution of iron-phosphorus compounds. 
was accompanied by an equilibrium diagram, which is 
here reproduced. 

The investigations of that gentleman confirm the more 
important work that I had Ferns mn ublished. He 
found that the saturated solid solution of phosphorus in 
iron approximated to 1.75 per cent. phosphorus and 98.25 
per cent. iron, and that the eutectic contained a little 
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over 10 per cent. phosphorus. I had obtained 980 deg. 
Cent. as the freezing point of the eutectic against a litzle 
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Temperature, Degrees Centigrade. 
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over 1000 deg. Cent., a figure which more recent trials 
have confirmed. Mr. latwalla discovered a second 


2232465 67°80 «8 OHH 
39 38 87 36 OS BH 8&8 82 H 


eutectic, consisting of crystals of Fe:P and Fe,P, which | is 


I had not observed, but I had separated the juxtaposed 
crystals and determined their composition by analysis. 
He found arrests in cooling the alloys containing between 
8 per cent. and 6.5 per cent. J ee. megane which led him to 
draw the curve Q K on the diagram, and to suggest either 
that the eutectic changed in composition, or that some 
mysterious physical changes occurred. In my experience 
I have found that the eutectic has the same melting-point 
whether there is 2 per cent. or 10 per cent. of phosphorus, 
— that the line SQ R is straight, and not curved, as 
shown. 

Saklatwalla found Fe,P to have a hardness of No. 6 on 
Mohr’s scale, corresponding with that of felspar. 

It was during 1875-76-77 (*) that the first serious effort 
was made to determine the composition of the last portions 
that remained liquid in slowly solidifying y Cleveland 
iron. This was done by subjecting the solidifying metal 
to hydraulic pressure, and submitting to analysis the last 
portion expressed. At that early date, about forty years 
ago, little or nothing was known in the iron and s 
world of the important compound constituents of many 
alloys called ‘* eutectics ;” but, as the later researches have 
posed, the substance I actually squeezed out of Cleve- 
‘and iron consisted of almost pure ternary eutectic of 
iron-phosphorus-carbon, the microstructure of which I 
descri in 1900, and more recently in 1914 (#). Allow- 
ing for the displacement of a certain amount of carbon by 
the silicon present in the final liquid portion, the calcv- 
lated composition of the pure eutectic was arrived at. 
Professors Wiist and Goerens (2. 2) afterwards syntheti- 


* Paper read before the I d Steel Instit 
Friday, May 14, 1915. ala — 





of paper. 


+ The smajl numerals refer to the bibliography at end 
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cally prepared the pure substance, and their anal 
together with the adjusted analysis of the substance I ob- 
tained, are as follows :— 














_ Stead. Wiist. | Goerens. 

| per cent. per cent. per cent. 
Iron .. o~ ee on 91.19 91.30 91.15 
Carbon = - = 1.92 2.00 1.96 


Phosphorus .. os - 6.89 6.70 6.86 


It was indicated in 1900 (%) that while the eutectic 
present in very grey phosphoretic metals consisted o 
the binary eutectic containing about 10 per cent. phos- 
phorus 90 per cent. iron, it was the ternary eutectic 
which is always present in white and mottled iron. It 
was also proved that practically all the phosphorus in 
grey pig-irons, even when the amount was as low as 0.04 
cent. and less, was concentrated in independent 
putches of the ternary eutectic. 

Later, Professor Carpenter (**) proved that the arrests 
during the solidification of the eutectic in very grey and 
white Cleveland irons were identical at 945 deg. Cenb. 
with the freezing-point of the ternary eutectic, a result 
closely confirming that of Goerens and others (*—*), 
This important result, proving that the triple eutectic is 
that which first forms, confirmed what I had previously 


obtained by squeczing out this very portion from grey 
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Cleveland iron. It is after complete solidification of the 
fag oy A eutectic that the carbon diffuses out of it, for it 
the binary eutectic that remains in the cold grey metal 
from which a portion of the ternary eutectic has been 
removed by —_ In my early attempt to remove 
hosphorus from iron by pressure, it was only a mere 
raction of the total amount of the eutectic that was 
actually equeezed out of the metal, for the simple reason 
that the metal in the mould could not be maintained 
throughout at 945 deg. Cent. Theoretically, could this 
have been possible, a complete separation of practically 
all the phosphorus sould, with the pressure sufficient, 
have been attained. 
The sequel to my open has been afforded by the 
** bear” of one of the Skinningrove furnaces (*—*), The 
large mass of metal, about 500 or 600 tons in weight, 
in cooling exceedingly slowly, contracted circumferen- 
tially, and com the central portion, which, being 
in the middle, was the last completely to solidify. The 
effect of this enormous pressure caused the central plastic 
mass to assume a vertical column, an arrangement closely 
resembling on a small scale the basalt of Giant’s Cause- 
way. These columns could be more or less readily 
separated from one another. The analyses of one por- 
tion of the formation were as follow :— 
Probable Composition 
st then Ovtotoal Central 





Cleveland Iron. Column. 
Per Oent. Per Cent. 

Iron en = in sin 92.34 98.400 
Combined carbon os rat 0.50 0.562 
Graphite Soe, peed aaa 3.00 1.640 
Manganese oe ve oe 0.70 0.178 
Silicon .. os oe ea 1.80 1.166 
Sulphur .. be ee +e 0.10 0.108 
Ph 8 oe oe oe 1.56 0.155 
Oxygen, &c. .. oe oe - 2.801 

100.00 100,000 





Phosphorus expreseed probably about 90 per cent. 
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in the last portions to solidify is correct. 

(In @ paper read before the Cleveland Institute of 

Engineers in =. pe to my later researches, I 

incorrectly descri the phosphide of iron in grey iron 

as carbide, a mistake also by many other metallo- 
i Goerens and 
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sky (7°) on the formation of qraphite in pig-iron when 
cooling is of the greatest importance. They conclude, as 
do Wiist and others, including myself :— 
_ (a) That the formation of the graphite which remains 
in the solid iron occurs during the solidification process. 
(b) That it occurs only after the previous tion of 
the eutectic cementite, and that graphite in pig-iron 
is a disin tion uct. 
(c) that the graphite plates become.coarser the slower 
their formation, and more copious the slower the eutectic 
= is — . siiataalin 

hey state each 1 per cent. rus in pig-iron 
reduces the initial melting-point by about 27 deg. Cont. 
These conclusions practically coincide with the careful 
observations of practical metallurgists made long before 
the more refined methods of research were available. It 
had long been noticed that if the cooling of cast iron be 
accelerated—as it is in making chilled rolls—the carbides 
of iron first to form remain undecom in the chilled 
outer layer, and that below the chill, where the cooling 
is slower, — plates a which increase in size 
with the distance from the chilled surface, and that the 
ay plates are smaller in thin than in large castin 

ue to the more rapid cooling in the former as com 

with the latter. though these remarks applied to non- 
phosphoretic iron, they equally apply to phosphoretic 
pig-irons. 1 is for that reason they are here referred to. 
As ho nee A the Fe pa yy? was im- 

ectly illustrated in m inal paper, ve intro- 
Seed a better photograph i 
point when the iron part passed 
to gee Pe warm the iron phosphide to heliotrope, and the 
iron carbide to red (see No. 1, 570).* 

It was shown in eS + when the carbon did not 
exceed 1 cent., and amount of phosphorus varied 
between 0.09 and 0.25 per cent., the microscope revealed 
concentrations of phosphorus between the crystals, but 
a - & minute part of the whole existed as free 
phosphide. 

In a later paper on ‘‘ Crystallisation and Segregation 
in Steel Ingots,” 1906 (*!—*), it was shown that the 
of iron and steel richer in orus were relatively 
slowly attacked by very dilute acid reagents com 
with the parts containing less, and by this means the 
primary fir-tree crystallites were shown to be freer from 
phosphorus than the surrounding them. By the 
application of this method it was easy to trace portions 
richer in phosphorus in any steel, whether cast, rolled, or 
f During the solidification of steel containing 
appreciable amounts of carbon, it was shown that the 
first crystallites to form were practically free from phos- 
phorus, and that the last portions to freeze contained 
concentrated in them a greater part of the phosphorus. 

It is well known that the outer walls of steel ingots 
contain less phosphorus than the average of the whole 
ingot (*!), and it is not improbable that this is in conse- 
quence of the crystallites growing vertically from the 
cold sides of the ingot mould in close and massed forma- 
tion. I have explained this (*'), and suggested that the 
more fusible portions, richest in phosphorus and sulphur, 
are driven forward where they join the liquid metal. 

As the crystals which form near the chilled surfaces 
of iron ingot moulds are closely packed together and very 
numerous, the inclusions of the last to become 
solid are very perfectly distributed in fine particles ; 
as & ee ge interdiffusion soon after solidification 
is — = the ne that oo wy poriene 
are the most homogeneous of any partof the ingot. i 
such is the case is confirmed the newer methods of 
etching described in Section III. When the steel 
freezes (#4) in the interior mass of an ingot, separate 

tallites develop ae at different centres 
and attract iron to themselves with the liquid which thus 
becomes increasingly rich in metalloids. As the crystal- 
lites develop branches in three directions at right angles, 
they eventually surround some of the impure liquid, 
which, being trapped, is fixed inside the solid crys 

In steel forgings of average size I have failed to find in 
the primary crystallites portions rich in phosphorus, but 
we know that these could not have been homogeneous at 
the time of their development, and that, although it has 
not been possible to detect them, they are Indeed, 
they are present in exceedingly large crystallites obtained 
from contracting cavities in large ingots, as was shown 
in the paper last referred to. Photograph No. 3, 
page 870, is oom one of aoe atallites after etchi 
wi e alcoholic cupric en separate crystal- 
lites grow towards Souh Cheer (*), that part of the in- 
creasingly impure liquid not trapped by the branches of 
the crystallites is driven forward and is finally impri 
at their junctions where they solidify. When -hole 
cavities (“) are formed in plastic these due to in- 
ternal pressure in the ingot mould become more or less 
completely filled with a portion of the impure liquid 
which is rich in phosphorus and sulphur. 

The photographs 4 and 5, page 570, reproduced in 
colour from the heat-tinted specimens, represent a 


* Photographs Nos. 1, 2, 4, and 5 are printed in colours 
in the ori paper. 
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partially filled blow-hole and a blow-hole segregation after 
the ingot was rolled 
axes of steel ingots frequently contain a concentration 


ance of the surface of a window-pane by a scratch induces 


into « billet. The upper central | hoar-frost to crystallise in advance round the scratch. 


Ziegler’s results were obtained by experimenting on 


of the more fusible impure parts of the metal. The) rather highly pbosphorised steels, which, for reasons 


amount of this concentration appears to depend on 
whether or not the steel gives off gas during solidifica- 
tion (*'). 

Mr. B. Talbot (°5) in a most valuable paper published 
in 1905, on “* tion in Steel Ingots,” proved that 
0.007 per cent. of aluminium added to ingots produced 
soundness and greatly reduced axial tion. This 
was fully confirmed by Dr. A. with the assist- 
ance of Mr. C. H. Ridsdale, who kindly cast for me two 
ingote from a rather wild charge, to one of which was 
added a little aluminium. That treated with aluminium 
was quiet in the moulds and gave off no gas; the other 
was wild and much came off during solidification. 
The latter was axially ted and also contained 


| given above, were not suitable as the foundations of such 
|@ broad generalisation. To show that foreign matter, 
| which is quite free from oxidising elements, does not, at 
| least as a rule, induce ferrite to crystallise round it, it 
| is only necessary to examine mildly carburised cemented 
| Swedish bars, which are practically free from —— 
| and have been cooled ex ingly slowly in the cementa- 
| tion furnace, for in these the inclusions are found to 
pass through both pearlite and ferrite indiscriminately, 
| and not through the ferrite alone. An example of this 
is shown in photographs 6 and 7. f 
Malleable castings made from hematite pig-iron con- 
tain sulphide inclusions which separate and me solid 
| before the phosphorus eutectic, and as these are not asso- 





blow-hole segregation. The non-gaseous ingot was but | ciated with phosphorus in the solid iron, they are found 


No. 1.—Normal structure of the ternary, eutectic of iron, carbon, 
and phosphorus. Magnified 330 diameters. Heat-tinted. Red 
= jron carbide. Purple = iron phosphide. White = iron con- 
taining some phosphorus in solid solution. 


Analysis. 
Per Cent. 
Iron... es es ™ - £9 
Carbon .. pa e os - LS 
Phosphorus .. ae re -. 6,89 
100.00 


slightly segregated, and was free from any blow-hole 
regations. 

As nobody appears to have attempted to explain why 
aluminium, as well as silicon and titanium, check segre- 

tion, I have advanced purely hypothetical reasons for 
this on the basis that the formation of blow-holes (“) in 
a plastic mass compresses the surrounding steel, squeezing 
out the more fusible impure liquid portion ; this 
towards the centre of the ingot and escapes inside the 
solidif ing walls, and being specifically Ba. gees ascends 
counalie the top of the ingot and is assis upwards by 
the bubbles o' which also ascend. When the ingot 
top is plated down and becomes solid, the gases, now 
unable to escape, exert great pressure, greater jure 
than that of the imprisoned in the blow-holes ; con- 

uently some of the impure liquid in the plastic walls 
facing the ends of the blow-holes is fo: into them 
until the gaseous pressure within and in the centre of 
the ingot is —_ Phosphorus, according to the 
es of Dr. Arnold and others, including myself, 
when present in carbon steels, raises the critical point A). 
It is obvious, therefore, that at 1000 deg. Cent., if the 
phosphorus be unequally distributed, the critical arrest 
A, will, in cooling down, occur at separate points—in 
other words, pearlite will form at a higher temperature 
in the more phosphorised portions than in the parts 
where the phosphorus is lower. 

I have demonstrated beyond any doubt that this does 
occur, and also, what is more important, that in the 
steels containing 0.45 per cent. and less carbon, although 
the carbon may be equally distributed when the steel is 
at 1000 deg. Cent., on very slow cooling, the ferrite first 
appears in the parts richest in phosphorus. The portions 
which are partially saturated with phosphorus cannot so 
readily hold in solid solution a. certain tem tures as 
much carbon as the surroundiny portions which contain 
little or no phosphorus ; consequently when, in cooling, 
it reaches these temperatures, tae car diffuses out of 
the phosphorised ss into the surrounding purer metal. 
This leaves the phosphorus areas free from carbon, and 
these in large forgings constitute what the workmen call 
“‘ghosts” or “phantoms.” The same kind of lines, 
microscopicallv small, are, for convenience, called ‘‘ micro- 
wee alphidee s d phosphides al segregate b 

As ides an ides always ther, 
the sulphide inclusions are almost always coe the 
gheeheaee, It was the association of the sulphides and 
errite that misled Ziegler (*) into making his hypo- 
thesis—that it was inclusions in steel which induced 
the ferrite to crystallise round them, just as a disturb- 


|in both ferrite and lite. Further, by mechanically 
fixing pure silica inclusions in mild pure medium steels, 


No. 2.—Part of bear from an Ormesby blast-furnace, containing 
an inclusion of ee ternary eutectic. Magnified 200 
diameters. Heat-tinted. Red = iron carbide. Blue = iron 
ph : hide. White = iron containing some phosphorus in solid 
solution. 





rich in sulp and phosphorus. Magnified 20 diameters. Blue 
= rich in phosphorus. 


on heating to 1000 deg. Cent. and slowly cooling, the 
ferrite in the cold steel is not then found in the form of 
borders round the silica. 

In the many hundreds of ghost-lines in commercial 
forgings I have examined, phosphorus has been concen- 
trated, sometimes in the complete absence of slag or 
sulphide inclusions. Mr. Harry Brearley, however, in a 
private letter, informs me that, on in ucing slag into 
steel, after drastic annealing, he has found the slag sur- 
rounded by ferrite, a result which appeared to justif 
Ziegler’s conclusion. I am satisfied, however, that su 
& case is quite exceptional. One undisputable and estab- 
lished law is that the micro-ghost lines in steel bars 
imcrease in number and extent with rising phosphorus. 

I have found (*) that if steel be maintained at tem- 
peratures just below the solidus line, the point of in- 
cipient fusion, the phosphorus will gradually diffuse 
and become equally distributed throughout the mass, 
and the carbon will also be more equally distributed 
when the steel is cold. This is not a practical method of 
producing uniformity, for heating to such high tem- 
—- is very wasteful and is liable accidentally to be 
exceed 


At the ordinary temperatures employed for reheating 
steel for forging and rolling into rails, billets, sheets, 














&c., phosphorus does diffuse, but at a very slow rate. 
Unless the phosphorus be segregated to an excessive 
extent, on reheating steels, the carbon diffuses into the 
portions rich in phosphorus, but the temperature required 
to complete the diffusion is the higher the greater the 
phosphorus. For instance, if two steels be taken, one 
containing 0.06 per cent. and the other 0.005 per cent. of 
phosphorus, and containing about 0.3 per cent. 
carbon, complete diffusion of the carbon will be effected 
by heating to about 800 deg. Cent. in the case of the 
purer s but a temperature of about 30 deg. Cent. 
greater is necessary to obtain the same result with the 
less pure steel. By heating and quenching the two 
steels at definite and increasing temperatures, and 
examining the etched specimens under the microscope, it 
can beseen that it is usually the thick ferrite envelopes of 
the less pure steel that are the last to be invaded by the 
carbon. It is evident then from this that in heating to 
refine, one must use higher temperatures for the steels 
highest in phosphorus. This point, of great practical 
importance, is further dealt with in Section II. 





No. 8.—Section of a large crystallite from a steel ingot, 
showing primary crystallite skeleton dark and trapped 
impure metal. Magnified 1} diameters. Etched with 
the cupric reagent. 





No. —< blow-hole by a soft steel ingot, partially filled with metal No. 5.—A blow-hole segregation after extension by rolling toa 2-in. 


billet. Magnified 330 diameters. Red = pure steel. Blue = rich 
in phosphorus. White streaks = sulphides. 


Nos. 1, 2, 4, anp 5, as PusBLisHep BY THE [RON AND STEEL INSTITUTE, WERE PRINTED IN CoLouRS 
AND WERE REPRODUCED FROM CoLoUR PHOTOGRAPHS OBTAINED ON LUMIERE AUTOCHROME PLATES. 


Cast-steel founders on “ heat-treating ” their castings, 
which usually contain from 0.04 to 0.06 per cent. phos- 
phorus, always raise the temperature well above what 
18 indicated as necessary on the equilibrium iron-carbon 
di of pure iron-carbon alloys. If a steel casting, 
built up of ferrite-pearlite conglomerate surrounded by 
thick phosphorised ferrite envelopes, be heated up until 
the whole of the envelopes have been invaded by diffusing 
carbon, and be then allowed to cool down very slowly in 
the furnace, the thick ferrite envelopes will reappear 
in their original positions, for; as before stated, in low 
and medium carbon steels, the carbon always first 
leaves the parts which are highest in phosphorus on slow 
cooling. It is easy to prove this, for the sulphides which 
do not diffase are always associated with the phosphides, 
and remain fixed, no matter what the heat treatment. 
They are present in the thick envelopes before heating, 
and are in the same position in the casting after heating 
and slow cooling. This is clearly shown in photographs 
No. 8 (a, 5, c, d), page 571. 7 

a) Steel test-piece annealed and passed as satisfactory. 

* The same as (a) after heating to 850 deg. Cent. and 
slowly cooling. } 

(c) The same as (a) after heating to 950 deg. Cent. and 
cooling in 10 minutes. 
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(d) The same as (a) after heating to 800 deg. Cent. and 


quenching. 


As I have recently given a description of the several 
methods for the detection of the parts richer in phos-| ___ 
phorus, I need not here traverse the same ground a second 
time, so have described in Section III. (**) the most 
recent reagent which has been found to be suitablefor| __ 
developing both the macro and micro-structure of steels 


and irons containing phosphorus. 


For years I had endeavoured to obtain some means of 
clearly showing to the eye the imperfect distribution of 


ComPaRATIVE Tests ON Steet ConTAINING VARYING 
AMOUNTS OF PHOSPHORUS. 
Tensile Tests. 
Phos- | . Yield 
| phorus. | Point. 


| Ultimate | Elongation ‘Reduction 


No. Stress. | in6 In. of Area. 





cent. 
2.0 
45.3 


1 
2 
3 


per cent. |tns p. eq. in.'tns p. sq. in. | per cent. per 
0.040 20.4 33.1 } 23.0 5 
0.300 | 25.4 39.9 23.0 


0.500 82.0 44.2 20.0 | 





phosphorus in steel, and have succeeded at last in deve- 





No. 6. 


Mildly cemented Swedish bar, showing slag lines running through ferrite and pearlite. 





(a) As received. Etched with acid. (b) Reheated 


Magnified 50 diameters. 


loping a method whereby the least variation in the amount 


Etched with acid. Magnified 50 diameters. 





No. 7. 
Etched with the cupric reagent. 


to 950 deg. and slowly cooled. 


Alternation Stresses by the Wihler Method. 





could not bear the notch. 
of superior quality.” 
Alternating-Strain Tests by Professor Arnold. 

The mean results of duplicate tests were as follow— 
namely: The bars were § in. square. Alternations, 660 
oer minute. Deflection of the test-piece 3 in. above the 

jie-face was § in. on each side. 


“They may, however, not be 


Reversals to 





No. Phosphorus. Fractere. | Ratio. 
per cent. 
1 0.04 271 100 
2 0. 200 73 
8 0.50 100 87 


Professor Arnold remarked that No. 1 was only of 
moderately good capacity to resist alternating stresses ; 
No. 2 was unsuitable for bolts and alternating parts of 
high-speed engines, whilst No. 3 was rotten. 


Slow Alternating-Bend Tests. 


The tests were made in Middlesbrough by bending 
strips @ in. by 4 in. by 3 in. wards and forwards 
througi an angle of 30 deg. until they broke. 








v I 
No. Phosphorus. Sperm te Ratio. 
per cent. 
605 100 
2 0.80 446 78 
8 0.50 150 24 


The tensile, slow-bending, and Wéhler tests were made 
in Middlesbrough. The shock tests were made in Paris 
by M. Frémont, and the alternating-strain testa by Dr. 
Arnold, at Sheffield. 

These results are most interesting, and show that phos- 
phorus under certain conditions is not such a béte noir as 
it is pai 





(c) Reheated to 850 deg. and cooled in air. 
Etched with acid. Magnified 50 diameters. 


ee It must be noted, however, that the bars 
tested had been forged down from 6-in. cubes, and the 





(d) Reheated to 800 deg. and quenched. Etched 
with the cupric reagent. Magnified 50 diameters. 


No. 8.—Cast steel : carbon, 0.3; phosphorus, 0.045 ; tenacity, 35.7 tons ; elongation, 16 per cent.; bend, 90 deg. 


tests were all made in a longitudinal direction. When 


of phosphorus in any iron or steel can be made visible. | Tensile stress... 15 tons | the same steels were rolled into sheets or plates, although 
ON THE MECHANICAL PROPERTIES OF PHOSPHORETIC | Selicdeesen anttne 1308" prod ee Tight Geass beers po 
sania ae ne Sonia valadidn, andre conaiteubio quantity of susel ectsisiog 
——— sowing ete pentyl yg alle - : per Sout. wien ie —_— applied at right angles to the direction of 
Wellington Cast'Steel Foundry, Middlesbrough, A set . on isi'ene Be | A valuable paper, published in August, 1914, in Ferrum, 


of three sand-moulds, 6 in. by 6 in. by 6 in., having been 
prepared, a ladle of normal casting steel was conveyed 
from an open-hearth furnace, and one of the moulds was 
filled. To the steel remaining in the ladle sticks of phos- 
phorus were added, and the metal well stirred to effect 
perfect mixture. A second mould was then filled. 

The third mould was filled after adding more phos- 
phorus to the steel left in the ladle. In this way a series 
of steels was obtained identical in all.respects, excepting 
in the phosphorus content. The carbon was 0.30 per 
cent. in each, and the phosphorus as follows :— 


Per Cent. 
First normal casting ... ™ Set bad 
Second normal casting, with first addition 
of phosphorus ee a on sto 
Third normal casting, with second addi- 
tion of phosphorus ... - it wad 
The castings were sawn in half, one half of each was 
forged to bars, and these were tested for— 
(a) Tensile strength. 
(b) Resistance to shock tests. 
(c) Resistance to alternation of stress by the Wébler 
method. 
(d) Resistance to alternation of strain tests. 
(ce) Resistance to alternation cf slow bend tests. 


Impact Tests by Mr. Frémont. 


The tests were made on saw-cut notched bars, 10 mm. 
by 8 mm. section. 


Kg. M. 
No. 1, with 0.04 per cent. phosphorus, 
broke with an expense of work ... = 8 
No. 2, with 0.30 per cent. phosphorus, 
broke with an expense of work ... = 1 
No. 3, with 0.50 per cent. phosphorus, 
broke with an expense of work ... = 1 


The tenacities calculated from the results were respec- 
tively as follows—namely :— 


Kg. per 
Sq. Mm. 
No, 1, with 0.04 per cent. phosphorus 50 
” 2 ” 0.30 ” ” 62 
” 3 ” 0 50 ” ” 85 


These results were remarkably similar to those obtained 
in the Buckton machine, with the exception of the third, 
which was lower. Mr. Frémont remarked that t steels 
were all brittle. Even No. 1 should have been more 
| resistant, whilst in Nos. 2 and 3 the brittleness was 

normal for steels of corresponding tenacity, for they 











by E. d’Amico (*), on the influence of phosphorus on the 


mechanical rties of mild steel, gives important 
results, which. aoe here summarised. The basis was a 
steel containing :— 
Per Cent. 
Carbon 5 0:118 
Manganese 0.400 
Silicon 0.247 
Sulphur. 0.051 
Phosphorus P 0.012 


were as follow i 
Tons per Sq. In. 
sas 13.3 


The mechanical properties 


Elastic limit ai 

Tensile strength ... 26 8 
Elongation ... ine 28.0 
Contraction of area 61.5 


The addition of each 0.10 per cent. phosphorus up to 
0.41 per cent. affected the quality to the degree shown in 
the following statement :— 


1. The elastic limit is raised 2,32 tons. 

2. The tenacity limit is raised 4.1 tons. 

3. tion is reduced 1.36 per cent. 

4. The contraction of area is reduced 3.81 per cent. 

5. The specific gravity is reduced 0,018 per cent. 

6. The resilience, as shown by Charpy’s shock test, 
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decreases continuously with: increase fea. and 
when it exceeds 0.25 per cent. is practically nil. _ 

7. The electrical resistance is increased proportionately 
with increase of phosphorus at the rate of 0.11 ohm per 
0.1 per cent. (referred to a wire I sq. mm. and 1 metre in 
length) 


8. The permeability is increased while the coercive force 
en a eens losses are decreased by the 
addition of phosphorus. ; 

9. The Benoit hardness number is increased 12 points 
per 0.1 per cent. phosphorus. 


(To be continued.) 





Tar InstrruTion or MunicipaL anp County Enat- 
neers.—The Institution will hold a meeting at Ayr on 
Friday and Saturday, June 4 and 5. The following 
papers will be read :—** Sagertee a et my | ig ey 
for Scottish Conditions,” by Mr. John Bryce, M. Inst. 
C.E. ‘* Pressure vengy Y Miles of Water Main,” by 
Mr. James McFadzean, B.Sc. ‘‘ Road Work,” by Mr. 
R. Drummond. “ Description of Experimental Stretches 
of Road Laid in the Ayr District,” by Mr. Allan Steven- 
son. ‘* Municipal Bensing, by Mr. W. A. Sampo 
M. Inst. C.E. The annual dinner will take ang on the 
Friday, and there will be excursions on both days. 





Fines Due To Arm Rains, &c.—Those who desire 
useful hints on the fire question arising from possible air 
raids should apply for the British Fire-Prevention Com- 
mittee’s ‘‘ Warnings,” which are provided gratuitously 
upon written application to the Registrar, at 8, Waterloo- 
sheen, Pall all, London, 8.W. (enclosing large-size, 
stamped and addressed enveiege). These “‘ warnings 
give useful information as to the necessary precautions 
and how to act when the emergency arises. Where 
special technica! advice is desired, application should be 
made in writing, which will either dealt with direct 
free, or, where it isa matter affecting local authorities, 
forwarded in the proper direction for attention. 





Tue Russian Perroievum Inpustry.—The firm of Nobel 
Brothers has published a pr me, or budget, for the 
current year which em s the fact that, on account 
of the war, very special conditions and factors have to be 
reckoned with for 1915. On the one side there will be 
higher expenses, such as excise, railway freights, and 
imperial taxation, and, further, necessary materials and 
plant have risen in price, and very materially, too. On 
the other side must be placed the further large growth 
in the use of naphtha for fuel in the neighbouring dis- 
tricts, a movement which is likely to continue on an 
increasing scale on account of the great shortage of coal 
and of several large railway concerns having decided to 
adopt naphtha firing in preference to coal, This move- 
ment, in its different phases, has been accelerated by the 
material increase in the production of naphtha in the 
Baku district, especially from the newly-opened —. 
So as to be able to satisfy this growing demand, the 
company has been endeavouring to increase the stock of 
naphtha in its Volga tanks, and further purchases will 
have to be undertaken. The company estimates its sale 
of naphtha for 1915 at 162,000,000 ls, against 
143,000,000. poods for 1914. The bulk of this increase 
is for liquid fuel. The sale of petroleum ia calcu- 
lated to yield an increase of 1,400,000 roubles. The sale 
of lubricating oil is likely to decrease, as the war has put 
a stop to the export. he budget for 1915 balances with 
163,000,0C0 roubles, against 119,000,000 roubles for 1914. 
Quotations at Baku are stated to have risen 3 kopecks per 
pood for petroleum, and 1} kopecks per pood for naphtha 
residues. (36 1b. = 1 pood.) 





Russta’s Gop Propucrion.—Although Russia is the 
only country in Europe which can increase its gold 
reserve from the yield of her own area, and although the 
importance of augmenting this yield has been set forth 
in the most authoritative manner, Russia’s production of 

ld, after a few years of stagnation, shows a very marked 
| seem for last year. The value of go'd produced by 
Russia during the last five years was as under :—1910, 
147,000,000 roubles; 1911, 135,000,000 roubles ; 1912, 
131,000,000 roubles ; 19!3, 134,000,000 roubles; and 1914, 
52,000,000 roubles (estimated). As rega the yield of 
the different parts of the empire, this comes out as 
follows :—The Ural, 15 cent.; West Siberia, 8 per 
cent.; and East Siberia, per cent. The Ural is the 
oldest centre of the Russian gold-mining industry, and it 
is also the district where the working is being carried on in 
the most rational and up-to-date manner. Next comes 
West Siberia, whilst in East Siberia most of the gold is 
obtained by hand-washing, and there is very little gold- 
mining proper. The phical location of most of the 
Siberian gold-fields, if one may so call them, is such that 
machinery is both very difficult and very expensive to ob- 
tain and install ; and it is also very difficult to obtain and 
duly provide for labour. This refers to the distant Amir 
and Priamur districts and Kaniskatka. Al h four new 
companies have been formed tor the exploitation of these 
gold-fields within the last few years, very little even ot 
paratory work has so far been undertaken. One of the first 
matters which should be taken in hand would be a fairly 
adequate development of the means of transport; but in 
this respect hardly any progress has been made. Thus the 
Lena Gold Industry An y, which is one of the more 
important of Russia’s gold-producing concerns, in spite 
of re unable to obtain connection 
between its main centre and the Siberian railways, 
although the Government some years ago admitted that 
the establishment of this connection was most desirable. 
In the Amir and Priamur districts the development of the 

ld industry is impeded by lack of capital and by 
insecurity of the interior roads. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 5. 

Tue rush of war orders has brought about a flurry 
in the stocks of equipment companies. Most of the 
larger concerns are in the market for supplies for 
munitions aggregating very | quantities. It is 
probable the mills will soon fill up with orders for 
shrapnel. The makers of farm machinery have been 
backward in placing their orders, and are now 
threatened with their non-acceptance. The rush of 
small tonnages of structural orders continues. Much 
steel construction is in sight. Galvanised sheets are 
very active among automobile builders. Tin-plate 
mills are running to full capacity, and orders for future 
delivery are numerous. Steel-rail orders reported for 
the week amount to 50,000 tons, with only moderate 
inquiries for future delivery. Basic pig-iron, after 
several months of inactivity, has reached a strong 
position. Production will now assume normal pro- 
portions. Large quantities of wire continue to be 
exported, and mills run to top capacity. Much capital 
is now seeking investment. This is regarded as the 
most favourable indication of recent months. General 
domestic demand is slowly increasing. Prices remain 
about stationary. Many mill enlargements are either 
under way or contemplated. Railroad traffic shows 
signs of improvement. Money is accumulating in 
banks much faster than the opportunity of using it 
improves. The output of fuel is heavy, and in certain 
bituminous coal-fields new mines are being o' . 
The Algoma Steel Corporation has taken an order for 
6000 tons of rails for western delivery. 





Barish Locomotive Exports.—The value of the ex- 
ports of locomotives from the United Kingdom shows a 
continued decline, coming out for April at only 146,830/., 
as compared with 221,154/. in April, 1914, and 184,812/ in 
April, 1913. In the four months ended April 30, this 
year, the te value of the shipments was 905,813/., 
as compa: with 1,445,826/. and 751,913/. in the corres- 
ponding periods of the two preceding years. 





CoMPRTITION WITH GERMANY AND AvusTRIa-HunGaRY. 
—The Board of Trade continue to receive a very large 
number of inquiries for the names of sellers or buyers of 
articles of which the sources of supply or markets have 
been interfered with by the war. ee arrangements 
have been made in the Commercial Intelligence Branch 
of the Board of Trade for dealing with these inquiries, 
and Lists 20 and 21 of articles which inquirers desire to 
a are now ready, and may be obtained by United 

ingdom manufacturers and exporters of British 
by communicating with the Director: of the Commercial 
Intelligence Branch of the Board of Trade, 73, Basinghall- 
street, London, E.C. 





Tue Imperiat InstirvuTe AND INDUSTRIAL RESEARCH. 
—In connection with Mr. Pease’s announcement in the 
House of Commons on Thursday evening of the forma- 
tion of a Government Advisory Committee to afford 
scientific assistance to British industries, the present 
operations of the Imperial Institute are of Fae import- 
ance. As is now generally known, the Institute has 
rendered through its expert establishments at South 
Kensington invaluable assistance to British manufac- 
turers, especially in connection with the supply and 
utilisation of raw materials from India and the Colonies. 
The Inst'tute possesses extenrive laboratories and work- 
shops in which Colonial and Indian raw materials of all 
kinds are constantly under investigation, and the results 
of this work are published freely for the use of British 
manufacturers and merchants. 





Exvecrric Suprty in Karacut.—In February last the 
electric supply system of Karachi was formally inaugu- 
rated. This town, which is the most westerly of the 
four * commercial ports of the Indian Empire, had a 
population in 1911 of 159,270, while in 1912 its total 
trade had a value of 40,725,000/. In view of the progress 
of the port, the Hon. Mr. M. de P. Webb, of Messrs. 
Forbes, Forbes, Campbell and Co., Limited, a few years 
ago took steps towards instituting a public electric 
supply ro, As a result, a Government license was 
obtained by Messrs. Forbes, Forbes, Campbell and Co., 
and in 1912 this firm instructed Messrs. Tentok and 
Dykes, of Westminster, to prepare a scheme. This has 
resulted in the supply which has just been started. The 
contract for the complete equipment of the power-house 
and distributors was carried out by Messrs. Crompton 
and Co. The i 
and one 100- st ee 6 md Mirrlees- Diesel sets drivin 
Crompton 440-580-volt dynamos. Cooling water, wn | 


is obtained from the town mains, is stored in a 10,000-| B 


lon tank, and the water from the engines is passed 

rough Heenan and Froude rotary coolers. There is a 
Tudor battery of 653 ampere-hours capacity at the ten- 
hour rate. The supply is on the three-wire system, with 
440 volts across the outer, but at full load the station 
voltage has to be carried at about 512. This necessitates 
large - battery regulating-switches. They are of the 


horizontal operated by railway signal levers from 
the front of ewitchboard. There a> automatic 
balancers three motor-driven boosters. Although 


the station has been inaugurated as a direct-current one, 
it is considered likely that, with the growth of the power 
load, a mixed system may have to be adopted later. The 
distributing cable system has besn carried out overhead. 
It is interesting to note that of the nine directors of the 
undertaking no less than seven are Indian gentlemen. 


station contains two 240-brake-horse-power | I 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The drop in the price of 
Cleveland warrants which took place last Wednesday after- 
noon was repeated on Thursday morning, and a lot of 1500 
tons changed hands at 64s. 9d. cash and 66s. 4d. three 
months, sellers’ quotations being 2d. lower at the close. 
In the afternoon things were a trifle steadier, though 
there were no cash transactions. At 65s. 3d. to 65s. 14d. 
one month a lot of 1000 tons was dealt in, with closing 
sellers at 65s. 3d. Over the day prices showed a decline 
of 2d. to 3d. per ton cash and one month from Wednes- 
day. There was a sharp reaction on Friday forenoon, 
but not much business was done. Cash warrants declined 
10d. per ton to 63s. 11d., and at the close sellers’ prices 
were quoted at 64s. fd. per ton. A rather steadier tone 
was noticeable in the afternoon, but at the close prices were 
down 9d. per ton on the day. Monday morning, however, 
opened well, and improved asthe forenoon advanced, prices 
rising from 64s. 3d. and 65s. one month to 65s. 04d. 
cash and 65s. 5$d. one month sellers at the close. Only 
some 2000 tons were dealt in, and in the afternoon busi- 
ness was practically at a standstill, 64s. 10d. being quoted 
for cash and 653. 3d. one month. Owing to the local 
King’s birthday holiday yesterday, the pig-iron warrant 
market was closed, but on the resumption of business this 
morning « firm tendency was noted with satisfaction. A 
turnover amounting to 2500 tons was dealt in at 65s. per 
ton cash, the price for one month fluctuating between 
65s. 6d. and 9d., the quotations for ers’ prices 
showing an advance of 3d. per ton. The tone was rather 
easier in the afternoon, one month’s iron being offered 
down to 65s. 2d., with cash sellers at the close at 
a per ton. Another lot of about 2500 tons changed 

an 


Sulphate of Ammonia.—There is still a good demand 
for sulphate of ammonia, the price remaining firm, with- 
out fluctuation. For prompt delivery at Glasgow 
13, 15s. per ton is quo and at Leith from 13/. 17s. 6d 
per ton to 14/., the same as last week. 


Scotch on a enormous output of steel for 
munitions of war an vernment purposes generally is 
keeping the local works fully employed; indeed, the 
scarcity of workers is the only drawback. Stiff prices 
still prevail, for the mills are running day and night 
without cessation, and if the supply cannot keep pace 
with the demand, the sole reason is that demands are so 
very much in excess of ordinary times. The three Allied 
Governments, of course, are the chief consumers, with 
our own leadi In connection with the high prices 
ruling, the wonder is that, with so few competitors at 
present in the field, prices are not very much heavier. 
At the moment, Britain and America furnish the sole 
supply to the world. Fortunately, for various reasons, 
the export trade is of little account just now, otherwise a 
very serious state of affairs might have existed. Prices 
for boiler-plates, less the usual 5 per cent. discount for 
delivery, G w or equal, stand at 10/. per ton ; angles, 
92. 103.; and ship-plates aleo 9/. 103. per ton. 


Malkable-Iron Trade.—The home demand is still brisk, 
although there is not much demand for Government 
orders. ‘‘OCrown” bars run from 8. 17s. 6d. for the 
cheaper quality to 9/. 103. for the better grades—less the 
usual 5 per cent. 


Scotch Pig-Iron Trade.—Oonsidering the present un- 
settled state of affairs, the local sales of pig-iron may be 
ed as eminently satisfactory. The home markets 

are cone page ne emand, especially for hematite, and 
although the export trade is still practically a ‘‘closed 
book,” the modification in the export restrictions will 
speedily effect a change. In consequence of the home 
demand the 72 furnaces at present in blast—the same 
number as at the corresponding period last year—are 
being kept well occupied. No change falls to be recorded 
in the prices of makers’ (No. 1) iron, which still stand at 
—Clyde, Calder, Gartsherrie, Summerlee, and Langloan, 
85s. per ton (all a at Glasgow); Eglinton, 80s., and 
Glengarnock, 86s. (both at Ardrossan); Dalmellington (at 
Ayr), 81s.; Shotte, 85s., and Carron, 86s. (both at Leith). 





HicHer Sutpaur Limit in Navy Castines.—We 
read in the /ron Age for the 15th inst. that a modifica- 
tion in sulphur restrictions for steel castings is found in 
the new specifications of the United States Navy, in- 
pam a —— re of o a oo ph extent = which 
sulphur is detrimen e i specifications 
made the allowable maximrm 0.05 ~y sulphur in 
all carbon-steel castings A, B, and CO, and 0.04 per cent. 
in nickel-steel castings, designated as ‘‘ Special” grade. 

n the new specifications, grades A and B are sub- 
divided into two classes:—A and D, the high carbon, 
and B and E, the medium carbon, respectively. A and 

maintain the old limit of 0.05 per cent. oipien, avd 

D and E ey castings to go as high as 0.07 per cent. 
sulphur. The two sub-classes include castings of less 
importance the others. For ings in grade C 
the limit is changed from 0.05 per cent. sulphur to 0.07 
per cent. The nickel-steel or ‘‘ Special” grade castings 
now have i cent. instead of 0.04 per cent. sulphur 
as the limit. changes enable the converter foundries 
to compete more easily for certain Government castings. 
The requirements for tensile s are reduced from 
@ minimum of 90,000 lb. 8q. in. in nickel steel to 
85,000 Ib. The elastic-limit stipulation is 45 per cent. of 
the vensile strength in carbon casti instead of a 
definite limit in pounds. The elo: on requirements 
are advanced from 20 to 22 per cent. in the ‘*‘ Special” or 
nickel-steel grade, and the bending required is 120 deg., 
instead of 90 deg. 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. — 

South Yorkshire Coal Trade. — The holidays this 
Whitsuntide will ba rigidly restricted to two days, 
Monday and Tuesday, and the Miners’ Association is 
appealing to the men to turn up en bloc on Wednesday 
morning. Notwithstanding full time, there is a con- 
siderable reduction in the normal output. The drain- 
ing of the coalfield of the able-bodied young colliers 
has had a noticeable effect on production, though 
prices are already abnormal, there is little hope of 
any weakening. Merchants complain of short deliveries 
of house fuel, and find a difficulty in keeping pace even 
with the summer demand. Shipping = are in 
steady demand, the export restrictions having had but 
little effect on South Yorkshire trade. The Humber 
ports are taking almost up to their normal tonnage at 
this season. Buyers are still holding off to some extent 
in the hope of lower rates. In hards generally little has 
been done in the way of contracts, the substantial in- 
creases on last year’s rates demanded by coalowners 
having a depressing effect on the market. contracts, 
however, have made in considerable number at 
advances of from 5s. 6d. to 6s. 6d. per ton. Supplies of 
slacks are still scarce, and high prices rule. ke is 
firm. The ruling quotations on "Change are :—Best 
branch hand-picked, 20s. to 21s. ; Barnsley best Silkstone, 
17s. to 18s.; Derbyshire best brights, 17s. to 18s. ; Derby- 
shire house, 153, to 163; best large nuts, 14s. 6d. to 
15s. 6d.; small nuts, 13s. 6d. to 14s. 6d.; Yorkshire 
hards, 17s. 6d. to 20s.; Derbyshire bards, 17s. 6d. to 
19s. 6d.; best slacks, 1ls. to 12s.; seconds, 93. 6d. 
10s. 6d. ; smalls, 8s. to 9s. 


Iron and Steel.—A somewhat easier tone is noticeable 
in the raw material market, foundry irons, owing doubt- 
less to the restrictions of exports, being more readily 
obtainable than for some mon <A poe Derbyshire irons 
are nominally 71s., but substantial business has been done 
at 70s. delivered. ——- iron has not shared in the weak- 
ness, Derbyshire brands making 683. to 693. East-Coast 
hematites are hardly as firm as a week ago, mixed numbers 
having been sold as low as 5/. at the furnace, though the 
recognised market price is still 5/. 2s. 6d. There continues 
an extreme scarcity of steel billets, and high prices are 
obtained. Most of the output of the Siemens fur- 
naces is commandeered for munition manufacture, and 
the ordinary commercial user finds but little surplus. 
Some relief has been afforded by the use of American 
and Canadian billets, but heavy freights, dock, and 
railway charges make these nearly as expensive as the 
British material. Still, with a small quantity of Bel- 
gian billets which have recently been obtainable, 
these form a welcome addition to the restricted home 
supply. Steel scrap is still in brisk request, as much 
as 5. per ton being paid for the best qualities. War 
restrictions and economies are seriously hampering 
railway transport, to the serious detriment of ordinary 
trade. From all parts of the world heavy inquiries have 
come to hand for Sheffield goods, the 7 benefiting 
largely, so far as orders are concerned, from the stoppage 
of German supplies. It was hoped, once the Archangel 
route was clear, that supplies of scythes, sickles, and 
other goods necessary for the coming harvest, which have 
been waiting for months, would get through to Russia, 
and that home collieries would also benefit by shipment 
of timber. Merchants find, however, that the 
is blocked by the interchange of foodstuffs and munitions. 
The output from Sheffield of munitions is exceedingly 
satisfactory. The men are nobly responding to the calls 
made upon them, and here at least are none of the diffi- 
culties which have caused so much trouble and anxiety 
in the Northern producing areas. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Trade.—Extreme quietness rules 
in the pig-iron trade, but the abnormally heavy home 
consumption practically absorbs the output. Deliveries 
by rail to consumers at a distance and to local customers 
are large, but shipments are very small indeed ; and, in 
fact, this month’s loadings promise to bs by 

largest since the outbreak of war, despite efforts made 
to expedite ting of licenses for export to neutral 
countries. The local committee to deal in the first place 
with granting of licenses is expected to become operative 
next week. In the meantime a number of licenses are 
coming to hand, but delay in securing the permits bas in 
many cases prevented shippers taking advantage of 
original charters. Some little improvement in shipments 
over the rest of the month is looked for. i 
complain of high cost of production, and some firms are 
seriously considering the question of blowing out furnaces, 
declaring that current quotations are altogether unre- 
munerative, Quite a number of pig-iron contracts expire 
at the end of next month, and up to the present little 
effort at negotiation to renew them is noticeable. No. 3, 
g-m.b. Cleveland pig is 65s.; No. 1 is 67s.; No. 4 foundry, 
64s. 64.; No. 4 forge, 64s.; and mottled and white iron, 
each 63s, 6d. There are no new features of moment in the 
Kast Coast hematite branch of the staple industry. So 
far as is ascertainable, the inquiries on Sheffield account 
have not resulted in business, the offers of consumers in 
that district being below what sellers here consider should 
be the rates. Merchants offer Nos. 1, 2, and 3 rather freely 
at 1023. 6d., and would doubtless accept a trifle less. 
Several makers would also willingly book orders at the 
price named, but there were still one or two producers 
who held out for 105s. There is little or nothing ing 
in foreign ore. Sellers are quite prepared to fm con- 
siderable concessions, but with practically no buyers in 


to | 91. 10s.; iron girder-plates, 97. ; iron 


Makers of pig | q 





the market, they were not easily persuaded to quote. 
Heavy imports of the last two months, and the still very 
large supplies coming to hand, have enabled consumers to 
lay in considerable stocks, and, as a result, they are not 
in the market just now. Nominally, quotations are based 
on 283. ex-ship Tees for best Rubio, but contracts could 
be made on lower terms. Imports of foreign ore to the 
Tees to date this month amount to 97,949 tons. Coke 
keeps scarce and stiff. Av blast-furnace Durhams 
are fully 30s. delivered at Tees-side works. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores at Middlesbrough stand at 
147,729 tons, all of which is No. 3 quality. Since the 

inning of the month, stocks have been increased by 
5522 tons. Shipments of pig-iron from the Tees to date 
this month average 495 tons per working day, the total 
despatches reing returned at 6333 tons, all of which have 
gone from Middlesbrough. To the same date last month 
the loadings were given at 11,668 tons, or a a7 average 
of 833 tons, and for the erp roy part of May a year 

o the clearances reached 42,654 tons, or an average of 

tons per working day. 

Manufactured Iron and Steel.—There is very little 
new to on concerning the finished iron and steel 
trades. orks are busily employed on contracts for 
the Allied Powers, and ordinary commercial business is 
quiet.. Quotations all round are very firm. This week 
iron bars have been advanced 10s. following are the 

rincipal market quotations :—Common iron bars, 10/.; 

t bars, 10/. 7s. 6d.; best best bars, 10/. 15s. ; packing- 
iron, 7/. 10s. ; iron ship- plates, 9/. 10s.; er 

i ship-rivets, 111. 10s. ; 
steel bars (basic), 9/. 10s.; steel bars (Siemens), 9/. 10s. ; 
steel ship-plates, 97. 103.; steel ship-angles, 9/. 5s. ; steel 
boiler-plates, 10/. 10s. ; steel joists, 97. 10s.; steel 
91.; steel strip, 8/. 10s.—all less the customary 24 per cent. 
discount; cast-iron columns, 71. 7s. 6d. ; cast-iron railway 
chairs, 4/. 7s. 6d. to 41. 10s.; heavy steel rails, 7/. 15/. ; 
steel railway slee 8l.—all net f.0.b.; galvanised cor- 
rugated sheets, gauge, in bundles, 14/. 10s. f.0.b.— 
less 4 per cent. 

Cleveland Miners’ Wages.—To consider a claim made 
on the instruction of the Miners’ Federation for an in- 
crease of 20 per cent. on the t earnings, a meeting 
was held at Middlesbrough between representatives of 
the Cleveland Ironstone Mineowners’ and the Cleveland 
Miners’ = lations. — lengthy ee it was 
agreed to advance wages by 15 per cent. on the basis rate, 
to take effect at once. The advance is to be m in 
any rise of wages that may accrue in future under the 
—_—- ascertained price of No. 3 Cleveland pig-iron. 

or the past seven weeks the Cleveland miners have 
enjoyed a war bonus, which was given pending a general 
settlement, and which is now abolished under the new 
arrangement. In addition to the15 cent. now granted, 
the men received an advance of 24 per cent. about a 
month ago, under the ascertainment. 





Monometer Furnace on Bati-Bearines.—With the 
object of still further perfecting their well-known gas- 
fired furnaces, the Monometer Manufacturing Company, 
Limited, of Whitehouse-street, Aston, Birmingham, 
have recently introduced an improvement. The manu- 
facturers have found that the molten metal flowing from 
the outlet can be more conveniently distributed by mount- 
ing the entire furnace upon ings which enable it to 
be turned about a vertical axis. e pipe which con- 
nects the gas-main to the gas inlet of furnace is 
flexible, and the lower casting of the furnace body runs 
upon balls carried in a race formed in the pedestal 
or base which supports the furnace. Upon the metal in 
the melting-pot becoming molten, the furnace, which is 
entire] -contained, is turned round u its bearin 
until the discharge nozzle is over the mould or recep 
into which it is desired to run the metal, the control- 
valve being then opened by the hand-lever provided for 
this purpose. After the mould is filled the flow of molten 
motel is stopped, and the furnace can then be turned round 
to discharge into any other receptacle which may be within 
reach or in the circular path of the discharge nozzle. We 
gave illustrated descriptions of the ordinary type of Mono- 
meter furnaces in two former issues (see GINEERING, 
vol. xevii., page 536, and vol. xeviii., page 474). 





AmericAN Street Raits.—The American Iron and 
Steel Institute reports that the production of steel rails 
in the United States declined last year to 1,945,095 tons 
—the smallest production for any year since 1908. The 
contraction of the output in 1914 as compared with that 
of 1913 was no less than 1,557,000 tons, or 44 per cent. 
The yearly production has been as follows during the 
e ending with 1914 inclusive :— 


Year. Tons. Year. Tons. 
1905 .. 3,375,929 1910 .. 3,634,029 
1906 .. 3,977,887 1911 .. . 2,822,790 
1907 .. 3,633,654 1912 .. 3,327,915 
1908 .. 1,921,015 1913 .. 8,502,780 
1909 .. .. 8,023,845 1914 .. -. 1,945,095 

In 1905 Bessemer steel rails were made to the extent of 


3,192,347 tons; in 1914 this class was represented by 
-_ 323,897 tons. On the other hand, open-hearth steel 
rails advanced from 183,264 tons in 1905 to 1,525,851 tons 
in 1914. The causes of the great contraction observable 
last year in American steel-rail making were due to the 
reduction of railroad construction and to a curtailment of 
renewals due to unsatisfactory internal conditions in the 
United States and to the adverse financial influence, of 
course, of the great European war. The external demand 
for American steel rails dwindled to small proportions last 
year, having amounted to only 174,680 tons, as compared 
with 460,553 tons in 1913, 446,473 tons in 1912, and 
420,874 tons in 1911. 





NOTES FROM THE SOUTH-WEST. 
_Cardiff.—Exporters have been meeting with con- 
siderable obstacles in transactions through delays in the 
issuing of licenses for ex 8 to neutral countries under 
the prohibition order. Such business as has been carried 
through has been chiefly to France. Supplies of coal 
have held up by the restriction of exports. Buyers 
for prompt shipment have found it less difficult to make 
purchases, have been occasionally able to secure 
easier terms, especially as regards lower qualities. Ool- 
liery-owners are hoping that difficulties will be con- 
siderably reduced by the time the Whitsuntide holidays 
Patent fuel and coke have shown strength. 
Admiralty large steam coal has been some- 
: ——s descriptions have made 35s. 
to 36s. 6d.; ordinary qualities 338. to 34s.; best bunker 


No. 2 Rhondda large, 27s. to 27s. 6d.; 
2 smalls, 18s. to 19s. per ton. The latest 
quotation for patent fuel has been 35s. to 
6d. per ton. Special foundry coke has made 43s. to 
$ foundry coke, 36s. to 40s. ; and furnace coke, 
_ to 33s. per ton. As iron ore, Rubio bas 
realised 28s. to 29s. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Bristol Docks.—The Docks Committee of the Bristol 
City Council has authorised the docks engineer to invite 
tenders for the construction of a high-level bridge over 
the Great Western Railway between the granary and 
the dock premises at Portishead. The consent of the 
Great Western Company has been obtained to this 
course. The docks committee has erected two tobacco 
warehouses, and has obtained the authority of the 
Council to erect two more. A contract has been let for 
one of =. ees new warehouses. The cost will be 
about 40, , and accommodation will be provided for 
10,000 hog 

Bristol Channel Ports.—The exports of coal from Bristol 
Channel ports in April amounted to 1,644,120 tons, as 
compared with 2,251,922 tons in April, 1914. The ship- 
ments of bunkers were 348,136 tons, as compared with 
371,524 tons. Cargo shipments from Cardiff for April 


were 871,759 tons, as compared with 1,524,846 tons; while 
bunker shipments were 207,443 tons, as compared with 
244,827 tons. In the four months ending April 30, this 


year, 2,933,462 tons of coal were despatched from Bristol 
Channel ports to France, as com with 2,599,958 
tons in the first four months of 1914; 1,353,936 tons to 
Italy, as compared with 1,801,846 tons ; 593,531 tons to 
Argentina, as compared with 1,147,944 tons ; and 310,414 
tons to Egypt, as compared with 718,755 tons. 


Swansea.— Addressing the Swansea Harbour Trust, Mr. 


R. Beck said in April there was a shrin both in 
imports and exports, the former falling off 1 cent., 
and the latter 7 cent. In to the staple 


manufacture—tin-plate—a shrinkage from 34,911 tons to 
27,198 tons was almost entirely attributable to the war, 
Germany’s im of 2087 tons and Koumania’s of 4060 
tons having disappeared. Alluding to the embargo on 
anthracite shipments, Mr. Beck said the effect had been 
very serious for Swansea, anthracite being the chief coal 
exported from the port. Of course, they were all anxious 
that enemy countries should not profit by any shipments 
of coal sent abroad ; but, at the same time, they wanted 
to make the ibition as little detrimental to trade as 
possible, whether this could be done by granting licenses 
or otherwise. 





SHrpsuitpine 1n Swepen.—The Swedish yards are all 
very busy at present. The Trans-Atlantic Steamer Com- 
y, in Gelasutens, has just placed orders with the 
éta Shipyard, Gothenburg, for two motor vessels, of 
9200 tons each, to be fitted with Diesel motors of Danish 
design, and intended for the company’s traffic to Java 
and Australia. 





CANADIAN GOVERNMENT RatLways.—The length of the 
Government railways in Canada is returned at 2123 miles 
—viz., Intercolonial, 1455 miles ; Prince Edward Island, 
279 miles ; Timiskaming and Northern Ontario, 334 miles ; 
and New Brunswick and Railway, 58 miles. The 
capital expended vu these railways to the close of 
June, 1914, was 133,706,048 dols.—viz., Intercolonial, 
103,035,580 dols ; Prince Kdward Island, 8,920,623 dols. ; 
Timiskaming and Northern Ontario, 19,813,245 dols. ; 
and New Brunswick Coal and Railway, 1,936,600 dols. 





Cryton Piumpaco Trape.—A serious situation has 
arisen in Ceylon as the result of the restriction of exports of 
plumbago to foreign countries from that colony, which is 
the most important source of the mineral in the British 
Empire, The position in Ceylon could be remedied if users 
of = a Be in the United Kingdom would buy the whole 
of their supply from Ceylon, instead of partly from Ceylon 
and partly from foreign countries, as hitherto. To keep 
the total exports of plumbago from Ceylon up to the level 
of the figures for 1913 it is necessary that a new market 
should be found for the 174,635 cwt. of the mineral which 
has previously being taken from the ay | by foreign 
countries, chiefly Germany and Belgium. In the same 
year, United Kingdom imported 281,380 cwt. of 
plumbago from foreign countries. Further information 
en this subject can be obtained by written inquiry, 
addressed to the Director, ~ — Institute, uth 
Kensington, S.W., and mark “Technical Informa- 
tion Bureau,” and samples of the commercial grades of 
Ceylon graphite may seen in the public exhibition 
galleries at the Institute. 
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THE NATIONAL NEED FOR 
ADMINISTRATIVE EFFICIENCY. 


Ir is almost impossible to limit the definition of 
‘administrative efficiency ” as applied to a nation, 
nor can its vital importance be exaggerated at the 
present juncture in the history of almost every 
nation of the world, There is no need to elaborate 
the mightiness of the task and the extent of the 
almost superhuman effort demanded from all in 
this country at the present moment. Whether this 
measure of our need be recognised or not—and we 
fear that it is not everywhere properly appreciated 
—it matters little for hones of our argument. 
The fact remains that every conceivable unit of our 
nervous, mental, and physical power must be con- 
centrated on the accomplishment of our purpose. 
It is thus incumbent upon the administrators 
of the national affairs that extraneous calls on our 
energies must be stamped out. It is in the highest 
degree reprehensible that there should be even 
disputes, far less stoppage of work, in any depart- 
ment of activity, and for such stoppages the 
Government must primarily be held responsible. 
They are invested with the fullest power under 
‘“*The Defence of the Realms Act,” and, apart 
altogether from the merits of the case of disputants, 
work ought to continue. Since it cannot, by 
the wildest flight of imagination, be accepted 
that all is well with Britain, the time has come 
for plain speaking—and more, for vigorous and 
definite action, ere is more than a suspicion 
that every Government dependent in the future 
on the votes of the people cannot divest from 
the consideration of any problem the party 
necessity for a leaning towards the majority. In 
arbitration cases there is too often the ae 
that it is easier to coerce 200 employers than 20, 
workers, and, as a co uence, the workers are 
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wrongs of the case, has led to a gradual growth in 
the belief in the inviolability of trade-union rules 
and practices. It results that, however patriotic 
an individual worker may be, he does not care to be 
branded as yielding too readily to the dictates of 
his patriotism, and_as admitting too unreservedly 
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ition. 
It is a rapidly-extending conviction that, although 
party politics are in abeyance, the party spirit 


5s2| cannot altogether be laid low, and consequently 
seq | here is a growing belief that the immense powers 


necessary to the maintenance of administrative 
efficiency ought to be wielded by a Government 
composed proportionately of all parties in the 
State. In such case, any future resentment at 





the exercise of extraordinary power could not be 
directed against any one party. We admit that 
this argument discloses a humiliating attitude 





of mind, not only on the part of those who 
make the suggestion, but on the part of those 
whose thoughtlessness makes it possible. But 
the time has come when realities must be 
faced, however humiliating the admission, how- 
ever drastic the remedy. ‘There is, too, a feel- 
ing that a change must be made in high places 
if national efficiency is to be improved. e are 
not concerned with party politics except in so far 
as they influence industrial prosperity. But now 
industrial prosperity merges into the greater pro- 
blem of national existence, and this latter depends 
primarily upon the administrative positions of the 
Government being held by men having special 
aptitude, ability, and experience for the execution 
of the duties associated with their offices, and de- 
termined, with a singleness of purpose, to achieve 
the highest results without reference to personal 
ambition or public popularity. Under certain cir- 
cumstances a ‘‘ man of affairs,” versed in the 
ways of the world, with a discriminating mind to 
differentiate between valuable and useless pro- 
als, may be an ideal chief of a department, 
owever specialised the work of that department 
pag be; but the moment such a chief —_ 
to himself the settlement of a question of a highly 
technical character, without carrying with him the 
technical officers, serious harm may result. This 
rarely, if ever, occurs in a commercial business, 
because the financial disaster recoils on the head of 
the chief. But there is no such direct effect from 
cause in the case of Government departments. 
There are many de ents of Government 
directly concerned with industry, and the time has 
come when men of specialised ability and knowledge 
should be utilised for these departments. They 
must at the same time have allt the qualities of 
highest statesmanship. 
he War Office has done magnificent work so far 
as the military department is concerned, but there 
is no use blinking the fact that, on what might 
be termed the industrial or commercial side, there 
has been not only a lack of foresight, but some 
deficiency in fulfilling the needs of the case in 
collaboration with manufacturers. It is, for in- 
stance, amazing to discover that official represen- 
tation from Birmingham, against regulations which 
might have involved relaxation of operations, 
resulted in the inquiry as to whether munitions 
of war were manufactured in Birmingham. Mr. 
Churchill, at the Admiralty, showed marvellous 
prescience in the early stages, and has worked 
assiduously for the efficiency of the administration 
of the Navy, and one regrets, as much as one is 
startled, to hear that a sharp difference of opinion 
has involved, at least, the threatened resigna- 
tion of the First Sea Lord. Lord Fisher has na 
more for the efficiency of the British Navy as a 
fighting machine than any one in this country. 

e is a man of indomitable courage and great 
ability. The consequence is that coken since his 
return to the Admiralty, done a great service, and 
established himself still more in the absolute con- 
fidence of the nation. Consequently the possibility 
of his retirement at the present juncture has 
awakened the keenest anxiety, and no change 
made will be too great a price to pay for his reten- 
tion as responsible for administering the affairs of 
our naval fighting force. 

It is not only in respect of governmental efficiency 
that there is need for reflection and improvement, 
but also throughout the whole range of collective 
and individual effort. Far too late in the day local 
armaments committees have been formed, and 
have done useful work towards making rules for 
the co-ordination of such effort ; but our informa- 
tion from the various districts shows that while 
there has been a little improvement, there are still 
many men who fail to rise to the importance of 
their individual work at the present moment. 
There is, too, throughout the whole industrial 
body a *‘ jumpiness,” as one informant puts it, 
a sensitiveness to any seeming aggressiveness on 
the part of managers or foremen, along with 
doubt as to the need of relaxation of trade- 
union restrictions, and a continuous dubiety as to 
the guarantees given for the re-establishment of 
these when the war is over. All this is most unfor- 
tunate, but it must be said in defence of the 
management that at one end of the scale there is 
almost always daily insistence from the War Office 
and the Admiralty on more and more work ; and 
quite justifiably the responsible officers, in order to 
fulfil their idea of administrative efficiency, issue 
telegrams of remonstrance when it is discovered, 
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from the periodical reports, that the number of 
men employed on a given job, or the progress 
made in a given week on such a job, does not 
come up to the expectation of the authorities. 
At the other end there is the depressing feeling 
which arises from the consciousness that little 
can be done towards achieving more regular time- 
keeping and quicker progress with the work. 
Owing to the increased number of workers in many 
factories, men have had to be promoted as overs- 
men, or to some position of charge, and in their 
commendable enthusiasm grow impatient or ee 
some lack of tact in approaching the men. But 
when we have said all this, we still have left the 
undoubted fact that the workers are not in all cases 
putting forth their last ounce of energy to meet a 
demand which is the greatest and most serious that 
has ever been made upon a nation. 

Extreme measures should never be resorted to 
except under the most dire necessity. The trade- 
union leaders have done much under the special 
circumstances of the case ; but the lack of fixity of 
tenure in their office, and the consequent hesitancy 
to exercise plenary powers, disable them from keep- 
ing such a firm control as leadership demands. In 
the Glasgow and West of Scotland district the state 
of affairs is —- worse than in any other ; it is 
improving, but there is yet a long way to go. The 
Armaments Committee, which advisedly includes 
representatives of labour, have come to the 
unanimous decision to exact fines from men who 
do not keep time, or who otherwise delay the work. 
The employer and shop-steward are to consult 
together regarding all such cases, and if no adequate 
reason is offered, they are to report each instance to 
the district officials of the trade union concerned. 
The trade union is to investigate the case, and if 
the workman has been ‘‘found guilty of avoidable 
bad time-keeping or otherwise hindering the output 
of Government work,” the union is to assess the 
amount of the fine, and the employer is to deduct 
this from the wage due to the workman on the next 
pay-day. For the first offence the fine is not to 
exceed 1/.; for thesecond, 2/.; and for the third, 31., 
coupled with the immediate discharge of the work- 
man, “ whose case will be reported to the Armaments 
Committee for such further action as may be con- 
sidered necessary.” The case of non-union men is 
to be investigated by the employer, and similar fines 
imposed and exacted by him. The court of appeal 
in this case, as in the other, is to be the Armaments 
Committee, who will appoint a sub-committee to 
meet at regular intervals to adjudicate upon 
appeals, when the employer and workman will have 
the right to appear and give evidence. Here, how- 
ever, there does not seem to be the power to 
punish adequately further repetitions of the offence, 
and once again we repeat that the case is one 
essentially for mili control. The ‘‘slackers” 
have not yet grasped the extremity of the national 
position. It is contended that total prohibition 
might bring this home. We doubt it. On the 
other hand, if, without affecting the technical ad- 
ministration of the works, all workers, from the 
manager down to the humblest employee, were put 
in khaki and enrolled under the War Office as units 
of the industrial army, with the minimum number 
of military officers to ensure attendance at the 
factory, then the men would feel that they were 
under military law as much as their comrades in 
the trenches; and that any relaxation of trade- 
union restrictions and methods imposed on them 
by military necessity would not influence the con- 
dition of affairs when the war is terminated. There 
would be an added dignity, as well as an appre- 
ciated importance, conterred on the work of every 
one so engaged, and the consciousness of this 
would filter into the mind of even the dullest, 
with the result that, like the humblest soldier in 
the field, he would appreciate that every nerve- 
fibre should be exerted, whether in will force, in 
mental activity, or manual strenuousness, for the 
defeat of the enemy. 








SEARCHLIGHTS AND THE VISIBILITY 
OF DISTANT OBJECTS. 

A.ttHoveH the main field for the employment of 
searchlights is in connection with naval and military 
operations, they have considerable application in 
other directions. They are used, for instance, in 
the navigation of canals and narrow channels, 
while it will be remembered that at the time of 
the loss of the Titanic much was made of the sug- 
gestion that they should be employed for look-out 





purposes in ocean navigation. The powerful loco- 
motive head-lights used in the United States and 
elsewhere are also forms of searchlight, while our 
own motor-car lamps are in essence the same thing. 
We do not know that there is any oflicial definition 
of a searchlight, but for purposes of general discus- 
sion it may be looked upon as an appliance intended 
to illuminate objects at a distance, as distinct 
from a beacon or signal Jamp, which is itself in- 
tended to be seen from a distance. 

The design of a searchlight naturally depends on 
what it is to be used for. For military purposes, 
the greatest possible intensity of light in a par- 
ticular direction is probably generally required, 
although even here too narrow a field of vision will 
not be desirable, and it is doubtful if it would be 
worth while to attempt to reduce the 2 deg. to 
3 deg. of divergence from a parallel beam which neces- 
sarily follows from the optical imperfections of our 
sources of light. For ocean navigation, however, 
and iceberg detection, if such a use ever became 
common, it is quite likely that a comparatively 
large divergence would prove desirable. In 
motor-car lamps one gets still other conditions, 
in which it is desirable to illuminate the road 
without dazzling the passer-by. Somewhat the 
same requirements apply in the case of loco- 
motive head-lights, and in America some trouble 
has been experienced owing to the dazzling 
effect of too powerful lamps. For a given source 
of light, the greatest range will be obtained with a 

liel beam, so that, for what are ordinarily 
called searchlights, an approximation to such a 
beam is always used. The range of a searchlight is 
a somewhat indefinite quantity. Mr. J. 8. Dow 
suggests that it may be as great as 10,000 yards, 
but the figure is dependent on the state of the 
atmosphere, and on the colour and size of the 
object one is looking at. Clearly no searchlight 
can render visible an object that could not be seen 
under normal conditions. We believe it is not 
usual for makers to specify the range of their 
searchlights, but the matter is really merely one 
of definition. Mr. Dow states that in some parts 
of the country there is a police requirement to the 
effect that motor-car head-lights must have a beam 
30 yards long, which, in the absence of any defini- 
tion of a beam, is meaningless. 

The two quotations from Mr. J. 8S. Dow which 
we have given above are taken from a lecture on 
this subject which this gentleman delivered before 
the Optical Society on the 13th inst. Mr. Dow, in 
a brief way, reviewed the greater part of the field 
of searchlight construction and use, but it is not 
necessary that we should attempt to follow him 
in this task. A brief notice of some of the 
more interesting Ben he raised may, how- 
ever, be made. e said above that it is not 
the practice of the makers of searchlights to 
specify their range. In the same way it is not 

eir practice to specify the candle-power; they 
content themselves with the current consumption. 
It is usually held that the candle-power of a search- 
light cannot be specified, since a el beam does 
not follow the inverse square law. Apart from 
atmospheric absorption, a truly el beam gives 
the same amount of light on a plane perpendicular 
to it no matter at what distance away from the 
lamp. Mr. Dow thinks, however, that the diffi- 
culty in stating the candle-power of a searchlight is 
largely a theoretical one. Owing to the fact that 
the sources of light available are not true points, a 
searchlight beam is really made up of a series of 
cones of light, each of which follows the law of 
inverse squares, and Mr. Dow is of opinion that no 
real difficulty lies in the way of specifying the 
candle-power in the same way as is done for any 
other source of light. » 

In the course of his lecture Mr. Dow described 
the Beck searchlight, which has given such remark- 
able results. We have given an account of this 
apparatus quite recently,* and need not do so 
again. It will be remembered that the essential 
point of the lamp is that the arc is maintained in 
an atmosphere of burning alcohol, and that three 
to four times the light is obtained from the same 
current consumption as compared with an ordinary 
arc. Some discussion arose after the lecture in 
connection with this point. One speaker wished 
to know if the improved efficiency of the new 
lamp must not depend on an arc of ter dimen- 
sions than in ordinary lamps, since all arcs had the 
brilliancy of incandescent carbon, so that it was 


* See ENGINEERING, page 289 ante. 





difficult to see that any greater intrinsic brilliancy 
could be obtained in the Beck arc. We think this 
idea not correct. We believe we are right in 
saying that the maximum light in a searchlight 
beam depends only on the intensity of the source 
of light, so that the greater range of the Beck 
lamp necessarily involves greater intensity at the 
source. An ordinary arc appears to be dimmed to 
some extent by the cloud of carbon evaporated 
from the area surrounding the tip. This evapora- 
ou 


tion begins at 1800 deg. Cent., although carbon does 
not boil until 4000 deg. Cent. In the Beck arc 
are cooled by 


the outer parts of the carbon ti 
the atmosphere of burning aleaial, which has a 
temperature of about 1000 deg. Cent., so that this 
evaporation does not take place. One seems to 
get the true arc quite unobscured. At the same 
time it must be remembered that the Beck positive 
carbon is cored, which may have some effect on the 
matter. There seems no doubt but that Beck gets 
greatly increased intrinsic brilliancy. An inter- 
esting matter mentioned by Mr. Dow was that 
Lummer, in Germany, has been able to obtain in- 
creased current density in arcs, and so increase the 
power of searchlights, by making the arcs under 
enormous air pressures. From the point of view 
of convenience and portability this method would, 
however, appear greatly inferior to that used by 
Beck 


In military operations it is frequently of great 
importance that a searchlight should not Boe to be 
extinguished for considerable periods, and this 
necessity has led to the construction of twin 
lanterns mounted side by side, so that when neces- 
sary one can be put out for the purpose of inserting 
new carbons while the beam is maintained by the 
others. If possible, searchlights should also be 
constructed so that they will not be put out by 
shock or vibration. Much difficulty is at times 
experienced in naval work owing to the searchlight 
arcs being extinguished by heavy firing. The 
Beck lamp is said by Mr. Dow to ss excel- 
lent characteristics in this respect. It is interest- 
ing in this connection to remember that search- 
lights may be employed to dazzle an enemy 
as well as to enable one to see. The landings 
at the Dardanelles are said to have been greatly 
assisted by the searchlights from the Fleet 
playing on the Turkish entrenchments while the 
troops landed in the dark spaces between the 
groups of beams. It is, however, not only the 
enemy that may be dazzled by a searchlight, 
as the blue haze surrounding the beam may seriously 
interfere with the operator if he is standing close 
by. For this reason methods of controlling the 
movements of searchlights from a distance have 
been developed. These enable the observer who 
is operating the lamp to take his stand well away 
from it and free from any effect due to the blue 
haze. According to Mr. Dow, in some recent 
forms of control the searchlight automatically 
follows the movements of the cbserver’s telescope. 

In connection with the range of searchlights, 
Mr. Dow states that late work suggests that in ordi- 
nary clear weather the absorption of light is much 
less than has been generally supposed. The range, 
however, greatly depends on what one is looking 
at. In clear weather and with the naked eye it is 
said that while a white ship’s light can be seen 
five miles away, the red and green can only be 
seen two miles away. Further, the centre part 
of the retina is more sensitive to red than to 
green, so that if one looks at the light sideways 
he will see the green first, but if he looks straight 
he will see the red first. We do not know that 
this effect directly concerns the use of search- 
lights, but somewhat similar phenomena do. It 
is well known that at low intensities of illumi- 
nation the maximum sensibility of the eye shifts 
towards the blue end of the spectrum. This effect 
is es of importance in connection with the 
Beck sea 


ight. The light given by this lamp is 
bluish-white, and the beam of an ordinary search- 
light looks quite yellow alongside it. As is gene- 


rally known, yellow and red rays have better 
penetrating power than blue ones, and the colour 
of the light would therefore appear to be a weak 
point in the Beck apparatus. 

Mr. Dow dealt with this point. Admitting the 
poorer penetrating power of the blue rays, he 
thought the proved superiority of the Beck lamp 
might be explained in the first instance by the 
fact that with it there was not nearly so great a 
nebulous haze surrounding the beam. This followed 
necessarily from the smaller light source. The 
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effect would be that an observer using the lamp 
would see his objects through much less haze 
than was the case with an ordinary lamp. This 
would wagrene his vision, and would, in effect, 
improve the searchlight. A second explanation of 
the superiority of the Beck lamp, in spite of its 
colour, lay in the Purkinjie effect, the shifting of 
the maximum sensitiveness of the eye at low inten- 
sities of illumination. At normal intensities the 
maximum sensitiveness of the eye lay in the yellow- 
green ; at low intensities it shifted into the blue. 
The Beck beam had 30 to 40 per cent. of blue light ; 
but as at distances of two to five miles the inten- 
sities being dealt with were very low, one was 
employing the colour to which, under the conditions, 
the eye was most sensitive. It is clear that, in 
addition to these effects, if the intrinsic brilliancy of 
the Beck arc is sufficiently high, it may outweigh 
any defects of penetrating power which the colour 
may introduce. 

The visibility of an object in a searchlight beam 
depends, of course, on the object as well as on the 
searchlight. One employs khaki or grey uniforms 
in order that they may approximate to the colour 
of their surroundings and so be less easily visible, 
but the effect works both ways, and it is said that 
it has not always proved convenient for our men 
to be too difficult for our own gunners to see. 
A further point is that at night grey or khaki will 
be more easily seen than the French red. We 
believe this red in a Beck beam would appear 
quite black and be almost invisible. The visibility 
of troops by searchlight will depend greatly on the 
intensity of light available, and the Purkinjie 
effect will come in. The method of rendering an 
object difficult to see at a distance by spotting or 
checkering its surface is well known. The old 
Southsea forts form an example. The idea of the 
process is in effect to break a large object up 
into a number of small ones. Mr. Dow pointed 
out that the method is a very common one in 
Nature. In such cases, however, one usually 
has the imitative effect. A tiger moving among 
reeds and long grasses is striped vertically ; while 
a panther moving among foliage is spotted. 
Dow says that if one has a donkey and a zebra in 
a field, and they both run away at the same speed, 
the zebra will disappear first. We have never 
tried the experiment, but we believe him. 


THE CONDUCTIVITY OF METALS. 

Tue May lecture of the Institute of Metals was 
delivered on Thursday evening, May 13, by Sir 
J. J. Thomson, O.M., F.R.S., who had chosen as 
the subject of his discourse ‘‘The Passage of 
Electricity Through Metals.” In this a most re- 
markable analogy was established between the flux 
of magnetism through a bar of soft iron under a 
magnetomotive force, and the passage of a current 
through a metallic conductor under an applied 
electromotive force. Incidentally the theory brought 
forward showed the mechanism of Maxwell’s ‘‘dis- 
placement current,” and provided an obvious 
explanation of the extraordinary experiments of 
Kamerlingh Onnes on super-conductivity. The 
Institute of Metals has had excellent May lectures 
in previous years, but that with which we are now 
dealing promises to prove historic. 

In opening his lecture, Sir J. J. Thomson said 
that one of the most striking properties possessed 
by metals was their power of conducting large 
currents of electricity, and it was to this property 
that much of their industrial importance was due. 
Without this conductivity we should have to revo- 
lutionise methods of lighting, communication, and 
transport. It was not, however, to the industrial 
aspect of conductivity that he wished on this occa- 
sion to drawattention, but he pro rather tocon- 
sider certain suggestions that been advanced as 
to the manner in which currents of electricity were 
conducted, and to consider how the results would 
affect our views as to the structure of metals. It 
was, he said, somewhat remarkable that although 
the currents passing through metals day by day and 
week by week were enormously greater than currents 
through gases and liquids, yet our knowledge of the 
manner in which electricity got through gases and 
liquids was very much more definite, and rested on 
a much surer foundation. It was somewhat interest- 
ing to note that the views now held as to the way in 
which metals conducted electricity were derived 
from the study of gases, and not of liquids, although 
in their physical a liquids were the more 
closely connected with metals. In spite of this, the 








fact remained that it was in the study of conduction 
in gases that the views now held as to metallic con- 
ductivity originated. 

A subject of such vast importance was naturall 
a matter of speculation from early times. All 
the theories then advanced, however, met with one 
insuperable difficulty. In all it was assumed that 
the electricity was carried by matter. Hence if 
electricity passed through a metal, the atoms of 
the latter should also move, and thus on these 
old theories the transport of electricity ought to 
have been accompanied by, at any rate, some 
transport of atoms. Experiments made to get 
evidence of this were of two kinds. In the first 

lace very large currents were passed, for a very 
ong time, through alloys. The alloy was then 
analysed, samples being taken both from the end 
at which the current went in and from that at 
which it came out. If the transport had been 
effected by atoms, the passage of the current 
should have resulted in a difference in the consti- 
tution of the two ends. Actually, however, not 
the slightest evidence of this was perceptible, the 
current having left the alloy entirely unaffected 
In another experiment plates ‘of lead and gold 
were pressed together, and a large current passed 
from the gold to the lead for a very long time. 
The metals were then examined to see if there 
had been any undue penetration of the one metal 
by the other. Not a trace of this was to be found, 
although the current across the junction had been 
continued long enough to deposit electrolytically 
more than the whole weight of the metals used. 

In short, no progress was made towards a satis- 
factory theory of conduction in metals until it was 
discovered that other bodies besides atoms and 
molecules could act as carriers of electricity. These 
bodies, known as corpuscles or electrons, were ex- 
tremely small in comparison with atoms. The 
electricity they carried was always negative, and 
the bodies themselves were the same from what- 
ever substance they might be derived. On the 
discovery of these electrons metallic conductivity 
took on a new aspect. It was seen at once that 


Mr. | if these bodies acted as carriers, the transport of 


electricity would not necessarily imply a simul- 
taneous transport of the atoms of the metal, and 
hence the theory of conductivity entered on a 
much more promising phase. 

Very soon a theory was started that the elec- 
tricity was carried through the metal by a large 
quantity of electrons contained in the metal, which, 
under the influence of the applied electromotive 
force, drifted through the metal and thus produced 
acurrent. The hypothesis involved the presence 
in the metal of large quantities of electrons. More- 
over, if the metal with its charge of electrons were 
neutral as a whole, the atoms must be positively 
electrified, the positive electrification being pro- 
portional to the number of the electrons. For 
example, if there were seven or eight times as 
many electrons as atoms, each atom would have to 
carry seven or eight positive c It was 
known, however, that the atoms could not carry 
these very large charges. It was true that there 
was a great number of electrons at the centre of the 
atom, but these were too firmly fixed to be libe- 
rated by the forces ordinarily involved in metallic 
conduction. 

The idea — the metal was filled _ electrons 
appeared at first very promising, explaining many 
oe effects. Amongst these might be cited the 
close connection between the conductivity of a 
metal for electricity and its conductivity for heat. 
It was generally known that a good conductor of 
the one was also a good conductor of the other, 
but few realised that at ordinary temperatures the 
one was very accurately proportional to the other. 
This proportionality was, the speaker said, very 
well shown by the annexed table, due to Jager and 
Dieselhorst. 

As would be seen from the figures given, the 
ratio was extremely constant. Tetaes the con- 
nection between the two conductivities was even 
more strikingly shown by the curves in Fig. 1, 
in which the lower one showed the electrical con- 
ductivity of the bismuth lead alloys as the propor- 
tion of the constituents varied and the upper the 
corresponding thermal conductivity. As would be 
seen, the correspondence between the two was 
remarkably close, even the kink in the one being 
reproduced in the other. This connection between 
the two conductivities was readily explained on the 
assumption that a mass of metal was charged with 
free electrons which acted as if they constituted a 





gas occupying the whole volume and in thermal 
equilibrium with the metal, so that the heat 
and the electricity were conveyed by the same 
mechanism. 

Contact differences of potential could also be 
accounted for on this hypothesis. The metal in 
which the pressure of the corpuscles was high would 
part with negative charges when placed in contact 
with a metal in which the corpuscular ure was 
less, and on separating the two a difference of 
potential was to be expected. 

Thermal Conductivity } mew mp 
vi ent oO 
Mot ib dee Ocat thls Ratio 


Material. 


per cent. 

Copper, commercial 6.76 x 1010 _ 
Copper (1), pure.. 6.65 x 1010 0.39 
Copper (2), pure... 6.71 x 101° 0.89 
Silver, pure as 6.86 x 1010 0.37 
Gold (1), pure 7.27 x 1010 0.36 
Gold & pure 7.09 x 1010 0.37 
Nick ee 6.99 x 1010 0.39 
Zine (1) .. 7.06 x 1010 0.38 
Zinc(2), pure . 6.7% x 1010 0.38 
Cadmium, pure .. 7.06 x 1010 0.387 
Lead, pure oe 7.15 x 1010 0.40 
Tin, pure .. 7.856 x 1010 0.34 
Aluminium 6.86 x 1010 0.43 
Platioum (1 7.76 x 1010 _ 
Platinum (2), pure 7.58 x 1010 0.46 
Palladiu 7.54 x 1010 0.46 
Iron (1) 8.02 x 1010 0.43 
Iron (2) 8.03 x 1010 044 
Steel ee es ee 9.08 x 1010 0.35 
Bismuth .. eo as 9.64 x 1010 0.15 
Constantan (60 Cu 40 Ni) 11.06 x 1010 0.23 
—— (84 Ou 4QNi 

12Mn) .. oe ee 9.14 x 10910 0.27 
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The same hypothesis also would account for the 


transport of electricity by heat. In fact, at first 
the theory seemed to be very satisfactory all round ; 
in short, a a child, in which, indeed, 
the speaker taken a special interest, as he 
believed he was the first to suggest that all cur- 
rents were carried by electrons. On further growth, 
however, this infant developed some most undesir- 
able characteristics, turning out a veritable cuckoo; 
since, when the properties needed for its own 
accommodation were satisfied, all the other pro- 

rties of the metal had to go overboard. This 
Ceseme apparent when an actual calculation was 
made of the number of electrons required to 
explain the conductivity of such a metal as silver. 
On the theory it would be seen that the con- 
ductivity of a metal would depend upon the 
number of electrons in unit volume, and also on 
the speed with which they moved under unit force— 
that was to say, on the product N k, where k denoted 
the mobility and N the number of nogative particles. 
Measurements of the conductivity gave the value of 
this product, and that of the separate factors could 
be estimated by other methods, one direct and the 
other indirect. The first was based on the fact that 
the speed with which the electrons moved through 
the metal would depend upon the resistance they 
experienced when they met with or passed through 
an atom. These acted, in short, as centres of 
disturbance, in crossing which the path of the 
electron was deflected. Its effective speed would 
depend therefore on the number of collisions made 
and on the nature of the forces exerted during these 
collisions. 

One case of electrical conduction was known in 
which it could be shown that practically the whole 
of the current was carried by electrons. This was 
the case in flames at a temperature of about 2000 deg. 
Cent. The speed of the electrons, it was true, 
was not known exactly, but a superior limit could 
be fixed with certainty. The result showed that 
along a gradient of 1 volt per centimetre the 
speed did not exceed 10,000 cm. per second. It 
might be considerably less, but it could not be 
appreciably greater. In this case the number 
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of collisions between atoms and electrons was 
known, and on the supposition that collisions 
between the electrons and the atoms of metals 
corresponded to the collisions between electrons 
and the molecules of a gas, then the speed in 
the metal would be inversely proportional to the 
collisions made, and one could pass from the 
flame to the metal by po gi the density of 
the atoms in the two conditions. It thus appeared 
that in silver the speed could not exceed 1.5 cm. 

r second along the same pressure gradient as 

fore. If k were defined as the speed under unit 
force, the corresponding velocity was only (,'5)° cm. 
persecond. This wasa very slow motion, and since 
the product N k was large, there must, on the 
theory under discussion, be a very large number of 
electrons in unit volume of silver, amounting, in 
fact, to ten or twenty times the number of atoms. 
In order that the metal as a whole should remain 
neutral, these atoms would have to carry very large 
charges. Further, if the electrons behaved like 
gaseous molecules, they must have the same energy 
as a gas at the same temperature, and thus par ares a 
specific heat. If this specific heat were calculated, 
however, it came out many times the whole 
specific heat of the metal, so that the atoms of the 
latter would have to have a negative specific heat. 

Another estimate of the speed of the electrons 
could be derived from measurements of the resist- 
ance of a metal under very rapidly alternating 
electric forces. Using light with a wave-length of 
4u, Rubens had found that the resistance was 
20 per cent. more than for steady currents. The 
value of k deduced from this result was of the same 
order of magnitude as before. Hence to account for 
conductivity on this hypothesis demanded the 
presence of more electrons in the metal than was 
consistent with its other physical properties. 

To his own mind this argument afforded a con- 
vincing proof that metals did not contain enough 
electrons to explain their conductivity. He did 
not say that they did not contain some electrons ; 
in fact, a Coolidge tube had been giving them out 
for a year, and he did not deny that they played 
some part in metallic conduction, but he was con- 
vinced that they had little to do with the conduc- 
tivity of such metals as silver, copper, and other 
good conductors. 

Another argument against the theory was afforded 
by the remarkable experiments of Kamerlingh Onnes 
on the connection between the resistance of a metal 
and its absolute temperature. In this connection 
he would consider solely the case of pure metals, 
since the theory of conduction of mixtures was 
entirely different. Roughly speaking, the resist- 
ance of a pure metal was proportional to its abso- 
lute temperature, and any theory of metallic con- 
duction should bring out this result at once. As 
a matter of fact, it was difficult to reconcile the 
free electron theory with the relation between tem- 
perature and resistance. It would be seen that 
the product Nk measured the conductivity, and 
at very low temperatures this conductivity is 
large. Hence either N or k must be large. A 
large increase in N was highly improbable, since, 
after all, the presence of these electrons must 
bs due to some kind of dissociation, which in 
all known cases was greater at high than at low 
temperatures, increasing, in fact, very rapidly as 
the temperature rose. Hence it was to be expected 
that N would diminish rapidly as the temperature 
fell. An enormous increase would therefore be 
necessary in k, the other factor of the product, but 
this was very improbable. In short, he had never 
seen any adequate explanation on the free electron 
theory of even the old rough relationship between 
temperature and resistance, and the further experi- 
ments of Kamerlingh Onnes put the hypothesis 
quite out of court. Working at the temperature of 
liquid helium, Kamerlingh Onnes got some 
most omens results, having at 4 deg. absolute 
got metals in a state in which the resistance was 
not one-seventieth of that at 0 deg. Cent. as by 
the old rough relationship, or even one-thou- 
sandth of this resistance, but had found it to be 
reduced to the astounding figure of less than 
a millionth of the resistance at 0 deg. Cent. To 


10, 
get this result, the metal had to be very pure ; 
otherwise the resistance did not diminish in this 
way, but followed a law such as represented by the 
curves for gold in Fig. 2. In this figure it would 
be seen that the resistance of mercury fell to a 
limit far too small to measure, but it was certainly 
less than the figure given above. 





The result stated was sufficiently striking, but 
Kamerlingh Onnes had gone further. ving 
obtained a ring of lead in this super-conducting 
condition at 4 deg. A., he started a current in it, 
which, without further expenditure of energy, was 
found, at the end of four hours, to be still within 
1 per cent. of its initial value. From this it 
would appear that in four days it would have fallen 
to half value. Ina perfect conductor, of course, 
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a current once started would go on for ever, but 
he thought it would be admitted that, in this 
case, four days represented a very fair first approxi- 
mation to eternity. 

It was clear from these results that metals could 
be got into a state in which their electrical pro- 
perties differed entirely from what they were at 
ordinary temperatures. In fact, these properties 
appeared to depend upon a certain critical tem- 
perature, on passing through which the electrical 
properties underwent changes quite as marked as 
their elastic properties did when melted. 

The free-electron theory of conduction did not 
seem to afford any suggestion of an explanation of 
this effect, and he wished, therefore, to bring for- 
ward another theory, of which this critical change 
of properties would be one of the most obvious 
consequences, and which led at once to the law 
that at ordinary temperatures the conductivity was 
nearly proportional to the absolute temperature. 

In some respects the theory was an old one, 
having in its essential features been brought for- 
ward by the speaker thirty years ago. It was 
then, however, upset by the fact that the electron 
was unknown as a carrier of electricity, and the 
suggestion had to be dropped. 

e easiest way to present it was, perhaps, to 
call attention to certain analogies it had with the 
molecular theory of magnetisation. On this view 
a bar of iron consisted of a great number of little 
magnets, which in the ordinary state of the bar 
lay all higgledy-piggledy, and had no resultant 
effect. When a magnetising force was introduced 
these little magnets were pulled more or less into 
line, and some sort of order being thus introduced, 
the iron became a magnet. An essential’ point 
was, Why did they not all come into line? The 
answer was, They tried to do so, but in consequence 
of their thermal agitations knocked each other out as 
fast as the magnetising force pulled them in. Hence 
the net result was a differential one ; only a fraction 
came into line, this fraction being smaller the 
higher the temperature. In particular cases this 
fraction could “ calculated, and it was found 
to dimiuish rapidly as the temperature rose. 
Taking this as an analogy, suppose that all bodies 
were built up of ‘‘ dipoles ” analogous to the elemen- 
tary ets of the iron bar. Each bipole con- 
sisted of a positive and a negative charge separated 
by a small distance. Such a-collection of bipoles 
would tend, under the action of an electric force, 
to point all in the same direction, producing a state 
analogous to the etisation of iron. This 
getting into line constituted Maxwell’s displace- 
ment current, now better known as dielectric 
polarisation, and in the case of an insulator de- 
pended on the specific inductive capacity. 

This alignment of the atoms wulert the influence 
of electric force might go on in any material, but 
the peculiarity of metals lay in the fact that 
their atoms easily parted with electricity. Thus 
suppose them to be arranged as in Fig. 3. Each 
exerted forces on its neighbour, the positive c 
tending to pull a negative charge out of the atom 
next to it. The difference between metals and 
insulators was that in the insulator this pull was 





resisted, whilst in the case of metals the electrons 
came out, though the electrons which came out need 
not necessarily be the electrons in the doublet. 
There was a definite pull on each atom, and a 
definite number of electrons passed per second. 
Suppose the atoms to be arranged in chains, as in 
Fig. 3, and that n chains passed through unit area. 
On this theory the quantity of electricity passin 
through unit area per second would be represent 


Fig.3. ——— 
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byn ep, where p was the number of electrons pass- 
ing along each chain, and e the charge carried. In 
this expression p corresponded to the mobility k of 
the old theory. In the old theory the number 
of electrons taking part in the conduction did not 
depend on the electric foree, but the mobility did. 
On the view now proposed, however, the number 
of chains per unit of area depended upon the 
electric force, and p depended only on the nature 
of the metal. It was, he might add, the variation 
in » which was responsible for the extraordinary 
results attained by Kamerlingh Onnes. 

From calculations made by Langevin as the result 
of experiments on gases, a curve could be plotted 
showing the number of dipoles I aligned in one 
direction. This curve was of the character shown 
in Fig. 4, but the vertical scale had been enor- 


Fig. 4. 
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mously compressed. If plotted to the same scale 
as the abscissz, it would reach to the moon. The 
ordinates I were plotted not against the electric 
force, but against a function of this force defined 
by the relation— 


M 
2 =p 9 (Xot kD), 


where M denoted de, the moment of a doublet, 
R was the gas constant, and 6 the absolute tem- 
perature. The effective force X, + kI is equal to 
the applied electric force X,, plus a part k I due to 
the action of the dipoles one on the other. This 
was & very quantity, and at low temperatures 
much exceeded the external electric force applied. 

Solving for I in terms of x gave 

r-R9,_ Xo 
~ Mk k 
an equation represented graphically by a straight 
line which was steeper the higher the temperature. 
Plotting this on the same diagram as Langevin’s 
curve, the intersection of the two fixed the current 
which could pass through a metal at that particular 
temperature and external electric force. The first 
part of Langevin’s curve was a straight line, when 
the intersection took place on this portion I 
was proportional to X,, and Ohm’s law held. As 
the temperature fell, the slope of the line dimi- 
nished until it became less steep than the straight 
part of Langevin’s curve. So long as the slope was 
steeper than this limit, the current would cease 
when X», the external force, was made zero, since 
Langevin’s curve would be cut at its origin. 

If, however, the slope became less than that of 
Langevin’s curve, the latter would be cut at a distant 
point, even when X>, the externakeforce, was made 
zero. Hence the current, once started, would con- 
tinue to cireulate in the conductor, wiring no 
external force to maintain it. The condition was 
then analogous to the fact that magnetism could 
be retained, as in permanent magnets, after the 
magnetising current was broken. Hence, on this 
view, below a certain critical temperature no electric 
force would be required to maintain a current, once 
established, and this was the condition of affairs 
reached by Kamerlingh Onnes. He had assumed 
for the sake of definiteness that I was represented 
by Langevin’s curve; this, however, was not essen- 
tial to the theory, which only required I to bea 
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function, not necessarily Langevin’s function, of | taneous (the real radiation pressure) or change | — 40 deg. Cent., and when it was slowly allowed 
MX/R8@. of zero, followed by a slow, creeping effect, which | to warmer ina freezing mixture, the resistance 

The doublets in the chains exerted strong forces 


on each other, and hence, when once in line, had 
a strong tendency to continue so, but at the same 
time there was a tendency for each chain to be 
knocked to pieces by the impacts of the molecules. 
If, however, the intensity of the molecular collisions 
fell below a certain value, the chain remained un- 
broken. On this theory, the function of the elec- 
tric force was to form the chains, and the conduction 
of the electricity then resulted from the action of 
the doublets on each other, so that when a chain 
was formed, the current would continue so long as 
the thermal agitation was insufficient to break up 
the chain. All this ~ to a change of state, 
and the speaker thought it probable that the change 
from a solid to a liquid was determined by very 
similar conditions. Ina solid, an atom remained 
in an invariable position, and was, so to speak, 
chained. These chains were bombarded by the 
molecular agitation, but up toa certain temperature 
this was insufficiently intense to break the chain, 
and the solid state persisted. Above the tempera- 
ture of fusion, however, the chains no longer 
held together, and the liquid state was assumed 
in which there was no fixity in the relations between 
different atoms. This was perhaps only a rough 
analogy, but the distinct change in the electric 
state of metals discovered by Kamerlingh Oanes 
was certainly largely analogous to the change from 
the solid to the liquid condition, and from the 
crystalline to the amorphous. 

he forces holding together the chains of dipoles 
in metals were relatively very feeble, and hence it 
was necessary to go to the lowest temperatures to 
obtain coherent chains. The discovery showed very 
strikingly the importance of liquid helium. Atthe 
temperature of liquid hydrogen there was no sus- 
picion of this change of state, and the whole 
phenomenon was, he thought, a most striking 
instance of the truth of Browning’s line, ‘‘ The 
little more, and how much it is.” 





ADVANCES IN GENERAL PHYSICS. 

In general, lectures and papers on physical sub- 
jects deal with only one feature of science, and in 
listening to them, or in reading the reports of 
them, we are apt to forget how general is the 
advance in all other branches. It was a somewhat 
novel experience to find Professor A. W. Porter, 
of University College, speaking before the Royal 
Institution on successive Thursdays, April 29 and 
May 6, on several unrelated subjects under the 
title of ‘‘ Advances in General Physics,” the only 
connecting-link between the various matters being 
= they all had been connected with his own 
work, 

Having referred to the extraordinary development 
that physical science had taken during the last 
thirty years, after having appeared to be an almost 
completed story which needed only to be worked 
out in certain details, Professor Porter spoke first 
of the radiation pressure of light, which he demon- 
strated with the aid of a very simple apparatus. 
It may be described (Fig. 1) as a flat needle, 
provided with two pairs of wing-like projections 
and a mirror disc below. The upper wings are 
discs, 1 cm. in diameter, in the plane of the needle 
and directly attached to it; the lower discs are 
attached toshort arms, and are in planes at 45 deg. 
to the plane of the needle. The needle is about 
5 cm. long; it is suspended within a bottle- 
shaped evacuated glass vessel by a long quartz 
thread, and a horizontal glass tube, fixed below 
the mirror and drawn out on both sides, acts as 
a —. The needle and discs are made of silver 
foil, both surfaces being precisely alike. The 
radiation pressure, Professor Porter explained, 
was small; but the experimental difficulties arose 
chiefly from the fact that there were spurious effects 
which had to be guarded against. The ordinary 
Crookes radiometer did not spin by reason of 
radiation pressure, but owing to tem ture differ- 
ences set up by the light in the walls of the con- 
taining vessel and in the residual gas. The radia- 
tion pressure had actually been Seneuntoee’ by 
Lebedew in 1900, and simultaneously by Nichols 
and Hull.* Exhibiting the curves of the latter, 
Professor Porter showed that, with different gas 
pressures in the vessel, the effect might be very 
different. But there was always a first, instan- 


* See Encivggrixg, vol, Ixvii., page 574, and vol. 


Ixxix., page 645, 








might be much greater and of the opposite direc- 
tion (repulsion or suction), or might be smaller ; 
in the a of Nichols and Hull, for in- 
stance, there was hardly any spurious effect at 
a pressure of 19mm. The radiation pressure 
was general for any wave falling upon a plane, 
and was of fundamental importance. Its nature 
might be understood from the following con- 
sideration :—Imagine a stretched string (Fig. 2 
under a tension T set in vibration, and a 
ushed over the string ; when the vibrating string 
ormed the angle 6, with its direction at rest, the 
longitudinal component of T would be T cos 6, and 
the force (T - T cos @) would tend to push the card 
back. That component, always positive, was the 
radiation pressure, and the other component would 
be the much smaller tangential force, which would 
come into play when the incidence was not normal, 
especially at 45 deg., and when the surface was not 
perfectly polished. This tangential pressure had been 
studied particularly by the late Professor Poynting. 
The total light pressure of the sun’s radiation on 
the earth amounted only to six million kilogrammes 
(6. 10°kg.) ; how small that was would be under- 
stood if one considered that the attraction of 
Jupiter on the earth amounted to 2 . 10 kg., and 
that of distant Neptune even to 3 . 10" kg. 
Turning to another fundamental advance of 
recent years, low temperature research, Professor 
Porter remarked that the atomic heat (product of 
specific heat and atomic weight) was, at ordinary 
temperature, nearly the same (about 6) for all the 
elements, but it decreased at different rates for 
different elements as the temperature was lowered. 
At 90 deg. Cent. absolute it had, in the case of 
copper, only half of its value at ordinary tem- 
perature. To demonstrate this, a block of copper 
was provided, with a hole into which an electric 
thermometer was inserted. The block was exposed 
to the rays of an arc lamp, and the number of seconds 
was counted which was required to heat the copper 
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(by the rays) through 1 deg. Cent. The block was 
then lowered into liquid air until properly cooled, 
which took some time, because the copper and liquid 
air did not really come into contact, owing to the 
spheroidal state ; the block was then raised again, 
or rather the Dewar cylinder with liquid air was 
lowered, and once more exposed to the beam which, 
as before, was directed down the cylinder from 
above. Exhibiting curves of the diminution of the 
specific heat with falling temperature, Professor 

orter stated that the explanation of the phe- 
nomena had seemed to necessitate the adoption 
of the revolutionary view of the quantum theory 
of energy. Silberstein had, however, suggested 
another explanation. 

As absolute zero was approached, the electric 
resistance of metals, like the atomic heat, drop 
to zero, steadily in some cases, very slowly finally 
in others ; the resistance of mercury had a very 
abrupt fall at 4 deg. Cent. absolute. At absolute 
zero @ body had no specific heat, no electric resist- 
ance, no expansion coefficient ; an electric current 
once started would flow on indefinitely. Other 
important changes in the properties accompanied 
the melting of solid bodies. The specific energy 
of a body in the fused state, Professor Porter re- 
marked, was greater than that of the solid body at 
the same temperature ; that was the meaning of 
the latent heat of fusion. When a metal like 
sodium was heated, he had found, the specific 
electric resistance rose as the temperature was 
raised, and there was a sudden increase of nearly 
0.4 of its value in the resistance at the melting- 
point of sodium. That increase was still greater 
in the case of mercury ; mercury was solid below 





suddenly rose to nearly four times its value at the 
moment when the mercury melted. Almost exactly 
the same figures were found for the c of the 
thermal conductivity of those two metals, and that 
was rather striking when one remembered that, not 
so very long ago, thermal conductivity had been 
ascribed to molecular movements, and electric con- 
ductivity to something of an altogether different 
nature. When a long bar of metal was heated at 
one end, so as to be partly solid and partly liquid, 
the two portions gave different conductivity curves. 

Professor Porter then showed his heat-jacket 
experiment. Short lengths of glass tubes, some 
thin, some stout, had been pushed over a 
platinum wire, and fused to the wire. When 
the wire was heated by the electric current the 
covered portion remained dark, so that this over- 
coat kept the body cold, instead of warm, and 
apparently assisted in letting the heat escape. The 
explanation was that the variation of the escape 
of heat depended in part upon the increase 
in surface and in part upon the diminution of 
the surface temperature. There were therefore 
two effects opposing one another, and the result 
was that there should, for every jacket sub- 
stance, be a critical radius of the outer surface, at 
which the resultant effect changed sign. As long 
as the jacket radius kept below this radius, heat 
was assisted in escaping ; when the critical radius 
was exceeded, heat was Kept in. The critical radii 
were :—For glass, 8 cm.; slate, 16 cm.; rubber, 
1.3 cm.; silk, 0.7 cm.; cotton, 1.8 cm.; magnesia, 
0.5 cm. ; asbestos, 1.9 cm. ; different kinds of 
asbestos differed very much, however, and for 
ordinary asbestos lagging 0.5 cm. was a more 
correct value. For this reason the glove kept 
the wrist warm, but let the fingers w cold. 
The temperature had not a very marked influence. 
Since, however, the two effects opposed one 
another, a thick and a thin lagging on steam-pipes 
of the game diameter might have the same resultant 
effect, as Professor Porter explained with the aid of 
curves. The effect was important, and its further 
study in thé National Physical Laboratory had led 
to a complete modification of the wiring rules. 

Turning to light phenomena, Professor Porter 
showed the influence of small particles on scattered 
(reflected) and transmitted light. A tall cylinder 
was charged with a clear solution of sodium hypo- 
sulphite to which a little acid was added; the solu- 
tion slowly became turbid, owing to the deposition 
of sulphur icles, and appeared bluish when 
illuminated from above. en the same experi- 
ment was made in a glass cell, placed in front of 
an arc-lamp, the transmitted light appeared yellow 
and then turned red or pink (sunset effect). As 
the particles of the sulphur grew larger, the tur- 
bidity increased too much to allow any light to 
pass ; after some minutes light was again trans- 
mitted, appearing now bluish; this secondary 
phenomenon was not fully understood yet. Ac- 
cording to Rayleigh the scattering was inversely 
proportional to the fourth power of the wave-length, 
and as blue light had half the wave-length of 
red light, it was 2‘ times more scattered than 
red light ; hence the sky, which we should not 
see ereten, looked blue. Smoke and skim milk 
looked blue for the same reason; any particles 
would do, the material did not much matter, but 
when the particles became bigger, growing to two 
or three times the wave-length of light, the scattered 
light appeared red, and the transmitted light blue. 
Both the effects for small icles could simul- 
taneously be seen in the cylinder, the blue in the 
upper part, the red in the lower. The scattered 
light was polarised ; the maximum’ polarisation 
occurred in a direction at right angles to the 
incident light. 

Professor Porter also exhibited his colour-mix- 
ing box for physical and physiological studies. 
Light entering the box through a slit fell upon a 
lens and then upon two prisms, and the deflected 
and separated beam left the box, after having passed 
through diaphragms directly, or ey © a triple slit 
in a screen provided with three parallel adjustable 
slits. The arrangements were such thet a disc, 
white or coloured, was produced on the screen, this 
disc being an image of the circular diaph in 
the box. When a very small prism was held in 
the beam (without the triple slit) two discs were 
seen, the prism giving one disc of some i 
shade (depending upon the ition of the pri 
in the beam), whilst the other disc showed the 
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complemen colour. Very beautiful colour shades 
were produced, and it was impossible to tell from 
the appearance which was the pure colour and 
which the combination. Professor Porter concluded 
by showing some physiological colour effects, old 
and new, due to fatigue of the eye. Mr. E. T. 
Paris, B.Sc., who is associated with Professor 
Porter in various researches, was in charge of the 
experiments. 





NOTES. 


Tue German Emparco upon Coat anp OTHER 
Fue. 


Every week, if not every day, brings fresh 
German State decrees, which to a very great extent 
transfer the control of what have hitherto been 
private concerns to the State. The embargo on 
coal admittedly caused some surprise, and was 
pronounced a very unusual measure, even con- 
sidering the state of war, and the fact that it was 
so late in coming also shows that the Govern- 
ment hesitated to introduce it as long as possible. 
Germany's production of coal in the last ordi 
year (1913) amounted to 191,511,000 tons, of whic 
quantity 34,574,000 tons were exported. The 
; mt for coke were respectively 64,110,000 tons 
and 32,168,000 tons. The export of lignite and 
briquettes was not of much importance. The 
export to which the embargo has put a stop can, of 
course, not be gauged by the above figures, inas- 
much as the export to a number of countries has 
been stopped by the war, and still more by the fact 
that Germany herself can absorb almost the entire 
current production, which is on a greatly reduced 
scale. he fact that imports have stopped, of 
course, affects this ; in 1913 imports amounted to 
10,500,000 tons, principally of British coal. The 
Rhenish- Westphalian coal production during the 
first couple of months after the beginning of the war 
only amounted to about 50 per cent. of the normal 
output, but gradually rose to some 65 per cent. ; and 
the same has been the case, very nearly, in Upper 
Silesia ; in many coal-producing districts the decrease 
was still larger. Especially in South Germany com- 
plaints have been made that the supplies of ccal 
were inadequate, and this may to some extent be 
attributable to export. The embargo is, as far as 
has been ascertained, not to be looked upon as 
absolute ; permits for 4 = are probably given 
under certain conditions, but it means in any case 
that the Government obtains the full control of the 
supply. Export to Switzerland is thus likely to 
be allowed, and it is stated that the Swiss Govern- 
ment, even before the decree concerning the embargo 
was published, had received reassuring communica- 
tions from Germany. The supply of cual to Switzer- 
land is not only not stopped, but will be facilitated 
as much as pcssible, and several central bureaux 
will be established for the granting of permits. 


Japan’s Procress in Marine ENGINEERING. 


A very interesting illustration of the rapid strides 
Japan is making in shipbuilding and engineering is 
afforded by the recent arrival in the Thames of the 
14,000-ton steamer Toyooka Maru, which was 
launched from the Mitsu Bishi Dockyard and 
Engine Works, Nagasaki, last year. The steamer 
in question is a remarkable example of modern 
marine engineering practice, being fitted with 
twin screws driven by geared steam-turbines de- 
signed to develop collectively some 4800 horse- 
power at full power. Special attention has been 
devoted to the matter of fuel economy. Thus the 
whole of the condensing and feed- heating arrange- 
ments have been constructed to plans furnished by 
the Contraflo Condenser and Kinetic Air-Pump 
Company, Limited, of Central Buildings, West- 
minster, S.W. The condensing plant is of this 
firm’s kinetic design, the air being extracted by a 
steam-jet, which delivers it slightly compressed 
to a water-ejector. This is fed by a special cen- 
trifugal pump, which draws its supply from the 
condensate tank, to which itis returned. All the 
steam used for the jet therefore delivers up its 
heat to the feed. A separate centrifugal pump 
mounted on the same shaft as the ejector-pump 
draws off the condensate from the condenser, and 
delivers it to the condensate tank. On the Toyooka 
Maru cross-connections are provided, by which 
either air-pump set can be used to extract the air 
and feed-water from either or both condensers. The 
whole of the air and condensate pumps are driven 
by a small velocity-compounded steam-turbine, the 
exhaust from which can be led into the high-pres- 





sure end of the low-pressure main turbine, to the 
feed-heater, or to the auxiliary condenser. A 
reciprocating engine drives the circulating pump 
on each side, a branch being led to the auxiliary 
condenser, which is thus constantly in a condition 
to receive the whole or any exhaust steam, which, 
owing to a temporary stoppage or slackening of the 
main turbines, may be in excess of the quantity 
required for feed - heating. The whole of the 
auxiliary steam, both from deck .and engine-room, 
is led, in the first instance, to a ‘‘ thermal receiver,” 
where it undergoes a preliminary cleansing. Hence 
the feed-heater, or the auxiliary condenser, receives 
only cleaned steam. In normal running this steam 
passes to the feed-heater, where, after a further 
cleansing, it mixes with the filtered feed from the 
main turbines. The whole of the engine-room and 
boiler plant, with the exception of some portions of 
the auxiliaries, was constructed and erected on 
board by the builders of the ship. The boilers are 
soosttiel with Howden’s system of forced draught. 


Tue Accuracy or Gun-FIrE In THE BRITISH 
FLert. 


The official returns giving the results of tests of 
gun practice in the Fleet during the past year, issued 
this week, is robbed of much of its interest, because, 
since this peace practice was completed, many of 
His Majesty’s ships have had the opportunity of 
displaying their efficiency under the stern realities 
of war. Uniformly accurate fire in all engage- 
ments with the ships of the enemy has been the 
outstanding feature of the naval warfare, whether 
regard be had to such combined actions as 


took place in the Bight of Heligoland, off the | land 


Falkland Islands, and later on the Dogger Bank, 
or in individual actions, where one ship had 
to face another. This accuracy of fire was in 
many cases associated with ranges which a few 
years ago would have been regarded as impractic- 
able, if not impossible. The annual returns now 
issued show, however, how the gunners of the 
Navy have prepared themselves for ‘‘the day” 
of the German ambition. In the first place, there 
has been a greater stringency in the test conditions. 
‘The target has been reduced, the range increased, 
and the speed at which firing had to take place was 
augmented. The details regarding these three 
points are not disclosed in the official return, nor 
is any information given as to the time allowed for 
the firing, so that it is not possible to deduce the 
rate of hits per minute. Sufficient evidence of 
improvement is shown in the percentage of hits 
to rounds fired from the various types of gun now 
in the Service. There is, of course, no information 
regarding the 15-in. gun, the ships carrying which 
have only entered the Fleet since the war began. 
The 13 5-in. gun was used for the first time in 1912 
when the percentage of hits to rounds fired was 
58 per cent. 1n the following year this had increased 
to 66.68 r cent., and in 1914 to 85.43 per cent. 
It must admitted that we have here not only 
evidence of the efficiency of the gun-layer, but of 
the modern gun-control system, and also of the 
success of the modern weapon and all the appli- 
ances placed by the manufacturer at the disposal of 
the gun-crew. The later 12-in. guns continue to 
show a percentage between 52 and 55 per cent. 
of hits to rounds fired. The latest 6-in. breech- 
loading gun, which is extensively used in the later 
battleships, also shows improvement. In 1911-12 
the percentage of hits to rounds fired was only 49 ; 
in 1913 it increased to 53.21, and in 1914 to 54.75. 
lt should be remembered that the target is very 
much smaller than the enemy’s ship would be, 
so that one can understand that if in practice, under 
all conditions of weather, such a percentage is 
attained, the results will be even better in actual 
war. The 4-in. breech-loader has also a per- 
centage exceeding 50 per cent., as is the case also 
with the 4.7-in. quick-firer. 





Tue German Street Unton.—The quantity of goods 
despatched during February amounted to about 263,000 
tons, against 255,016 tons for January, and 482.925 tons 
in February, 1914 ; of the February deliveries, 66,000 tons 
were half-fini: hed goods, 138,000 tons railway construc- 
tion material, and 59,000 tons rolled sections. 





Fire at Macuing-Too. Works.—A serious fire oc- 
curred on Tuesday, the 11th inst., at the engineerivg works, 
Rydes Hill, Guildford, belonging to Messrs. Drummond 
Brothers. The damage is estimated to exceed 20,000/. 
The fire is said to have originated in the engine-room. 
New shops had recently been completed. According to 
———— to hand, the stoppage will not be of long 

uration. 





INDUSTRIAL NOTES. 


Tue Director of the Department of Labour Statistics 
in an article on the state of the labour market, pub- 
lished in the Bourd of Trade Labour Gazette, says that 
employment continued to improve in April, and the 
percentage of unemployed among the trade - union 
members not serving with the Forces was lower than 
in any month during the last twenty-five years. There 
was @ general shortage of male labour, which was 
especially marked in engineering, shipbuilding, coal- 
mining, and agriculture ; in the clothing trades there 
was some scarcity of female labour. 

The industries directly concerned with war contracts 
continued very busy, with much overtime. There was 
an improvement in aJl the textile industries, and in 
the iron and steel, furnishing, and food preparation 
trades. The coal-mining, pig-iron, and tin-plate trades 
showed little change. 

Compared with @ year ago, there was a great im- 
rovement in the iron and steel, engineering, ship- 
uilding, woollen, hosiery, boot, saddlery, ready-made 

clothing, and food-preparation trades ; and the coal- 
mining, building, and wood-working trades showcd 
some advance. On the other hand, the number of tin- 
plate mills working was much less than a year ago, 
and employment in the linen, lace, brick, and pottery 
trades showed a marked decline. 

The increases in rates of wages in April amounted 
to 12,900/. per week in the wages of nearly 193,000 
workpeople. The most important advances included 
3d. or $d. per hour to certain classes of building opera- 
tives at Birmingham, 24 per cent. to ironstone miners, 
limestone quarrymen, and blastfurnacemen in Cleve- 
land and Durham, 2} per cent. to blastfurnacemen and 
iron and steel workers in South Wales and Monmouth- 
shire, 74 per cent. to steel millmen, &c., in West Scot- 
» 4s. per week (or 10 per cent.) to moulders in 
Lancashire and London, 2s. per week to carters in 
Lancashire, 3s. per week to bakers in London, and war 
bonuses of 6d. to 2s. 6d. per week to woollen and 
worsted operatives in certain districts of Yorkshire. 
These changes are exclusive of the war bonuses to coal- 
miners now being arranged. 

The number of disputes beginning in April was 
forty-four, and the total number of workpeople in- 
volved in all disputes in progress was 10,222, as com- 
pared with 33,903 in the previous month and 211,211 
in April, 1914. The estimated number of working 
days lost by all disputes during the month was 67,200, 
as compared with 151,200 in March, 1915, and with 
2,973,800 in April, 1914, when t disputes in the 
London building trades and the Yorkshire coal-mining 
industry were in progress. 

Cases dealt with during the month include electrical 
workers, Stoke-on-Trent and Birmingham; sugar- 
refiners, Liverpool and Greenock; brass - moulders, 
Clyde district ; motor-cab oilers and washers, aero- 

lane propeller makers, coopers, and cigar workers, 

ndon ; slaters, Arbroath ; iron and steel workers, 
Scunthorpe ; builders’ labourers and timber workere, 
Blackburn ; carters, Darwen; moulders and pattern- 
makers, Briton Ferry ; stone-jar and bottle-makers, 
Burton-in-Lonsdale ; silk dyers and finishers, Mac- 
clesfield ; joiners, Clydesdale district ; dock pilots, 
Barry ; and cable workers, Helsby and Prescot. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the five weeks ending 
April 16 was 34,418, as compared with 34,477 in the 
previous four weeks and with 25,896 in the five 
weeks ending April 17, 1914. The average weekly 
number of vacancies filled for the same periods were 
25,131, 24,797, and 19,308 respectively. 





In their fifty-seventh financial report, for the year 
ended December 31 last, the Associated Blacksmiths’ 
and Ironworkers’ Society state that it will take four 
or five years to repair the ravages of the war ; ulti- 
mately, however, a reaction will take place, and the 
workers of the world will have to suffer the miseries 
of bad trade due to the huge waste of capital which 
the war has caused. The report gives a detailed list of 
the wage advances which have been obtained during the 
year under review. ‘T'he society’s income from all 
sources been returned at 26,149/., or an increase 
of 9014/. on that for the previous year. The member- 
ship at the close of the year was 10,788, and the 
amount of funds in hand at the same date was 29,138/. 





We read the following in the report for April of 
the United Pattern-Makers’ Association :—‘* During 
the month a firm in Lincoln have commenced aeroplane 
building, and have asked us for thirty men. The wages 
are 403. per week, which is a remarkable improvement 
for that district. We have found it impossible to get 
the number of men required ; in fact, it is questionable 
if we have succeeded in getting half-a-dozen. We have 
to reiterate our former advice on the question of our 
members undertaking this work. This isa big anda 
new industry, to which no woodworking trade has 
any special claim. We have plenty of opportunities 
offered us for taking up this work, but, as a rule, our 
members fight shy of it; and if, when the inevitable 
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slump takes place in our own trade, we find this 
industry fully manned, we have only ourselves to 
thank at being left out in the cold. The development 
of this industry offers our young members a splendid 
opportunity of taking up a new and extremely interest- 
ing branch of woodworking, and although we may be 
independent of it at the moment, the time will assuredly 
come when we will be glad of it. In the meanwhile 
trade is extremely good with us, and although the 
displacement of ordinary engineering work by the 
manufacture of war munitions may result in a slacken- 
ing-off in our branch of trade, no signs of such falling- 
off are at present discernible, and the demand for our 
services maintains the high level which has charac- 
terised it during the past six months.” 





The report of the London County Council meeting 
of Tuesday last gives the following particulars on the 
London ye wrre | strike :— 

‘*No definitely formulated demands have been sent 
to the Council by or on behalf of the men, and it is 
only from the somewhat conflicting statements in the 
Press that we gather what the men’s — are. 
These grievances would appear to mainly as 
follows :— 

**1. That an immediate increase of 15 per cent. on 
wages should be granted to meet the increased cost of 
living due to the war. This request in some news- 
papers takes the form of an advance of 1s. a day. 

“2. That the time-tables recently introduced entail 
longer spread-over pericds and higher rates of speed 
than those previously in force. 

“3. That requests to enlist in the Forces have bsen 
refused, and that the Council has declined to promise 
that the men shall be reinstated after the war. 

‘With regard to the first-mentioned request re- 
lating to an advance in wages, the men are, under the 
terms of the Conciliation Board’s scheme, precluded 
from having this question re-opened until June 26 next. 
We have always been ready to afford the men every 
possible facility to enable requests to be referred to 
the Conciliation Boards upon the expiration of exist- 
ing agreements, but we are not prepared to recom- 
mend the Council in violation of the Conciliation 
Board’s scheme to depart from the agreement of June 
26, 1914, as we consider it of the utmost importance 
that agreements arrived at under the scheme or other- 
wise should be faithfully adhered to on both sides. 
It is as much in the interests of the men as of the 
Council that agreements should be kept; if it were 
otherwise, the Council might, in the event of the early 
termination of the war and a considerable fall in 
— consider itself free to seek to reduce wages 

fore the expiration of agreements, cn the plea that 
conditions had altered, and that the circumstances 
which warranted the increased rates of pay specified in 
Conciliation Board agreements had ceased to exist. 

“The rates of pay of motormen and conductors 
range from 53. to 63. 6d. a day, with special allow- 
ances in some cases for driving cars over routes of 4 
special character. The men receiving 6s. 6d. a day 
(v.e., the maximum rate) and over represent 79.81 per 
cent. of the total number of the men employed, while 
only 12.28 per cent. of the men receive 5s. or 5s. 3d. 
a day. These latter employees, who consist almost 
entirely of men who have been eng to take the 
place of those who have enlisted, receive also a grant 
under the resolution of the Council of March 16, 1915 
For the week ended May 5, 1915, the average wages 
of motormen were 2/. and of conductors 1/. 17s. 

‘* With regard to the second point, modifications in 
the time-tables may have affected a few individuals 
adversely, but any complaints of the men in this 
respect have been dealt with immediately, and arrange- 
ments made which, it was mor aera 4 satisfied the 
men’s representatives. 

‘*The statements which have appeared in the Press 
as to the long periods over wh @ man’s work is 
spread are greatly ex rated. In no case are the 
duties spread over so long a period as 15 hours, the 
maximum being between 14 and 15 hours. The mini- 
mum period a spread-over is under 9 hours a day. 
The present average spread-over time is 11 hours 
27 minutes, compared with 11 hours 26 minutes in 
June, 1914, at the time the Conciliation Board agree- 
ment was arrived at. It is, of course, true that in 
some cases men have a somewhat long spread-over 
time, but this is counterbalanced by men having a 
short spread-over, and asall the duties rotate, the men 
in turn get their fair share of long and short duties. 
The long periods only occur four times each year. 
The average periods of relief are now 3 hours 3 minutes 
a day, compared with 3 hours 1 minute in June, 1914. 
‘The average actual period of work is thus $ hours 
24 minutes at the present time, compared with 8 hours 
25 minutes in June, 1914. The average mil run 
by each man is now less than it was in June, 1914. 

‘With regard to the remaining complaint, over 
2000 employees from the tramways department have 
already joined the Forces of the Crown, and all these 
men have been promised re-instatement at the con- 
clusion of the war. So far from the statement that 
vae Council has declined to permit men to enlist re- 





presenting the true facts of the case, we may state that 
as many as 500 men have withdrawn applications to 
enlist which had already been ccna. In fact, 
there has been no differentiation in the treatment of 
men in the tramways department from that of em- 
ployees in other branches of the Council’s service. 
At the present time no man is refused permission to 
enlist who desires to join any branch of the Expedi- 
tionary Forces. 

**So far as we can see, there is not the slightest 
justification for the action taken by the men.” 


We are informed that the Barrow Steel Works were 
— under Government control as from last Monday. 

he plant is undergoing the necessary changes in 
order that a large production of munitions of war can 
be carried on. The works are now engaged u 
Government work exclusively. The Bessemer plant 
will cease operation, and the wire works will be 
closed. The steel for the projectiles will be made by 
the open-hearth process. The men displaced in one 
department will be occupied in another. At these 
works a scarcity of labour has been felt for some time. 
= in consequence the plate-mills had to be closed 
own. 





A dispute arose last week at the works of Messrs. 
N. Hingley and Sons, Dudley. The last ascertainment 
of prices under the sliding scale did not justify an 
advance in the wages of the puddlers. Notwithstand- 
ing this they claimed an advance, and as this was not 
granted, they left work without notice. It should 
be noted that they receive a war bonus. Their 
action led to a strong decision being taken by the 
Midland Iron and Steel Wages Board, which, at a 
recent meeting, expressed its severe condemnation of 
the strikers’ unpatriotic action in the following resolu- 
tion :— 

**This meeting of both Employers’ and Operatives’ 
Sections of the Wages Board unanimously pledges 
itself loyally to support Messrs. N. Hingley and Sons, 
Limited, in whatever course they propose to take in 
omens oot the decisions of the board, and more 
particularly with regard to the war bonus recently 
established ; in resisting any further demands ; and 
in upholding the traditions of the board and the 
administration of its rulings. 

‘** The Midland Wages Board nas existed forty years 
and has been universally successful in settling all dis- 
putes in the past, and it regrets to find that a small 
section should try to ignore the finding of the board 
by striking and causing strife whilst a national emer- 
gency exists.” 





It is stated that the voting of the Amalgamated 
Society of Engineers on the question of accepting the 
proposed special agreement with the Employers’ 
Federation relative to the relaxation of workin 
restrictions in order to accelerate the production o 


shells and fuses, has been accepted by 14,137 votes to N 


9817. The total vote is only about 13 per cent. of the 
membership. 





Lord St. Aldwyn, the independent chairman ef the 
South Wales Coal Conciliation Board, awarded last 
week to the South Wales miners a war bonus of 174 
per cent., which brings their wages to 774 per cent. 
above the 1879 standard. Lord St. Aldwyn has asked 
to be relieved of the position of independent chairman 
of the South Wales Coal Conciliation Board, on the 
score of advancing age. The South Wales Coal Con- 
ciliation Board met early this week, when the work- 
men’s representatives asked the owners to fix a day 
for the consideration of the new agreement. The 
owners had previously declined to enter into negotia- 
tions at this period, and had offered a war bonus of 
10 per cent., on condition that the existing agreement 
was continued. In the meantime the bonus question 
has been settled by Lord St. Aldwyn’s award of 17} 
per cent. on the standard. The men’s notice termi- 
nating the agreement expires on June 30. Since, the 
owners have agreed that the Board is to meet at 
the end of May to reconsider the agreement. The 
Coal Conciliation Board for the Federated area, 
an area which includes the whole of the English 
coalfields, with the exception of Durham, Northum- 
berland, and South Wales, held a meeting last Sunday 
at the Westminster Palace Hotel, to decide on the 
question of the miners’ claim for a 20 per cent. war 
bonus. No agreement was arrived at, and it was 
announced that Lord Coleridge would issue his decision 
in the course of a few days. On Monday miners to 
the number of about 2000 employed at South Stafford- 
shire coalfields came out on strike, owing to dis- 
appointment respecting payment of a war bonus. The 
men have come out against the advice of their leaders. 
The owners offered on Saturday to pay the men an 
advance of 15 per cent. on the old standard, which 
was the original understanding between the coal- 
owners and the men’s representatives, but the miners 
refused to accept the offer, fearing that it might 
prejudice their position when Lord Coleridge’s award 
is made, The men declare their intention to remain 


on strike until Lord Coleridge’s award is published. 
On Saturday last the Cle mineowners held a 
meeting at Middlesbrough with representatives of 
the Cleveland miners, when a settlement was effected 
for an advance of 15 cent. on the basis rates. 
This is in addition to a 24 per cent. advance that was 
conceded to the men last month under the sliding 
scale which regulates wages locally. Representatives 
of the Northumberland Deputies’ Association met the 
coal-owners last Saturday, in Newcastle; as a result 
of the meeting, advances were granted to the deputies, 
which raise their wage to 7s. ll4d. per day. An 
advance has also been ted to the Northumberland 
mechanics. Weare informed that Mr. Robert Smillie, 
president, and Mr. Robert Brown, secretary of the 
Scottish National Mine-Workers’ Union, intimated 


pon | last Sunday to Mr. Robert Baird, secretary of the 


Scottish Coal-Owners’ Association, that the men put 
forward a claim for an advance in wages of 50 per 
cent. on the 1888 basis—equivalent to 2s. per day. An 
advance of 18} per cent. has already been mutually 
agreed upon to meet the increased cost of living. 

The Board of Trade has issued the ioliowing 
announcement :—‘‘ As the result of conferences at the 
Board of Trade, the principal London coal merchants 
have now arranged with Mr. Runciman for a limita- 
tion of the profits made by them from the sale of 
household coal during the summer months. It is 
anticipated that the arrangement will be carried into 
the winter.” ° 


The Exchange Telegraph Company is informed that 
Mr. G. N. Barnes, M.P., has left for Canada with the 
director and general manager of the Labour Exchanges 
Department in London, with the object of engaging 
suitable men for employment in this country in the 
production of munitions of war. 





PerrsonaL.—The Peninsular Engineering Company, 
Limited, Suffolk House, Laurence Pountney Hilt 
London, E.C., inform us that they have been appoin 

sole agents for the firm of Luis Berenguer en Cta., 
Barcelona, makers of high and low-tension porcelains for 
the electrical trade. — Messrs. Ed. Bennis and Co., 
Limited, have been placed upon the list of firms exempted 
from recruiting in consequence of being cngaged on war 
contracts. They have large contracts in hand for mecha- 
nical stokers, - elevators, conveyors, ash - handling 
plants, &c., for several ammunition and powder factories 
that are being put up with all possible speed by the 
Government, quite 80 per cent. of their work now bei 

of this character. In order to ensure the completion o' 
these contracts they issued an — to their men of 


recruitable age, impressing upon them the importance of 
their work ; iy per cent. of these have applied for exemp- 
tion badges. 





Tue Woop Green Exxcraic Surrty.—The latest of 
the London suburbs to be furnished with a public electric 
supply system is Wood Green, which lies on the Great 
orthern Railway, some 5 miles from King’s Croes. The 
area of supply covers the whole of the Urban District, 
which has an acreage of 1625 and a population of 50,000. 
The supply is on standard lines, being furnished on the 
three-wire system at 240 volts for lighting and heating, and 
480 volts for power. The installation, however, involves 
an uncommon feature, in that the generating ob is 
driven by town gas. Thisarices from the fact that the Elec- 
tric Lighting Order, originally conferred on the District 
Council, has been transferred to the Tottenham and 
Edmonton Gas Light and Coke Company, which in con- 

uence has become the Tottenham District Light, —— 
and Power Company. The generating-station is situa 
in og oy and is connected to the Tottenham 
Gas Works by a 12in. main. A 40-ft. gas-holder 
has been built at the station. The generating plant 
consists Of two gas-engine sets by Messrs. Hindley and 
Sons and the tric Construction Company, Limited. 
One set is of 100 kw. and the other of 200. kw. The 
engines each have five cylinders, and there is a motor- 
driven air-compressor for charging the starting receivers. 
The jacket-water circulation is by gravity from a 1600- 
gallon tank, and from the ines the water passes 
through Heenan rotary coolers, being afterwards returned 
to the tank by centrifugal pumps. Make-up water passes 
through a 300-gallon Boby softening plant. The station 
contains a battery capable of giving 100kw. for three 


hours or 200 kw. forone hour. Itconsists of 270 Plantide 
cells by the Chloride Electric 8 Company. For 
charging the battery there is a double-ended booster by 


the Electric Construction Company and consisting of two 
19-kw. machines driven by a 68-brake-horse-power 
motor. The main switchboard was supplied by the 
Electric Construction Company. The official con- 
sumption tests of the engines have not yet been made, 
but the contract meme at full load, of gas 
boning is jana Me A -Th.U. <2 yy ab 
m perature pressure, is 30.75 cub. ft. 

unit generated from the 200-kw. set and 31.35 oub ts, 
from the 100-kw. set. The street cables are of the three- 
core paper-insulated, lead-covered, and steel-armoured 
type. ‘hey were manufactured by the Western Electric 

pany, of Woolwich. The capital expenditure on the 
scheme, including Parliamentary costs, amounts to about 
30,0007. consulting neers were Messrs. May and 
Hawes, of Caxton ay estminster, who worked in 
conjunction with Mr. A. E. Broadberry, manager of the 





Tottenham District Light, Heat, and Power Company. 
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THE INSTITUTION OF MECHANICAL 


ENGINEERS. 

AN oy. meral meeting of the Institution 
of Mechani ngineers was held on Friday last, 
the 14th inst., at the Institution of Civil Engineers, 
Great George-street, Westminster, the chair being 
taken by the President, Dr. W. C. Unwin. 


Tus TREASURERSHIP. 


The President announced that Mr. Arthur 
Huson, who had been the Treasurer to the Institution 
for the past nine years, had found it n to 
retire. The position was a responsible one, and the 
Institution owed him a debt of gratitude for the 
care which he had taken of the finances. To mark 
appreciation of his services and as a slight memento 
of his connection with the Institution, the Council 
had decided to present Mr. Huson with a watch. 
This the President then handed to Mr. Huson, 
who in acknowledgment said that he felt he could 
more adequately express his thanks in writing. 

The President then moved the following resolu- 
tion :—**On the recommendation of the Council, 
Mr. F. H. Norwood, the successor to Mr. Huson, 
as manager of the Charing Cross branch of the 
Union of London and Smiths Bank, be hereby 
appointed honorary Treasurer of the Institution of 
Mechanical Engineers.” This resolution, having 
been seconded by Professor Margetson, was unani- 
mously carried. 


APPOINTMENT OF New AUDITOR, 


Mr. E. W. Petter then pro that the audit- 
ing of the accounts of the Institution, which, for 
the past thirty-seven years, had been in the hands 
of the late Mr. R. A. McClean, should be placed in 
the hands of Mr. Raymond Crane, of the firm 
of Crane and Christmas, at a remuneration of 
50 guineas. 

This was seconded by Mr. Sidney Sharp, and the 
proposal was carried unanimously. 


DistripuTion oF Heat 1n Gas-Enoine CyLinpERs. 


A paper entitled ‘‘The Distribution of Heat in 
the Cylinder of a Gas-Engine,” by Professor A. H. 
Gibson, D.8c., of Dundee University College, and 
Mr. W. J. Walker, B.Sc., of the Manchester School 
of Technology, was them read and discussed. We 
print this paper in full in the present issue. 

The President, in proposing a vote of thanks to 
the authors, remarked that much research had been 
carried out in relation to the gas-engine, especially 
on engines of about the size of that with which the 
authors had experimented; but there were still 
gaps in our knowledge, and the authors had cer- 
tainly taken a step towards bridging one, at any 
rate, of those gaps. 

Dr. Dugald Clerk opened the discussion. He 
said that his earliest attempt at such an analysis 
as that given in the paper—of the heat distribu- 
tion in the cylinder of a gas-engine—was made 
at the Institution of Civil Engineers in 1882. In 
the earlier days of work on the internal-com- 
bustion engine, study had been devoted to losses 
in fixed, closed vessels, and explosions with dif- 
ferent proportions of gas and air were used. 
Experiments of that nature, made as far back as 
1886, enabled a prediction to be made of the sort of 
heat loss that would be got in large cylinders. Every- 
one then considered that if a mass of flaming gas were 
exposed in the interior of aclosed chamber without 
a@ moving piston, given ye density and equal 
temperature, the loss would be proportional to the 
time of exposure. In other words, if the time of 
exposure of a gaseous explosion to cold walls were 
doubled, the loss would be double. That was 
broadly true in connection with vessels having no 
piston. From that it would be expected that if 
qne engine were running at 100 revolutions per 
minute with a certain mean temperature in the 
cylinder, and another similar engine were running 
at 200 revolutions minute—the conditions of 
the diagram being otherwise all the same—it would 
be expected that the:heat loss would be very greatly 
diminished, or almost one-half, for 200 revolutions, 
what it would be at 100 revolutions, because the 
time of exposure would be halved. 

It was very soon found, however, that this was 
not the case with actual engines, in which, under 
almost all conditions of running, the heat loss 
seemed to change very little with the speed. The 
rate of he.t loss certainly increased with the speed, 
and increased so much that it left very little im- 
provement in economy due to higher speed. There 





was a speed at which all the conditions—the con- 
ditions of the shape of the di more than any- 
thing elsee—gave the best results, and if the —_ 
were then increased the rate of heat-loss would be 
so greatly increased that the expected economy 
or reduction of heat loss was not sina. 

This result had been extremely puzzling, but 
in connection with the work carried out by the 
British Association Gaseous Explosions Committee 
it was found that the heat loss in the cylinder 
varied with the rate of revolution. The faster the 
engine ran the greater became the velocity of the 
entering charge, so that at the higher speeds it — 
easily be 150 ft. per second. Theidea was that this 
velocity persisted in the form of turbulent move- 
ment during the suction stroke and during com- 
pression. This turbulence was pretty well in 
a ep to the speed of the oe There was 
ittle to prove that that was actually so; but he had 
made some experiments with an engine in which 
the valve was so arranged that a charge could be 
0 | and the ignition prevented until the piston 
had moved two or three times out and in. - That 
allowed time for the turbulence to quiet down. 
Ignition was then much slower. Professor Hopkin- 
son also tried the trapping device, but measured 
the rate of heat-loss with air alone. He had a 
heated platinum wire, and measured the rate of 
heat loss from the platinum wire to the air, and 
found that the rate of heat loss increased with the 
rate of revolution of the engine. That at once 
showed that there was something of the nature of 
turbulence due to the charge. 

As far back as 1882 engineers were clearly 
conscious that there was a turbulence due to the 
flame projecting into the cylinder, but they were 
not conscious’that the turbulence of ignition lasted 
all that time. Professor Hopkinson had found 
also that by putting a fan in a closed vessel the 
rate of cooling of the flame could be greatly in- 
creased by the rapid working of the fan. He got 
up velocities in the vessel which represented the 
velocities in the cylinder, and obtained identical 
heat loss. The authors’ paper was exceedingly 
valuable in that it went into the determination of 
the variation of heat-loss due to the variation in 
rate of revolution. That was difficult to deter- 
mine. He congratulated the authors on the care 
they had taken in regard to the shape of the 
diagram. Insuch experiments it was necessary not 
only to get the conditions right, but to see that 
the conditivns of the diagram should not be dif- 
ferent. The usual diagram had a vertical explosion 
line with a slightly rounded top. That was usually 
the most economical. But if in passing from one 
experiment to another—as, for instance, from one 
speed to another—having the same mixture, but 
not altering the ignition, the vertical explosion 
line would become bent over towards the inside, 
and the peak would be later. That altered the 
theoretical efficiency at once. The author had been 
very careful about that point. The comparison 
depended on the lines being practically the same. 

Another interesting point in the paper was 
the determination of the heat distribution in the 
cylinder. The jacket loss—the heat flowing from 
the burning gases to the water-jacket—included 
not only the heat flowing during the explosion and 
expansion to the moment of exhaust, but the very 
considerable quantity of heat also flowing from the 
exhaust gases into the jacket under the exhaust- 
valve. Ina per read by him in 1907 before the 
Institution of Civil Engineers he had pointed out 
that, in order to avoid that difficulty, it would be 
necessary to isolate these two. The authors had 
the exhaust-valve jacket A, Fig. 1 (see page 585), 
isolated from the rest of the water-jacket B. In 
the A part, therefore, there would be only a 
small amount of heat which flowed through the 
cylinder walls above the exhaust-valve ; the greater 
part of the heat that passed into that jacket was 
the heat that passed after the valve was lifted. In 
that way that portion of the heat which should not 
appear in the heat balance could be isolated. It 
was rather difficult to isolate the loss in that way 
entirely. To be quite accurate, no heat should flow 
in through the exhaust-valve, and no heat should 
flow through the part next the exhaust-valve, only 
the — ing through after the exhaust-valve 
opened. 

The authors had arrived at a figure which 
he had deduced from his own experiments (and 
those of Professor Burstall) with what he had 
calleda ‘‘ zig-zag” diagram. He had deduced that 
one-third of the whole jacket logs wag due to heat 





trapped under the exhaust-valve. If the jacket 
loss was 30 cent., about 10 per cent. would be 
the value of the amount going into the jacket 
through the exhaust valve. In ee poem when 
the normal speed of the engine was revolutions 
with different quantities of air and gas, roughly 
the amount of heat passing into the A jacket 
was about 10 per cent., which was not very far 
from what was found to be the. number deduced 
in the other way. He could quite appreciate the 
amount of work carried out by the investigators. 
Personally he was grateful for the number of figures 
obtained from which to reason further, From their 
determinations a fairly good idea was obtained of 
the specific heat of the different gases used in 
the engine. He presumed the total exhaust heats 
were taken from condensation, making all allow- 
ances. By this method, Dr. Clerk continued, it 
was possible to compare the determination of the 
specific heat of the actual gases used in the engine 
with the rather more abstract methods now used, 
both on the Continent and in England, in determin- 
ing the specific heat of those gases not in the 
engine-cylinder. He believed that his experiments, 
described some years ago before the Royal Society; 
were the only experiments in which the determina- 
tion of the specific heat was made in the actual 
cylinder. The method in the paper gave another 
means of making the same determination. 

Professor H. Hubert, of Liége, regarded the 
paper as among the most valuable written on the 
subject during recent years. The authors had 
condensed an admirable store of information into 
a few pages. Had the experiments been made by 
engineers of a certain other nation, he was convinced 
they would have resulted in the issue of a bulky book 
filled with many references. He was glad to find that 
the authors had been able by their experiments to 
accentuate a law which, although not absolute, was 
very nearly exact ; namely, that for a given engine 
the amount of heat lost in the exhaust gases and by 
the jacket was nearly constant. Experiments by Pro- 
fessor Duchesne and himself on a large Cockerill 
engine had suggested that approximate rule. No 
experiments had been made in relation to high 
8 , but the temperature of the water entering 
the jacket had been varied, and it was found that 
nothing was to be gained, because when one of the 
losses was diminished the other was increased, so 
that the sum remained constant. Referring to 
Fig. 5 of the paper, the sum of these two losses was 
the same at the two ends of the diagram, and this 
was even more pronouncedly so in Fig. 3 (see pages 
586 and 587). In the authors’ work the measure- 
ment of temperature during the expansion had to be 
effected, not experimentally, but by calculation, on 
the supposition that the gases obeyed a certain law. 
One of the speaker’s assistants had measured exactly 
the temperature of the walls and of the steam in a 
steam-engine cylinder by means of a very accurate 
thermo-electric thermometer, at each one-tenth of 
the stroke of the piston. He thought it might 
perhaps be possible to have exact measurements 
made in the case of the gas-engine with this thermo- 
electric thermometer, of which an account had been 
given in the Revue Universelle des Mines. 

Mr. E. J. Davies quoted the following passage 
from the paper :—‘‘Since at 150 revolutions per 
minute the period of contact per cycle, of hot 
gases and cylinder-walls, is 1.66 times as great as 
at 250 revolutions per minute, the rate of trans- 
mission of heat through the cooling surfaces is 
evidently much greater at the highest speed.” He 
wished to ask whether the speed for the working 
stroke was in that proportion, because the cyclical 
variation of the engine at 150 revolutions would be 
considerably more than the cyclical variation of it 
at 250 revolutions. The time taken, therefore, for 
the actual working stroke certainly would not be 
1.66 times as great at the higher speed. Conse- 
quently he did not think it was correct to take the 
loss of heat in that way. 

Captain H. Riall Sankey said the authors had 
given what they termed curves of ** efficiency ratio 
on I.H.P.” That efficiency ratio was obtained on 
the air cycle or air standard. By the Committee 
of the Institution of Civil Engineers that ratio 
was defined as the “‘ relative efficiency.” At the 
time of that definition not much was known of 
variations in the specific heat of and it 
was thought better to take air, and take it with 
constant specific heat, than to take the actual 
— su in the engine. Later, however, 
the value of the specific heat, and its varia- 
tion with temperature, had been determined. It 
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was then possible to calculate the thermal effi- 
ciency of an engine working on the ideal substance. 
The first time, he believed, that the method was 
ublished was in the discussion on the Third 
port by Professor Burstall, of the peg a 
Research Committee, when Dr. Dugald Clerk 
gave a curve showing the ideal efficiency of the 
actual working finid. With that curve Dr. Clerk 
had given various ratios of compression. Fora com- 
pression ratio of 5.17 the ideal efficiency was 39 per 
cent. Taking that figure, and comparing the actual 
engine in the present trials at 30 brake horse- 
power, the ratio between what the engine itself did 
and the engine working on the ideal working fluid 
would be 0.85. He thought the words “‘ efficiency 
ratio” should be reserved for use when comparison 
was made with the actual working fluid. Quoting from 
the report of what he said at a discussion a short 
time ago, ‘“‘He would suggest that the ‘ relative 
efficiency’ might be retained when comparing a 
gas-engine with the air standard, and ‘efficiency 
ratio’ should be used when comparison was made 
with the actual standard.” e authors, he 
thought, should also show the real efficiency ratio, 
and alter the words “efficiency ratio,” now ' 
to ‘‘ relative efficiency.” Dr. Dugald Clerk had 
explained that a better thermal efficiency was 
obtained with a diagram with a vertical explosion 
line than with one in which the line was curved 
over and the peak delayed. The theta-phi diagram 
for a gas-engine was something like the sketch 
annexed. The heat that could be got out in work 
was represented by ABCD. That corresponded 
to the vertical explosion line ; but if. the explosion 
line was on a curve, the line A B would fall lower, 
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as, for instance, A B’, and then the amount of 
heat that could be got out of the working fluid was 
reduced by the area ABB’. He thought that 
showed pretty clearly what Dr. Clerk had stated. 
Mr. W. A. Tookey said the question of calorific 
value of the gas was of great importance. It had 
hitherto been rather difficult for manufacturers and 
users of engines to obtain a close comparison 
between the calorific values determined by the 
calorimeter and those computed from figures. The 
authors had obtained by calculation a calorific 
value of 521.4 B.Th.U. per cub. ft., while durin 
the trials they had obtained (with the teres 
values of 520 B.Th.U. and 577 B.Th.U. per cub. ft. 
That was a very close agreement between the two 
methods of computation and measurement. He 
would be glad if they would give the values taken 
for the different constituents of the gas. With text- 
book figures the calculated value on the lower scale 
would work out at considerably less than the figures 
given by the authors. It would be interesting, 
therefore, if the multipliers used could be published. 
He thought the mixture should not be referred 
to as so many volumes, or so many parts by weight 
of air and gas. Closer comparisons could be made 
when the figures given represented the British 
thermal units in a cubic foot of working mixture 
in the cylinder. On knowing the ratio of expansion 
or compression of the engine, the volume shown 
before compression and the volume after, it was 
possible to conclude the mixture strength of the 
working chatge, taking into consideration the 
compression volume as well. He had found 
that comparisons of tests on that basis afforded a 
useful means of comparing not only the perform- 
ances of one engine, but of many engines of diffe- 
rent types, working with other classes of fuel, as 
well as with gas. It was that universality of com- 
parison, as between the different classes of fuel, 
that was of such considerable value to internal- 
combustion engineers. On a previous occasion he 
had further pointed out that, on the basis indi- 
cated, it was possible to compare, and obtain 
a ratio between, the mean. effective pressure 
uced and the heat entering the cylinder. 
owing the particular compression ratio, not only 





was it ible to arrive at the useful pressure on 
the brake, and compare it to the mean, but also to 
arrive at the pressure dissipated in overcoming 
the mechanical and fluid resistances of the gas- 
engine. He had worked out a few figures based 
upon some of the tests, with the same specific 
strength of mixture used by the authors, the speed 
having m in from 150 revolutions to 
200, and then to 250 revolutions. The pressure 
dissipated was evidently either mechanical or fluid. 
It was, of course, impracticable to dissociate one 
from the other. The friction increased with the 
speed according to the following ratios: 14.6 at 150 
revolutions, 18 at 200 revolutions, and 25 at 250 
revolutions. That comparison gave an idea of the 
way in which the mechanical efficiency dropped off. 

Mr. W. J. Walker, in reply to the discussion, 
wished first. to illustrate the features of the dia- 
grams obtained in the teste. With slow speed and 
a rich mixture, the explosion line went up 
vertically to a very sharp point. At the other 
extreme, with high speeds and weak mixtures—the 
most difficult tests to carry out—the highest point 
of the diagram would be lower and rounded off. 
A sharp diagram was impossible with a weak 
mixture and a high speed. Sometimes the tests 
stuck. The explosion was weak and the engine 
stopped. Atthe higher speeds the average tem- 
perature during the stroke was about 6 per cent. 
less than at slow speed. That would account for 
the difference in the heat transmission. From the 
table showing the relation between maximum brake 
horse-power, speed and mixture, it would be seen that 
the full-load capacity varied almost directly as the 
engine speeds. The energy therefore involved per 
cycle at both high and low speeds must be the 
same. Although it might seem that the increased 
heat transmission was due to the increased load at 
higher speeds, yet such was not the case. Itshould 
be remembered that increased load was obtained 
by decreasing the number of missed explosions, 
which was not the same thing as increasing the 
speed. Supposing the same energy per cycle at the 
different speeds, the time of contact per cycle of 
hot gases and cylinder-walls at 250 revolutions per 
minute was 0.66 times that of 150 revolutions per 
minute. If the percentages of heat-loss depended 
directly upon time of contact, at 250 it would be 
0.66 times that at 150 revolutions. The figures, 
however, were 0.91 and 0.813 in the two cases con- 
sidered, the inversion of the ratio being 1.1 and 
1.23. That departure from uuity values would be 
expected, and was accounted for by the slightly 
diminished temperature at the higher speeds. The 
arrangement of jackets was the design of Professor 
Gibson, and was introduced on the new Dundee 
University Laboratory engine for experimental 
purposes. With ard to Captain Sankey’s re- 
marks, they would alter the term “‘ efficiency ratio” 
to ‘‘relative efficiency,’’ and would work out the 
efficiency ratios. 

The President, in bringing the meeting to a close, 
announced that there would be a meeting in Man- 
chester on the following Tuesday, the 18th inst., 
at 8 p.m., at the Engineers’ Club, Albert-square, 
at which the paper would in be read and dis- 
cussed. He further proposed that members should 
pass a formal vote of thanks to the Institution of 
Civil Engineers for the loan of the theatre in which 
the meeting had been held, the hall of the Institu- 
tion of Mechanical Engineers having been placed 
at the disposal of Lord Moulton’s Committee work- 
ing in connection with the war. The vote having 
been passed, the meeting terminated. 





Tue Mancuester MeEetina. 


In accordance with the President’s announcement 
recorded above, the paper by Professor Gibson and 
Mr. W. J. Walker was further discussed at a meet- 
ing held in Manchester on Tuesday last, the 18th 
inst., Professor J. E. Petavel occupying the chair. 
In introducing the paper, Professor Petavel re- 
marked that one of the authors, Professor Gibson, 
had formerly been at Manchester, and was now in 
Dundee, while the other, Mr. Walker, was formerly 
at Dundee, and had now come to Manchester. The 
paper, therefore, should be interesting to Man- 
chester engineers. 

After Mr. Walker had read the paper in abstract, 
Professor Petavel moved a vote of thanks to the 
authors, and then proceeded to make some remarks 
on the subject under reyiew. He said the careful 
study of the internal-combustion engine was of 
great importance, Professor Gibson a great 





deal of experience in that direction. The in- 
ternal economy of the gas-engine was v com- 
plex, and in such work they were met with the 
usual terms in which error was liable to occur. 
There was, for instance, the well - ap iated 
liability to error in the indicator - » while 
large differences were found in the mechanical 
efficiency by different persons. Those differences 
often arose use the mechanical efficiency could 
be made to vary by incidental causes, as, for 
instance, the design of the exhaust-valves, pas- 
sages, pipes, gas- and other appurtenances 
necessary to the installation. In Manchester they 
had been engaged in an interesting research on the 
gas-engine, and had made an extensive analysis of 
the losses incurred. He would give some of the 
results. 

First, it was necessary to remember that part 
only of the total heat was available at the best. 
The system of referring the gas-engine to an air 
standard was artificial, and the gas-engine could 
only reach about 80 per cent. of the air-standard 
efficiency, owing to the variable specific heat of the 

We concluded, therefore, that the margin of 
inefficiency remaining was small. That margin was 
difficult to determine by the jacket-loss method, 
because a small loss at the beginning of the ex- 
pansion would mean a large loss in efficiency, while 
a big loss at the end of the expansion would mean 
no loss of efficiency at all. 

With a compression ratio of 4.85, and the true 
specific heat of the gas, the ideal engine would use 
36.7 per cent. of the total heat. The question was, 
How near did the actual engine approach that ideal, 
and by what did it differ? They could divide the 
losses into two parts. In the first place, there was 
the difference between the indicator-card as actuall 
drawn and.as it would be drawn if portent, and, 
secondly, there were the mechanical losses. The 
former was small, and amounted to 10 per cent. 
only. Of that, the engine behaved as if 4 per cent. 
was lost before expansion, 0.5 per cent. during 
explosion, and 4 per cent. during expansion. Of 
the mechanical losses, about 11 to 12 per cent. of 
the total available energy went in valve friction, 
&c., 1.5 per cent. in windage of the fly-wheel, 
6 per cent. represented pumping losses, and 0.5 per 
cent. was due tothe compression loop. He thought 
a study of that distribution might be of practical 
value to designers, though it showed the gas-engine 
to be extraordinarily good. The best improve- 
ment would, under the circumstances, have to 
take the form of some new cycle or new method 
of utilising a greater proportion of the available 
heat. That, however, was not the subject under 
discussion. —" all work see! _ _ Lemna soe 
in the r they were faced by the perpetu 
difficulty of radiation. That was always present in 
heat balances. It served to make up for the errors 
in the estimates of all other quantities, and had, as 
a rule, little to do with physical radiation. In the 
present instance he understocd that the outside of 
the jackets had been kept at a constant temperature 
throughout, and the radiation losses, he therefore 
assumed, were constant. 

Mr. E. G. Hiller eaid he thought that in this 
class of research the professorial tlemen were 
really on the wrong track. Asa heat-engine the 

-engine was really very efficient, but it was very 
eficient when considered asa reliable motor. The 
paper pointed out that the mechanical efficiency 
diminished as the speed increased, and the thermal 
efficiency on the indicated horse-power increased 
as the speed increased. That increase was slight. 
If the speed was increased from 150 to 250 
revolutions per minute, and a slightly higher 
efficiency was obtained, what good was it if 
that increased the liability to breakdown two or 
three times? Gas-engine speeds had been increased. 
At first 150 revolutions per minute was the lar 
—— but then a higher speed was ado for 
electrical plant, and that brought about generally 
the adoption of higher speeds. He thought it 
much more important to turn attention to making 
the gas-engine a prime mover of a reliability com- 
parable with that of the steam-engive. It was 
more important to determine the cause of castings 
cracking than of getting an increase of 1 or 2 
cent. in the efficiency. ‘The jackets and valve-box 
castings were always cracking. If research were 
instituted into the question of suitable forms and 
suitable _—— of “.- BW — —_ better 
results. e gas-engine, he thought, was altogether 
designed on wrong lines, which would not in the 
end prove economical, The cross-head he con- 
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sidered a necessity, and the trunk-piston in large 
cylinders was a mechanical abortion, which was 
conducive to seizures. He thought the fessors 
would be better employed if they dealt with the 
practical problems of the gas-engine and helped to 
rectify the faults which developed every day. 

Mr. H. N. Bickerton said he had not been able 
to study the paper adequately ; it contained much 
food for thought. It did not, of course, include all 
that the previous speaker wanted. He appreciated 
the fact that the insurance people wanted a gas- 
engine for which they could draw the premiums 
without paying the bills. If they actually obtained 
such an engine, he would point out that that claes 
of business would go out altogether. The gas-engine 
of to-day was reliable; in fact, the most reliable 
motor in existence. The manner in which it was 
taken up, and the activity of the builders, &., 
all went to prove that that was so. 

Mr. A. Saxon said the authors had done their 
work in a very careful manner, and the paper 
should go to prove how far present gas-engine 
practice was right. As engineers, they should en- 
courage sotmndl work in whatever direction it was 
undertaken, because it was evident that, after a 
certain stage of development had been reached along 
any line, further progress was only ible as 
a result of research. If they did not do it, they 
might be sure that there would be foreigners who 
would do it for them. He would like to see the 


gas-engine made a more reliable engine. There 
were more breakdowns and failures wi whe so 
than with other prime movers. The Manchester 


area was the largest area in the world intimatel 
concerned in the gas-engine, and any research out 
as that carried out by the authors would have its 
effect in their midst. 

Mr. G. E. Windeler said he was not connected 
with - om manufacture, being concerned 
with the Diesel oil-engine. The research described 
iv the paper was important. All such investigations 
led to new lines of thought which helped in approach- 
ing difficulties. It was quite conceivable that this 
work might give them a line of thought with 


to the cracking of cylinders, &c., an e them 
for dealing with these failures. In Man ester he 
thought they probably had just as men on this 
work as there were abroad. They to recognise, 


of course, that the professors did not look at these 
things from the financial point of view, whereas the 
manufacturer was concerned with the money side 
of the question. He thought the insurance com- 
panies would do well if they helped the manufac- 
turers and instituted research. It would be of 
advantage to them. 

Mr. A. Saxon here asked leave to add to his 

vious remarks a question with regard to the 
opkinson tests mentioned in the paper. The 
Hopkinson tests were run at 110 revolutions per 
minute. The authors’ tests were run at from 150 
to 260 revolutions per minute. Would that account 
for any of the difference noted ? 

The next speaker was Mr. F. Foster, who much 
appreciated the work of the paper, because, before 
much progress in design was ible, it was neces- 
saty to know the thermal reactions in the cylinder. 
They wanted information on the heat-flow and 
the temperature of different parts, and then could 
modify design to bring about improvements. In 
Fig. 5 of the paper it would be seen that the 
mechanical efficiency fell off with an increase of 
speed. While he believed that to be true of that 
engine, it was not true of engines designed for 
different speeds. The falling-off was due to con- 
stricted passages, &c., of which the effect became 
adversely felt as the speed was raised. With a 
proper design a high-speed engine would not have 
a lower mechanical efficiency than a low-speed one. 
He knew of a case of engines working with high 
compression which gave a consumption as low as 
8800 B.Th U. per brake-horse-power hour. That 
was , but the engines gave trouble owing to 
the high compression. The com ion was there- 
fore reduced, and the consumption rose to 10,000 
B.Th.U. per brake horse-power-hour, and the users 
preferred that larger consumption, because the 


engines gave less trouble. The tem were 
lower and the working costs reduced. It was 
found, however, that the reduction of com ion 

ure had been carried somewhat too far, and 


it was slightly raised, and the consumption corre- 
eae ME em 

He (Mr. Foster) wished the authors had 
attempted to determine the temperature fiuc- 


tuations of the breech-ends, &c., because 





those were the actual limiting factors in gas- 
engine work. Mr. Bickerton had claimed that 
the small gas-engine was a reliable machine. The 
temperature measurements of the paper did not 
carry them far. With 50-in. cylinders, double- 
acting, aud walls 3 in. to 4 in. thick, the diffi- 
culties became very serious. It was then that 
they wanted to know the temperature of the 
wall-faces, &c., and if those temperatures were 
known, considerable progress would follow. Some 
research in that direction might be accomplished 
without the use of a large gas-engine, by means 
of a moderate-sized cylinder with very thick walls. 
The temperature readings obtained would not 
be identical with those from a large gas-engine, 
but would give some idea of what the latter would 
be, and would bea step in advance. The great 
question now as regards large gas-engines was 
not ag oy but first cost. If they could 
reduce the t cost of large gas-engines 5 per 
cent., it would be better than 5 per cent. 
economy. The large gas-engines of to-day were 
reliable, and they were employed in work in 
which reliability was essential, and as stand-by 
plant, &c. The difficulty in selling arose, how- 
ever, in respect to first cost, which was high, on 
account of the complications involved, by which 
the high degree of reliability was secured. The 
problems which wanted solving were problems in 
metallurgy and moulding, &c., and these turned on 
the results of investigations such as those described 
in the paper. 

Mr. Daniel Adamson referred to the authors’ 
remark that the increased rate of transmission was 
apparently due to an increase of turbulence with 
speed. There was no need for the use, he thought, 
of the word ‘‘apparently.” Professor Osborne 
Reynolds, and later Dr. Nicolson, had taught them 
a great deal on the subject of heat transmission. 
Every paper on heat transmission in recent years 
had laid stress on this question of turbulence. 
The effective conductivity was undoubtedly in- 
creased with speed, not only in steam plant, but 
in electrical machinery, and, in fact, in every 
direction. 

Mr. J. D. Paton regretted that no mention was 
made in the paper of radiant-energy transmission. 
He might mention that hy n when reduced to 
H,O had a value of 77 radiant units, while CO 
when burnt to CO, had a value of 377 radiant 
units. There was thus an enormous difference 
between gases in this respect. As the velocity of 
radiant energy was approached the transmission 
increased. He considered an analysis should be 
made of the radiant energy of some of the gases 
used in combustion in the cylinder. 

Mr. C. Digby, who followed, said he would have 
liked to see some of the indicator-cards obtained, 
along with the other data. He thought there were 
signs of throttling in some of the high-speed trials. 
If light spring-cards had been given, it would have 
been ible to determine if that was so. It would 
then have been possible to see whether or not the 
falling off in mechanical efficiency was partly due 
to that cause. 

Mr. Walker, in reply, spoke first on the question 
of mechanical efficiency. To determine that they 


had adopted three methods: (1) The ratio of brake | and 
horse-power to indicated horse-power; (2) the | &c. 


radiation method proposed in the Institution of 
Civil Engineers’ report referred to in the paper ; 
(3) the no-load method in which the power taken 
to run the engine light was taken as the difference 
between the input and output. The first two 
methods agreed very well ; e last was not in 
such close — They therefore took the 
average of the figures given by the first two 
methods. With regard to the measurement of 
radiation, as an item in the balance-sheet in the 
the radiation losses were those obtained by 
ifference. After those tests, however, another 
set of experiments was carried out on the method 
euggented by Hopkinson for the measurement of 
jation losses. The results of these tests were 
found to be in remarkably good agreement on being 
compared with those in the paper, obtained by 
difference 


On the question of efficiency and design, the two 
factors, efficiency and reliability, were in a way 
reactive, and a compromise was necessary. The 
efficiency of the gas-engine could only be increased 
from 5 to 7 per cent., but the design could be 
considerably improved. Their experiments gave, 
as a matter of fact, a good deal of information 
in that direction—as, for instance, the heat trans- 





mission through the breech-end, &. At the 
present time the design of the breech-end was a 
more important matter than an increase in effi- 
ciency. It was not easy to carry out research in 
connection with design, especially in educational 
establishments, where much of this research was 
done. Apparatus was very difficult to obtain and 
they had usually to make the best use of what they 
had in that way. They could not order two or 
three breech-ends, &c., in order to determine the 
heat-flow through different types. He thought 
that an engine properly designed to run at 250 
revolutions minute would have a higher effi- 
ciency that that shown by the engine in the paper 
running at 250. That engine was designed to run 
at 150. At the same time the efficiency of the high- 
speed engine would be lower than that of the slower 
engine at its designed speed, but not by the extent 
suggested bythe paper. With regard to the Hop- 
kinson tests he thought the difference between the 
110 revolutions per minute of those tests and 
their tests at 150 would not appreciably affect the 
comparison made. 

On the question of turbulence the case of a fluid 
in a very long, narrow tube was not exactly the 
same as that of a gas-engine cylinder of e 
volume and short stroke. diation had more to 
do with the transmission in the latter case than 
the scrubbing action, but that was a very difficult 
matter to determine definitely. The conductivity 
of white-hot gases and radiation from the centre of 
the mass had much to do with the problem, and, 
in his opinion, more to do with it than turbulence. 
He thought turbulence also had an influence tend- 
ing to increase radiation. Oards were not given 
with the paper, as they were considered of less 
importance than other data. Other points Mr. 
Walker said he would deal with in his written 
reply. The meeting then terminated. 





GERMAN INDUSTRY AND THE WAR. 
ConsipERING the immense industrial, financial, and 
commercial issues which hang u the great war, and 
the fundamental changes which it is bound to work, it 
is of interest to watch its effects so far upon that country, 
where they are, all things duly considered, most pro- 
nounced. The annual and half-yearly reports, which 
and less important German concerns 
page their ——- on the Loy ae : 
stoppage of Germany’s export, as faras her most im- 
er ae markets are concerned, has handicapped her 


The Fr. Hesser machine works at Stuttgart-Cannstadt, 
an undertaking of only moderate size, has a loss of some 
thousand marks on last year, against 90,016 marks profit 
in 1913 ; the Gersdorf Coal Union - 14 per cent. for 
last year, against 6 per cent. in 1913, to the ordinary 
shareholders. The Buderus Iron Works, at Wetzlar, 
which in 1913 had net profits of 1,970,000 marks and paid 
a dividend of 7 per cent., b year only earned 
enough to about cover the writings-off, and whether 
there will be available profits beyond that seems very 

uestionable. The Kénig Wilhelm Mining Company, 

has not only been obliged to reduce the dividend 
on the ordinary shares from 18 to 7 per cent., and that 
on preference shares from 23 to 12 per cent., but 
wri are 275,000 marks behind those of 1913, and 
addition to a couple of funds 200,000 marks. In January 
the company hed wested and sold 65.35 oe cent. of the 
allotment, but the cost of production of coal had risen 
materially at the same time as the ee for coal 
coke In spite of the red’ writings-off, 
, the net profits w 1,390,000 marks less than in 
1913—a reduction of some 66 per cent. The report states 
that during the first months after the war the production 
was reduced to 50 per cent., and 30 per cent. hands 
were called to the front. The Brunswick coal-mining 
concern has only reduced its dividend from 14 to 12 per 
cent., the year having proved sai tory, and not 
differing much from 1913. The company is in in 
the Helmstedt Overland Electric Central, with 2,000,000 
marks. The sales of coal for 1915 are mostly affected, 
but owing to the reduced requirements of the alkali 
oouten ent i terially smaller sale 
must be 
The 


the sugar factories a ma 
wi 

German cement industry has felt the effects of the 
ad > os considerable a. _ Hemmoor ay pm 
or y 4 per cent. for last year, against 9 per 
ont, Se vob; the’ Saxon-Bobemian ian ag won — 
cent. for 5 per cent. for 

the paseelina, pear ; the Alsen Cement Works have 
reduced their dividend of 16 cent. for 1913 to 8 per 
cent. for last ; and Schimischow Portland 
Cement Works from 12 to 9 per cent. 


are now laying 
illustrate how 





Pic-Inon Exports.—The experts of pig-iron from the 
United Kingdom in the first four months of this year 
amounted to 98,453 tons, as compared with 327,774 tons 
in the first four months of 1914, and 357,350 tons in the 
same period of 1913. The decline in the exports was still 
continuing in April, the shipments for that month having 
been only 35,209 tons, as compared with 93,396 tons in 
April, 1914, and 101,413 tons in April 1913, 




















May 21, 1915.] ENGINEERING. 585 
pear Lary: mays na 
THE DISTRIBUTION OF HEAT IN THE | (en cogine serine wien mibation of heat throng | tee the pier diagrema, anda 4 tite te Gage 


CYLINDER OF A GAS-ENGINE.* 


By Professor A. H. Grsson, D.Sc., Member, of Univer- 
sity Cofiegs, Denton, and W. J. Waker, B.Sc. 

( ie Scholar), of the Manehester School 

of Technology. 

THE investigation outlined in this paper is to some 
extent the outcome of a ~~ made by the British 
Association Committee for in igation of gaseous 
explosives in their report for 1912. report states 
(inter alia) :— : 

... “The effect of heat flow upon economy is not 
very marked, and it is therefore not surprising that no 
decisive verdict has yet been pronounced on the relation 
between economy and s . There is no doubt that, 
given satisfactory ignition, economy is somewhat im- 
proved by increasing the speed, but the relation between 
speed and economy not been so precisely determined 
as to it a conclusion to be drawn about the part 
played by turbulence, nor, in view of the complication of 
the question, does it seem likely that much information 
can be derived from this source. A more promising line 
of aaey would be a direct measurement of jacket losses 
at different speeds. 

The Committee are not aware that any accurate mea- 
surements of jacket loss at different speeds have ever 
been undertaken. From some rather rough measure- 
ments of this character, it appears that the heat loss per 


Fig.1.GENERAL ARRANGEMENT OF JACKETS FOR EXHAUST-PIPE 
& CYLINDER. EXHAUST-COOLER & THERMOMETERS. 
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cycle does diminish with increase of speed, but not in 
—— thereto.” P oa 
n experimental gas-engine, recently installed in 
engineering laboratories at University College, Dundee, 
appeared to afford exceptional facilities for such an in- 
vestigation. This engine, built by the National Gas- 
Engine Company, Limited, has a cylinder diameter of 
11 in. and a stroke of 19 in. The connecting-rod may be 
lengthened so as to vary the com i i 
the limits 5.17 and 6.62. Go g is on the hit-and- 
miss principle. A special feature of the engine consists 
in the arrangement of the Screed geae These were 
— designed for apne work. 
as us constructed is divided into two separate 
wee ) be a surrounds the | 
t portion exhaust-passage 
cylinder casting, while the other covers € 
and barrel of the cylinder. The jacket water is led in 
series ~{> = the two sections, its temperature being 
measured before and after passing through each of these. 
As is well known, the heat attributed to jacket losses ina 
gas-engine having the usual arrangement of in- 
cludes a certain proportion which, correctly, should be 
attributed to exhaust losses. In engine under con- 
sideration the magnitude of these two sources of loss can 
be ascertained with a much higher accuracy. 
The arrangement of the jackets is indicated by the sec- 
in Fig Gaming of the breech-end of the cylinder, shown 
In order to measure the heat contained in the exhaust 
gases after leaving the cylinder, an exhaust-cooler, Fig. 2, 
was fitted to the exhaust-branch. In this cooler the 
temperature of the — is reduced by their passage over 
°. series of thirty- ~m Vy - & in. in outside 
jacket water passes 
through these tubes on its way to the cylinder-jackets, 
measured before and after passing 


The trials, as finally carried out, were extended with » 








1) The speed of the engine. 
The brake horse-power. 

(3) The compression ratio. 

(4) The richness of the air : gas mixture. 

The normal speed of the engine is 200 revolutions per 
minute. In the trials a range of speeds from 140 to 260 
revolutions per minute was examined. : 

The maximum brake horse-power of the ne depends 
on the speed and mixture of air and gas. Its values are 
very approximately as follow :— 





Speed, Revolutions per Minute. 





Ratio ae (vols.) ——————— 
me 10 | 200 | 250 
7 B.H.P, 25.0 81.5 36.0 
9 * Y 25.0 28.5 
tt 6 1668 20.5 28.5 











In the trials the brake horse-power was varied from 
zero up to this full-load capacity. Three different com- 
pression ratios were adopted. These are respectively 
5.17, 5.70, and 6.62. Three different “" mixtures were 


gas 
used. In round numbers these are 7:1, 9 
In individual trials of the same series the richness of the 
mixture varied by not more than 5 per cent. on each side 








392 8) 


A-Exhaust Pipe Jacket . 
B- Gl. Barrel Jacket 


of the mean. In the great majority of cases the variation | y, 


did not exceed 2 per cent. on each side of the mean. 

In all some 130 trials were carried out. 

Experimental Measwrements.—The methods adopted in 
measuring and calculating the various heat quantities 
involved agree in principle with those outlined in the 
Institution of Civi Engineers’ Report on Internal-Com- 


Gas 'y.—Town gas was used in the engine. An 
average analysis of this gave the following result :— 


Per Cent. 
co, ath nae 3.8 
> im nl 1.1 
pa ae 13.0 
CH as ae 26.3 
CH sek P lois 4.7 
» on nei ae 13.1 
The corresponding lower calorific value (calculated) at 


obtained The 
means of the lower and higher values obtained during the 
trials were ively 520 B.Th. U. and 577 B.Th. U. per 
cub. ft. The value was used in all calculations. 


is mounted alongside the fly-w: 
power is deduced from diagrams taken with a Dobbie- 





* Paper read before the Institution of Mechanical 
Friday, May 14, 1915, 





* Proceedings of the Institution of Civil Engineers, 
vol, clxiii., page 241, 


: 1, and 11 : 1. | of 








measurement of suction 


intended for’ the 
these 


possible to 145 deg. r. (63 . Cent.). In some 
trials when the temperature bed "esenea ted this 
ure was 2 deg. or 3 deg. above or 
145 deg. Fahr. Sensibly, however, the final temperature 
was constant over the w series of trials. 

Thermometers.—All thermometers were calibrated 
before the trials. 

Hiat in Exhaust Gases.—Systematic analyses of the 
exhaust gases were carried out, mainly with a view to 
ensuring that combustion was complete before the end 

ex : oe ea ep fone 
busti ‘ound in gas. In great majority of cases 
no such trace was found. 


Fig. 2. EXHAUST-GAS COOLER. 
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rh x Is sensibly independent of the compression ratio aw oe as the compression ratio increases a a richer mixture pn nah aa maximum indicated- 
J 
ig. maximum efficiency attained in these trials—#.c., at the m pag um percentage thermal efficiencies attained! (3) 7G) Diminiabes sso oe a (Fig. 5). 
full — with “the richest ( (7 : 1) mixture, and at the lowest | are 4 compression ratio (Fig. 6) 6). 
speed set ab odoladt varuinute ante At the — ey pare efficiencies on 
speed of 200 revoluti minute and with the | Compression Ratio 5.17 | 5.70 | 6.62 horse-power are as follow :— 

same mixture the efficieney | per cent., while with | —— _ = SS 
this same speed and the weakest (11:1) mixture it falls 150 33.1 34.4 36.5 Compression Ratio +: 5.17 | 570 | 662 
to 76.7 per cent. Speed + 200 oo a 83.9 35.3 87.4 — —- 

Thermal cy on Indicated Horse - Power.—The 250 irs -+| 34.4 35.8 87.9 150 we ae. 2... oe 31.0 
thermal efficiency as measured on the indicated horse- r —_—___—___—___________| " eee ee | 26.7 | 2a 
power ‘Thermal Efficicncy on Brake Horse-Power. —As peeeeeee ), ; Se 5 EERE Ls 








. 4, 
FULL LOAD. COMPRESSION RATIO- 5-17. 


COMPRESSION RATIO-&-17, R.P.M. 200. AIR:GAS-3:1 





Per Cent 


































































































Horse-Power. 
Taste 1.—Thermal Efficiencies: (a) on 1.H.P. 
_and (b) on BHP. — 
Compression Ratio. 
win 5 lt 6.17 5.70 6.¢2 (43328) Ratio Air+Gas. 
Ratio Alt. 7 \ % i 4 _— an ele | Taste II.—(a) Heat in Exhaust ; (b) Heat Transferred | Taste III.—Radiation Loss (by Difference) : (b) Heat to 
a ts Fe a jn)? & pepere | % | 3. tho teas Meet Beanie’ Expressed asa Percentage of yr Expressed as a Percentage of the 
———_—|—| —|—|—| — |— |_| — ‘otal Heat Supply. Total Heat Supply. 
ea 
“ee - | Jacket losses are sensibly independent of the compression ratio. 11.8 | 12.8) 14.0)12.8/18.2/15.2 14.2)14.6)16.2 
@ | 29.1 |908) 81.6) 90.8) 88.4) 32.0/52.2 94.4) 35.0 @ | 421 41.0) 40.8, $9.9) $8.4) 37.8) 36.2) 35.2) 94.3 il, IRS | 31.6 I0.551-5/ 1. SINS ' 
| 1 | 4b | 19.8 | 21.2] 21.6) 20.6) 22.0) 22.3) 21.8 24.4/28.8 | 160) 16 | 17.0 |'16.0| 14.1) 17.4) 16.0/14.1 17.0160 14.1| 10] | 200 | 3 Rndty Is 118 ere asl asl as 
10)! 200| {¢ 20.8 $1.2) $2.6) 90.7| $2.8) $8.3/ 32.6) 34.8/35.4] 1, 200 | {@ | 44.1 | 48.2) 42.3) 41.4) 40.7) 39.8) 88.1) 37.3/36.4 a | 90 |10.4| 12.910.2|11.5 {14.1 |12.0/12.9/ 15.4 
| 3S | 28 | sa 08) £5 Eee cone a ne b | 160 |143/128 168) 14.3]128 16.8 14.3|12.2 250 | {$ Bode bee eridicdicctthey 
a a 4| 44.4/ 48.4| 42.7) 41.9/ 40.0) 39.3) 38.5 ss, Ss pi fred 
20 | {f 14.4 | 15.5) 15.8| 15 0) 16.0/ 16.4 15.9) 17.0) 17.4 | 201 10 | 16.0 | 12 6) 10.8 15.3) 12.6) 10.3) 15.3) 12.6| 10.3 @ | 10.4 | 10,8) 13.0/11.4/11.7/14.0/12.7 |12.8| 14.8 
a8 9) 82, He : 7 | 10) 1b | 118 11.0} 10.5/11.0| 10.4 |10.0/10.0) 9.6) 9.4 
150 {$ | 3 as 32.4 31 = | 83. 33.51 35.3, 35.8 | 150 {¢ | 40.8 | 89.7'39.1 38.5) 37.7 36.8) 35.2 34.8 33.8 ( a | 9.8 |10.3| 12.8'10.4/11.2/18.8 /11.8/12.4/ 14.9 
b 24 2/2. 26.2) 25.6 27.2| 27.8 b 188 | |17.6|16.5 — | —|—|—|—|— | 16) | 200) 49 | so8 |i09! 9.8/108| 08! 9.4| 9.6! 9.1] 88 
15/| 200 {eS 32.3 32.8) SE HEE EE 36.7 ons 151 | 200 {e | 42.7 | 41.8] 41.0) 40.3] 39.6! 38.7/ 36.9 36.3) 35.5 \ @ | 84| 98/125 9.5/10.9|18.6/11.112.4| 15.1 
b | 22.2| 22.6| 21.9) 23.1| 28.5) 23.2) 24.4) 24. b | 17.4 |15.6l13.4) — | —| —| —| — | — 250 {$ 102 | 971 9.0 98] 93] &7| 92| 26] 82 
eso | 1 @ | 909 | 82.6 83.1) 32.2) 38.9) $4.4) 34.2 30.0130.8 | 950 {s | 446 | 48.9) 48.1) 42.2) 41.5) 40.7/ 38.6 87.9/87.1 = See 
(| 188 | 19.8, 19.6) 19.0) 20,0) 20.8) 20.1 21.2) 21.6 | b | 16.1 |187)/1L3 — | —|—|—|—|— 150 | {4 89 20 — 1,98 - _ jas 110 — 
zr PP we 11.4 | 10.7} — 10.7/10.1| — | 9.9) 9.3) — 
150 a 30.9 | 32.8, ie | 82.3) 34.1) 34.3 eae | 160 {3 39.9 | 39.1 —_ | 87.8 37.0) — 34.5) 33.7 -_ a 2 1/118) 9.1 10.1|12.7|10.6 11.5/ 14.0 
pd one |S | 32-0) $8.6) ~~ |28.6) 90.3) — o | 8 8 a | » 6 | 10.5 |10.0| 9.7/10.1| 9.7| 9.8| 9.5| 9.0] 8.7 
20 200 a 81.2 | 83.0) 33.6) 82.6) 34.3) 34.3 34.6 36.4) 37.0 20, | 200 a 41.8 | 41.1 40.1 39.5) 38.8 37 9) 36.0 35.3) 34.3 a 7.6 | 9.2 11.8) 8.6 10.3 128/104 12.0 14.4 
b | 23.6 | 25.0 25.5) 24.6) 26.0/ 26.5] 26.1/ 27.6| 28.1 b | 188 |16.8)146 — | —| — | —| — | — {$ 10.0 | 96| 89 9.6! 9.2) 8.5| 9.11 85| 8.0 
250 {s 81.5 | | 88.8, 88.8) 82.9 34.6) 86.1 84.9 36.7) 37.3 | oso | {@ | 43.7 | 43.0) 42.2/ 41 3) 40.6) 39.8) 37.5 36.8) 36.0 j os aus Baie 9% 
db | 20.5 | 22.2 22.6! 21.8) 28.0 28.4) 22.6 24.4 26.8 b 17.2 |14,6)123) — | — | —| —| — | — 160 | {s 7Z1)/—|— a4 ly 2k Gam 
1L2 | — | — /10.6) — - 
180 {s sL4 | — |3%.7) — | | — |sa8) — | — 160 {3 30.8 | —|— 37.8} — | —|sa2}—|— | os ae ihr ra) a7| — | arhiao| — 
r . ees Met — © | OS mh od mm bee] oe) 200 {F | r04 | 0.9 — |10.0| o6| — | a4) 89] — 
ast | soo \¢ Elias! — _ 830) 34.9 — |86.1)37.1)— | 95) | on {¢ | 41.2 | 40.6) — |89.2)38.4) — | 35.6 34.9) — | ta | 67| 86 9.9 7.5| 98/116) 9.4! ax 13.4 
1d | 25.5 |27.0| — oa. 28.1| 29.9) — b | 20.2 |180) — | — |} — | — | — | — | — 250 {$ | 100] 96) 89) 06] o1| 88! 8.0) "a8| 7.9 
250 {s 31.9 | 83.7) 84.2 82.2 B5-1|85.6|86-3 37.8197.8 250 | {@ | 481 |42.4/41.6 41.0) 40.3) 39.5) 87.0 36.3/ 35.5 M | &6) O21) 8.6) | 
b | 227 fre pee me eg rg oer ae pt Vb | 188 |16.8]188) — | —| —) —| —| — 150 {e -|j-|-|- -|-|-| aa ess 
| | | a a ee eee en ene en ee 
150 {3 = Jaf=J=)o]SJ=)s)= | 160 {¢ = mat. Pad! Sead, Qed Teak Dea Mack oa 30 20 | {¢ 5.5 —| =| 0} —}—| 26] —|— 
a | $21 — |sae! — | — Ione! a Lo Si hee a ee b | 104) —| — 10.0) — | — | 94) —| — 
so] 200 | { on el | wpe | ol {8 | ea) — | — 4 - | - Ie - 1 - a | 65| 7.9 — 61|838| — | 8ilto.1| — 
| Myo |. a72 \zas| — | — leas) — | — A 5 et ed el 250/{5 | 5/98 — 96/90 —| 90 82| — 
mo | {5 | es ltea = leet = Gaga — | Use| de | se isl = een = foie = | , = hea bn Pale 
' | { he —, _— | Se any Hee ae Sav TA eT —— 
: ith the (Fig. 8). —<—— —$___________—. | Riicioney Betio— Aiowhing tho sic orcas thosienderd 
1) Increases wi load on brak thermal of comparison, ideal efficiencies corresponding to 
2 ——— ty um with an air - gas mixture of ste brake horas ower, she she 3). efficiency various P ratios are :— 
—- y ak sees 
Compression ratio.. .. 62 
we Increases very tly as the speed increases; (9) Attaine « maximum with an * ratio of 8 : 1—4.¢,, _Air-cycle efficiency | case coo | oss 
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The ratio of the actual thermal efficiency, measured on 
the indicated horse-power, to the corresponding air-cycle 
efficiency ‘ . 

1. Increases with the load (Fig. 3). ; 

2. Hasa maximum value when the ratio ~ is approxi- 


mately 10 : 1(Fig. 4) : 

3. Increases slightly with speed (Fig. 5). 

x, r sensibly independent of the compression ratio 
("7% fall load, and with the most efficient air-gas mix- 


ture, the relative efficiencies are, for all compressions : — 
Revolutions .. 150 200 | 250 
Efficiency ratio 0.687 0.700 | 0.709 

| 








Fig. &. COMPRESSION RATIO-§:17. AIR:GAS=-9:1. 
Curves A A are from tests at full load. 
BB 8 fall load 


” bod bad ” of 


150 200 


evs per Minute. 


Exhaust Lostes.—The percentage exhaust losses 

(1) Diminish as the load increases (Fig. 3). et 
(2) Diminish very slightly as the ratio = increases 
(Fig. 4). 

cs Increase as the speed increases (Fig. 5). 

(4) Diminish as the compression ratio increases (Fig. 6). 
At full load the exhaust losses in these trials lie 
between the limits 33.6 cent. and 42 5 percent. The 
former value corresponds to a weak mixture, high com- 

ression, and low speed, and the latter to a rich mixture, 
ow compression ratio, and high A 

Jacket Losses.—The percentage heat carried away by 

water flowing through the cylinder jackets—not in- 
cluding the exhaust-valve jacket— 

1. Increases with the load (Fig. 3). 


2. Diminishes as the ratio *"" increases (Fig. 4). 


3. Diminishes as the speed increases (Fig. 5). 
4. Is sensibly independent of the compression ratio 


(Fig. 6). 
With the b mixture, and at full load, the per- 
centage heat transmitted to these jackets is 1.10 times as 


great at 150 revolutions per minute as at 250 revolutions 
minute, while with the weakest mixture the ratio 
nae Since at 150 revolutions per minute the 





period of contact per cycle of hot gases and cylinder walls 
18 1,66 times as great as at 250 revolutions per minute, 
t 


the rate of transmission of heat brough the cooling sur- 
faces is evidently much greater at the highest speed 


. An 
examination of the indicator di moreover, shows 
that the maximum pressure temperature attained 
in the cylinder is approximately 6 per cent. greater at 
150 than at 250 revolutions minute, so that this 
increased rate of transmission is obtained. in spite of 
a lower gas temperature. The reason is apparently to 
be found in the fact that the greater turbu of the 
working fluid at the higher rates of = increases its 
effective conductivity to au extent which more than 
counterbalances the effect of a smaller temperature differ- 
one shortened time of contact. Other things bei 
equal, a 
gases would probably increase the heat transmitted by 





392.f) 





260 


| conduction and radiation by some 15 per cent., so that 
; a the effective conductivity is increased in 
same ratio as i 


the of the engine. 

Radiation Losses.—The radiation loss, that is, the 
balance of the heat accounted for as indicated work, in 
the exhaust and in the jacket water, 

(1) Diminishes as the load increases (Table III.). 


(2) Increases as the ratio = increases (Table III.). 


586. 

© Diminishes as the speed increases (Table IITI.). 

(r a) +e slightly as the compression ratio increases 
le IIL.). 

At full load, radiation accounts for between 5 per cent. 
and 14 per cent. of the heat given to the ine, the 
former value obtaining with a rich mixture, hig speed, 
a a een and the latter with a 
mixture, low speed, and high compression ratio. Its 
eee ee See is indicated in the table in the next 
column. 


ing ye bay aoe up to End of Expansion Stroke.— 
Since part of heat carried away by the jacket water 
into the cylinder-walls after this should, 


in a true heat balance, be credited to exhaust. The item 





attributed to radiation represents heat lost by radiati 
from the hot exposed surfaces of the piston and of the 

















Compression Ratio 5.17; “T = 9 
gas 
Brake Load. Zero. | HalfLoad. | Full Load. 
percent. | cent. cent. 
| Revo: (8 | we | Piss pero 
10.6 8.0 
lutions | 950 109 | 9.8 7.6 





unjacketed portion of the breech, and from the outer 
surface of the jackets. Although this loss is wholly due 


to heat flow the walls, onl of this flow 
thes pines deca eb expansion stroke! "The remainder, 
occurring after the end of this stroke, is also to bé 


being 
r cent. increase in the temperature of the | attributed to the exhaust. 





Thus in a heat balance drawn for the working fluid up 


AC 4 Ratio. 
to the end of expansion, the a t heat flow into the 
walls is to be increased by the greater part of this 
radiation loss, and to be diminished by that part of the 
heat transmitted to the jacket water during exhaust 
Similarly, the apparent ust losses are to be increased 
by some small part of the radiation loss and b’ at eat 
the heat given to the jacket water during eukoush, 

net result is that both the wall losses and the exhaust 
losses as given by direct measurement are to be increased 
by some unknown proportion of the radiation loss. 

A true heat-balance for this portion of the cycle can 
only be deduced if the heat given cycle in the com- 
bustible gas, the work done cycle, and the energy of 
the working fluid st the end of expension, are known. 
In order to determine the energy at the end of expansion 
it is to know 

3} The temperature at the end of ex ion. 

2) The quantity of the a fluid in the cylinder. 

(3) Its internal energy per cubic foot in terms of its 
“7 these trials ll the data for de ini 

a necessary for determining 
items (1) and (2) are available. The temperatures at the 
end of expansion have been deduced from a knowledge of 
the temperatures at the beginning of compression, and of 
the pressures at the end of expansion and at the beginning 
of compression, while the temperatures at the inning 
of compression have been calculated by the method out- 
lined by Dugald Clerk.* The internal energy per cubic 
foot corresponding to the various release temperatures 


* Proceedi of the Institution of Civil Engineers, 
vol, clxix., page 148, 
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538 
has been deduced from curves given by Hopkinson.* 
she pene eee <i Oe ee ‘enadel ved for a 
number of the are embodied in the heat- 


in these should not be overlooked. Ine potealy a 
that the error in any item of these balance-shecte ex 
about 1 per cent., while it may be much less. 
The results indicate in general that of the total radia- 
tion loss obtained by difference from the heat measure- 


ments, a pone. mame! from about 0.33 to 0.40 is to 
be added to the » exhaust losses, the remainder 
going to inorense the apparent jacket or wall losses. This 


portion attains ite ‘ghest value with the eae eee 
ae a ratios and with the richest mixtures. 


Tasie 1V.—Heat Balance at Full -- ane with One 




















Explosion per 
db. rDiateibutl Heat | Efficiency ° 
o£ istribution. Ratio on er 
8 oa | BPE! 4S esa fy 
Air ee . * 
Gas a a ° | z | \@ | e | 3 
Wie ade gli 
| 22 | ==] 
£ | ao a 2 ae | @ oi i.e} 
| (160 | 81.6 | 30.2 224, 6.9 | 0.575 | 0.654| 27.7 
6.17 |{200 | 82.2 | 40.7 | 21.7!| 5.4 | 0.509 0.668 | 27.4 
250 | 32.6 | 425 | 20.2 | 4.7 | 0.681 | 0.676/ 25.6 
| (160 | 32.8 | 87.2) 224) 7.6 | 0.678 | 0.654| 29.0 
7/| 6.70 4200 | 83.5 | 88.9 | 21.7) 5.9 | 0.568 | 0.667| 28.5 
250 | 33.8 | 406 | 202) 654 0.899 | a.6r4 26.5 
| (150 | 34.9 34.1 | 224) 86 0.679 | 0.656) 30.8 
6.62 |, 200 | 8h.5 | 85.8 | 21.7) 7.5 | 0.665 | 0.668) 80.0 
‘260 | 36.8 | 36.7 | 20:2 7.3 | 0.530 | 0.678| 282 
| (150 | 828 | 89.1) 192 8&9 | 0.672 | 0.680| 27.6 
5.17 / 200 | 33.5 | 40.5 | 180 | 8&0 | 0,560 | 0.695| 27.0 
| \250 | 840 | 420) 165 | 7.5 | 0.521 | 0.706| 25.1 
150 | 84.1 | 87.0 | 19.2 | 9.7 | 0.570 | 0.670| 28.6 
9{ | 5.70 |{ 200 | 84.9 | 38.4 | 18.0 | 8.7 | 0,560 | 0. 28.1 
250 | 35.4 | 40.3 16.5 | 7.8 | 0.622 | 0.705 | 26.2 
150 | 86.2 | 33.7 | 19.2 | 10.9 | 0.568 | 0.681 | 30.2 
| 6.62 |1 200 | 87.1 | 34.9 | 18.0 | 10.0 | 0.561 | 0.697| 29.8 
280 | 37.6 | 36.8, 165 | 96 | $200 | aver 27.6 
150 | 82.8 | 88.9 | 15.8 125 | 0.540/ 0.680) 26.0 
6.17 {30 83.5 | 40.0 14.8 | 11.7 | 0.584 | 0.696 | 25.7 
250 | 88.9 | 41.8 12.9 | 11.4 | 0.502 | 0.704) 24.2 
150 | 84.1 | 36.5 | 15.8 | 13.6 | 0.588 0.680| 27.0 
11) | 6.70 |) 200 | 34.9 | 87.8 | 14.8 | 12.5 | 0.682 | 6.695) 26.7 
260 | 86.4 | 89.6 | 12.9 | 12.1 | 0.602 | 0.705} 25.2 
150 | 36.2 | 336 | 15.8 | 14.4 | 0,540 | 0.680| 28.8 
6.62 |{ 200 | 87.1 | 34.2 148 | 18.9 | 0.582 | 0.697| 28.3 
260 | 87.6 | 85.8 | 12.9 | 13.7 | ima Yee 26.6 
| 
Taste V.—Heat Balance at End of Expansion Stroke. 
Fou Loap. 
8 2 4 Percentage of Heat Distribution. 
Ps 
Air | 8 | eg! Heatas Heat Flow | Heat in 
Gas S £8 | Indicated | during Ie | Exhaust Gas 
= 23 Horee- doslon ead at at End of 
8 oa Power. Eepassten. Expansion. 
150 81.5 26.8 41.7 
6.17 200 32.2 26.1 42.7 
| 250 826 0 6| eRe 44.2 
150 82.8 27.0 40.2 
7 5.70 200 33.5 25.3 41.2 
250 33.8 23.5 42.7 
150 34.9 27.5 37.6 
6 62 200 35.5 26,0 38.5 
250 85.8 24.5 39.7 
150 82.8 25.0 42.2 
5.17 200 33.5 | me 43.3 
250 34.0 | 21.8 44.7 
|f 160 34.1 25.3 40.6 
9 \| 5.70 { 200 34.9 | 28.5 41.6 
250| 85.4 | 2165 43.1 
150 362 | 258 38.0 
6.62 200 87.1 24.0 38.9 
260 37.6 | 228 40.1 
f 10 82.8 | 242 43.0 
5.17 200 33.5 | 226 43.9 
250 33.9 20.5 45.6 
150 | 34.1 24.5 41.4 
11 5.70 20) 34.9 22.8 42.8 
260 35.4 20.7 43.9 
150 36.2 24.6 39.2 
6.62 { 200 87.1 | 238 39.6 
250 87.6 | LS 41.1 











A comparison of these with results obtained in a similar hamme: 


ine shows 


manner be hn Mepkinnset on a slightly larger 
agreement. © figures 


a fairly close In round numbers 
are as follow. Those attributed to the authors are 
obtained by rou 2 from the figures of Table V. :— 





ir 10.8, 


Air 
Gas Gas oo 


Hopkin- 
oon. Authors. 





| 
| . a 
Mon Authors. 





Heat as indicated horse-| 


power ee 37 36 33 35 
Heat in exhaust .. 42 41 39 39 
Heat flow to walls 2) 23 23 26 





The engine used by, ‘Hopkinson has a oylinder di diameter 
= 11.5 in; stroke, 2 Hopkinson hee a cylinder dia 6.37 ; 
revolutions = 110 per 5.0K 

Heat Entering Exhaust-Vulve Jacket.—The percentage 


$ "Proceedings of the Institation of Mechanical E Engi- 


neers, 1908, ‘page 424; ENGINEERING, May 8, 1908. 
+ Proceedings of the Institution of Mechanical Engi- 
neers, 1908, page 417 ; Encinegrinc, May 8, 1908. 


iio of err | tnd ih 








entering the exhaust-valve jacket is shown in 
Table Tit (page 586). From these figures it appears that 
y mows of feroemy sain Gal aa arto » bane gene 
at a ne w speeds, low-compression ratios 

mixtures. Ab full load it varies as shown in the 
following table :— 

| Compression Ratio. 

Fir: 5.17 5.70 | (6.62 
Oates etna os _ Strasse PER 
al 7) ou s}o|m)7| ofa fw 
“ stom [2 -|1L-1 10.7 10.8 |10.6/10.1, 9.7 | 9.7| 9.3) 9.1 
Revolutions {200 ..|10.4 10.9 9.7/10.9| 9.6 93/94/89) 8&7 

9.89.5 89/94) 91,85 90/84/80 


! ' | | 





If this be added + to the jacket loss given in Table IV. 
(annexed), it gives the jacket loss =% determined from 
trials of an engine fitted with the usual arrangement of 
jackets. to note in this connection that 
with weak mixtures and fairly high compression ratios 
the jacket losses obtained in this way are in substantial 
agreement with those obtained by analysis as gi the 
owe 4 during expansion. For example, at full 


with »" mixture 11 : 1, and with compression ratio 6.62, | the 


the percentage wall losses by analysis at speeds of 150, 
200, and 250 revolutions minute are sr ngeennne | 24.6, 
23.3, and 21.3, Table V. - tenne xed), while the percen 

of heat to barrel and valve-jackets are respectively 24.9, 
23.5, and 20.9. Under favourable circumstances it appears 
that a heat balance-sheet obtained by measuring the indi- 
cated work and jacket heat of a commercial type of engine, 
and by estimating exhaust losses by difference, is in ex- 
tremely close agreement with the balance-sheet d on 
the internal energy of the at the end of expansion. 
For fairly sich ae mixtures lower com ion ratios the 
measured jacket losses are, however, in excess of 
those more correctly computed from the oy ot energy 


of the gas. 
The exthen would ex their sense of indebtedness 
5 ie Research Fund, whose 


to the Trustees of the 

scholarship to Mr. Walker seed possible his co-opera- 
tion in the work. Also to Mr. Linton, of the engineer- 
ing staff of we Collegs, for much assistance given 


during the trials. 





COLONIAL AND FOREIGN ENGINEERING | th 
PROJECTS. 


We give below a few data taken from the Board of 
Trade Journal on several colonial and foreign is= projects, 
Further information concerning these can 
from the Commercial In tA Board of 
Trade, 73, Basinghall-street, London, E.C. 


Australia: H.M. Trade Commissioner for Australia 
reports that sealed tenders, on the proper forms, will be 
received, u »s 11 a.m. on the dates specified, by the 
Victorian y Commissioners, Spencer-street, Mel- 
bourne, as fiivess —(1) Up to ta une 16, U6. for the supply 
and delivery of a 15-ton tric crane (Contract 
No, 28,458); (2) up to June 16, for the supply and de- 
livery of a 6-ton electric crane (Contract No. 28,459) ; 
(3) up to June 16, for the supply, d —— and erection 
of a 1000-ampere-hour storage ba’ (Contract No. 
28,616) ; (4) up to July 7, for the a and delivery of 
five high-speed ei le-spindle sensitive drilling-machines 
and accessories (Contract No. 28,625); (5) up to July 7, 
for the supply and poe pod of a double-ended horizontal 
d accessories ee No. 28,626) ; 
(6) up to July 7, for the supply and delivery of a double- 
ended notching. machine and accessories (Contract No. 
28,627); (7) up to July 7, for the supply and delivery 
of a channel, angle, and bar - strai 
and accessories (Contract No. 28, 8) = 
pam AS 7, = bd su —o and 1 of - ie igh-s 
yal ~ oe yo: ae deli ~ —— x 
(Oyu =" uly 7, for ne ner ivery of a high- 
Ae vertical wo tal m and g-machi 
including too! and accessories (Contract No. 
28,630) ; 10) a to ide ryt 7, for the supply and were he of 


a umatic ee a moulding- 
wi ve ae Rl. tract No. 28,631); (11) up to 
July 7, for the supply delivery of = 10-cwt. steam- 
~~ yy accessories (Contract No. 28,632); (12) 

up to July 7, for the supply and delivery of an hydraulic 
bending and flanging-press (100 tons) and tools, gears, 
accessories and spares (Contract No. 2 689) (13) up to 
J —. 7, for the supply and ae 6 A pneumatic 
riddling and separating-mach accessories, 
including @ spare set of screens (Contract No. 28,634) 
bya up 4 July 7, for the supply and delivery of an 

raulic iron breaker, with tools, gears, accessories, 

and spares Bontunss No. 28,635) ; (15) i $0 July 7, for 
oe delivery of a 9-in. es) (18) 

and accessories (Contract No. _——_ Ys 8) ah 





ine, 


to July 7, 
maker’s la 


pacheeageos y+ damm delivery of the, 
gears, and accessories (Contract No 268) (17) =o 
July 7, for the sup pply and delivery of two b-ft high- 
speed belt-driven d machi including 

Tend = eeried i inane: 25 054 
‘enders must accom ya inary deposit 
of 4 per cent. of the amount Bo mag 
case, ex in the case of (13), where a deposit of 1/. 
is required. Local representation ie necessary. To will 
be observed that the time for the receipt of tenders is 


limited and, owing to forms baving to be obtained from 
Australia, this intimation will be of use only to firms 





having agents in Australia who can be instructed by 
cable. 








maker’s lathe 23, 





cr 


Aa a, 4 yey Vice-Consul - hme yen 
reports owing to great mysy A 18 uring 
the last few years in increased in th 2 Urals as well 
generally in evelopment co) 
b the ten rock-drills and pneu- 
y com) t phd and pneu- 
regards i oe ales kee till 
as the future ev: points to a si 
ter increase. Owing to the fact that most of the 
properties held by British capitalists are 
by Americans, who naturally make a point of 
ucing machinery of American manufacture, three 
-known — companies practically monopolise 
this business, and to one of theis representa- 
tives, the contracts — — 3 


and Swedish ad have also done 
some business of this nature. The British Vice-Consul 
adds that as the work carried out by British firms is in no 
way inferior to that done by American or other firms, it 
is a pity that United Kingdom manufacturers of these 
goods do not get a fair share of business derived from - 
capital of their own comnteyean, t to Ka seed a — = 
above 


and 


Hi 


Fe 


— properties in the U: 
also largely apply to omar Panne Sh of minin 
machinery. Although, in view of the dislocation o 


railway traffic, nets is = a —— one 

© transport o! of any description to the it 
would be advisable for United Kingdom firms desirous 
of doing business in this line to send their re nta- 
tives to Russia at an early dave in order that they may 
become acquainted with local conditions and possibilities 
of business. The British Vice-Consul expresses his 
readiness to give further information and assistance to 
United Kingdom manufacturers of rock-drills and other 
mining machinery. 


Portugal : The Diario do Governo, Lisbon, contains a 
—_ approving & project for the connection of the Vale 
do Sado line with the lines of the South and South- 
Eastern Railway at Garvio. The cost of the works is 
estimated at 88,713 escudos (about 13,3002. at current rate 
of exchange). The Diario also publishes a notice 
spproving © project for the execution of works at Villa 
to Antonio in connection with the opening of 
the line from Aimonte to Huelva to international traffic. 
The estimated cost of these works is put at 30,000 escudos 
(about 4500/. at current rate of exchange). 


Spain: The Gaceta de Madrid notifies that tenders will 
be opened at noon on June 10, at the on General 
od Obras Puiblicas, Ministerio "de Fomento, Madrid, for 

cuthol the B out of navigation he oy ery works at the 
ae River G ete, in the Port of Santa Maria, 

Province of Cadiz, at an estimated cost of 239,076 pesetas 
(about 9600/.). Work must be commenced within a period 
of 60 days from the date of the award of the contract, and 
completed within four a. The Gaceta further notifies 

» tenders will also be opened at the Direccién General, 
at noon on June 1, for the carrying out of improvement 
works at the mouth of the river at Pontevedra, at an 
estimated cost of 143,793 pesetas (about 5800/.). Work 
must be commenced within a period of 60 days from the 
date of the award of the contract, and completed within 
a further twelve months. Although these two contracts 
will probably be awarded to Spanish firms, nevertheless 
the carrying out of the works may involve the purchase 
of material outside Spain. 





Tue GERMAN ANILINE INDUSTRY.—The large Badische 
Aniline and Soda Company, in spite of a slight increase 
— the od og rofits (15,798,866 marks for 1914, equian 178,491 

or 1918), declares a reduced dividend for last year, 
the ca ital having in the meantime been increased 
from 36,000,000 marks to 54,000,000 marks. The dividend 
on the old | shares for last year has been fixed at 19 per 
cent., 28 per cent. in 1913, whereas the new shares 
receive a dividend of 94 per cent.; 3,000,000 marks were 
added to the extra reserve fund against ——: war losses. 
The ann aay A for aniline manufacture at Trepkow, where 
an increase of capital likewise had taken p! pays 16 
per cent. on the old shares (last year 23 per cent. on these 
shares, 14,008, ,000 marks), and 8 cent. on the new 
shares. The Meister Lucius and Briining Company, at 
Héchst, which, with the ld Company and 
Kalle and Co., forms a — undertaking in the aniline 
a pays » divs end of 20 per cent. on the 
Seentuned onal tal, against 30 per cent. for 1913. 
The net fit for “14 amounted to 2,610,757 marks, 
against 16,383,417 marks for the preceding year. 





British Coat Exports.—The exports of coal from the 
United Kingdom have continued to show a great fallin 
off this yom, © br So ey ow April (including coke an 


tent fuel) ba 846 tons, as compared with 
B44, 728 tons in y ear 1914, i, and ed Ap 0 tons in April, 
1913. In the four months end 30, this year, the 


aggregate exports were 15,684,094 as compared with 
680,027 tons in the first four ‘ae of 1914, and 
pens ye tons in the first four months of 1913. Bunker 

was alsoshipped to April 30, bit 74 to the extent 
br ttt 395 tops, as compared with 730 tons and 
6,747,177 tons in the ing fam of 1914 and 
1913. In one way or another coal, accordingly, left the 


. | shores of the United Kingdom in the first four months of 


this year to extent of 20,838,489 tons, as compared 
= 730,339,757 tons and 31,380,792 tons respectively. 

ts have thus been made this year at the rate 
pe a 515,467 tons per annum, as compsred with 91.019, 271 
tons in tng and 94,142,376 tons in 1913. The heaviest 
exports this year have been to Sweden, 1,021,563 tons ; 
to France, 5,398,042 tons ; and to Italy, 2,299. 413 tons. 
Shipments have altogether this year to Germany, 
Belgium, the Austro-Hungarian Empire, and Roumania. 
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PERMEABILITY TESTS OF CONCRETE. 


SgveraL times within recent years we have 
referred te the various methods available for 
rendering concrete water-proof by means of added 
ingredients, and we have also dealt with tests of 
the permeability of ordinary concrete made at the 
National Physical Laboratory and _ elsewhere. 
Most of the work on this important subject has, 
however, been carried out in the United States, 
perhaps owing to the fact that the construction of 
buildings with large basements is more common in 
that country, so that the need for information is 
even greater there than here. The annoyance caused 
by the passage of extremely small quantities of 
water through concrete walls is such that it is 
essential to study the conditions affecting the flow, 
and the need increases daily as the employment of 
reinforced concrete for structural purposes extends. 
We therefore make no apology for returning to 
the subject, and we now propose to give a fuller 
account of the permeability tests on concrete made 
at the University of Wisconsin, and described by 
Assistant Professor M. UO. Withey in a paper read 
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by him before the Western Scciety of Engineers 
last autumn. These tests, which were briefly 
referred to on page 483 of our last volume, ap 

to have been carried out with great care, and on 
a larger scale than any others with which we are 
acquainted, and the method of conducting the ex- 
periments, as well as the results obtained, are both 
of considerable interest. 

The materials used in the tests were ‘‘ Universal” 
Portland cement, with pit sand and gravel, ob- 
tained mostly from Janesvilleand Waukesha. The 
cement was obtained in two 50-barrel lots, mixed 
separately, and stored in galvanised-iron bins, the 
seams of which were caulked with tar, and the 
edges of the doors lined with thick felt, to render 
them as tight as possible. The two lots of cement 
had the following physical properties :—Tensile 
strength after 28 days, 779 lb. and 735 lb. per 
Sy. In.; residue on No. 100 sieve, 2.3 per cent. and 
3 per cent.; residue on No. 200 sieve, 20.3 per 
cent. and 21.8 per cent.; time of initial set, 1 hour 
o7 min. and 1 hour 40 min. ; specific gravity, 3.02 
and 3.03. Both batches satisfactorily passed the 
air and water tests for soundness. The sands used 
varied from 104.51b. to 112.2 1b. per cub. ft. in 
weight, and the gravels from 107.31b. to 109.3 Ib. 
per cub. ft. 

Figs. 1 to 5 show the three different forms of 
Specimens employed, that shown in Figs. 1 and 2 
being the type most commonly used. It will be 
seen to consist of a concrete core surrounded by a 
shell of 1 : 1 mortar, both of which were cast at 





the same time, and it should be noted that the area 
of the core is just 1 sq. ft. The other specimens, 
shown in Figs. 3 to 5, were employed to determine 
the effect of the direction of pouring on the per- 
meability of the concrete. In specimens of the 
type shown in Figs. 4 and 5the same area of con- 
crete was exposed to water pressure as to air, but it 
was found very difficult to secure sound specimens 
of this type ; whereas in the type shown in Fig. 3, 
which were much easier to mould, the area ex 

to water pressure was considerably less than that 
exposed to air. 

In making the specimens the sand was usually 
spread out in a thin layer on the floor and allowed 
to dry for one or two days before mixing ; the 
gravel also was usually dry on the surface before 
the concrete was mixed. In most of the tests the 
moisture content of the aggregate was determined 
and allowed for. Proportioning both by volume 
and by weight was employed, the most usual mixes 
by volume being 1 : 14:3 and 1:2: 4, though 
one batch mixed in the proportion 1 : 3:6 was 
tested. In proportioning by weight mixes of 
cement and aggregate in the ratios 1 : 5, 1:7, and 
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1:9were made, the latter ratio being the one 
most frequently used. The sand was graded by 
hand-screening on riddles, and the gravel by means 
of a rotary screen which separated it into the 
following sizes: 0 in. to } in., } in. to4 in., 4 in. to 
Zin., and ?in. tol} in. Nearly all the concrete 
was mixed in a No. 0 Smith mixer run at 28 to 30 
revolutions per minute, and in most cases the 
materials were charged into the mixer in a dry 
state. 

After mixing dry for half a minute the proper 
quantity of water was admitted and mixing con- 
tinued for a further period of 14 minutes. In 
general, the concrete was of a medium consistency, 
which could be easily puddled with a rod, but 
would barely flow from a shovel. Some of the 

imens were made with hand-mixed concrete, 
the mixing then being done on metal trays. The 
gravel was spread out in a thin layer covered with 
sand, and mixed by two men with square shovels. 
The mixed aggregate was then s out, covered 
with cement, and again mixed. ext a crater was 
formed in the mass, the proper amount of water 
added, and the mixing fnished. Usually seven 
turns of the pile were given after each material was 
added (21 turns in all), and from the results of both 
compression and permeability tests it was found 
that the concrete mixed in this way was equivalent 
to that mixed in the machine. The 1 : 1 mortar for 
the shells of the specimens was mixed on a metal 
tray by a hoe, at the same time as the concrete was 
made. Its consistency was such that when formed 
into a cone 3 in. in diameter and 6 in. high, it 
flattened to a height of about 2 in. as soon as the 
mould was removed. Specimens of the type 
shown in Figs. 1 and 2 were made in a metal mould, 
the sections of which were held together by screw- 





clamps. The dome-shaped bonnets were placed 
neck downwards on cast-iron pedestals at the 
bottom of the moulds. Damp sand was then 
rammed into the bonnets, levelled off at a depth of 
3 in. below the upper rim of the bonnet, and 
covered with Pre a to prevent the mortar from 
running into the sand. e moulds were provided 
with an inner cylinder, and the shells were made 
by tamping layers of mortar between this cylinder 
and the outer wall of the mould. A layer of con- 
crete was then placed in the inner cylinder, the 
latter raised, and the concrete puddled to ensure 
a good union between the core and shell. This 
process was continued until the mould was filled, 
and the mould was then covered with a wet sack 
and allowed to set. Two or three compression 
cylinders 18 in. long and 6 in. in diameter were 
usually made with each batch of concrete. 

On the day after casting the tops of the speci- 
mens of the type shown in Figs. 1 and 2, and the 
outside surfaces of all others, were chipped and 
scrubbed with wire brushes to remove laitance and 
rich mortar. The first-mentioned type of specimens 
remained in the moulds for two - at and, when 
taken out, the sand was removed from the casting 
and the interior surface was chipped with a heavy 
steel bar on which a chisel-shaped end had been 
formed. The other specimens were removed from 
the moulds after one day and covered with wet 
sacks. The internal surfaces of the specimens shown 
in Figs. 4 and 5 were chipped after two to five days, 
and those of the specimens shown in Fig. 3 after 
four or five days, or during the second week. The 
interiors of all types of specimens were generally 
filled with water, and the exteriors were covered 
with sacks kept wet by sprinkling twice daily. A 
number of the specimens were removed to the 
laboratory, where they dried until tested, and 
several, after normal curing, were dried in a gas- 
oven for some days. These specimens were heated 
during the daytime only, and the oven was regu- 
lated so that a temperature ranging from 150 deg. 
to 170 deg. Fahr. was reached in two or three hours. 
In general the compression cylinders were subjected 
to the same curing conditions as the permeability 
specimens with which they were cast. 

Before testing the specimens were washed out 
and fitted with vertical tubes, which were attached 
to the dome-shaped castings by means of bolted 
flanges, as shown in Figs. lto 4. They were filled 
with water through a cock near the bottom of the 
tube, and air pressure, supplied from a storage 
reservoir, was applied through another cock at the 
upper end of the tube. The height of the water- 
level in the tube was read on a water-gauge tube 

rovided with a scale and graduated to read to 

.001 gallon in some cases and to 1} cub. cm. in 
others. In both cases the readings could easily be 
estimated to one-tenth of a division. Readings 
were usually taken half an hour after first applying 
the pressure, then again in one or two hours’ time, 
and afterwards twice daily. From time to time 
the bottoms of the specimens were examined and 
their condition noted. As far as ible the 
specimens were run for a period of fifty hours 
or more at a constant pressure, and most of the 
specimens were tested at one pressure and one 
age. A blank specimen, which consisted of a dome- 
shaped casting sealed at its lower end with a 
welded-steel plate, and enclosed in a shell of 1 : 1 
mortar, of the same form as the specimens illus- 
trated in Figs. 1 and 2, was also fitted up in the 
laboratory. The water-level in this blank specimen 
was read at the same time as the other readin 
were taken, and by this means corrections could 
be made to allow for variations in the water-levels 
due to other causes than leakage. Wet and dry- 
bulb thermometers were also read twice a day to 
determine the amount of water-vapour present in 
the air of the laboratory. During cold weather the 
room was heated by steam, and the humidity then 
varied between 20 and 50 per cent.; in the summer 
it was generally above 70 per cent. 

In all 294 specimens were reported on, and of 
this number 88 were of 1 : 14 : 3and 67 of 1 :2:4 
proportions by volume, while 98 were of 1 : 9 pro- 
portions by weight. The readings of the water- 
gauges for individual specimens were plotted on a 
time base, together with the readings of the blank, 
and average time-leakage curves, corrected for 
the blank readings, were plotted on the same sheet. 
The water pressures recorded were the average 
readings of the air-pressure gauge, to which the 
pressure due to the mean height of water in the 





tubes had been added. For specimens of the type 
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shown in Fig. 3 the area taken was the ave 
area of the inside and outside surfaces of the 
concrete. 

Coming now to the results of the experiments, 
we will first deal with the effect of age on permea- 
bility. The upper part of Fig. 6 gives the average 
time-leakage curves for four specimens of 1 : 2: 4 
concrete 6 in. thick, at ages varying from two weeks 
to six months, while the lower part of the diagram 
gives similar data for specimens 12 in. thick. The 
water pressures and ages are shown on the curves, 
and the flow is given in gallons per square foot. 
The United States gallon, which is about 0.83 of 
the Imperial gallon, is referred to in this as in all 
other diagrams in thisarticle. The specimens were 
of the type shown in Figs. 1 and 2, and they may 
be assumed to ‘be of this type in all cases unless 
otherwise stated. In investigating the effect of 
age thirty-two specimens were used, and in only 
four of them were visible signs of leakage present. 
It seems certain, however, that the water passed 
through the specimens, and evidence in favour of 





Fig.7. EFFECT OF THE PROPORTION OF 
CEMENT ON PERMEABILITY 
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large number of specimens ranging from 4 in. 
to 18 in. in thickness were tested with a view to 
determining the effect of thickness on permea- 
bility. The results in this direction, although by 
no means conclusive, seem to indicate that for 
specimens having no visible leakage the rate of 
flow is independent of the thickness. It is, how- 
ever, thought to be just barely possible that the 
pores in the upper surfaces of the thin specimens 
may have been closed somewhat by the compres- 
sion due to bending, and the leakage slightly re- 
duced in this way. 

With regard to the effect of the proportion of 
cement on the permeability of concrete, the results 
obtained are pretty much as might be expected. 
It was found that where the ratio, by weight, of 
cement to te exceeded 0.11 there were no 
visible dain tt ies ess at pressures less than 
40 lb. persq.in. Fig. 7 gives the results of these 
tests, and shows that, for the materials employed, 
and for the method of mixing and curing adopted, 
the water-tightness is not increased proportionately 
when the weight ratio of cement Ss te is 
raised above 0.15. The diagram gives the results 
fur the intervals 0 to 50 hours and 40 to 50 hours, 





and it should be noted that the ordinate scales for 
these two periods are different. All the concrete 
was machine-mixed for 4 minute dry and for 
14 minutes wet, except the one batch marked 
‘* hand-mixed,” and all specimens were 6 in. thick, 
excepting one batch, in which the ratio of coment 
to aggregate was 0.10; these specimens, which 
were 8 in. thick, as marked, were the only ones 
showing discoloration on the bottoms. The speci- 
mens were all cured in the moulds for two days, 
and then filled with water and sprinkled twice a 
day ; they were tested at the age of one month at 
pressures ranging from 40.8 lb. to 43.1 lb. per 


- in. 

One of the most important considerations to be 
studied in making good concrete is the effect of 
grading the sand and gravel into different sizes and 
recombining these sizes so as to obtain the maximum 
density. In most of the tests now dealt with the 
gravel was screened into three sizes, and recom- 
bined to form an approximately straight-line mecha- 
nical-analysis curve. In the table on page 591 


1g.9. MECHANICALANALYSIS CURVES 





are given the results of tests on fifteen mixes, in 
eight of which a portion of the aggregate was graded, 
and Figs. 8 and 9 are the mechanical-analysis curves 
for these mixes, including cement. For purposes of 
comparison Fuller’s theoretical curve* is also drawn 
on the diagrams. Batches 19, 20, 23, 24, and 39 
were proportioned by volumetric analysis, while the 
rtions for batches 17, 52, and 77 were selected 
arbitrarily. None of these concretes gave visible 
signs of leakage except those made from batch 52 
of 1:3: 6 concrete; there was, however, a con- 
siderable difference in the rate of flow into the dry 
specimens. If mixes containing approximately 
the same proportion of cement by weight are 
compared, it will be found that batches 23, 19, and 
95 were the most impervious of the 1: 5, 1 : 7, and 
1 : 9 mixes respectively ; the corresponding mecha- 
nical-analysis curves are 12, 6, and 5. It will be 
observed that most of the mixes have a higher 
mgr of fine particles than is demanded by 
uller’s theoretical curve. This condition in most 
cases was due to the use of a large percentage of 
cement with a sand containing a considerable pro- 
portion of fine MT pot Only a few trials were 
made with graded sands because of the difficulty of 
securing such material in ice. The results 
obtained with the 1: 9 mixes with artificially- 
graded sand, however, were very satisfactory. An 
inspection of the mechanical-analysis curves in 
Figs. 8 and 9 will show that the maximum size of 
icles in any of these mixes was about 1} in., 
and that the percen' of particles passing through 
a }-in. opening varied from 39 to 51. 
* For the method of drawing this curve, see Taylor 
and Thom ’8 “Concrete, Plain mn oy ie 
eee HS: Transactions of the American Society of 
vil Engineers, vol. lix., page 67, 1907. 











The leakage data given in the table indicates 
that in most‘of the more impervious mixes the 
reentage of fine material was between 40 and 46. 

n general it will be observed that the flows 
decreased as the densities increased. Fig. 10 shows 
that either the ratio of the volume of the cement 
particles to the volume of the air voids in a unit 
volume of concrete, or the ratio of the volume of 
cement particles to the volume of the air and water 
voids, furnishes an index to the d of perme- 
ability ; the former, it may be ee gett. to be 
the better index of the two. A comparison of 
Figs. 10 and 11 shows that emp is influ- 
enced much more than strength by a change either 
in the —— of cement or in density. Pro- 
fessor Withey concludes from the results of his 
experiments that, by grading’ the sand and gravel 
in accordance with Fuller’s curve, it is possible to 
obtain concrete of 1 : 9 proportions, which will be 
practically water-tight at pressures lower than 40 lb. 
per sq. in.; but that to secure such results careful 
attention must be paid to the mixing, consistency, 


CURVES SHOWING THE RELATION BETWEEN 
Fig. 10, PERMEABILITY AND RATIO OF VOLUME OF 





Fig.l. RELATION BETWEEN COMPRESSIVE 
STRENGTH AND RATIO OF VOLUME OF CEMENT TO 
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placing, and curing of the concrete. He finds that 
volumetric analysis, coupled with a determination 
of the density and air voids, yields valuable infor- 
mation concerning the best proportions of sand 
and gravel for a given proportion of cement, and 
at the same time points out that, where propor- 
tions must be selected arbitrarily, a 1 : 14 : 3 mix, 
by volume, is very impervious. The volume changes 
in rich mixes due to alternate wetting and drying 
are, however, much greater than with lean mixes, 
and consequently attention must be given to the 
provision of expansion joints and reinforcements in 
structures made of them. ; 

The effects of the length of time of mixing were 
also investigated, and the results obtained with 4 
1 4 :3 mix show that, with mixing periods vary- 
ing from # minute to 5 minutes, the flow is inde- 

ndent of the time of mixing, and is also unaffected 
os the time at which water is admitted, and of the 
moisture content of thesand. With lean mixtures 


there is, however, a marked effect. Fig. 12 shows 
the results obtained with 24 imens made of 
1:3:6 concrete, using wet and dry sand, with 


graded gravel in all cases. The specimens were all 
6 in. thick, and were all machine-mixed. They 
were cured in the moulds for two days, then filled 
with water and sprinkled twice a day until 
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they were one month old, when they were tested 
at pressures varying from 41.2 lb. to 42.9 Ib. 
per sq. in. Better results, with regard to 
both strength and imperviousness, were obtained 
with specimens mixed for 2 minutes than with 
specimens mixed for # minute or 5 minutes; 
with the wet-sand batches the superior imper- 
viousness of the 2-minute specimens over the }- 
minute specimens is very marked. It will also be 
noted that the results are more uniform for the 
dry-sand specimens than for those made with wet 
sand. The author therefore concludes that for 
lean mixes, made from damp sand, it is advisable 
to mix longer than is now the common practice, a 
period of from 14 to 2 minutes being required with 
a mixer running at 30 revolutions per minute in 





the case of 1 : 9 concrete ; fora 1:14 : 3 mix one 
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1:9 mixes. Although in placing the dry mixes 
considerable ramming was Seas in order to secure 
dense concrete, it was found impossible to main- 
tain a constant water-pressure on the specimens 
made from the 1 : 14 : 3 dry batch owing to their 
porosity. The results obtained show that a medium 
mixture, which will barely flow, is the most effi. 


cient, especially in the case of a lean mix ; at the| ward 


same time it is better to use too much water than 
too little. Increasing the quantity of water above 
that required to give a medium consistency results 
in a decrease in density and impermeability, more 
especially so with lean mixtures. 

Of all operations of making concrete none has so 
much effect on its permeability as the method of 
curing. This is most conclusively proved by the 
experiments we are discussing. Poor specimens 
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Aggregate :—Janesville sand and gravel. Batch 19 was hand-mixed twenty-one turns; all others were mixed 4 minute 


dry and 14 minutes wet ina No. 0 Smith mixer. §S mens were cured i; 


in the moulds for two days, then filled with water 


and sprinkled twice a day till tested. Age of specimens at test was one month, except as noted. 
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22 2 | _- 1:0.72:4.289| 8 8.7 _ 2045 0.786; 60 | 41.4 | 0.000086 0.000054 | 0.00004 _ 
23 2 - 1:14: | 12 8.7 _ | — |0.793| 60 | 41.4 | 0.000048 0.000020 | 0.000012 - 
24 2 | = ase 13 8.7 9.7 | — |0.784| 80 | 41.7 | 0.000056 | 0.000089 | 0.000020 _ 
39 4 _ 1:14: | 12 9.1 9.7 | 3020 0.785, 90 | 41.7 | 0.000135 0.000073 | 0.000057 | _ 
7 4 |Lt1b: 8g y : 1.62 : 3.079 2 8.0 8.9 2935 0.792, 40 | 42.7 | 0.000080 0.000045 | 0.000035 - 








* Specimens, 8 in. thick ; all others, 6 in. 
+ Specimens were run at 20 Ib. first ; age was 33 
} Intervals were 0-38} and 20- vel 


days when started at 40 lb. 


ly. 
ens were run at 5 lb., 10 Ib., 20 lb., and 30 lb., age was 35 days when started at 40 Ib. 


minute appears to be sufficient. The method of 
mixing in which water is first admitted to the 
mixer is condemned, and a 15 to 30-second period 
of dry mixing seems to be desirable. 

_To ascertain the effect of consistency on permea- 
bility, 1: 14:3 and 1:2:4 mixes were made in 
four consistencies: dry, medium, wet, and sloppy ; 
medium and wet consistencies were also tried with 





were made from each of two batches of 1:3: 6 
concrete with graded gravel. One batch was 
allowed to stay in the mould for two days, and 
was then sprinkled for 26 days, while the other 
batch was dried in air for 27 days after remaining 
in the mould for one day. The average leakage 
through the air-dried specimens was no less than 
140 times as much as that ¢ through the sprinkled 


specimens. It was also found to be better in the 
case of al : 9 mix to cure the imens for two 
days in the moulds and sprinkle for five days, 
than to leave them in the moulds for seven days, 
though the former procedure was not sufficient 
to produce a water-tight imen. Even after 
sprinkling for three ween, specimens after- 
s dried for six days in an oven at from 
115 deg. to 185 deg. Fahr. were found to leak 
about sixty times as much as similar specimens 
sprinkled until tested. The bad effects of prema- 
ture drying out were also noticeable in 1:2: 4 
mixtures with graded gravel, though to a very 
much smaller extent than with 1:9 mixes. As 
would be expected, the 1 : 14 : 3 mixes were but 
little aff by dry-curing. The test effect 





was obtained with specimens cured in the moulds 


Fug.13. EFFECT OF DIFFERENT METHODS 
F CURING ON PERMEABILITY 
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for one day and for 26 days in air, and, although 
no visible leakage was detected, the rate of flow 
was about twenty-five times as great as in similar 
specimens sprinkled for one month. Fig. 13 shows 
e effects of various curing conditions on both 
1: 1:3 and 1:9 mixes, and is well worthy of 
very careful study. The specimens used in } ney 
the upper part of the diagram were all 28 days o 
when tested, and those in the lower part were 
30 days old. The concrete was all machine-mixed, 
and all specimens were 6 in. thick ; those marked 
with an asterisk were mixed dry for 4 minute and 
wet for 44 minutes, while the others were mixed 
dry for 4 minute and wet for 14 minutes. The 
water pressures used varied from 41.5 lb. to 
42.4 lb. per sq. in., and the figures plotted are, in 
most cases, the averages of two specimens. Prema- 
ture drying out was found to uce the compres- 
sive strength of 1 : 9 concrete, but did not 
affect that of the 1 : 14 : 3 mixes. The author 
therefore concludes that sections not more than 
6 in. or 8 in. thick should be kept damp for a month 
in the case of lean mixes, and for at least a fort- 
night for rich mixes. Complete desiccation, even 





after a month of proper curing, produces an increase 
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of permeability in lean mixes, but with rich mixes 
the effect isnot marked, 

Another point investigated was the effect of 
direction of flow on permeability. The larger par- 
ticles of stone and sand have a tendency to gravitate 
tothe bottom of wet mixtures, and thus strata of 
stone, sand, and cement may be formed. Many 
structures have to resist water pressure in a direc- 
tion at right angles to the base on which the con- 
crete is poured, and for this reason a few tests 
were made to compare the permeabilities of speci- 
mens in which the direction of flow was parallel 
to the bed on which they were cast, with the per- 
meabilities of the specimens of the type shown in 
Figs. 1 and 2, in which the flow was normal to the 
bed. For this purpose the specimens shown in 
Figs. 3, 4, and 5 were employed, and after making 
all necessary allowances for discrepancies it appears 
that specimens of this type, when made with 1 : 9 
concrete of a wet consistency, had greater per- 
meabilities than similar specimens of the type 
shown in Figs. 1 and 2; when the concrete was 
mixed to a medium consistency the difference was 
not so great. With thel : 1} :3 mixes the leakage 
with specimens of the type shown in Figs. 4 and 5 
was greater than that of the specimens shown in 
Figs. 1 and 2, and that of the specimens shown in 
Fig. 3 was less than either of the others ; these 
mixes were all of medium consistency. It thus 
appears to be probable that the permeability of lean 
concrete is greater normal to the direction of 
pouring than it is in the direction of pouring. 

To determine what relationship, if any, existed 
between permeability and compressive strength 
these two properties were plotted, as shown in 
Fig. 14, fora number of specimens, all of which 
were made of a medium consistency, and were 
cured by sprinkling. It appears from this diagram 
that if we regard as impervious concretes in which 
the rate of leakage at 40 lb. per sq. in. pressure 
is less than 0.0001 gallon per sq. ft. per hour, 
all concretes having a compressive strength of 
2500 lb. per sq. in. and upwards may be so described. 
This conclusion must, however, be limited to 
properly-cured concrete of medium consistency, as 
the method of curing, and quantity of water used in 
mixing, profoundly affect the permeability without 
seriously altering the compressive strength. 

We have now only to examine the evidence that 
flow took place through specimens which appeared 
to be dry on their external surfaces. Since the 
water entering the specimens was the only quantity 
measured in these tests, it may be thought that, in 
the case of dry specimens, the absorption was 
measured rather than the permeability. Against 
this conclusion, it must be remembered that the 
normally-cured specimens were filled with water 
about a month before testing, that their outsides 
were encased in a tight mortar shell which was 
covered with wet sacks, and that the specimens 
rested on a cement floor which was always damp. 
It is therefore safe to assume that, in such speci- 
mens, most of the absorption had taken place 
before testing. It also seems probable, from the 
shape of the leakage-time curves, that any pores 
not filled before the test were filled during the first 
10 or 20 hours. In order to show that the water 
flowing into the specimens disappeared by evapora- 
tion, experiments were made on flat pieces of con- 
crete moistened with an atomiser, and in this 
way it was established that, with a humidity of 
70 per cent., the rate of evaporation averaged 
0.0017 gallon per square foot per hour when the 
specimens appeared dry. In the permeability 
tests the maximum flow into any dry specimen 
for a fifty- hour period was about 0.0015 gallon 

r square foot per hour, when the humidity was 
BS r cent.; this quantity, it should be noticed, 
is less than that evaporated in the atomiser tests, 
though the humidity is greater. With a humidity 
of 89 per cent. the minimum flow giving any visible 
signs of leakage was 0.00011 gallon per square foot 
per hour for a fifty-how: period. Another proof 
of the masking effect due to variations in humidity, 
and the consequent rate of evaporation, is furnished 
by permeability tests made on four specimens, two 
of which were placed on beds of calcium chloride 
for a period of 87 hours at the age of 56 days. They 
were then placed in tubs containing about 1 in. of 
water for a period of 346 hours. The two other 
specimens were tested first in the water-tubs, and 
sherwards on the calcium choride beds. From the 
slopes of the tangents to the leakage-time curves it 
was found that the average rate of flow for the first 
two specimens decreased from 0,00020 to 0.00011 





gallon per square foot hour when the bed was 
changed from calcium chloride to water. On the 
other hand, the rate of flow for the other two speci- 
mens increased from 0.00012 to 0.00016 gallon per 
square foot per hour when changed in the reverse 
manner. It is thus clearly demonstrated that the 
rate of flow increases with the dryness of the 
atmosphere, but the leakage then becomes less easy 
to detect by means of the eye. 

In conclusion, it must be admitted that none of 
the concretes tested were absolutely water-tight if 
continuous flow into the specimens is taken as 
evidence of permeability. The majority of the 
mixes, however, were so impervious that no visible 
evidence of flow appeared, and for most pur 
such mixes can be regarded as water-tight. In 
nearly all the mixes made of 1:7 proportions or 
richer, the rate of flow for a fifty-hour period at a 
pressure of 40 lb. per sq. in. was less than 0.0001 
gallon per sq. ft. per hour, and, as previously 
mentioned, the minimum flow for which leakage 
was visible was 0.00011 gallon per sq. ft. per hour. 





THE PANAMA CANAL.—No. XIII. 

Tue original Act of Congress of 1902, authorising 
the construction of the Panama Canal, provided also 
for the construction of safe and commodious har- 
bours at the termini, but did not allow for the 
provision of general harbour facilities of a type 
which more mature consideration of the probable 
use of the Canal has suggested as desirable. An 
Act was consequently approved in 1912 which 
authorised the establishment, maintenance, and 
operation of dry docks, repair-shops, yards, docks, 
wharves, storehouses, &c., for the purpose of 
supplying coal or other supplies, or effecting 
repairs to United States Government vessels, and 
incidentally supplying or doing work for passing 
vessels. The work thus involved is of considerable 
magnitude. Not only has it been thought neces- 
sary to provide for the adequate handling of mer- 
chandise, but shops capable of executing heavy 
repairs are being very completely equipped. The 
dry-dock accommodation will be adequate for any 
vessels capable of passing through the Canal, 
while the coal storage arranged for will be on a 
very extensive scale. In fact, at the Cristobal, 
or Atlantic, terminal storage is being provided 
for 485,000 (short) tons, and at Balboa for 215,000 
(short) tons, with, of course, adequate handling 
facilities. 1t will be convenient to describe the 
two ports separately, and we will contine our 
present remarks, therefore, to the Balboa, or 
Pacific, terminal. 


Tue Batsoa TERMINAL. 


The Balboa, or Pacific, end of the Canal is pro- 
tected by a long dike or breakwater stretchieg out 
from the shore to Naos Island, 3} miles distant. 
The object of this dike is to protect the channel 
from strong tidal currents, which make themselves 
felt at this point. The group of islands to which 
it extends consists of four—-viz., Naos, Perico, 
Flamenco, and Culebra. The first three are the 
most important. The breakwater runs from the 
shore to Naos Island, and then on to Perico and 
Flamenco. Great trouble was experienced in the 
construction of this breakwater. The last annual 
report states that settlement occurred at the rate 
of 2ft. a day in places, while an account of pre- 
vious troubles was given in Article IX. of this 
series.* The sea-bottom at this point is soft mud, 
and the dumping trestles have been displaced at 
some points no less than 300 ft. laterally, while 
settlement aggregating 125 ft. has occurred at 
different points ina year. Fig. 209, on page 602, 
gives a good idea of this breakwater or dike. It 
stretches out from large dumps, where the spoil 
from the Culebra Cut was deposited. The dike 
will provide a means of communication with the 
fortifications on the islands. 

The work involved by the terminal facilities at 
the Pacific end of the Canal, at Balboa, embraces 
the provision of two dry docks, a coaling and oil- 
fuel plant for supplying ships, wharves and piers 
for repair and commercial use, and other work, 
such as the construction of new freight-yards for 
the Panama Railroad, &c. A general plan of the 
port, to the limits to which the work is being 
carried at present, is given in Fig. 211, Plate XL. 
The ultimate limit of the harbour will permit of 
the construction.of five piers, each 1000 ft. long, 


* ENGINEERING, vel. zevil., page 107. 


at right angles to, and with the deep-water ends 
2650 ft. from, the axis of the Canal. There will 
thus be ten 1000-ft. berths alongside piers, and, 
in addition, over 3000 ft. of wharf accommodation 
alongside the repair-shops, and the space at the end 
of the piers, which are 201 ft. in width, a French 
wharf 1000 ft. long, and the coaling-plant wharfage, 
which is over 1600 ft. in length, &c., while oil-fuel 
berths will ultimately extend to 2000 ft. in length. 
At present, of the five piers only No. 1 and the 
two head walls on either side of it are being under- 
taken. 

The Canal channel at this point runs about north- 
west and south-east. A large basin has been 


poses | dredged on the north-east side of the channel and 


the piers jut out into this. The repair-shops and 
wharves lie in a direction more nearly approaching 
north and south, and form the boundary of the 
dredged basin on one side, This area is largely 
made ground, consisting of swamp filled in, situated 
below the Sosa Hills, which stand immediately at 
the back. In fact, part of the high ground at the 
back has had to be excavated in the construction of 
the dry dock, railway lines, &c, The cogling plant 
is placed near the Canal channel, while the oil-fuel 
jetties are further east alongside the channel of the 
Canal. 

Fuel-Oil Plant.—The situation of the oil-fuel 
berth at which vessels will be supplied with oil for 
fuel will be seen in Fig. 211. This berth is to be 
at first 1400 ft. long, with a future extension to 
2000 ft. The berth is dredged to —46 ft. Its front 
is 325 ft. from the axis of the Canal and parallel 
to it. There will at first be two cribs, to which 
oil-pipe connections will be brought. These cribs 
are to consist of steel and concrete decks supported 
on 6-ft. concrete cylinders. Pile clusters will be 
placed at intervals of 134 ft. along the berthing 
area. The crib connections will be supplied by 
10-in. oil-pipes from an oil-handling plant and 
pumping station on shore. At present the 
storage accommodation at Balboa amounts to 
220,000 barrels. There are two 42,000 - barrel 
tanks belonging to the Canal, and four tanks 
belonging to companies. Two others are expected 
to be ready very shortly. The Canal hen a4 are 
93 ft. in diameter and 35 ft. in height. A number 
of tank locations have been leased, and the area 
allotted to oil storage will permit of the ultimate 
installatlon of over forty tanks. The pumping- 
station, containing three pumps, will be able to 
supply oil to, or discharge from, each vessel berth d 
at the rate of 1200 barrels per hour. Oil can also 
be pumped from Balboa to Miraflores at the rate 
of 400 barrels per hour. 

Dry Dock No. 1.—Leaving for the moment the 
description of the coaling plant, we may proceed 
to the large dry dock, of which illustrations are 
given in Figs. 212 to 217, Plate XL. This dock 
will have a length over all of 1110 ft., taking 
ships of a maximum length of 1000 ft. The clear 
width between fenders at the entrance is 110 ft.,thus 
agreeing with the lock-chambers of the Canal. The 
width of the body of the dock is 117 ft. at the floor 
and 140 ft. at the coping. The depth from coping to 
floor is 56 ft., giving a depth over Feel-blocke (which 
are 4 ft. 6 in. high) of 35 ft. at mean sea level, or 
41 ft. 5in. at mean high water. The site gives 
rock foundation for the entire dock, which will be 
of mass concrete, dressed stone being used only 
at the caisson seat, the mitre sill, and the quoins. 
Foundations will in places be carried to - 56 El. 
Of Figs. 212 to 217, the longitudinal section and 
plan are shown in Figs. 212 and 213. A cross- 
section at the pumping plant is shown in Fig. 214. 
An end elevation of the entrance and section of 
the entrance-pier are shown in Fig. 215. Fig. 217 
shows a half section at one of the stairways ; 
Fig. 216 gives a typical half section through the 
body, and shows the flooding and discharge- 
culverts. The dock will be flooded by a longi- 
tudinal culvert on either side formed in the 
concrete side walls. From each of these seventeen 
branch culverts lead to rectangular openings in the 
dock-floor near the side walls. The intakes will be 
protected by screens. Flooding at high water will 
occupy 25 minutes. In discharging, the water 1s 
drawn from the longitudinal culvert on one side of 
the dock by a cross-culvert, and through three 
large rectangular openings in the floor near the 
pumping-station. The water drawn off is dis- 
charged through a special culvert. The pumping 
plant consists of four centrifugals driven by 
vertical-shaft electric motors. The diameter of the 





discharge of these pumps is 54 in. There will also 
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be two drainage-pumps and a 4 The 

umps are located in a well shown in Figs. 213 and 
214. The dock will take 2 hours 10 minutes to 
empty at high water. Metal stairways lead from 
the coping level to the floor at either side at the 
ends and at two points in the length of the dock 
on each side. A pipe tunnel will be carried round 
the structure. 

The dock will be closed with gates and by 
machines similar to those in use at the locks of the 
Canal. The style of gate may therefore be readily 
realised from the drawings published in an earlier 
article of this series,* while a description of the 
operating gear was given in another article.t The 
only change in the design of the gates is the sub- 
stitution of greenheart for the white metal bearing 
strips at the mitres and quoins, as used at the 
locks. The reason for this change was a desire to 
avoid the exposure of too much metal to the action 
of sea-water, and the belief that greenheart would 
prove more water-tight, as the dock will stand dry 
most of the time. The gates have a height of 56 ft., 
and together the leaves weigh 1,900,000 lb., there 
being about 115,000 Ib. of metal-work in the 
anchorages. No mitre forcing-machine will be 
provided. Tracks of 22-ft. gauge for a 50-ton loco. 
motive crane, as well as railroad tracks, run all 
round dry dock No, 1. 

A view of the dock site during excavation is 
given in Fig. 210, on e 602, the canal channel 
being on the far side of the stretch of water seen in 
that picture. The excavation was performed be- 
hind a large cofferdam which enclosed the area of 
the docks, coaling plant, &. This was com 
of rock and clay, dumped from a trestle. It gave 
some trouble from settlement until rock was 
dumped on the outer toe from barges. The work 
on the dry dock has now well advanced, and a very 
large quantity of the concrete has been placed. 

Dry Dock No, 2.—Close to dry dock No. 1 there 
will be a small dock, the construction of which is 
for the present ang omy for financial reasons, 
though the site has been excavated. This dock 
will have an over-all length of 376 ft., taking 
vessels of a maximum length of 350 ft. The 
clear width at the entrance will be 71 ft., while 
the width at the coping will be 92 ft. and at 
the floor 80 ft. The depth from coping to floor 
will be 37 ft. 4 in., while the depth of water over 
keel-blocks at mean sea-level will be 16 ft. 10 in., 
and at mean high water 23 ft. 4 in. This lock 
will be on rock. It will be closed by means of 
a caisson bearing on granite sills. The caisson is 
designed to be capable of being placed in position 
at low tides if necessary. It will have a length of 
74 ft. 6in., height 40 ft., and maximum beam of 
25 ft. Including ballast it will weigh about 638 tons. 
It will be furnished with two 15-in. electrically- 
driven centrifugal pumps, and on the deck will be 
a roadway wide enough for vehicular traffic. The 
dock will be flooded by culverts in the side-walls 
and openings in the floor, supplemented by pipes 
and valves in the caisson. It will be emptied by the 
pumping: plant of dock No. 1 by means of a culvert 
passing to the pump-house under the large dock 
and shown in Fig. 213. As this dock immediately 
adjoins the entrance basin of the large dock, one 
of the entrance piers of the latter serves as one of 
the walls of the small dock, and will be completed 
as shown in Fig. 213. The remainder of the small 
dock and the wharf projecting on the north-west 
side of the entrance basin will stand postponed for 
the present. The cofferdam of clay and rock built 
round the entrance-basin site and the site of the 
coal-storage basin, and referred to above, protected 
the excavation of this area also. 
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Structural Design of Warships. By Wiuiam Hov- 
GAARD, Professor of Naval Dalen and Construction, 
Massachusetts Institute of Technology, &c. London : 
E. and F. N. Spon, Limited. [Price tte. net. ] 
To those engaged on the design and construction 
of warships, the present naval operations are of 
Supreme importance and interest, for upon expe- 
rience gained in this, the first great test of the 
modern battle fleets, will be based the alterations 
and modifications of the present theories of 
design and construction. What may be the 
type of fighting unit evolved as a result of 
this experience it is as yet impoesible to say, but 


* See Encingenine, vol. xev., page 761. 
+ See Encrvegaing, vol. xciv., page 774. 














all indications up to the present point to develop- 
ments in the direction of increased s and gun- 
power. These will almost certainly involve an 
increase in dimensions, and the problem before 
the designer—the provision of the necessary 
strength with the minimum of weight— must 
become of increasing importance. Scientific in- 
vestigation of the various and varying stresses, 
both structural and local, to which war vessels 
may be subjected, together with possible improve- 
ments in the quality and disposition of armour, 
must be looked to in order to provide the utmost 
possible reduction in weight, while retaining the 
necessary strength. 

For this reason, the publication at the present 
time of Professor Hovgaard’s ‘‘ Structural Desi 
of Warships” is most appropriate, for, while the 
general design may be altered as a result of experi- 
ence gained, the scientific principles upon which 
good structural design is based are not affected, 
and are indeed likely to come into more general 
use. Although primarily intended as a record of 
lectures for the instruction of officer candidates for 
assistant constructorships in the United States 
Navy, the volume is of great value to all students, 
and to all who are responsible for the design of 
warships, for in no previous text-book have we 
seen such comprehensive and detailed application 
of scientific principles to the design of the com- 
ponent parts of the ship-girder. 

One of the most difficult problems which the ship- 
designer has to face is the determination of the 
scantlings required in girders, frames, &c., to meet 


posed | local and structural requirements—the difficulty 


arising from the fact that each item must be con- 
sidered not only by itself in its purely local func- 
tion, but also as a part of a much more complex 
structure, in which the stress in any one part is 
communicated to all the adjacent parts. The 
correct determination of the allowance to be made 
for this distribution of stress is of the utmost 
importance, and we have not seen this point better 
dealt with than in the volume now under review. 
This is well brought out in the chapters dealing 
with strength of closed frame-rings, strength of 
continuous and intercostal girders, plating under 
tension and compression, and transverse and Jongi- 
tudinal strength. These chapters contain much 
that is novel and interesting, and it seems a pity 
that the author did not complete the chapter on 
longitudinal strength by the inclusion of diagrams 
showing the graphic calculation of the bending 
moment in the hogging and sagging conditions for, 
say, a torpedo-boat destroyer. 

Strength calculations lead naturally to a con- 
sideration of the means employed in joining together 
the various parts of the structure. The efficiency 
of riveted joints and connections is of such funda- 
mental importance that too much stress can hardly 
be laid upon correct design and sound workman- 
ship, and it is therefore appropriate that special 
consideration should be given to rivets and riveted 
work in a volume dealing with structural design. 
Professor Hovgaard examines most thoroughly all 
the considerations which govern the theory and 
practice of riveting and the design of riveted joints, 
and investigates in detail all the possible modes of 
fracture for the joints usually met with in ship-work. 

The design and riveting of compensation liners in 
way of bulkheads is investigated, and some interest- 
ing details of special shell-butt connections used in 
French and other destroyers are given. These chap- 
tere, together with the accompanying sketches, form 
the most complete investigation of the subject we 
have found in any text-book on naval architecture. 

The a dealing with shell-plating is worthy 
the careful attention of designers responsible for 
the arrangement, of shell-landings, as it contains 
several suggestions which could with advantage be 
more extensively given effect to. One such sugges- 
tion refers to the desirability of so arranging the 
landings that the furnacing of shell-plates is 
reduced to a minimum. This point is too often 
lost sight of, with the result that the number of 
furnaced plates is increased, thus adding consider- 
ably to the time and cost of the work. Interesting 
curves showing the thickness of outer bottom 
plating for o:dinary double-bottomed ships and for 
submarines are given. 

The chapter on sheathing and composite ships is 
of interest merely as a record, as with the increased 
radius of action of modern battleships and cruisers, 
and the increase in docking facilities, sheathing is 
no longer necessary, and the composite ship as a 
fighting unit has long since disappeared, 





Professor Hovgaard is a strong advocate of the 
more extended application of the longitudinal 
system of framing in battleships, cruisers, and 
destroyers, and gives sketches and details of 
his proposed constructions on these lines. In the 
case of the first two classes quite a good case is 
made out, and it seems probable that, on the basis 
of — strength of ship girder, a saving in weight 
would be obtained by adopting a system of longi- 
tudinal framing on the lines suggested ; but in the 
case of smaller vessels, such as destroyers, the ad- 
vantages do not appear to hold g The con- 
struction proposed for this latter class, in which a 
series of continuous longitudinal girders are worked 
externally to the transverse frames, is oj to 
objections of a practical nature. The erection and 
fairing of a vessel built on this system would be a 
matter of considerable difficulty and expense, as 
would also the slotting of transverse frames and 
beams of the sections suggested in way of the con- 
tinuous side and deck longitudinals. At least one 
destroyer has already been built on a system of longi- 
tudinal framing, and is now in service, but in that 
case no saving in weight was gained over a trans- 
versely-framed sister-ship, while a serious loss cf 
space occurred in every compartment owing to the 
large number of brackets n to connect each 
longitudinal girder to the bulkheads. It was also 
found necessary to adopt transverse framing at the 
ends of the vessel on account of the congestion 
of girders at these points due to the fineness of the 
vessel. On the whole the present system, in which 
very strong girders are run continuously through 
the boiler-rooms in way of the boiler feet and 
extending into the engine-room in the form of 
deep engine-seating girders (the whole extending 
over fully 50 per cent. of the length amidships) 
and efficiently pillared to the machinery coaming 
on the upper deck, is very satisfactory and lends 
itself in combination with a deep, continuous ver- 
tical keel to easy and rapid and, therefore, cheap 
construction and erection. 

One of the best chapters is that dealing with bulk- 
heads—a subject of extreme importance in all vessels 
and of particular interest and importance to builders 
and owners of merchant vessels at the present time. 

The practical considerations which influence the 
arrangement of plating and stiffeners are stated and 
critically examined in a most able manner. The 
stiffening receives special consideration, and is 
illustrated by several sketches. A series of dia- 
grams showing the relationship existing between 
the observed and calculated deflections of bulkheads 
under a varying head of water are of great interest 
and importance, and illustrate in a very clear manner 
the relative values of the different methods of 
attaching stiffeners at the heads and heels. 

In view of experience gained, it seems not im- 
probable that more attention may be given in the 
near future to the subject of elastic bulkheads, and 
the sketches given of existing types and proposed 
new constructions are therefore of special interest. 

Chapters are devoted to armour and protective 
deck-plating, stems and stern-posts, caulking, &c., 
and these contain much that is interesting in 
contrasting the methods adopted in the different 
navies. The scope of the book is such that it 
embraces the essentials of both practical and theo- 
retical work, and while it presents much that is 
novel and interesting in a general way, ite chief 
value lies in the demonstrations which are given of 
the application of scientific principles to the design 
of those parts of the ship’s structure which are at 
present most frequently fixed up by rule-of-thumb 
methods, without any direct regard to the strength’ 
necessary or the weight involved. Not only to the 
student of the science of ship design, and to the 
naval architect who desires to ensure the most 
economical distribution of material in all parte, but 
also to the designer who has the courage to emulate 
the author in his efforts to break away from con- 
ventional design and evolve new and better systems 
of construction, Professor Hovgaard’s book will be. 
found of the utmost value. 





The Hydrogenation of Oils. Catalysers and Catalysis, and 
the Generation of Hydrogen. By Carieton E Lis. 
London: Constable and Co., Limited. [Price 16s. 
net, cloth. ]} 

Mr. Carteton Exuis, who dates his preface from 

Montclair, New Jersey, pam into the first of 

his subjectse—Methods of Hydrogenation—almost 

without any introduction. He states in a few 
words that the dream of the oil chemist—the con- 
version of oleic acid into stearic acid simply by the 
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addition of hydrogen—has finall 
and that enormous quantities of dened oil are 
daily prepared by the treatment of oils of vegetable 
and other origin with hydrogen. But he does not 
outline the chemical nature of the problem, nor does 
he explain what the terms ‘‘oils” and ‘* fats” 
mean. He does not indicate the vast industrial 
importance of processes which turn cheap vegetable 
oils, and the still cheaper fish and whale oils, use- 
less almost, owing to their offensive taste and 
smell, into valuable edible hard fate and into 
raw materials for the soap-maker, tanner, and 
others. Wedo not advocate long-winded intro- 
ductions, and we notice that the preface contains 
some of the general considerations which one 
would look for in the introduction. But this 
absence of a broad statement of the problems is 
not the only sign of a want of generalisation in the 
book. We find much detail, little systematic 
order, and hardly — conclusions and 
summary. It is true t the art is new, that the 
use of nickel as a catalyser in the hydrogenation of 
oils was only su a dozen years ago, and that 
the idiosyncrasies of catalytic nickel have only 
become understood in she last few years. It is 
not less true that industrial chemistry keeps its 
secrets; the author had probably to beware of 
committing a breach of trust, and the time may 
not have come yet for critical comments. The 
result is, however, that we are offered a very pains- 
taking compilation, a string of abstracts of the 
whole patent and scientific literature on the subject, 
rather than a general exposition of problems eluci- 
dated by copious literature references ; references, 
however, certainly abound up to the year 1914. The 
author hopes that his book will be of assistance to 
the practical worker as well as to the student of oils 
and fats. It will be; he ought, however, to have 
mentioned the patent expert in the first instance 
This criticism applies at any rate to the first three 
main divisions—Hydrogenation, Catalysers, and 
Catalysis ; the fourth division, on the Generation 
of Hydrogen, discusses well-established processes 
in a broader manner. 

We dealt with the general features of the harden- 
ing of oile—one of the triumphs of systematic, 
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AN interesting boring and facing-machine with auto- 
matic variable speed to give constant cutting speed as 
the diameter of the work diminishes or increases, is 
illustrated in Figs. 1 to 4, on this and the opposite 
pages. This machine is constructed by Messrs. cs and 
A. Harvey, Limited, Govan, Glasgow. With it borin 
may be accomplished either by a boring-bar or wit 
an overhung tool. Facing can be performed from the 
centre out to the extreme travel of the tool, at one 
setting, either in or out. All movements are by power, 
except in the case of the revolving table. 

The machine consists of a bed stiffened internally 
by webs, and supporting at one end a stiff vertical 
standard, carrying the saddle. At the other end it 
carries the compound table on flat #lidés. The stan- 
dard, which is of box section, supports the main 
spindle. It is fixed to the bed by large bolts, being 


held by eon after setting. At the back of the| gears 


machine is a speed-gear box. The drive is by 
— off the main shaft or direct by constant-speed 
motor. 

The saddle moves vertically on broad, flat slides, 
and has an adjustable taper wedge bearing on the 
inside edge of the front face. The main spindle runs 
inhard gun-metal bearings. It is fitted with a special 
Scing-onh, on which the tool-holder has an outward 
travel of 22 in., so that work 44 in. in diameter can 
be faced. The spindle is driven from the variable- 
pee gear-box at the back of the machine, which 

lows of a range of speed from 24 to 195 revolutions 
per minute. The s -gear consists of two pairs of 
cone-plates driven the edge of an endless belt. 
The rive is powerful and ble of small or 
variation of a. The variation thus provided is 
4:land can accomplished by means of a hand- 
wheel from the front of the ine, to suit the 
quirement of the work, while the spindle is running. 





The change of speed is also automatically obtained 
from the spindle as the tool-holder travels to or from 
the centre, thus preserving the cutting speed as the 
diameter at which the tool is working alters. 

There are four changes of feed to the tool on the 
facing - slide, and also respectively to the longitu- 
dinal and transverse movements of the table on the 
bed and to the vertical movement of the saddle. 
The two latter feeds make the machine suitable for 
horizontal or vertical milling operations. The feeds 
are the same in either Se oe 8, 16, 
22 and 32 per inch. In addition to self - acting 
feed, hand movement is provided in each case. The 
tool-holder is capable of being adjusted out or in by 
hand, while the spindle is revolving, by means of a 
speci r-box. The power-traverse motions to the 
table and saddle are arranged by means of friction 
and are easily operated. Longitudinal and 
transverse movements of the table and vertical move- 
ments of the saddle can be separately adjusted by 
hand in either direction. The top table cap be re- 
volved by hand and locked in four right-angle-posi- 
tions by lock-pins. The length of the bed is 12 ft. 6 in. 
The width of the top across the slides is 2 ft. 10 in. 
The upper table is 4 ft. — All handles, &c., are 
7 brought to the front of the machine to be 
within reach of the operator. 





CanapDIAN CanaLs.—The movement through Oanadian 
canals last year was 37,000,000 tons in rvund figures. 
The corresponding movement in 1914 was 52.053,000 tons. 
In the aggregate for 1914 the Sault Ste. Marie Canal 

red for 27,549,000 tons, and the Welland Canal for 
3,860,000 The decline of 15,000,000 tons reported 
in last year’s general Canadian canal movement was ex- 





rag? by the falling off of business upon the Sault 
te. Marie Canal. 








INDUSTRIAL NOTES. 
On Friday last, the 21st inst., a meeting of the 


Board of Conciliation for the coal trade of the 
federated districts of England and North Wales 
was held at Manchester, when the recommenda- 
tion of the independent chairman (Lord Coleridge) 
was considered. It was : 

1. That an advance be made on the wages now 
paid of 154 per cent., to meet the circumstances 
arising cut of the war, as and from May 5, 1915, 
the first payment and arrears as from May 5 to be 
made on the pay-day on the week ending May 29. 

2. Until under the tions of the Concilia- 
tion Board it shall be decided by the Board that 
the owners have recouped the 154 per cent. referred 
te in Clause 1, no further application for an 
advance in wages shall be made until the selling 
price and other circumstances which the Concilia- 
tion Board is entitled to consider shall have 
justified an advance above the said 154 per cent. 

3. That the advance of 154 per cent. mentioned 
in Clause 1 may be withdrawn wholly or in part 
when the circumstances which — mpetyense 
are wholly or in part removed, ailing agree- 
ment by the Board, it shall be decided ~ the 
chairman. 

4. That, in accordance with the recommenda- 
tion of Lord Coleridge, the recipients of the 
advance of 154 per cent. on the wages now paid 
shall be those workmen who are employed by the 
owners who are represented on the Beard po are 
represented by the Miners’ Federation of (reat Britain, 
except those (if any) who have since the outbreak of 
the war otherwise agreed with the owners, or any of 
them, for the payment of an advance of wages in 
consequence of the war. 

5. Except as otherwise provided in this agreement, 
the provisions in the agreement for the renewal of the 
Conciliation Board, dated April 28, 1915, shall remain 
unaltered. 

.The following resolution was unanimously passed 
by the Board :— 

4* That this Board strongly urges all miners’ associa- 
tioris to take such steps as in their judgment are 
needful to ensure the fullest attendance at their work 
of all workmen in the federated area. 


The London tramway strike shows signs of break- 
ing, and the numbers o: conan too anette u- 
ally increased during the last few days. On Saturday 
last the London unty Council issued a notice 

uesting all the men on strike who were eligible for 
military or naval service to return their uniforms 
badges to their respective tramway dépéits. At the 
same time they mm a invitation to men aoe the 
mili age to apply for posts as motormen con- 
peo These measures on the part of the Council 
have met with the approval of nk yes public. They 
should also meet with the of the tramwaymen 





eligible for military service, since, as d on 
page 581 ante, one of their grievances was ‘‘ that 
requests to enlist in the Forces been refused, and 


that the Council had declined to promise that the men 
should be reinstated after the war.” At the time of 
writing we understand that many more outside men 
above military age have applied for service on the 
tramway systems than tramway men of military age 
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have applied for service in the Forces. The Board of 
Trade Red intervened in the matter, but the Council 
insisted that the men should return to work before their 
grievances could be discussed at all. The men on strike 
had advertised a mass meeting to be held at Trafalgar 
Squsre last Monday. The strikers who attended the 
meeting were very few in number, and received no 
ousiie from the crowd present. 

Mr. Smith, President of the Workers’ Union, stated 
that the men would go back immediately if the Council 
would give guarantees. The points in dispute could 
be settled in three minutes, but the Council refused to 
discuss them. 

A notice stating the following was posted on 
Wednesday last at the Central Recruiting Dépdt, 
Whitehall :— 

‘* From to-day the recruiting officers in London will 
cmsider for enlistment men in the uniform of the 
London County Council Tramways.” 

On the other hand, a notice has been issued to the 
London tramway dépéts which says that ‘‘ No man 
who is eligible for His Majesty’s Forces will be allowed 
to resume work on the tramways.” 





The Manchester Guardian refers as follows to the 
above agreement :— 


The agreement in the federated mining districts of 
England and North Wales at Manchester on Friday 
completed the district settlements which have been 
made under the terms of the Prime Minister’s award. 
It is the case of the last faring the best. In the 
inglish federated districts the percentage of advance 
has been given upon the actual wage earned by the 
men, and not upon the standard wage, as in the other 
distriote. If we caloulate the 154 per cent. advance 
on the same basis as in all the other districts, it really 
means an addition of 25 per cent. on the 1888 rates, or 
about 174 per cent. on the new standard. 

The war bonus results obtained in the various 
mining districts of Great Britain are :— 

Standard 
Advance. 


Per cent. 
Eaglish federated area was ea sis 25 
Scottish mining districts... an a 18? 
Souch Wales ... jel ia wi te 174 
Northumberland _... ai =” aa 15 
Durham <a i a oe win 15 
Cleveland “ ne ais aA me 15 


The money value of the advance may be calculated 
as from Is, to ls. 3d. per day in the English districts, 
9d. per day in Scotland, Darham, and Northumber- 
land, and from 101. to ls. per day in South Wales. 
Of course, the amount of the advance will be much less 
than this to many of the lower-paid workmen, the 
boys, and the surface-workers, but it will be very 
much higher for coal-hewers who are working on con- 
tract, and whose earnings are oftea more than double 
the amount of the fixed minimum wage. A mine- 
owner stated after the meeting on Friday that many 
of the coal-hewers in his emplvy were earning l/. a day 
and more, This wou'd represent the position at many 
collieries, including those at Cannock Chase, where 
the men have been on strike because of the delay in 
fixing the amount of the war bonus. 

It is estimated that the addition to the annval wage 
bill in consequence of the bonus awards will be 
11,812,5000. The only possible way the owners will 
have of recouping themselves for the increased labour 
cost will be by a considerable itcrease in the contract 
prices of coal. 





We take the following remarks from a letter recently 
written to the Lord Provost of Glasgow, President 
of the Glasgow and West of Scotland Armaments 
Committee, by Mr. W, Weir, of the firm of Messrs. 
G. and J. Weir, Limited, Holm Foundry, Cathcart, 
Glasgow :— 

** The skilled workmen have clearly demonstrated 
their inability to resist the temptations offered to them 
in every direction by the conditions created by the 
shortage of men. The proof of this is shown by ex- 
cessive wage claims, by the enforcement of restriction 
on production and on conditions of working, by bad 
time-kee ing, acd by drink . . . Can any stranger 
anomaly be imagined thana war bonus? Two million 
of our men enlist to serve their King and country, and 
the balance agitate, strike, and threaten strikes for 
a bonus . . . The situation is lisquieting . . . There 
are shell lathes lying idle in Glasgow with operators 
ready to work them, awaiting the interpretation of 
clauses in an agreement between the Amalgamated 
Society of Engineers and the Engineering Employers’ 
Federation. It is almost incredible that four weeks 
ago the Glasgow District Committee of the Amalga- 
‘mated Society of Engineers sent a letter, signed by 
their secretary, to a laige engineering firm informing 
them that, unless a certain man (a loyal volunteer 
worker of more than average ability) was taken off a 
certain machine, all the Amalgamated Society of 
Engineers’ members in that shop, numbering over 





1500, and every one of whom were on urgent 
Government work, would be withdrawn. It is diffi- 
cult to understand the spirit of a people which would 
— any man associated with that letter to be at 
during war time. A new Order in Council, 
under the Defence of the Realm Act, was published 
last week. Before time had elapsed to allow of its 
clause being interpreted, the organising delegate of 
the ees Society of Eagineers circularised 
every Clyde engineering firm that, if they interpreted 
the clause in a certain ways and acted on such inter- 
pretation, their men would be supported in refusing 
to work overtime. A request on the part of an 
engineering employer to the Amalgamated Society of 
Engineers that he be permitted to utilise the help 
of loyal and willing citizens to work at night on 
munitions has been refused. During the last four 
months it is no exaggeration to sxy that 50 per cent. 
of the time of the managing directors and managers 
of engineering shops has been devoted entirely to 
attending conferences, compromising labour disputes, 
and dealing with labour difficulties, such lost time 
representing a very serious restriction on the produc- 
tion of munitions. . . . It is no exaggeration to state 
that 95 per cent. of the skilled tradesmen of this 
country would be happier and more contented men 
if the conditions under which they work were 
arbitrarily stabilised on a war basis, thus enabling 
their efforts to be concentrated on their actual work, 
and on their share of the great Empire’s work, ua- 
disturbed by thoughts and considerations of the ‘ Pro- 
tection of trade rights,” ‘ Improving their positions,” 
‘* Safeguarding their interests,” while, as regards the 
balance of 5 per cent. or perhaps 1 per cent., their 
opinions can best be neglec‘ed, or voiced in some 
ful seclusion. The employers’ share of the blame 
is fairly clear. They have attempted to apply the old 
machinery for settling disputes to new conditions— 
war conditions, implying a shortage of men. To the 
Government attaches the same kind of blame. ... . 
When Mr. Lloyd George suggested the total prohibi- 
tion of spirit selling, he outlined an astion eminently 
proper in a real war _ for our country. The 
mistake made was to discuss it. No body of public 
feeling will ever readily to anything they have 
an opportunity of discussing, but they will readily 
enough accept arbitrary measures during war-time. 
To make sacrifices and endure hardships becomes 
the duty of those at home if, by their action, the 
toll on the valuable young lives in France can be 
reduced. If more guns and shell will shorten the 
war by a single day, then nothing must stand in 
the way of the supply of these guns and shell... . 
The time is ripe for the Government, through the 
local commi'tees, to use their legitimate powers 
to bring about an industrial position free, at least, 
from the worst present evils. When labour is regu- 
lated, the industrial brains of the country can 
cope with the non-human difficulties. At a single 
conference of the employers’ federation, held this 
week in York, there were present twenty-five direc- 
tors or —- of large concerns doing Government 
work, each of whom lost two days in the week dis- 
cussing six wage applications, both sides being aware 
that another appeal court, the arbitration court, was 
available to still further waste time. . . .” 





The Steam-Eagine Makers’ Society have now issued 
their ninetieth annual report of income and expendi- 
ture for the year 1914. The fiaancial position of the 
society and its growth in numbers are shown by the 
following figures :— 


Value per 
Year. Capital. Member. Membership. 
£ £ s. d. 
1910... 88,997 6 12 10 13,401 
1911 _ —=—«...,—«:102, 383 emi 14,359 
1912... 115,877 796 15,504 
1913S... «(130,772 717 2 16,660 
1914 .. 143,466 8 1 5 17,775 


The income for the year was 58,145/., which includes 





95441. received from the Insurance Commissioners and 
the Board of Trade. 





Fifty expert iron and steel-workers recently arrived | 
in Sydney from America. They have been engaged 
te take up pcsitions in the recently-erected iron and 
steel works at Newcastle, and will undertake the in- | 
struction of a number of Australians in the industry. | 
A further party of steel-workers has been engaged | 
from the United Stater. 





That wages have been affected in the Common- 
wealth since the war began is shown in 4 return issued 
by the Commonwealth Statistician. The return gives 
particulars of changes in the rates of wages for the 
year 1914. Duriug that period the number of changes 
recorded was 368. Altogether 118,140 persons were 
affected, and the total increase a week was 29,117/., 
which represented a weekly addition for each person 





of 4s. lld. Five decreases were recorded, and all 
occurred in the last quarter of the year. The amount of 


the decrease in weekly wages was only 59/. Three 
of the decreases occurred in New South Wales, and 
one each in Victoria and Tasmania. During the year 
29,816 persons in Victoria were affected by changes 
in the rates of wages. The increase in the weekly 
bill was 6679/., and in the wage of each person 
affected 43. 6d. - 








MANCHESTER STEAM-USERS’ 
ASSOCIATION. 

THs annual meeting of the members of this Association 
was held on Tuesday, May 18, at the offices, 9, Mount- 
street, Manchester, the President, Mr. Adam Dugdale, 
in the chair. 

The report of the Committee of Management was read 
by the Secretary. It stated that the results of the past 
year were extremely gratifying, inasmuch as the number 
of boilers under inspection exceeded that of the previous 
year by 313, and there was also a satisfactory increase in 
the revenue. The total number of boilers enrolled, as 
well as the revenue, were the highest on record. The 
number of members was 2120, the number of works 4562, the 
number of boilers enrolled 10,392, and the subscriptions, 
special service fees, &c., received amounted to 21,259/. 

he surplus of income over expenditure was 1,688/., and 
—_— funds of the Association now stood at 

The report went on to say that, as usual, the main 
object which the founders of the Association had in view 
—viz., the thorough inspection of boilers in order to 
—— explosions and save life and property—had been 

ept steadily in the forefront, as many as 10,176 ‘‘in- 
ternal,” “‘flue,” and ‘‘entire” examinations having been 
made, the highest number hitherto reached in one year. 
The importance of these careful examinations had been 
again shown, since, in some cases, boilers newly enrolled 
were found to be in such a condition that it is more than 
likely that the timely discovery of the defects prevented 
the occurrence of what might have been a serious ex- 
plosion. 

No boiler under the Association’s care burst during the 
year, and the Committee with pleasure recorded the fact 
that at the end of sixty years no life had ever been lost 
by the explosion of any boiler which the Association had 
inspected and guaranteed as safe. 

utside its ranks the Association had noted through- 
out the United Kingdom during the year the occurrence 
of 58 explosions, killing 24 persons and injuring 62 others. 
Of these, 15, killing 12 persons and injuring 29 others, 
might be termed ‘*boiler explosions proper,” while the 
remaining 43, killing 12 — and injuring 33 others, 
might be termed ‘‘ miscellaneous” explosions—i.e., those 
arising from steam-pipes, stop-valves, kiers, drying- 
cylinders, bakers’ ovens, economisers, &c. 

Under the Boiler Explosions Acts, 1882 and 1890, 
reports had been received up to the time of going to press, 
since the publication of the last report, of 74 preliminary 
inquiries by the Board of Trade. Of these, nine had 
been followed by formal investigations, and costs vary- 
ing from 12/. to 600/., and amounting in the aggregate to 
892/., were ordered to be paid by parties found to be in 
default. In four cases no order was made as to costs. 

The new fatigue-testing machine has now been com- 
pleted and erected on the Association’s premises. It was 
being subjected to preliminary tests, and it was hoped 
shortly to make an exhaustive inquiry into the fatigue 
——— of metals. The previous results had been 

ublished in the Proceedings of the Royal Society, and 

ad also been made the foundation for two papers read 
by the Chief ineer before the Institution of Naval 
Architects, one dealing with the endurance of steam- 
pipes, and the other with the life of crank-shafts. 

As the last edition of the Association’s ‘* Advice to 
Boiler Attendants” had become exhausted, two new forms 
had been prepared, one for use in the case of Lancashire 
and other internally-fired boilers, and a second for water- 
tube boilers. It was intended shortly to issue these 
to the members. 

The Chairman, in moving the adoption of the report, 
said the Committee had endeavoured in the past to carry 
out the object those who founded the Association had in 
view—viz., the prevention of steam-boiler explosions and 
the preservation of life. He thought the members would 
find it useful to seek the Association’s advice in regard 
to the laying down of new builers, the re-arrangement of 
engine plant, gearing, &c. He himself had recently 
experienced the value of this advice, and the results were 
very satisfactory. ; 

Mr. Charles Heaton, Vice-President, in seconding the 
resolution, said the Association was making steady pro- 
gress, and, what was most important, no explosion of any 
boiler under its care had occurred, and no life had been 
lost. The Association was, he thought, meeting a great 
and a much-felt want, and the experiments on which the 
Chief Engineer was now e ed, in ee to the qualities 
of steel, would be, it was hoped, usefal in their results. 
The Association, in his opinion, was adding to education 
and the advance of science in the matter of the safety of 
steam-boilers, and the Committee intended faithfully to 
pursue that course. 5 : 

The resolution was then put to the meeting and carried 
unanimously. : : 

The Committee were thanked for their services for the 
past year, and were re-elected for the ensuing year. 

Mr. H. H. Smith-Carington moved, and the Hon. E. 
Cozens-Hardy seconded, a vote of thanks to the Chair- 
man, and this was heartily carried. : 

Some interesting experiments were then conducted in 
the museum, and with the new fatigue-testing machine. 
These were witnessed by many of the members present 


‘at the meeting. 
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DEVELOPMENT OF MOTOR DESIGN. 
By FREDERICK STRICKLAND. 
(Concluded from page 556.) 

Some time about 1908 a rough sketch was made of an 
engine intended to see what could be done in the way 
of producing the cheapest possible engine and gear-box | 
to make a really satisfactory two-seated car of the type 
now called a ‘‘ cycle-car,” and this is shown in Design 
No. 7, Figs. 51 to 57. It is, of course, only a rough 
sketch, and not complete in its details. 

The basis of this was to make the crank-shaft with 





only two bearings, and to join the crank-case, as in a 
single-cylinder cycle engine, with a spigoted joint. | 
When the ve ier ee | engine is adopted, the diameter | 
of the cylinder should be kept small and the stroke 
made long. This reduces the pressure on the crank- 
pin due to explosion, and also reduces the length 
between the bearings, and therefore greatly reduces 
the bending moments. Aocordinely, the engine is | 
made with a stroke-bore ratio of 2. The crank-case 
and gear-box are all cast in one, the crank-case being 
dank hs one door in front. The lay-shaft in the 
gear-box is on the same centre as the cam-shaft, as in | 
the previous designs, and this is the reason the gear- 
box is so deep. Run-through gear is used for cheap- | 
ness, and as the gear-box wheels are necessarily of 


Fig. 55 





large diameter, owing to the position of the cam-shaft, 
very narrow gears can be used. A very simple cone- 
clutch is used, sliding on the outside of the extension of 
the main pinion. ' 

In a two-bearing engine it is difficult to make a 
really good design with all the valves in a row on one 
side, so the inlets were placed over the exhausts, and 
made automatic for simplicity. Although this design 
is hardly quite satisfactory as it stands, a very good 
engine could probably be made on its lines and pro- 
duced at a very low price. The proportion of stroke 
to diameter should be less ex rated, and the valves 
mechanically driven. This would reduce the diameter 
of the timing and change-speed gears. In an engine 
of cycle-car size there is no reason why the magneto 
should not be placed on the crank-shaft, the 
starting-handle on the cam-shaft. In this case the 

ear-wheel and shaft driving the magneto would be 
one away with. 

After designing No. 7 it appeared that if the two- 
bearing engine were right for a small engine, there was 
no reason why it should not be right for a larger one, 
provided, of course, that the crank-shaft did not get 
so large that it could not be handled, a thing there is 
no danger of in 8 motor-car engine. 

Design No. 8, Figs. 58 to 63, page 598, was therefore 
got out as being a suitable-sized engine for a four-seated 
car. In order to keep down the bending movements on 
the shaft, the engine is made with a fairly long stroke, 
but not so exaggerated as in No. 7, the cylinders bei 
4in. by 6 in. _ or 100 mm. by 150 mm.), an 
the ratio 1.5. ith cylinders of this stroke-bore ratio 
placed close together, it is impracticable to place all the 
valves in one row on one side, and therefore they were 
put on opposite sides and two cam-shafts used. The 


ordinary three or five-bearing engines. In this case the 
greater part of the crank-case is cast in one with the 
gear-box, a door being provided at the front, ee 
—" the caus t and Sa are i . 
e main i are unsplit bushes, as these are 
cheaper and wear better than split i and are 
as cheap to renew as the latter are to adjust. The 
cam-shafts, like the crank-shaft, are made of e 
diameter, and are carried on end bearings only. 
front bearings are carried in the same cover-plate as 
the front main bearing. This engine was designed to 
be used in a bonnet of the Renault » with the 
radiator at the after end. Hence, to avoid unnecessary 
-wheels, the magneto is placed above the starting- 
dle and driven by @ pinion gearing into the two 
cam-shafts. The fan is at the after end, and driven by 
a belt from the cam-shaft. At the front end one cam- 
shaft carries the oil-pump, and the other the dis- 
tributor for accumulator ignition. 

Lubrication is forced. The filter arrangement is, how- 
ever, peculiar, and will be seen in the cross-section, 
Fig. 60. At the top of the crank-case is a hole large 
enough to admit the whole filter, which has a spigot 
on it fitting into a hole at the bottom of the crank- 
case. A tube with a funnel at the top communicates 
with the filter, and has fixed to it the lid closing the 
opening to the crank-case. Thus, every time the | 








crank-shaft and driven by spiral at engine s . 
and the cam-shaft is driven trom ‘this by 45-deg. — 
This keeps all the wheels on the cam-shaft small, and 
makes the magneto very accessible. It also allows of 
the forward main bearing being brought close up to 
the crank-web, as the first spiral wheel is made of 
large diameter. In order to gt a large a 
a the main bearings the starting-handle is 
carried on a separate bracket. 

The fact of the fly-wheel being in the crank-case 
involves the latter projecting a considerable distance 
below the crank-shaft. As it was desired to have as 
much und clearance as ible, it was not con- 
sidered a good plan to have a large oil-sump below the 
crank-case, a system of lubrication avoiding this 
was designed. An outlet to the crank-case is placed 
tangentially to the fiy-wheel, the intention being that 
the oil should be thrown out of the crank-case by the 
centrifugal force of the fly-wheel, and received in a 
tank from which it would be sucked by a pump placed 
on the opposite end of the cross-shaft to the magneto. 
This ome forces the oil into the front end of the 
crank-shait, which is drilled with paseages to take 
the oil to the crank-pins and after main ing. 
This plan was not found to work ratisfactorily, as the 
fily-wheel would not throw the oil out of the crank- 
ease. Accordingly, two pumps are actually used, one 

sucking from the bottom of the 


. crank-case and delivering into 
fig t= 


a tank, the other sucking from 











crank-shaft is 2} in. in diameter at the crank-pin, and 
this gives a Seallieg stress quite as low as is usual in 





the tank and delivering to the 
bearings. The original plan 
could, however, be made to 
work if the casing of the fly- 
wheel and outlet were pro- 








—_—— 


spection-door is placed on the 


perly designed. A large in- 
| left-hand side of the engine. 





In the design of this engine, 











ta standard Thornycroft pistons 


and connecting-rod stampings 
\) were used, as they included « 
connecting-rod pattern with a 
large enough big end, and at 











the same time a small enough 
little end. This connecting- 
rod is rather short, 13-in. or 
2.16 strokes ; but by placing 
the pin higher in the piston a 
longer connecting-rod could be 
got in without increasing the 
e 
to 





ight of the engine. In order 
acilitate the removal of the 





water-jacket core, the greater 
| = part of the water- jacket is 
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crank-case is filled with oil, it will flow through the 
filter-gauze the reverse way and tend to clean it. An 
oil-level float slides on the tube, with a rod coming 
through the cover, and shows the level of oil. In this 
design the number of different sized gear-wheels is 
only three for the whole engine and gear-box. i 
reduces the number of cutters required and settings of 
the gear-cutter to a minimum. 

Design 8 had several points which appeared capable 
of improvement, one of which was the fact that the 
fly-wheel is fastened on by a cone and nut in place of 
the usual flange, this being necessary to get the shaft 
through the unsplit bearing. It appeared that this 
objection could be removed and a very much simpler 
arrangement of clutch made if the fly-wheel were 
slesed ie the crank-case and the clutch in the gear-box. 
Accordingly, Design No. 9, Figs. 64 to 67, page 599, 
was prepared on these lines, and from this an engine 
has been actually built. At first sight it would ap 
that putting the fly-wheel in the crank-case would in- 
volve extra weight ; but this is not so, for a casing has 
to be taken under the fly-wheel in any case, and this 
casing will be just as light if it is of the crank-case. 
On the other hand, by placing the clutch in oa 
box a omg deal of length is saved, and weight fe 

In this design the fiy-wheel is placed at the after 
end of the crank-case and bolted on to the after web 
of the crank. This necessitates a joint at the largest 
part of the crank-case, and accordingly the after part 
is cast in one with the gear-box, while the forward 
front forms a separate casting. In order to avoid two 
cam-shafts the overhead inlet valve is reverted to. 
Having the fiy-wheel inside the crank-case involves 
the cam-shaft being a long way from the crank-shaft, 
if both ends are to project. 

In order to drive the cam-shaft, and at the same 
time make a convenient arrangement for the magneto 





and oil-pump, 4 oross-shaft is placed above the 





made of aluminium, and the 
doors bolted on. It was thought 
‘wa “a that this would also save 4 


little weight, but it is doubtful 
whether it actually does so, 
owing to the flanges and bolts. 
As mentioned, the clutch is 
placed in the gear-box, and 
this very much simplifies the 
construction, as it me oe - 

to case it in an oil-tight casing, the plates being 
onaiy lubricated by the oil in the gear-box. As 
compared with the majority of plate-clutches, the 
construction is also very much simplified by the fact 
that in place of having both the driving and 





This | driven members fixed longitudinally, and having o 


separate member to give the pressure, the driven 
member is made to slide on the main pinion-shaft. 
This plan is not always satisfactory when the clutch 
is exposed, as, if the — part gets at all dry, it 
sticks on the shaft when the torque comes on it, and 
the clutch does not take up sweetly. Where it is all 
encased in the gear-box, however, there is no objec- 
tion. This reduces the clutch to one fixed and one 
sliding member, in addition to the plates, and there- 
fore the cost is little in excess of that of a cone- 
clutch, while the action is far sweeter. A ball-thrust 
is provided in the crank-shaft to take the thrust 
oak one on the thrust-collar. The collar which 
pulls the clutch out is, however, a plain bearing and 
conical, so that it will act, to a certain extent, as 
aclutch-stop. No pressure comes on this, of course, 
till the clutch has reached the end of its travel. 
An outside vertical spring is used for the clutch 
with the adjusting-nut at the top accessible through 
the floor-boards. e pedal-shaft is prolonged into 
the gear-box and jointed to a short shaft running 
across the latter, which has forged on it two arms to 
force up the thrust-collar. This latter shaft is held in 
its place by a bearing at the left-hand side of the gear- 
box fixed by two studs. The outside end of the clutch- 
pedal and shaft is carried in « bearing fixed to the 
inside frame of the car, and has loose on it 
the brake-pedal. The latter is connected direct to 
the lever of the expanding brake by # link with an 
adjusting-nut at the top. The lay-shaft is hollow 
and runs ona pin. The -wheels have round holes 
and keyways, and the distance-pieces have slotted 
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ends to these. The pin in which the 
lay-shaft slides forms the anchorage for the brake, 
while the anchorage for the brake lever is formed by 
the rod on which the forks of the chain-speed gear 
slide. The forks are free to rotate round this rod, 
and are held in place by the gear-wheels themselves. 
The “‘ pick-up” is at the gate Fp and the gear 
is arranged to take the old lever, &c., from an 
old car. 

In order to dismantle the gear-box, the universal 
joint is disconnected, and the stud holding in the after 
exe hed of the gear-box removed. The square shaft 
can then be withdrawn, and the sliding-gears simply 
lifted out. The pin carrying the lay-shaft is withdrawn, 
and the lay-shaft and wheels can be lifted out. The 
two nuts holding on the left-hand bearing of the cross- 
shaft are taken off, when the cross- t is slid side- 
ways till it ys with the pedal-shaft and is re- 
moved. The first-drive pinion and the inside part of 
the clutch can then be withdrawn with all the clutch- 
plates. It has been found in practice that the whole 
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of the gears and clutch can be dismantled in under two | 
hours. : 

In comparing the designs described, we see that 
there are three distinct types. First, there is the type 
in which the engine and gear-box are quite separate 
units, and are erected as such on the frame. Second, 
there is the type in which the gear-box is cast in one 
with the crank-case, but the bearings are split 
bearings. Thirdly, there is the two-bearing engine in 
which the main bearings are unsplit bushes. 

Comparing the first two, there appear to be many 
advantages in making the crank-case and gear-box in 
one piéce, and the method pro ap to be an 
improvement on many which have been used. The 
great advantage of the unit construction, from the 
users’ point of view, is that the crank-shaft and gesr- 
box are permanently in line, and that they cannot get 
out of line, owing to the twisting of the frame. Hence 
the running will be sweeter. eight should also be 
saved, as the number of supporting arms and attach- 
ments will be less, while the universally jointed 
shaft, necessary where the geur-box and engine are 
separate, is avoided. By doing away with the bottom 
cover of the crank-case and dropping the shaft in from 
above, as shown, & very strong casting is provided 
without excessive weight. As the casing extends 
right round the bottom of the fly-wheel, no dust-screen 
is required here, and all that is necessary is a screen 
up to the edge of the casting. Everything can there- 
fore be got at without taking down any part of the 
dust-screen, The plan of dropping the crank-shaft 
in from the top should be very convenient in 


to get at all the bearings, &c., through the opening 
left at the top of the crank-case when the cylinders are 
removed. Further, the crank-shaft can be removed 
through this opening even with the engine in the car. 
In cost the unit plan will effect a very considerable 
saving. The main oO is a very simple piece to 
machine ; in fact, it could probably be machined with 
the same number of settings as would be required for 
the top half of the crank-case alone in the ordinary 
design, for the latter has to be faced both at the top 
snd boleem, Three inexpensive covers are all that is 
n to complete both the crank-case and gear- 
box. e universal joints between the ine and 
-box are entirely avoided. In the erection on the 

| there will be a further very considerable 
saving, as where the engine and gear-box are separate 
they have to be carefully lined up to each other, while 
where they are in one unit no very accurate lining up 
is required. The costof the dust-screen under the fly- 
wheel, and its fitting, is also saved. These various sav- 


time very considerably throttled, and as the require- 
ments of the public in the way of hill-climbing on 
the top speed increase every day, the extent of the 
throttling in average running increases. Now the 
inertia forces are constant for a given speed whatever 
the opening of the throttle, while the explosion pres- 
sures ~— greatly decrease. Hence, even at moderate 
speeds, the inertia forces are considerably the greater 
in ordinary running. 

In a three or five-bearing engine the shaft is natu- 
rally 3 made heavy enough to take the bending 
moment between the bearings. Owing to the inertia 
forces, there is at each end of the stroke a strong 
upward pull on the eonnecting-rod at the end of the 
exhaust stroke, and if the inertia of the parts is greater 
than the explosion pressure, as is often the case, there 
is this also at the explosion stroke. The result of this 
is that the Ss on the main bearings do not 
consist simply of the weight of the shaft and the 











practice, With such an arrangement it is possible 


ings will makes difference in cost amounting to a very 


Fig. 60. 


material percentage of the total. This type of design 
could, of course, be made equally well with a three, 
or even a two-bearing crank-shaft, and any desired 
inspection-door could be put in the crank-case. 

urning now to the two-bearing type, there appear 
to be many advantages. It is often thought that 
the two-bearing shaft must necessarily be weak 
without central support. This is obviously not neces- 
sarily the case, as the requisite strength is only a 
question of making it of large enough diameter. ‘The 
question is whether making it of the diameter neces- 
sary for strength will make it impracticably heavy or 
involve other serious disadvantages. The essential 
point is to make the shaft of such a size that both the 
stresses and bearing pressures will be within the same 
limits as are found necessary in three and five-bearing 
shafts. From careful calculation, it would appear 
that the peers in size of shaft rt “4 this 
is not nearly as t as is often thought. In design 
a 27,-in. shaft saad for 4-in. by Gine cylinders, and 
this appears to be ample. The actual weight of the 
shaft is 61 1b., and this is not materially greater ‘than 
that of a three-bearing one, as the extra length of the 
latter largely compensates for the uction in 
diameter. 

A point of great importance in considering the ques- 
tion of the number of bearings is the fact that thegreater 
part of the stresses on a shaft are from the inertia 
of the parts, and not from the explosion pressures, and 
that the size and length of the shaft is Nargely deter- 
mined by the necessity for getting the requisite area 
for ings. It must be remembered that the ordi- 
nary motor-car engine runs the greater part of ite 








explosion pressures, but the bearings are subject to 
alternating pressures often very greatly exceeding 
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Fig 61. 
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these. This shows itself most on the middle bear- 
ing, which is subject to the forces due to the 
inertia of the two middle cranks and the connecting- 
rods, &c. A great part of these are continuous ail 
round the circle, and to take them without ex- 
cessive wear needs a very large bearing. Very 
long ——- of small diameter are not usually found 
very satisfactory; hence the common practice in 
three-bearing engines is to make the shaft of a much 
larger diameter than is necessary to keep the stresses 
down to those in use in ordinary engineering. Hence 
the increase in this diameter necessary to make 3 
successful two-bearing shaft is not very serious. 

On the other hand, the cylinder casting is only 
22 in. long, although the total cylinder capacity is 
302 cub. in. (about 5000 cub. om.), and therefore 
very considerably lighter than it would be if there 
were a middle bearing. In addition to this the crank- 
case is very short, and therefore light. The inter- 
mediate bearings are entirely done away with as well 
as the webs carrying them, and their weight is there- 
fore saved. In addition to this the compactness 
of the engine allows of the bonnet being shortened as 
well as the frame. The bending stress on the latter 
is therefore less, and it can be made lighter, while the 
car is handier. A very sag, woe amount of weight 
can be saved in the frame, bonnet, dust-screen, Xc. 


The fact that the various inertia stresses are taken by 
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the stiffaess of the crank-shaft, and not through the 
main bearings, should conduce to small friction and 
sweet running as well as absence of wear. 

In the two-bearing shaft all the various inertia 
forces are not taken by the bearings, but by the stiff- 
ness of the shaft. Hence the main bearings only take 
the weight of the shaft and the resultant of the various 
explosion pressures. The mean pressures on them are 
often, thereforé, much less than those on any of the 
bearings when the shaft is of the three-bearing type. 
The higher the speed the engine is run at the greater 
the advantage of the two-bearing shaft. 

Owing to this peculiarity it would seem likely 
that the ball-bearing would be far more successful 
on the two-bearing shaft than on the three. In 
the two-bearing shaft the pressure varies in amount, 
but is always in one direction, while in the three 





remained in use for single and twin-cylinder engines, 
such as cycle engines, ever since, owing to its merits. 

lacing the fly-wheel inside the crank-case again 
foilows the same lines. The advantages of this are :— 

Firstly, it allows of the fly-wheel being bolted on to 
the after-web of the crank-shaft. This appears to be 
a better fastening than a cone and nut, and the 
arrangement still allows of the use of unsplit bushes 
for the bearings. 

Secondly, it is better to have the weight between 
the bearings than overhanging one of them. 

Thirdly, a very neat and compact arrangement can 
be made of the combined engine and gear-box. 

An alternative plan would be to put the fly-wheel 
at the front of theengine. This has some advan 
but has the following objections :—The weight is 
shifted very far forward; the torque from the fly- 


ae is Sante — . low as that of most of 
e cars of conventi igh-speed engine desi 
having cylinders, say, 80 _ by “on. a 
therefore bears out the idea that the high-speed 
engine is by no means a necessity for low mt. 

he car has been used as an ordinary pleasure- 
car, and has run some 3000 miles. Various troubles 
have been met with, as was to be expected in the 
working outof a new design. These difficulties were 
increased by the fact that no great facilities were 
locally available for doing the work, and parts had 
to be machined away and erected in the local 
garage. On the whole, however, the design had 
answered expectations in its main outlines, and the 


tages, pveleiing Geenetats has so far proved quite satis- 


factory. 


e greatest defect of the engine has been 
the cylinders, which were a v 


bad casting, and 





and five-bearing types the pressure is alternating. | wheel has to go through the crank-shaft ; the starting- | had both cracks and blow-holes in them. After the 
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It appears that a ball-bearing is far more satis- 
factory under continuous than alternating pressure, 
and therefore should be more successful on the two- 
bearing type. It is, of course, far easier to apply it, 
as it simply slips on the shaft. The advantages in 

l-bearings in not requiring any lubrication, and in 
compactness, are, of course, obvious, and it is notice- 
able that they are being applied with success to two- 
bearin engines of American manufacture. 

With regard to cost of construction, it seems certain 
that the two-bearing engine is cheaper than any other. 
Not only are intermediate bearings done away with, 
but, if desired, the two bearings may be unsplit bushes. 

With regard to the special method of ing out 
the two-bearing ee shown in Design No. 9, it 
Sppears that, with slight modifications such as experi- 
ence would suggest, it has many advantages. 

_ The plan o splitting the crank-case vertically 
instead of horizontally allows of the crank-case and 
gear-box being one unit, yet eee of two parts 
of nearly equal size. The joint, being a turned and 
Spigoted one, can bé machined at the same setting as the 
boring of the main beari In fact, the construction 





is substantially the same as that of the ordinary single- 
oy linder engine introduced by De Dion, which 


handle must be carried on a bracket on the frame ; and car had been in use for some little time, therefore 


it is not very convenient to arrange a dust-screen. 


As the fly-wheel is placed in the crank-case, the 


clutch can conveniently be placed in the gear-box. 
This should theoretically be the ideal place for a plate- 
clutch, as it is then always well lubricated by 
in the gear-box, and requires no special attention. 
The whole casing can be made several inches shorter, 
= one bearing is done away with ; hence weight is 
saved. 

As mentioned, this design has been actually built, 
and, on the whole, has answered expectations. It 
was put into an old chassis of somewhat heavy build, 
and ample strength to carry a five-seated body and do 
rough work, and the weight of the chassis came out 
with a rough trial body at 162 cwt. 

In order that the car might be put into ordina 
daily use with as little expense as possible, an old- 
fashioned five-seated body of very neavy construction 
was fitted to it, the weight with this being 24 owt. 


Owing to the com tively large cylinder capacit 
g paratively large cy’ se ‘f hema 


@ gear ratio of 3 to 1 on the back axle could 

and yet ample hill-climbing er on the top 
retained, the engine revolutions at 35 miles per hour 
being therefore only sboyt 1000 per mipyte, The 


~~ 


e oil 


he new set of cylinders was put in hand, with some 


modifications in design su; by experience. It 
had been the author’s intention not to — any 
inders had 


a of the engine till the new cy 
m fitted and more iculars as to performance 
were available, as it is obvious that the defects in the 
present one prevent any proper estimate of ite capa- 
| bilities. This work was in when the war broke 
| out, and as a result the author joined the Mechanical 
Transport bravch of the Army Service Corps. As it is 
|impossible to foresee the duration of the war, and 
therefore the time when the work can be proceeded 
with, it seemed better to publish the designs as they 
are, in the hope that they may, at all events, present 
some points of interest to those in the motor trade. 





CaNapDIAN [non Onz.—The shipments of iron ore from 
Canadian mines last year were .854 tons, valued at 
542,041 dols. These shipments included 199,292 tons of 

tite and roasted siderite and 45,562 tons of te 
and concentrates. The shipments in 1913 were 307,634 
tons, and included 92,386 tons of hematite and roasted 





siderite, 209,886 tons of magnetite and ronpeptra 
1362 tons of titaniferons ore, wah 
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NOTES FROM THE UNITED STATES. 
PHILADELPuiA, May 12. 

Tne substance of the past week’s news is a moderate 
and improvement in the volume of business 
and in « hardening of prices. Details of export 
trade are more closely ed than ever. The volume 
is large—how large only thore know. Indi- 
cations point te a much larger growth of trade in 
war supplies. One recent order is for 35,000 tons of 
rails for export. Steel bars are also very active. 
Much shell Sodeun is se ® Domestic demand 
steadily but slowly improves. ilroad requirements 
are enlarging, but not fast. The Pennsylvania Rail- 
road is cut for 20,000 cars, and after months of 
rumours and shiftings is now about to place orders for 
its 1915 needs at 138,000 tons. Inquiries from other 
sources represent 15.000 tons, home delivery. Makers 
of agricultural implements find that the enormous 
shell orders are filling up the steel-bar mills, and 
they have b2come much concerned, and are seeking to 
cover as rapidly as possible. Russia is leading all 
countries in itedemands. Pig-iron, especially for steel 
uu is much more active, basic continuing in the 
Tel Lemaeede foundry for cast pipe has come 
into more request. Buffalo has taken pig contracts 
for 125,000 tons. Ship-plates continue active, and 
it is probable the plate-mills will lead all other mills 
before long, and reach 90 per cent. of maximum 
capacity before July 1. All conditions are favourable, 
and & more even expansion of capacity can now be 
relied upon. Crop reports are highly favourable. 
Mining activities are ne especially in lead 
and copper. Railroads s' growth in the volume 


of business, and in net earnings. Stocks are active, | and the absence 


and a disposition to invest accumulated savings is 
visible in stock markets. European stock liquida- 
tion is unimportant. 





Tue Panama CaNAL.—Between the opening of the 
Panama Canal on August 15, 1914, and February 14, 
1915, 496 ships other than Canal vessels and launches 
passed through it. 


PersonaL.—Messrs. A. Haacke and Co., Limited, 
Homerton, London, N.E., inform us that at the 
tion of several of their —- clients they applied to 
the Board of Trade for approval to change the name of the 
company. The firm being British, the Board 
have granted the application, and in future the title of 
the company will be Ashby Warner and Co., Limited. 
There will be no change in the board of directors or 
staff, and the business will be conducted in the same 
manner as before.— Messrs. Tyler and Freeman, electrical 
and mechanical engineers, inform us that they will move 
at the end of May to | r and more convenient offices 
at 40, Chancery-lane, W.C. 





Coat Suppires Conrgerencr. — Arising out of the 
National Conference on Coal Supplies to Gas and Elec- 
tricity Undertakings, a deputation attended before the 
Coal pon pte trol Committee on Thursday, the 20th 
inst., and laid the views of the Conference before them. 
The deputation consisted of Sir Corbet Woodall, past- 
President of the Institution of Gas Engineers and 
Governor of the Gas Light and Coke Company; Sir 
Jobn Snell, President of the Institution of Electrical 
Engineers ; Alderman Phillips, Chairman of the Salford 
Corporation Gas Committee ; Alderman Kay, Chairman 
of the Manchester Corporation Gas Committee; Mr. 
Frank Bailey, Chief Engineer of the City of London 
Electric Lighting Company, Limited; Dr. Charles Car- 
penter, Chairman of the th Me litan Gas Com- 
pany ; Bailie Smith, Chairman of the Ww 
tion Electricity Committee ; Mr. Regd. Neville, M.P., 
Chairman of the Brentford Gas Company; Mr. Hanbury 
Thomas, ing Direotor of the Sheffield Gas Com. 
pany; Mr. J. S. Highfield, Chief Engineer of the Metro- 

livan Electric Supply Company ; and Mr. D. Milne 

‘atson, General sn of the Gas Light and Coke 
Company. 


Dresgu-Eneing Users’ AssociaTion.—At the May 
meeting of the Diesel. Eagine Users’ Association, held as 
the Institution of Electrical Engineers, the subject of 
lubrication of Diesel engines was further dealt with. 
Replies and information on several interesting points 

been received from many of the members of the 
Association, and much valuable information had been 
obtained as to the various methods of lubricating, the 
costes per unit generated, comparative costs of lubri 
tion as com with fuel oil used, the practice i 
regard to wi get fl oy: dy GE &. It 
2 time for sending in returns 
from other undertakings, and to ask for some further 
ae in — ata ma 80 as * obtain results which 
would represen practice as far as i These 
returns will then be tabulated and cieulated among the 
members only. It was considered that, as the informa- 
tion given was in some cases more or less of a confidential 
ape the full veg eperylen h P. 
generally published. next meeting Asso- 
ciation is to be held on eae One 16, when the 
Soanl pha and aa concerning a 
cussion. —_ C) 
Associa‘ 


iation can be obtained the acting hon. secre- 
tary, Mr. Percy Still, 19, Cadogan-gardens, London, S. W. 


of Trade | ing 


in | Exhibition has been 





STATE AID FOR GERMAN INDUSTRIES. 


In spite of the great war, Germany is by no means 
pr pee the industrial and commercial problems, which 

ill have to be faced when the war comes to an end, in 
connection with the resumption of her rt trade, 
which the war has put a stop to. The bulk of Germany’s 
vast export trade, which amounted to about 500,000 000/. in 
1913, consists of industrial ucts ; 65 per cent. of this 


was finished industrial products, and 25 per cent. indus- | POS 


trial raw materials. It is therefore essential to German 
—— + + eee export trade should be recovered as 
as 

To this end it has been proposed to grant export pre- 
miums, which, it may be mentioned, are by no means 
novel in Germany, both the State and the indus- 
trial kartels having resorted to this practice at times. 
The matter has now been brought forward in the organ 
of the German employers, which first dilates with par- 
donable pride upon the manner in which Germany has 
secured, maintained, and extended foreign markets for 
her products in the face of keen competition, and in spite 
of the assistance given to her competitors by their respec- 
tive Governments. Before the war German exports to 
the United States increased continuously in yrs of high 
protective tariffs. In Australia and South Africa, not- 
withstanding the preferential tariffs 7 of British 
manufacture, German trade, it is further stated, was 

ing continuous progress. 

At present, of course, Germany is cut off from all her 
overseas markets, and foreign competition, especially 
that of British manufacturers, isendeavouring to capture 
these markets. It is Germany’s duty, the journal says, 
to fight against this competition by all possible means, 
though the difficulties in the way of performing this 
duty are acknowledged. The cost of production has 
risen through the scarcity of most raw materi 
a. a . ate Coes See ee 

@ cost of forwarding goods to shippi or 
neutral countries has also risen abnormality . except 
in the case of a few chemical products, it is impossible to 
counterbalance these increased costs by raising prices 
owing to keen competition. To avoid irreparable damage 
to Germany’s export trade, and therefore to the entire 
industrial and financial ition of that country, it is con- 
sidered to be absolutely necessary for the State to pro- 
vide premiums high enough to level off the difference in 
—_ which now favour Germany’s competitors. The 
imited business so far conducted with foreign countries 
has, it is stated, only been possible as long as the stocks 
on foreign markets were not exhausted, and while the 
financial conditions in most countries were in a state of 
confusion on account of the war. Stocks are now becom- 
ing @ , and there is a eral tendency to buy 
again. Great efforts, the jou concludes, must there- 
fore be made to maintain Germany’s foreign markets, and 
for this purpose State aid is a sine qua non. 

Wé6 are not quite clear as to how financial aid from the 

_ ag me oy iY ‘ ted, can have much __— 
on the export ie of that country, excepd perhaps to 
Holland and inavia, most other trade routes being, 
at present, effectively barred by the British and Allied 
fleets. At the termination of the war, however, it might 
enable foreign markets to be flooded with low-priced 
German products, with the object of wresting away from 
British and other competitors the trade they have been 
able to capture during the existence of the present 

conditions. Undoubtedly commercial warfare 
between this country and Germany will be keener after 
the war than before it, and any information as to the 
conditions likely to exist in this warfare should be of 
service to our manufacturers in deciding on their plan of 
campaign. 





AvsTRALIA4’s CoaL Resources. —At a recent conference 
of the Australian Natives’ Association (a national associa- 
tien in the Commonwealth), a motion was carried urgin; 
the Victorian Government to develop the local 
resources. The motion had particular reference to brown 
coal, of which there are large deposits in the Morwell 
district, and it was pointed out that local brown coal was 
much superior to the German product, and that it yielded 


valuable by-products of great use as manure and in the | used la 


‘Ywahufacture of aniline dyes. It could also be used in 
as power for use in working electric railways. In 

any, where the deposits are much inferior to those 
of Australia, they have been turned into a source of 
revenue amounting to many millions of pounds. It has 
been said that one of Australia’s final lessons from the 
war is, so far as new gred poy pene industry can achieve, 
to be self-contained, to be worthy of the gifts which 
Nature has given. 


wae bn AE ere = 1915.—In view of our inoue 
indebtedness to 1) gallant Belgian nation, a War 
Belgian Red Oross Angl Belgien — i = 
\0- mit whose 
cuitition, 1915, io detigued so presuet in an intoreatieg 
i . is to ¢ in an interesti 

aul tndioetion weunbur on baat toe enums be Oel 
science and industry are being utilised in every branch of 
the pont eee struggle. As it will be the only 
important tion in London throughout the coming 
summer, it should prove a great stimulus to recruiting. 
The Prince’s Skating Club, Knightsbridge, S.W., has 
been selected as the most suitable place in which to hold 


the display. Offers of interesting war trophies as loan 
Sore assistance of every kind, + gy ener meng 
on. Organisi Secretary, tion, 
London Chamber of ‘Ceanheren, Se - 
London, E.O, 


97, Cannon - street, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade. — There has been a 
decided slump in house-coal business consequent upon 
the continuance of the warm weather. Business at the 
dépdts is of a restricted character. Merchants make 
further complaints of delivery delays, but with the holiday 
influence still affecting output, collieries are not in a 
tion to effectany improvement. The forward market 
y nothing has done in the way of 
renewing the large number of contracts which expire 
at the end of June; but if a general advance of 5s. to 6s. 
on expiring rates is enforced, retail prices will probably 
advance beyond their present high level, notwithstanding 
the decline in actual ae fuels are a steady market. 
Substantial tonnages are being sent to inland works on 
contract account. There is little } my in outside sales, 
but prices for the most are firm. As was expected, 
an easier tendency has developed in the steam-coal sec- 
tion. Export restrictions have seriously affected the tone 
of the market, values being 1s. lower. Local industrial 
requirements are also on a smaller scale. Slacks are the 
strongest section. There is a healthy demand for home 
use at high prices. Supplies are scarce; consequently 
coke is strong. Sales of blast-furnace coke have been 
effected at 25s. per ton on railat ovens. Quotations :—Best 
branch hand-picked, 20s. to 21s. ; Barnsley best Silkstone, 
17s. to 18s. ; byshire best brights, 17s. to 18. ; Derby- 
shire house, 15s. to 16s.; best large nuts, 14s. 6d. to 
15s. 6d.; small nuts, 13s. 6d. to 14s. 6d.; Yorkshire 
hards, 17s. 6d. to 20s.; Derbyshire hards, 17s. 6d. to 
19s. 6d.; best slacks, 11s. to 12s.; seconds, 9s. 6d. to 
10s. 6d. ; smalls, 8s. to 9s. 


Iron and Steel.—The iron market has agent quickly 
after the holidays. Only a small amount of new business 
bas been arranged, mostly at slightly reduced rates. 
The forward market is neglected. West Coast hematite 
is quoted at 122s.; East Coast hematite, 110s. 6d. to 
112s. 6d. ; Lincolnshire No. 3 foundry, 75s.; Lincoln- 
shire forge, 73s.; Derbyshire No. 3 foundry, 71s. ; and 
Derbyshire forge, 70s. ic iron is in strong request, 
and increased attention is — paid to its production. 
Finished iron is an improved market. South York- 
shire bar-iron makers are quoting the record price of 
102, 10s. for crown bars, a level not reached since the 
1900 boom. Steel scrap is scarce, and commands up to 
100s. Wrought-iron scrap ises about 80s. per ton. 
Full activity in the engineering trades will not be resumed 
until the beginning of next week. The minimum period 
for which works were compelled to shut down for 
machinery repairs and overhauling was two da Some 
departments will be closed all the week. rders for 
special steel continue to be received in great abun- 

lance, and there is a healthy inquiry for tramway and 
railway material. Agricultural engineers are doing better. 
A brisk business is being done in garden tools. Uneven 
conditions obtain in the crucible-steel and file trades. A 
big trade in steel and steel tools has developed with Italy. 
There is a heavy run on steel billets. Prices are un- 


changed. 


THe WestincHouse Starr AND Munitions or War. 
—We are informed that a movement was a short time ago 
started by the engineering and other office staff of the 
British Westinghouse Electric and Manufacturing Com- 
pany, Limited, Trafford Park, Manchester, to express 
in a practical ferm their patriotic feelings, and it was 
suggested by them to the management of the company 
that they should undertake in their spare time some 
manual work on munitions of war. This offer was 
accepted by the management and operations were com- 

almost immediately. For the present, each man 
will work a 53-hour shift one night week, commencing 
at either 6.30 in the evening or 12 o’clock at night. We 
understand that approximately 300 staff men have already 
volunteered for work on this basis. 


1s quiet. Virtuall 








Lime Concrete tn THE East.—A paper having the 
above title was read before the Concrete Institute at the 
meeting of May 20, by Mr. E. A. W. Phillips, M. Inst. 
C E., M.C.I., who stated that, among other points, stone 
lime of great purity, and consequently non-hydraulic, is 
rgely in India and Burma, and ineers have 
learned to place considerable confidence in the material. 
To enable it to set under water, it is mixed with 
**soorkhee ”—4.¢., finely-powdered red brick, the *‘homra” 
of Egypt. Tothe present day engineers in India do not 
know exactly how much soorkhee is required by each kind 
of lime, and this ignorance is due to the want of scientific 
laboratory tests, of the kind so frequently made in 
Euro It seems no advantage to lime and 
soorkhee to England to be tested, since the difference in 
climate, the sea voyage, and the lapse of time in transit 
“——_ vanes the results. ——, Indian _—- 

on long experience, approves of a mixture of a 
half-part of under-burnt with a half-part of well-burnt 
soorkhee to one of slaked li 


paste, in which the particles of lime cannot be distin- 
guished by the naked eye. A mortar made in this way 
sets well in still water, bat it sets comparatively slowly, 
and some engineers (the author included) add, when 

» & proportion of cement to the mix- 
ture. The introduction markedly hastens the setting to 
an extent depending on the proportion of the cement to 
lime. One part cement to one part lime by volume sets 
apparently as quickly as cement mortar. In the early 
stages of setting the s of the concrete is much 
increased, admitting of early handling and removal of 
moulding boards. 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Piu-Iron Market.—Brisk business and strong 
prices were a feature of last Thursday morning’s market, 
although towards the close a slight falling off took place. 
At a satisfactory advance of from 4d. to 5d. — some 
3000 tons changed hands at 65s. 5d. cash and 64d. one 
month, quotations at the close standing at 65s. 2d. sellers 
for cash, and 65s. 7d. one month. In the afternoon the 
tone continued good, and at 65s. 14d. per ton cash, 65s. 6d. 
twenty-eight days, and 65s. 9d. and 65s. 6d. one month, 
2000 tons were dealt in, the closing cash quotation, 
sellers, being 65s. 2d. Friday morning little or 
no business was done in pig-iron warrants, but the 
tone was alike firm and steady. One warrant was 
disposed of at 65s. 3d. cash, closing sellers’ prices being 
1d. up. In the afternoon cash iron was 2d. cheaper at 
65s. 1d. per ton, 65s. 6d. being paid on forward account. 


Owing to the Whitsuntide recess, the market remained | }, 


closed until yesterday (Tuesday wy 4 when Cleve- 
land warrants advanced 6d. per ton to 65s. 7d. cash and 
66s. one month, a moderate business of 5000 tons being 
done at these oo. At the close sellers’ prices were 
quoted at 653. 8d. cash and 66s. 1d. one month. Prices 
rose a further 2d. per ton in the afternoon, closing with 
sellers at 65s. 10d. cash and 66s. 3d. one month. Business 
to the extent of 1000 tons was transacted at 66s. 24d. 
one month. Closing sellers remained the same as at 
the morning session. This forenoon Cleveland war- 
rants were steady, if somewhat quiet, and about 1000 
tons were dealt in at 66s. 44d. one month and 67s. 2d. 
three months, closing cash sellers’ quotations remaining 
unchanged at 65s. 10d. per ton. In the afternoon busi- 
ness was almost at a standstill, with prices 4d. down, to 
65s. 44d. cash and 65s. 94d. one month, only one warrant 
changing hands at 66s. one month. 


Sulphate of Ammonia.—Sulphate of ammonia is alike 
steady in demand and in price, and for prompt delivery 
the higher rate is quoted—13/. 17s. 6d. per ton at Glas- 
gow, and 14/. per ton at Leith. 


Scotch Steel Trade.—The steel trade in Glasgow and 
the West of Scotland is still in a particularly flourishing 
condition, the Government demand for munitions of war 
being as pressing as ever, added to which the impetus 
given by the King’s visit last week has, even already, 
considerably increased the output of finished material. 
Notwithstanding this, various circumstances which have 
arisen recently have combined to prevent the demands 
of the Allies being executed as speedily as might be 
desired. The local works are all in constant employment, 
vainly struggling to get every order out with the least 
possible delay. Intense activity prevails, and the utmost 
pressure is being brought to bear on all concerned in order 
that the output may be increased. Prices have stiffened, 
and a further increase is expected, one reason for this 
being the present uncertainty regarding compulsory 
military service. The current prices for all varieties of 
steel plates are much the same as those ruling last week 
—ship-plates and angles 9/. 15s. to 10/. per ton (all less 
the usual 5 per cent. discount for Glasgow or equal 
delivery), while for the export trade prices stand firm at 
91. 103. to 101. ; boiler-plates, 107. per ton. 


Malleable-Iron Trade.—The makers in the West of 
Scotland still report a good demand for malleable iron, 
and prices are firming, with every prospect of an advance 
of, it is said, of from 5s. to 10s. per ton in the near future. 
Prices for ‘‘crown” bars have stiffened, and those ruling 
at the moment would not be quoted for new orders. For 
prompt home delivery 9/. 10s. per ton, less the usual 5 per 
—_ 4 being asked, and for export orders 9. to 


Scotch Pig-Iron Trade.—The trade in Scotch pig-iron 
remains much the same as last week, the home demand 
being very good, and the export trade distinctly off. The 
same number of blast-furnaces—72—are still in operation. 
Prices, too, show no alteration, and the market quota- 
tions for makers’ (No. 1) iron, are as follow: — Clyde, 
Calder, Gartsherrie, Summerlee. and Langloan, 85s. per 
ton (all shipped at Glasgow); Eglinton, 80s., and Glen- 
garnock, 86s. (both at Ardrossan); OT (at Ayr), 
81s.; Shotts, 85s., and Carron, 86s. (both at Leith). 


Scotch Steel-Workers’ Wages.—The claim by steel- 
workers in the West of Scotland for a war bonus of 5s. 
per week, which was remitted to an arbiter for decision, 
came before Sheriff Mackenzie, K.C., on Monday, in 
Glasgow. The men’s claim is for a bonus use 
of the increase of the cost of living since the outbreak 
of war. The employers, who have declined to grant the 
demand, point out that, under the sliding-scale, the 
men have already been granted increases of pay to the 
extent of about 30 per cent. altogether since the com- 
mencement of the war. About 4000 men are directly 
interested in the matter. Sheriff Mackenzie heard the 
cases stated, and at the close intimated that his decision 
would be given in due course. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in pig-iron is 
quiet. but many makers incline to the belief that there 
will shortly be a renewal of activity in buying, and they 
are not particularly pressing eales, notwithstanding the 
fact that a number of contracts are running out. 
tinued fluctuations in Middlesbrough warrants, due to 
operations of outside speculators, still have an unsteady- 
ing influence on makers’ Oleveland pig-iron quotations. 
Cost of production is high, and is i earer, 80 
much so that some manufacturers are seriously consider- 





ing the question of putting blast-furnaces out of o - 
tion, declaring that current market quotations for Cleve- 
land pig are altogether unremunerative. Deliveries to 
home consumers are heavy, but exports are on a 
wretchedly poor scale. @ new arrangements for 
granting licenses for export of Cleveland foundry-pig, 
and the action of Italy, should be followed by some 
improvement in shipments. ermits to —— are 
now being granted by a committee of four local gentle- 
men and the local Oustoms officials. No. 3 g.m.b. 
Cleveland pig is on sale at 65s. 9d. per ton, and 
probably that figure covld be shaded; whilst No. 1 
1s 67s. 9d. to 68s.; No. 4 foundry, 65s. 3d.; No. 4 
forge, 64s. 9d. ; and mottled and white iron, each 64s. 3d. 
There is little new to report concerning the hema- 
tite branch of the staple industry. Both merchants 
and makers, as a rule, named 102s. 6d. for Nos. 1, 2, 
and 3 East Coast brands, but some of the latter are 
inclined to hold out for rather more. Asa matter of fact, 
owever, some business has been put through at 101s. 6d., 
and substantial orders might be placed at even a trifle 
below that figure. There is nothing at all passing in 
foreign ore. The imports for the last three months have 
enabled consumers to lay in rather large stocks, and they 
are not in the market just now. Imports this month to 
the Tees are at the rate of 6000 tons per working day. 
Nominally market quotations are based on 28s. ex-ship 
Tees for Rubio of 50 cent. quality, but contracts 
could be made on much lower terms. Ooke keeps scarce 
and stiff. consumers continue to complain of 
difficulty in obtaining full —— against contracts. 
Durham beehive blast-furnace coke Of average quality is 
quite 30s. delivered at Tees-side works. 


Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores now stand at 150,652 tons. 
Since the beginning of the month, stocks have been 
increased by 8445 tons. Shipments of pig-iron from the 
Tees to date this month average 336 tons per working 
day, the total despatches being returned at 7073 tons, all 
of which have gone from Middlesbrough. To the same 
date last month the loadings were given at 15,778 tons, or 
a daily average of 788 tons, and for the maps part 
of May a year ago the clearances reached 62,137 tons, or 
an average of 2958 

Manu Iron and Steel.—The various branches 
of the manufactured iron and steel industries present no 
new features of moment. Prod s of practically 
descriptions keep busily employed, mostly on Government 
work, and prices are fully maintained. Very few ordi- 
nary inquiries are snpeeted Principal market quotations 
stand :—Common iron bars, 10/.; best bars, 10/. 7s. 6d.; 
best bess bars, 107. 15s.; packing-iron, 7/. 10s.; iron 
ship-plates, 9/. 10s. ; iron ship-angles, 9/. 10s. ; iron girder- 
plates, 97. ; iron ship-rivets, 111. 10s. ; steel bars (basic), 
91. 108. ; steel bars (Siemens), 9/. 10s. ; steel ship-plates, 
91. 10s.; steel ship-angles, 91. 5s.; steel boiler-plates, 
10/. 10s. ; steel hoops, 9/.; steel joists, 97. 10s, ; steel etrip, 
82. 10s.—all less the customary 24 per cent. discount; caat- 
iron columns, 7/. 7s. 6d.; cast-iron railway-chairs, 4/. 7s. 6d. 
to 41. 10s.; heavy steel rails, 7/. 15/.; steel railway 
sleepers, 8/.—all net f.o.b.; galvanised corrugated sheets, 
24 gauge, in bundles, 147. 10s. f.0.b.—less 4 per cent. 


tons per working day. 








NOTES FROM THE SOUTH-WEST. 

Cardif.—It is anticipated that, as the result of the 
embarkation of Italy in the great European war, there 
will be a very heavy demand for Welsh coal both for the 
Italian Navy and the Italian State ilways. The 
Italian Government has already let large contracts, but 
it is considered probable that under the conditions now 
faery they will have to obtain large further supplies. 

hould this anticipation be realised, the quantities of 
steam coal available for sale to other consumers wil 
be materially reduced, and prices will become much 
stronger. Buyers able to take immediate delivery can 
secure relatively easy terms, but for loading next month 
higher figures have been generally named. Smalls have 
been firm all round. House-coal, patent fuel, and coke 
have shown little change. The best Admiralty la’ 
steam coal has been somewhat nominal ; second: i 
have made 35s. to 36s.; best bunker 
22s. ; and cargo smalls, 18s. 6d. to 19s. per ton. The 
best household coal has been quoted at 29s. to 30s. ; 
good households at 27s. 6d. to 28s. 6d.; No. 2 Rhondda 
large ab 27s. to 27s. 6d.; and No. 2 smalls at 186. to 
19s. ad ton. The latest available quotation for patent 
fuel has been 35s. to 37s. per ton. Special foundry coke 
has made 43s. to 45s.; good foundry coke, 36s. to 40s. ; 
and furnace coke, 30s. to 35s. per ton. As regards iron 
ore, Rubio has been quoted at 28s. to 29s. Saas 
a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Bristol University.—The Council of Bristol University 
has decided to forthwith with the erection of 
additional buildings. Mr. G. A. Wills, chairman of the 
Imperial Tobacco Company, and his brother, Mr. H. H. 
Wills, originally offered 180,000/. to provide for the 

outlay, but as the acce tender greatly 


necessary 
exceeds that amount, they have increased their munificent 
benefaction to 220,000/. 


John Lysaght, Limited. —Mr. Gerald 8. Lysaght 


ded at the annual meeting of this company at 
Bristol. He said the war had been a source of great 


anxiety to the directors. The first difficulty which had 


Con- | to be met was the supply of spelter or zinc for galvanis- 


in normal times it came from Belgium and 
Germany, but now it was only available in the United 
States. Supplies had been obtainable, but at a very 
greatly increased cost. Owing to a restriction of business 
in sheet iron, the company was at first unable to give full 


ing ; 


work to all its employees, but their numbers had been so 
reduced by enlistments that the men remaining were now 
in @ position to work full time. Mr. Sydney R. Lysaght, 
pees Soe, said the company’s steel works in 
Lincolnshire had become a source of strength, as they 
— them largely independent of supplies of foreign 
8 





American Rartroaps.—The United States Inter- 
State Commerce Commission has published a summary 
of reports filed with it by railroads earning income in 
excess of 100,000 dols. per annum. The summary is for 
the year ended June 30, 1914, and the railroads dealt 
with had in that year an aggregate length of 247,397 
miles, their operating revenves for the year being 
3,047.019,908 dols., while their net operating revenue 
was 846,706,749 doles. The capital represented by the 
companies included in the summary was 20,247,301,257 
dols., which included 1,376,279,858 dols. preferred stock 
and 7,304,479,846 dols. common or ordinary stock. Of 
the total stock, 3,019,020,981 dols., or 34.78 per cent., 
received no dividends for the year. The total dividends 
disbursed on stocks for the twelve months were 451,263,197 
dols., or an average of 7.97 per cent. upon the dividend- 


earning stocks, and 5.20 per cent. u the entire stock 
capitalisation. No less than 86,000,000 dols. of the 
divide and paid for the year were those 


distributed by the Union Pacific and the Central Pacific 
companies. e ofisan quantity of freight carried 
for ear was 1, 138,718 tons, or 81,997,332 tons less 
than the corresponding movement for 1912-13. The 
number of passengers carried was 1,053,138,718, or 
19,459,038 more than in 1912-13. 





Russi4’s Foreign TRADE AND THE War.—The Sensign 
trade of the Russian Empire bas been greatly affected by 








the war, as will a from the following table, giving 
the particulars as far as the leading commodities are con- 
cerned for the last two years :— 
1014. 1018. 
Articles of food ee .. 492,800,000 807,100,000 
Raw materials and half- 
finished goods... .. 388,800,000 630,300,000 
Animals 12,800,000 82,900,000 
Finished goods 22,000,000 30,400,000 
865,900,000 1,400,700,000 
Imports. 
Articles of food .. 120,700,000 168,000, 000 
Raw materials half- 
finished goods . 470,200,000 622,500,000 
Animals - =. be 2,400,000 8,100,000 
Manufactured goods . 842,800,000 431,900,000 





936,100,000 1,220,500,000 
Compared with the ing year, the exports show a 
decronsn | Et 90,000 roubles or 39 per cent., pnp 
ponding figures on the import side being 000 
roubles, or 23.3 per cent. During the first half of 1914, 
there was a material increase, both as rds exports 
and imports, of reapectively 20 per cent. and 26 per cent., 
whilst both during the second half of 1914 receded 
respectively 78 per cent. and 65.6 cent. The surplus 
exports of 1913, of more than 000,000 roubles, were, 
for last year, transformed into a deficit of over 70,000,000 
roubles. The customs receipts were, in 1914, 267,800,000 
roubles, a decline of 72,000,000 roubles compared with the 
preceding year, a reduction which is entirely caused by 
the second half of the , with a decrease of 59.8 
cent., whilst the first showed an increase of 23.1 
per cent. The normal value of the rouble is about 2s. 1d. 





Tue Divipenps or German InpvusTRIAL Concerns. 


1|—Even with the reductions caused by the war, some 


German concerns pay very handsome dividends, and 
altogether a large number of German industrials have 
proved a most satisfactory form of investment. As a 
rule, they are not over capitalised; they have been 
allowed to develop gradually, and increase their capital 
accordingly, and, on the whole, they are no doubt ably 
ee Some have even improved u the previous 
year, as, for instance, the Ilse Coal-Mining Company, 
which, in spite of having written off 5,257,000 marks for 
deterioration of coal-fields, &c. (about the same as in 
1913), and a | 360,000 marks to the extra reserve 
fund, has declared a dividend of 26 per cent., as in 1913. 
The Essener Coal-Mining Company, Essen-Ruhr, with 
writings-off amounting to 2,000,127 marks, has net profits 
Tors) ends marks ent 150,000 — 3 more me, in 
again pays per cent., ’ mar i 

allocated to the employees’ share in the 

734,134 marks carried forward. To begin with, says the 
report of this comanty. Bae year left much to be desired 
as s demand, but after the price reduction of 
April 1, a remarkable increase in demand set in, the 
stocks being reduced. When the war broke out, 25 per 
cent. of the bands were at once called to the front, and 
several subsequent calls followed; railway traffic was 
greatly impeded, and the company’s deliveries in August 
were only one-quarter of those in July. All shafts, how- 
ever, were being worked, the coal s ata 
material expense. The uction of coal in 1914 was 
2,012,262 tons, against 2,506,266 tons in 1913, the figures 
for the briquettes being ively 639,814 tons and 
808,710 tons. The Eintracht Lignite and Briquette 
Works show profits for last year of 4,270,492 marks, 
against 4,437,908 marks, ot py a dividend of 24 per 
cent., against 27 per cent. for preceding year, having 
set 300,000 marks aside for a Be on account of the 
war. e Mining and Iron Worke, Essen, 
pay 17 per cent. for last year, against 25 per cent. for the 





previous year. 
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EMPLOYMENT AFTER THE WAR. 


WE are all ready to assume the mantle of the 
prophet, although a very little re ion should 
render us sceptical as to our ability to fill the réle. 
Last August many of us were engaged in mapping 
out the course of the war, and now there are very 
few who can point toa single item in their pro- 
gramme which has come true. On no point was 
there greater unanimity than as the cer- 
tainty of unemployment and destitution in the 
winter. The ificent response to the appeal 
for the Prince of Wales’s Fund is evidence of this. 
But when winter came the cry was, not for charity, 
but for more men. Women were urged to come 
forward and undertake men’s work, while organised 
labour demanded large increases of either 
directly or as war bonuses. At the present time 
considerable numbers of mechanics are bei 
brought back from Canada and the States to fill the 
places of those who have gone to the front, and 
work of various kinds could be found for thousands 
more if they could be obtained and housed. The 
pendulum has therefore swung to the other side, 
and now we have ceased even to consider the 
possibility of img: pe pyres Not only is it con- 
ceded that there is no necessity to provide extra 
work, but the Treasury has announced that loans 
are no longer to be raised without its express con- 
sent, which means that all enterprise unconnected 
possible, to be laid aside. 
For the present, attention is entirely concentrated 
on ** munitions, more munitions, and still more 
munitions.” 

That the war will be long is conceded by all, but 
even the dreariest pessimist does not believe it 
will rival the hundred years war, or even the seven 
years war. Some time next year, or the year after, 
our millions of men will come back to find the 
country admirably organised for the output of war 


| materiel for which there is no longer 4 demand, 


» | little, 
rgh|the great capitalist communities of the world are 


lec- | national duty to find them employment at 





but by no means adequatel pared to absorb 
their labour in commercial any That will not 
be because there is no demand, for during the 
interval since Peace fied affrighted from Euro 
co tie te ae ee on all over 
world, while in many parts the Continent it 
has been reinforced by all the agents of destruc- 
tion which i uity can devise. If we could 
gauge our future by the demand known to exist, 
we need feel no fore But, unfortunately, 
it is only the demands of those who are able te 
pay that count, and after the destruction of thou- 
sands of millions of pounds’ worth of goods and 
ecm capital must be very scarce for a time. 
the fea of last year we groaned at a 

of | taxation of millions, of which a great deal was 
to be raised by income tax, supertax, and death 
det, present 7" are 8 = at least four 
times that amount, and are also lending large sums 
to our Allies. The French aad the ee a are 
laying out poy: nding sums, and, in addition, 
the estroying odd units of our mer- 
cantile and Aad mis At together with valuable 
sorgnes. The accumulated savings of the world are 
melting away at the rate of four to five thousand 
millions sterling a year, and at the end of the war 
there will be nothing material to show for all this 
outlay. Even the neutral nations are saving very 
With the exception of the United States 


at war, and the credit which they former] 4 
aaa to South Pa a ay Fre: other ne 
is no available for the ution of great 
works.  Itis only the agriculturist that is really 
prosperous, and at the present prices of wheat our 
food will cost us more. 

Nevertheless work will have to be found for our 


age. men when they return. It is unthinkable that those 


who have spent long weeks in freezing trenches, 
and who have f fom shot, shell, and poisonous 
gases on our behalf, should be allowed to starve 
when they come home. It will be as urgent a 
ecent 
remuneration then as it is to furnish them with 
cartridges and shells now. But unless we look 
forward to the future, and organise for peace far 
more carefully than we did for war, we shall find 
ourselves in the same straits as we have been in 
regard to munitions, and shall have to adopt 
measures that will be far from economical to carry 
matters on while the transition from a nation under 
arms to one following the pursuits of commerce is 
being effected. Men returning flushed with victory 
cannot be kept for long with the Colours, and since 
it is most undesirable to dismiss them to their 
homes with allowances for an indefinite period, 
work must be found for them all. If money has 
to be raised for the purpose, it should be expended, 

as far as possible, upon undertakings to be carried 
= in this country. 

There were a number of works in contemplation, 
when the war broke out, by local bodies, railway 
companies, and private firms. The need for these 

grows greater, rather than less, by lapse of time, but 
i have all been dropped for the present. When 
peace ensues they will, or rather they must, be 
revived ; but as matters stand there will be a long 
interval between the determination to pursue them 
and their actual inception. Designs and drawings 
will have to be got out, and in the case of public 
authorities these will have to be referred to over- 
worked Government departments for approval. 


ng|Then will follow inquiry, criticism, amendment, 


and alteration, all of which will consume much 
time, although delay will be most us. 
The course which ought to be followed is to 
proceed at once with the plans, and to secure 
their complete approval, so that they can be sent 
out, when needed, with something like the prompti- 
tude of mobilisation orders. a a pi ing 
would not interfere with the supply of munitions. 
Work of this character is not ax f entrusted to 
young men, nor, in its early stages, does it demand 
the assistance of works ers and foremen. 
The class of professional men who undertake it are 
well past the military age, and many of them are 
now almost unoccupied. They could deyote far 
more thought and attention to such subjects now 
than will be possible when they have to be dealt 
with in a hurry, with the result that the works, 
when executed, will not only be less costly, but will 
be more efficient. The only loss will be the interest 
on the money for the plans, which will not be 
very much, and will be more than recouped out of 
the eventual savings, On the principle of supply and 
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demand, the present is an excellent opportunity for 
getting such work done at moderate rates. 

Statistics show that there is practically no un- 
employment ; it is not work that is scarce, but 
lwwour. But statistics are always incomplete, and 
in this case they take no account of the class of 
men who are feeling the pinch of the times. 
Clerks, draughtsmen, accountants, and professional 
men do not belong to trade unions, and their 
doings are not tabulated by the Board of Trade. 
When their resources fail they make no moan, 
but suffer in silence; no one busies himself to 
get up subscriptions on their behalf. But want 
of work is more serious to them than to the 
artisan, for it consumes the savings of years of 
patient thrift, and drags them and their families 
down the social ladder. They not only suffer 
from scanty commons, but endure the mental 
pain of seeing themselves steadily deteriorating 
and becoming less eligible for employment when 
times mend. There are hundreds of such men that 
would be saved from much vere and sometimes 
from social ruin, if the public bodies of this country 
would realise the imperative necessity of getting out 
complete plans for the work which they regarded 
as necessary before the war. igning work is 
almost at a standstill, because the essence of all 
military equipment is standardisation, and innova- 
tions are not welcomed, however great may be 
their merit. The only inventors whose work com- 
mands resi ul attention are those who supply 
the enemy with new weapons. 

It must not be assumed that the kind of works 
we are referring to are all of the pick-and-shovel 
order, and therefore only interesting to the engi- 
neers in Westminster. The manufacturing engineer 
has a large share in them, for water works, sewage 
works, gas and electric works, docks, and railways 
involve large quantities of iron and steel goods, 
and of complicated machinery. But these can only 
be taken in hand after the drawings are complete, 
and even then the start must be gradual, since 
pattern-making ani other preliminary work must 
precede the general construction. Un the other 
hand, the manufacture of munitions will cease 
some day with a suddenness comparable to that 
with which the war burst upon us. It is unlikely 
that we shall secure peace until our rate of eupply 
of all kinds of equipment is greater than our speed 
of exp nditure, so that we have a growing stock of 
all kiads. When every plant has attained its 
maximum efficiency, and the vutput of the country 


is at its utmost, then we may expect the order] bee 


**Cease work” to be suddenly sounded. Of 


course, half - finished ships and motor -cars will] as 


b» completed at leisure, but the production of shot 
and shell will come to an almost abrupt end, 
leaving the manufacturer to adapt himself to the 
altered conditions as best he may. In any case 
this will involve a very awkward wrench, but much 
anxiety will be saved if it is known that designs 
are ready to be given out for large quantities of 
machinery and of half-finished material. Unless 
some arrangement of this kind is made we shall 
not only have our returning soldiers on our hands, 
but many of the men who have been occupied on 
munitions will also find themselves without a job 
for a time. 

[t may be thought that the preparation of designs 
in advance is something of the nature of a specu- 
lation, under existing circumstances ; but at the 
worst the risk is not very great. The cost would 
certainly be a good deal less than 5 per cent. of the 
cost of the works, if nothing further were done. 
On the other hand, if the work has to be forced 
through in a hurry, the expense may easily be in- 
creased 50 per cent. It may be that some relaxa- 
tion of Treasury or Local Government Board restric- 
tions is needed to enable the work to be undertaken, 
or that some pressure from the latter body would 
aid matters in certain instances, Seeing that the 
Board will be called upon to devise measures for 
reducing unemployment after the war, and that it 
will be the object of much vituneration if it fail to 
effect the absorption int» civil ‘ifs of the hundreds 
of thousands of men who will :eturn from abroad, 
it should not neglect the opportunity that now 
offers to pare the way for the prompt re- 
sumption of industry on commercial lines imme- 
diately the demand for munitions ceases. 

It is quite possible that municipal bodies will 
ouggest that to raise loans at the end of the war 
will be to burden the ratepayers with the payment 
of high interest for some years. It is likely 
enough this will be the case; but the burden of 





maintaining the returning soldiers has to be borne 
by the community in some form or another. Of 
ail possible methods none is so desirable as that 
which provides really useful work which will 
minister to the wants of the community. In com- 
parison with this, doles, allowances, and labour 
colonies are both extravagant and ineffectual. They 
not only cost far more, but they pauperise those 
whom they aim at helping, ins of assisting them 
to in their places in the industrial world. We 
=o an convinced of the necessity of bearing the 
burden of the cost of the war, and included in this 
must be the work of reconverting the soldier into 
the citizen when the fighting is over. 





RADIOACTIVITY. 

Tue theory of radioactivity has not too many 
adherents outside the small circle of workers in 
this domain. It has taken man long years to grasp 
the meaning of the indestructibility of matter. But 
it was worth mastering that conception. The 
young chemist had long since understood that he 
must reproduce all the metal that he has passed 
through reactions, or must account for the loss. 
An yee is an element; properties change, 
the mass must remain. During the last decade he 
has been told that elements are, after all, mortal 
things, that they beget elements, that they may 
live for thousands of years or a fraction of a second, 
that they pass through an amazing tangle of dis- 
integrating changes, and that the mass of the atom 
undergoes changes like all properties. It sounds 
all fantastic and bewildering. And yet the exposi- 
tion of the phenomena by some of the investigators 
seems to admit of arriving at as definite conceptions 
as the old views did. Professor Soddy is one of 
those searchers. 

Raviewing ‘* Advances in the Study of Radio- 
active Bodies” in two remarkable Royal Institution 
lectures, delivered on May 15 and 18, Professor 
Frederick Suddy, M.A., F.R.S., now Professor of 
Chemistry at the University of Aberdeen, stated 
that the theory, put forth in 1902, that radioactivity 
was a consequence of the disintegration of certain 
elements through a series of short-lived elements by 
expulsion of helium atoms, had at first sight appeared 
revolutionary to the chemists, as incompatible with 
the atomic theory. He ventured to think, how- 
ever, that this opinion would be modified, the 
more so as the chemical atom was being put on its 
proper basis by the elimination of views which had 
n introduced into the atomic theory without 
being proper to it. The new ideas were not so novel 

r hm might appear. Sir James Dewar had 
drawn the lecturer's attention to some character- 
istic opinions of the past century. Thus Herschel 
had written: ‘‘ Philosophical chemistry no more 
aims at determining the one essential element out 
of which all matter is formed-—the one ultimate 


principle of the Universe—than astronomy at dis- | P® 


covering the origin of the planetary movements, or 

logy at ascending to the creation of the earth. 

ere may be such an element... Should we 
ever arrive at an analysis of the bodies now con- 
sidered elements . . . it would undo nothing that 
has been done, and render useless uo point of know- 
ledge which we have yet arrived at.” Again, 
Samuel Brown, of Edinburgh (not the Brown of 
the Brownian movements, a contemporary Edin- 
burgh man), speaking of Lavoisier, had written in 
1820 :—‘‘ His definition of elements was perfect : 
a material substance, not yet analysable... It 
is hard to think that all those sixty creatures are 
truly simple or elementary. The greatest question 
in science is: What is the interior nature of the 
elements ?”’ 

By the aid of radioactive studies, Professor Soddy 
continued, changes altogether different from any- 
thing previously known had been discovered, and, 
in his opinion, the disintegration theory confirmed 
details of the atomic theory. When he spoke 
in the same place in 1912,* he had referred to two 
outstanding problems. The first was the origin 
of radium, a problem which he had been investi- 
gating for twelve years ; it was unexpectedly com- 
plicated, but might now be considered as solved. 
All researches pointed to uranium as parent ; but 
there was an intermediate product, ionium, the life- 
period of which was about 80,000 years, being 
thirty times longer than the life-period of radium. 
Experimenting during the last few years with 3 kg. 
of uranium, in addition to three other samples, eac 





* See ENGINEERING, vol. xciii., page 389. 





of about 4 kg., he had been able to determime that 
the rate of production of radium from uranium was 
really proportional to the square of the time. 
The transport of the glass flask containing the 
3 kg. of uranium from Glasgow to Aberdeen had 
been a task of grave anxiety to him. 

In the second problem—determination of the 
final products of the disintegration series—consider- 
able progress had likewise been made. The pro- 
blem was ically solved already, indeed, inci- 
dentally ost in consequence of one of those 
broad sweeping advances of knowledge which 
science made but rarely, but which, when they 
occurred, seemed to carry everything before them, 
leaving in their wake confirmatory researches in 
plenty, but for the moment no fresh world to 
conquer. 

The three disintegration series—uranium-radium, 
thorium, actinium—all seemed to end in the ulti- 
mate product lead, or some substance chemically 
indistinguishable from lead. But the changes 
were extraordinarily complex, owing to the large 
number of intermediate products ; some of these 
had life-periods of many years, others of a fraction 
of a second, and in the latter case any inquiry 
into chemical properties was impossible, of course. 
The ores containing the radioactive materials were 
extremely complex to start with. Yet the task 
had not been so bewildering as it had at first 
appeared, because many of the intermediate pro- 
ducts had been found to be identical with one 
another in chemical nature. The recent age had 
brought out and destroyed several apparent iden- 
tities. The resemblance between argon (and the 
other inert gases) and nitrogen had been strong 
enough to prevent discovery of these gases for a 
long time; but the resemblance had, after all, 
been superficial. The resemblances between the 
different rare-earth elements were, on the other 
hand, so unique that Crookes had, years ago, made 
the suggestion of meta-elements—i e., elements 
gradually and imperceptibly changing from one 
well-defined form to another. But nobody had till 
recently contemplated the possibility of different 
elements = not similar, but identical, 
chemical character, or pondered over the philo- 
sophical consequences of that assumption. If 
argon had chemically been identical with nitro- 
gen, its higher atomic weight and density would 
still have led to its separation, by diffusion experi- 
ments, for instance. If, then, elements with 
chemically-identical properties existed, chemical 
analysis would be powerless to reveal them ; but 
it did not follow that any other kind of analysis 
would be equally powerless. 

From this standpoint Professor Soddy argued that 
the chemist’s analysis was at bottom, after all, still 
an analysis into properties, rather than into con- 
stituents, and that the periodic law was an expres- 
sion of the step-by-step change of the chemical pro- 

rties of elements rather than a step-by-step change 
in the constituents of matter. Earth, air, fire, water 
had been the elements of the early mind, the four 
possible combinations of two fundamental quali- 
ties and their opposites, hotness and coldness, 
wetness and dryness, taken two at the time. ‘‘In 
spite of Boyle and Dalton and Mendeleieff,” asked 

fessor Soddy, ‘‘can the chemist claim even yet 
to have grasped the reality beneath the appearances, 
the constituents beneath the qualities? Indeed, 
he cannot. The ancient Hellenic heresies pursue 
him still, only in subtler guise; for the search 
alter reality, which is the object of physical science, 
is never ending. It is a wbenthel road ; some 
of us think it the only road worth pursuing, only 
the more so because there is no goal.” What 
appeared constituent to us might be considered 
property by the next generation. 

Passing on, Professor Soddy explained that 
radioactivity had placed new analytical means at 
the disposal of chemists. Chemical properties 
= be called the life properties of a substance, 

ioactive phenomena its death properties. The 
former were now ascri to the outer shell of 
electrons, the latter to the inner nucleus. The 
eneral law was that a loss of an a ray (a 

elium atom of atomic mass 4) carrying two posi- 
tive charges shifted the position of an element in 
the periodic table by two places in the direction of 
diminishing mass, whilst a §-ray change, a loss 
of one negative 8 particle, shifted the position of 
the element by one place in the opposite direction ; 
the latter change relatively increased the positive 
by one unit. Thus one a-ray change fol- 

lowed by two §8-ray changes would bring the 
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element back into the same place of the periodic 
table (see diagram subjoined), and the many changes 
would bring different elements into places already 
occupied. The great generalisation (of Soddy and 
Fajans) was vow that the same place in the periodic 
table might be, and was frequently, occupied by 
several elements, chemically identical. Such ele- 
ments were called ‘‘ isotopes.” That view seemed 
destructive of the fundamental importance of the 
atomic mass. But the researches of Moseley on 
the characteristic X-rays and other researches 
proved that the periodic law really expressed the 
relation between chemical properties and the net 
charge upon the atom, not the relation between 
properties and the atomic mass. That net charge 
upon the atom was the ‘‘ atomic number.” 

We reproduce Professor Soddy’s table of the 
radioactive elements. He plotted the three dis- 
integration series on ordinates of atomic mass, 
the abscissze being the atomic numbers. The group 
of the periodic table is indicated at the top of a 
column, and the head element underneath it [in 
brackets if not horizontally in the correct position 
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as to atomic weight]. The uranium-radium and 
the thorium series are shown together; the 
actinium series is kept separate owing to the uncer- 
tainty with regard to the atomic weight of actinium. 
The difference between consecutive atomic num- 
bers, Professor Soddy pointed out, was always 
one unit, whilst the difference between the atomic 
weights of the consecutive members of Men- 
deleieff’s table ranged from a fraction of a unit to 
several units. On the atomic number theory 
94 elements—not counting isotopes, occupying the 
same space—were ible, of which five remained 
to be discovered. The emanations fell into place 86; 
87 and 85 were always vacant, because in this part 
of the disintegration series there was a succession of 
a-ray ranges without 8-ray changes, and the alter- 
nate places of the periodic table were missed. The 
final disintegration products (three main, two 
branch products) should be found in place 82 of 
lead, and uranium-lead should have the atomic 
mass : uranium (226) — 5 helium (20) = 206; the 
actual determinations made by Th. W. Richards 
and Lembert, Maurice Curie, and Hénigschmidt 
and Horowitz with materials from various ores, 
ranged from 206.86 to 206.04; the most recent 
determinations by the last two workers with 
specially selected ores (pitchblende, uraninite, 
broggerite) had yielded the lowest values—little 
higher than 206. Thus uranium-lead certainly had 
a lower atomic weight than ordinary lead (from 
common ores, not uranium ores), to which the 
international tables assigned the atomic weight 
207.1. On the other hand, thorium-lead should 
have the atomic weight thorium (232 4)—6 helium 
(24) = 208.4. The determination was exceedingly 
difficult, because thorium ores were most complex 
and contained uranium, which changed three times 
more rapidly than thorium. The. lecturer’s own 
experiments with 30kg. of Ceylon thorite (contain- 
ing only 1 or 2 per cent. of uranium) had yielded 
the value 207.64 ; only one determination had been 
made so far with this material, but it confirmed a 
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preliminary research which Professor Soddy had 
conducted in conjunction with Mr. H. Hyman 
when they had only one gramme of lead from 
Ceylon thorite at their disposal. He had also 
examined this lead spectroscopically, and had 
found no difference from the ordinary lead spec- 
trum, except that one weak line was too bright. 
Isotopes should give the same spectra, because 
the spectrum was an electric phenomenon, not 
dependent on mass; he considered that the work 
of Rutherford and Andrade settled this question 
in the same sense, though he admitted that they 
differed from Hicks and others on this point, 
and that little work had been done in this field. 
Volatility and melting-point experiments should 
not bring out differences between isotopes either, 
Professor Soddy thought; but diffusion experi- 
ments did, and J. J. Thomson’s positive-ray analysis 
should do so. The periodic table might suitably 
be represented after Crookes, who had suggested 
grouping the elements on a continuous curve of 
convolutions of 8 shape; Professor Soddy would 
make the spiral helical, and would begin with two 
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single loops (corresponding to the short groups of 
Mendeleieff) followed by 8-shaped loops. 

Concluding, Professor Soddy remarked that the 
problem of the ultimate constitution of the atom 
was undergoing rapid advance. The constitution of 
the atom remained the great — In organic 
chemistry synthetising was only possible after the 
structure of the compound had been determined. 
Nobody could predict whether the transmutation 
of the elements would ever be accomplished. But 
the problem now looked tremendously different 
from that of the alchemysts. In their sense (gold- 
making) the solution was not desirable, and since 
gold did not appear to have isotopes (bankers and 
mints would long since have noticed changes in gold), 
it did not look at all likely. Radioactivity, however, 
enabled us to study natural transmutation. The 
radivactive elements were endothermic elements, 
breaking down with enormous liberation of energy. 
Within the structure of the atom was bound 
up energy a million times greater than any yet 
utilised. That energy was not yet available ; but 
the solution of the transmutation problem would 
render it available. 

We have been unable to enter into the details of 
several of the varied recent researches discussed, 
which were conducted by Professor Soddy and Mr. 
Fleck and by others, to whom he, of course, gave 
full credit. We may mention some results of Pro- 
fessor Soddy’s work : polonium, which, at first alone 
of all the radioactive elements, seemed to have no 
isoto had six isotopes, all of short life ; and the 
problem of the origin of actinium, involving the 
nature of ekatantalum, remained uncertain. 





WEAVING MACHINERY. 

At the present time, when there isan undoubted 
scarcity of efficient weaving labour in Lancashire, it 
is interesting to com the use of the so-called 
automatic loom in the United States and in this 
country. Power loomsare all semi-automatic—that 





is, they perform all the necessary weaving functions 
automatically—but require the weaver to supp! 
them with fresh bobbins of weft or filling t . 
The automatic or weft-replenishing loom is provided 
with mechanism which, on the exhaustion or i 
exhaustion of the weft within the working shuttle, 
forces a full cop-bobbin, or pirn, of material into the 
shuttle—in certain cases the shuttle itself may be 
changed bodily. The manufacturers of the United 
States, faced with a shortage of efficient weavers, 
have installed automatic looms in large numbers, 
between 300,000 and 400,000 being at work in that 
country. No such shortage has, until recently, been 
noticed in this country, and consequently the neces- 
sity to employ automatic teense bas not been so 
acute, with the result that at the present time only 
15,000 of such looms are at work. As a relief when 
weavers are inefficient, or scarce, the automatic 
loom is valuable ; but it still remains to be proved 
definitely that any other advan accrue, and 
therefore such looms are not likely to be largely 
adopted by manufacturers until circumstances force 
them to do so. There are types of automatic 
looms which represent a very material advance 
on the mechanical construction of the ordinary 
loom. Two of these, the Northrop and the 
Steinen, for example, are designed throughout as 
automatic looms. It is meant by this that the 
weft-replenishing mechanism is not merely an 
adjunct applied to an ordinary plain loom, but 
each part has its designed position, and other 
special _— are added to make a complete 
and highly-efficient combination. An ordinary 
loom sold for anything from 61. to 101. is a good 
job for the money, but mechanically is inefficient 
in many respects. The automatic looms to which 
reference has been made embody in their construc- 
tion many mechanical features non-existent in the 
ordinary loom, but not entirely necessary to the 
the weft-replenishing mechanism. They, however, 
enable the weft-replenishing mechanism to function 
properly, which is their main purpose, and incident- 
ally increase the efficiency of the loom. 

At the recently-held annual meeting of the Textile 
Institute Mr. Oscar Hall, of Bury, read a paper on 
‘The Coming of the Automatic Loom,” in which 
he stated that cumulative evidence foreshadowed 
the fact that the day of the automatic loom in this 
country had dawned. The actual facts of the 
case do not quite justify this statement, although 
it may be agreed that the growing difficulty, as 

labour, necessitates some action. There 
are other remedies available which, being purely 
textile matters, need not be discussed here. The 
question that is of moment to engineers is, How 
will the textile machine industry, or, in this par- 
ticular instance, the loom-making industry, be 
affected by the remarkable developments that are 
taking place in other branches of science and in- 
dustry. It is generally recognised that the power- 
loom is an inefficient piece of mechanism ; that, in 
rinciple, little modification has been made since 
Sarteright invented it. For years all the improve- 
ments made on it have been comparatively un- 
important — attempts made to improve a poor 
initial design. It is uneconomical in power, noisy, 
and comparatively costly in upkeep. Some of its 
motions are non-positive, and this applies to the 
chief—namely, the propulsion of the shuttle from 
side to side ugh the divided warp-threads. 

Considerable force has to be expended to fling 
the shuttle from shuttle-box to shuttle-box, the 
whole of the energy stored up in the shuttle at the 
end of its effective flight having to be neutralised 
by applying frictional pressure to it, which pres- 
sure has to be overcome when the shuttle is pro- 
pelled back again to the opposite box. 

wt! of its flight the shuttle is entirely 
uncontrolled. This is in an ordinary loom, but no 
improvement is made in an automatic loom. All 
that is done is to apply additional mechanism that 
will replenish the shuttle with weft while it is 
momentarily stationary within the box ; and the 
time for this is short, as even in automatic looms 
no less than 180 flights or traverses per minute 
are accomplished, over about 4 ft. 6in of space 
each flight. Therefore all that is done, even 
in automatic looms, is to relieve the weaver 
of her responsibility of filling the shuttle with 
weft. It is not reasonable to suppose that with 
all the many developments taking place, the 

t form of weaving-loom will remain as it 
is. It has been said on a previous occasion by Mr. 
Hall that there is enough research work to be done 
in connection with power looms to occupy our 
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technical schools for many years to come. This 
statement can be endorsed emphatically. The 


entry into the field of the electrical engineer has 
certainly extended our knowledge of loom data, 
and the many tests now bein e will materially 
aid in future development. It has been definitely 
stated by an electrical engineer that it was im 
sible for him at the, outset to obtain any data 
whatever as to the velocity of the shuttle in ite 
passages from box to box, and experiments had 
to be initiated solely for this p A com- 
plete alteration in loom structure may be looked 
for, not probably in the near future, but certainly 
within a reasonable time. Old principles will be 
discarded, and new ideas, probably borrowed from 
other industries, will be employed. Development 
will proceed more quickly through co-operation of 
ideas, and it is therefore gratifying to record the 
great interest electrical engineers are now taking in 
textile machinery in general, and looms in par- 
ticular. They have not. approached the question 
from the driving standpoint, but they are, 
in certain instances, going down to the basic 
principles of the loom, ing with delicate instru- 
ments the operation and efficiency of the various 
parte, with a view to eradicating, if ible, the 
fundamental and inherent defects which the power- 
loom is known to possess. 





BEARINGS. 

Tue paper recently contributed to the Institution 
of Marine Engineers by Mr. J. Veitch Wilson 
serves as a useful reminder that well-lubricated 
bearings are still in a minority, being far out- 
numbered by those which are oiled intermittently 
and in scanty doses. The frictional resistance of 
bearings thus lubricated may follow very different 
laws to those which apply when an ample supply 
of oil, fed in at the proper point, ensures the main- 
tenance of a continuous film of lubricant between 
the journal and its brass. It may, perhaps, be 
argued that the survival of the intermittently 
lubricated bearing is an anachronism, and that 
the type should relegated to oblivion, Such 
a counsel of perfection is,.however, in many cases 
rendered inadmissible by considerations of cost 
alone, quite apart from such mechanical difficulties 
as inay also intervene. It is, nevertheless, very 
remarkable how the relatively expensive ring- 
lubricated bearing is making its way, even in the 
case of agricultural machinery, which has to 
built under highly competitive conditions, and may 
receive very inadequate attention in service. In 
fact, one objection sometimes urged against this 
type of bearing is that, requiring little attention, it 
is very likely to receive none, and the chance of a 
seizure may thus be actually greater than with the 
old type, which, requiring constant attention, was 
less Tikely to be completely overlooked. 

In some few cases, no doubt, the failure to im- 
prove methods of lubrication is really due to short- 
sightedness, as in the case of a brick-making- 
machine builder, who remarked that, as. he e 
his best profits from “9 and replacements to 
the pivot-bearings of his grinding-pans, he did 
not propose to adopt any torm of thrust-bearing 
which would end this condition of affairs. Of 
course, this unwise attitude might have a certain 
measure of success were it to be general and indefi- 
nitely prolonged. Sooner or later, however, some 
maker is certain to realise that in the end he will 
gain more by securing a reputation for the supply 
of ‘* no-trouble”” machinery than by the execution 
of illegitimate, because unnecessary, repairs. 

Nevertheless, there are many cases in which, 
for perfectly sound reasons, adequate lubrication 
cannot be provided for. It is, for example, quite 
impracticable to maintain a continuous oil film 
between a slide-valve and its port faces, and no 
slide-valve can accordingly ever be perfectly lubri- 
cated ; all that can be done is, by balancing the 
load as far as possible, to recuce the frictional 
wear and tear toa minimum. For commercial 
reasons also there will probably always be a 
large output of bearings in which no provision is 
made for continuous lubrication. It is the existence 
of these bearings and their relatively satisfactory 
working which is no doubt largely responsible for 
the divergent views as to the laws of journal fric- 
tion, to which Mr. Veitch Wilson called attention 
in his paper. With slightly greasy surfaces the law 
of resistance approximates to that governing the 
friction between solids, with which it has been 
established that the total friction is independent of 





the area of the surface in contact and of the speed 
of rubbing, but is proportional to the total pres- 
sure. On the other hand, as Mr. Tower was the 
first to show, with a well-lubricated journal the 
friction is independent of the load, but does vary 
with er — of the rg onuera, 208 with the 
speed of rubbing. In his r Mr. Wilson appears 
to have rece Bre got on this latter 
head, finding a difficulty in the fact that at the 
higher speeds the viscosity of the oil was diminished, 
so that, other things being equal, the resistance 
should have been reduced. is view, however, 
5 aoa the fact that the resistance offered does not 
epend solely on the viscosity of the lubricant, 
being with a given viscosity proportional to the 
rubbing speed. Hence as the speed was raised in 
Mr. Tower's experiments, although the viscosity 
was diminished by the consequent rise of tem- 
ture, the reduction of resistance due to this 
ead was off-set by the increased speed at which 
the film was being sheared, and perhaps also 
by an accompanying diminution in the thickness 
of the oil film, since the resistance to shear varies 
in inverse ratio to the thickness of this film. It 
is evident therefore that in actual practice no very 
simple relationship between the frictional drag on 
a journal and the velocity of rubbing speed is to 
be expected, since the final result depends on the 
difference between opposing tendencies. 

One curious point in the behaviour of imperfectly 
lubricated journals was brought forward by Mr. 
Veitch Wilson, who stated that in certain cases 
bearings have been found to be too smooth to run 
well, and that the fault has been cured by touch- 
ing up the surface with a rasp. It may safely be 
assumed that these journals were supplied with 
oil at the very point where the oil pressure was 
&@ maximum, and, hence, with a well-fitted journal, 
the oil naturally refused to enter. We recall a some- 
what similar experience with a motor-car crank- 
shaft. In this case, provision had been made both 
for bath lubrication and, as a stand-by, for drip lubri- 
cation. Such crank-shafts are exceedingly true to 
form, being finished by grinding, and it was found 
to be impossible to get the drip feed to enter the 
bearing through the ordinary oil-hole provided for 
it. In another similar case in which oil refused to 
enter the well-fitted bearing of a heavy shaft, the 
trouble was cured by filing an inch flat along the 
whole length of the journal. Abnormal behaviour 
of this kind is, however, found only with in- 


be | effectively lubricated bearings. Inthe case of the 


motor-car crank-shaft referred to, there was no 
difficulty whatever in getting oil to enter the bear- 
ing when the supply was offered at the proper point; 
that is to say, along the line of zero pressure. 
When this is done, the smoother and better fitted 
the journal the more effective is the lubrication, 
the pressure supported varying, in fact, inversely as 
the square of the film thickness. Hence flat places 
and cageeenene in the bearing surfaces will not carry 
their due proportion of the load. It may perhaps 
be questioned whether the abandonment of the 
practice of scraping high-speed journals to a fit, 
now advocated in some quarters, is not a movement 
in the wrong direction, at least so long as the arc 
subtended by the brass does not cover too wide an 
angle. For bearings which run in one direction 
only, an improvement in the carrying power would 
probably be realised by cutting away a consider- 
able proportion of the trailing section of the brass. 
In fact, theory shows that with long arcs there is 
a tendency for the oil between the trailing portion 
of the brass and the journal to be under tension 
instead of compression. The function of the lubri- 
cant is to separate the brass and the journal by 
means of the pressure it exerts. If, therefore, at 
any point this pressure changes to a tension, the 
lubricant will tend to pull the two together in place 
of thrusting them apart, and trouble may be ex- 

ted. With low pressures the arc covered may 

large without risk of this dangerous condition 
of affairs being established ; but as the pressure 
rises, and the film thins in consequence, theory 
shows that the arc should be cut smaller. 

A journal must, in fact, be smaller than its brass 
in order to run at all, and under load shifts so as to 
become eccentric to the brass. If under these con- 
ditions the eccentricity is so small that the least 
distance hetween the two surfaces is three-fifths 
of the difference between the radii of the brass and 
journal, the former may subtend with safety an 
angle of about 170 deg. If, however, the load be 
raised, squeezing the surfaces together, so as to 
decrease the least distance between journal and 





brass to one-fifth the difference in the radii, the 
arc subtended must not exceed 75 deg. These 
values are, moreover, theoretical ones, on 
the assumption that the journal is very long com- 
with its diameter, and that the shape of the 
rass does not alter under its load. This latter 
assumption is hardly likely to be often satisfied in 
practice, and a very small deformation might affect 
the above numerical values very considerably. 

Where very heavy loads have to be carried, ex- 
perience has shown that narrow brasses are a neces- 
sity, and in such cases the theoretical conditions 
will be more closely approximated to, as a narrow 
brass will be very rigid under its load. Moreover, 
the length of the arc subtended is then also a small 
fraction of the axial length. A rough interpola- 
tion, based on figures published by Mr. Michell, 
gives reason for concluding that when the length 
of the arc covered is not more than one-tenth the 
axial length of the brass, the safe load per square 
inch will be nearly nine-tenths of that practicable 
were the axial length infinitely great. 

Of all bearings, ball-bearings are, perhaps, the 
most remarkable. In some respects they violate 
some very well-established mechanical axioms, as, 
for instance, Professor Sweet’s aphorism that if a 
mechanism does not tend to wear out of shape, 
it will not wear much. This principle was very ably 
illustrated by Mr. Horace Darwin in his Wilbur 
Wright lecture of 1913. He there pointed out that 
if the wheel of a wheelbarrow were loose on its 
axle, it would wear out of fit ; whilst by making it 
solid with the axle and allowing the latter to turn 
in fixed bearings in the usual way, any wear tends 
to improve the fit. The ball-bearing, on the other 
hand, if it wears at all, must wear out of truth, and 
yet in spite of this, by the use of first-class mate- 
rials and great excellence of workmanship, such 
bearings endure astonishingly well under very 
trying conditions. 





THE GRETNA RAILWAY ACCIDENT. 

THE most serious railway accident in the annals 
of the railways of this country occurred in the early 
morning of Saturday last, the 22nd inst. Since 
the beginning of the war we have all felt a proud 
interest in the highly successful work of our rail- 
way system in the movement of troops. On 
Saturday last, unfortunately, this fine record was 
marred by the accident near Gretna, in which 
a troop train, an express, and a local passenger 
train were involved. The cause ap to be 
very simple and presents little of technical interest; 
other facts connected with the occurrence raise 

roblems which it is only possible to discuss in the 
ight of full and complete information, which is not 
yet available, nor likely to be so until the report 
of Lieut.-Colonel E. Druitt to the Board of Trade 
appears. At present therefore it is impossible to 
discuss the matter from the technical point of view. 

At the point of the collision, Quintin’s Hill, north 
of Gretna, there are four tracks. The two inner 
are the main up and down line of the Caledonian 
Railway. The outer are sidings. At the time of 
the accident these sidings were occupied by goods 
trains. On the approach of a local train from 
Carlisle—i.e., travelling north—the signalman at 
Quintin’s Hill wished to clear the line for a sleeping- 
car express from Euston to the North. The siding 
being occupied, this local train was shunted on to 
the up main line. While it was there a fresh 
signalman, who had just come on duty, accepted 
a troop train travelling on the up line, with the 
result that a collision occurred between it and the 
stationary local train. A very short time after- 
wards the Scotch down express arrived and dashed 
into the wreckage of the other two trains, which 
had blocked both lines. The result of the impact 
alone was undoubtedly very serious, but the death 
roll was lengthened very considerably by the re- 
sulting conflagration, which burnt its way through 
the greater part of the wreckage. Our illustrations 
on page 607 show how fiercely the fire was burning 
a considerable time after the accident, and how 
completely one of the coaches was burnt out, 
though not greatly injured otherwise. 

The loss of life, amounting to at least 158, with 
the possibility that others among the injured may 
yet succumb, is the heaviest ever sustained on our 
railways. In the past few months we have steeled 
ourselves to heavy losses, and the nation, with such 
momentous affairs on hand, will view the accident 
more nearly in the proper proportion than would 
have been the case in peace times, with a daily 
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Press searching the world over for thrilling news. 
We do not wish to imply that this is not a serious 
accident, but it is instructive to notice the small 
amount of space accorded to it in the daily papers, 
compared with the pages accorded to the loss of two 
or aan lives, say, two years ago. 

Usually the non-technical Press gauges the 
seriousness of a railway accident by the loss of life 
caused by it, a factor which, of course, is no true 


severity. One was the Tay Bridge accident of 
1879, in which sixty lives were lost. The other 
occurred in 1889 at Armagh, the loss of life in that 
case being eighty. In no previous instance has 
the figure even approached that of the total at 
Quintin’s Hill. The sympathies of all will go out 
to the relatives of the killed, to the injured them- 
selves, and to their friends, and also to the rail- 
way company. The fate of the gallant men who 
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indicator. What we want in most cases to get 
at is the seriousness of the failure of the railway 
machine or organisation. From this point of 
view some of the accidents to goods trains, &c., of 
which the public takes no note, are quite as im- 
portant as those to expresses, since they show that 
& mistake may be ible which, on another occa- 
sion, might be e in passenger working. In the 
present instance the fault seems, from the man’s 
own confession at the Board of Trade Inspector’s 
inquiry, to be with the signalman ; but whether or 
not it was wholly due to the action of the new 
signalman just arrived on duty is a point on which 
we are not yet in a position to pass an opinion. 

As regards the resulting loss of life, there have 
only been two accidents on railways of the 
United Kingdom which at all compare with this in 


| were on their way to risk their lives abroad for 
their country is particularly tragic. They have 
died in the service of their country, though not in 
the manner they risked when they volunteered. 





NOTES. 

GERMANY AND THE EnousH Dyg Inpustry. 
German scientists and manufacturers are at 

resent paying particular attention to new deve- 
| lopments in England and the United States within 
the chemical industry, that embracing the produc- 
tion of dyes more, perhaps, than any other. A 
German expert, Professor Dr. Otto Witt, has 
| recently dealt with the subject ina German journal, 
and his temperate and fairly reasonable remarks are 
| by no means without interest. He emphasises the 








fact that for countries producing iron and coal, a 
production on a large scale of coke is a matter of 
necessity, as is also the proper exploitation of the 
auxiliary products from -tar, from every point 
of view. The desire on the part of England and 
the United States to work up a dye industry of 
their own is therefore quite natural, and this 
desire, or determination, has, of course, been 
further strengthened by the present war having 

ut a stop to the im from Germany of tar 

yes. The older English dye industry was exceed- 
ingly efficient for its time, and it worked under 
such favourable conditions after the war of 1870-71 
that it would have been difficult to enter into a 
successful competition with it had it moved with 
the times. The ma of the English factories 
are, according to Dr. Witt, in many cases deficient 
as regards actual professional training, albeit men 
of ability and intelligence, and the organisation and 
the control of the works are therefore scarcely satis- 
factory in many places. Nor is the commercial 
organisation efficient. The English are clever 
merchants where it is a case of enterprise, wide 
views, and great business combinations, but they 
are less well suited to keep control of manifold details 
and small matters, which, especially in the chemical 
industry, are of such great importance. Even if 
the British Government affords substantial financial 
assistance, the new industry will find it difficult 
to work its way to the front and pay interest on the 
capital invested ; and it must be remembered that 
the German and Swiss chemical industries have 
laid by large reserves and written down their plant 
and other expenses so considerably that, for in- 
stance, in Germany no financier will assist at the 
start of inland undertaki intended to compete 
against the well-situated old chemical works. e 
English textile industry in cloth, which formerly 
used German dye-stuffs on a large scale, and in 
return ex the finished cloth to Germany, 
will, thinks Professor Witt, probably suffer by 
having to assist in the working up of an Englis 
dye industry. After the war Germany herself will 
have to try and manufacture fine cloth and other 
goods formerly imported from England, and thereb 
provide a home market for the German dye-stu 
which England used to import. 


Rotation oF THE SotarR Corona. 


In our Note on the work of the British Solar 
Eclipse Expedition, which went to Hernésand, in 
Secien, in August last (see Encinggrine, March 5, 
1915, page 279), we mentioned thst the green line of 
the corona particularly looked for was not observed, 
or very faintly observed, whilst some red lines could 
be distinguished. The search for some measurable 
lines was especially important for the determination 
of the rotation of the corona. The Comptes Rendus 
of April 6 contains an account of the eclipse observa- 
tions which J. Bosler and H. G. Bloch have presented 
to the Académie des Sciences. They went from the 
Meudon Observatory to Strémsund, in Sweden; they 
did not see the green line at all, but were able to 
measure a red line of wave-length 6734.3 Angstrém 
units. From the displacement of this line they are 
inclined to conclude that the corona rotates in the 
same sense as the solar surface, but at a faster 
rate. This conclusion would be in agreement 
with former observations; but they point out 
that the displacement may be due to proper 
motions of the ions, the luminous centres in 
the corona, and not to any rotation of the 
gaseous mass of the corona itself. How this is 
to be understood is explained in a memoir by 
H. Deslandres, published in the same number of 
the Comptes Rendus. When the motions apparently 
occurring in protuberances (prominences) are 
watched, it is seen that the velocity of rotation 
first increases, as the height of the prominence 
above the sun-disc increases, and then decreases, 
and changes sign, once more to increase and 
to decrease afterwards. This apparent periodical 
change in the velocity might be explained by 
assuming that the ions in the prominence are 
describing helical paths in the magnetic field 
of the sun. The field might similarly act on 
the ions in the corona, and the intensity of 
this field need only be weak. There are two 
estimates of the intensity of the solar magnetic 
field ; they differ very much from one another, 
Hale’s estimate being 50 gauss, whilst that of other 
physicists is 10-’ gauss. But the one estimate 
concerns the surface of the sun, the other the upper 
regions of the high prominences, and Deslandres 
previously shown that the two estimates might be 
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reconciled with one another. As regards the rotation 
of the corona, three determinations are now avail- 
able :—That of Deslandres, of 1893, made on violet 
rays ; that of Campbell, of 1898, made on the green 
line ; and the recent one of Bosler and Bloch. 
The actual displacements measured in these three 
cases were 1.52, 0.82, and 0.48, the unit being a 
hundredth of a millimetre. These displacements 
are exceedingly small, of course, and the measure- 
ments are so difficult and uncertain that little 
reliance can be placed upon them. Deslandres 
himself is doubtful whether the violet lines on 
which he had based his determinations were really 
coronal lines. 


Action or ACBTYLENE ON Metals, 


When the electric furnace made possible the techni- 
cal preparation of calcium carbide, and consequently 
the use of acetylene as an illuminant, a were 
rightly cautioned that acetylene is in itself highly 
explosive, and that it forms explosive compounds 
with certain compounds of copper, and possibly of 
other metals. So far as the action of the gas on 
the metals used in the construction of apparatus 
and of gas-pipes is concerned, this latter danger 
seems to have been overrated. But it would 
appear from long-continued experiments, made by 

. Reckleben and J. Scheiber in the University of 
Leipzig, that crude acetylene does destroy pipes of 
copper and attack some other metals, though it 
does not convert them into explosive com- 


pounds. The experiments (Chemiker Zeitung, 1915, 
vol, xxxix., e 42) were conducted with crude 
and with purified acetylene, and extended over 


a period of twenty months; the general arrange- 
meut adopted is interesting. The acetylene from 
an ordinary generator was collected over brine, and 
directly passed in a slow, steady stream over a 
series of metals and alloys in its crude, unpurified 
condition. The acetylene was then purified by being 
passed through solutions of salts of lead, copper, 
and iron, and also through glycerine, and was oo 
allowed to act on other samples of the same metals 
and alloys in this condition; the purification 
deprived the acetylene of the us compounds 
of phosphorus, arsenic, and sulphur, to which crude 
acetylene chic fly owes ita vile odour. Finally the 
acetylene was theroughly dried with the aid of soda- 
lime and calcium chloride, and a third series of the 
same metals and alloys was exposed to the pure, 
dry gas. The alloys were brass, aluminium bronze 
(92 per cent. of Al, 5 Cu, 2.6 antimony), a bronze for 
artiste (84 Cu, 7 Al, 7 antimony), | pacts aap somnan 
a solder (52.4 tin, 47.5 Pb, traces of copper), German 
silver, type-metal, &c.; the metals were tried in the 
form of compact metal, foil, and powder (reduced 
by means of hydrogen). It resulted that the pure 
and diy acetylene did not attack any of the metals 
or alloys; they all remained bright, and did not 
increase in weight. The purified moist gas was 
fairly inert likewise. In most cases it did not 
cause any attack, but nickel increased by 1 
cent. in weight and copper by 1 6 per cent. The 
crude moist gas behaved very differently. It left tin, 
German silver, aluminium bronze, and solder almost 
unattacked ; zinc, lead, brass, and nickel increased 
slightly in weight by about 1 per cent. ; iron in- 
creased by 6 5 per cent., ar eects by nearly 
15 per cent. Bo ared worst. Within six 
months it inc y 80 or 90 per cent. in weight, 
even as foil, and was converted into a softish black 
masa; the increase in weight was partly due to 
moisture, partly, however, to the deposition of 
carbon ; but the mass did not contain any absorbed 
acetylene, and was not explosive. A similar black 
mass was found in a as pipe from the acetylene 
generator of an automobile ; the pipe had become 
clogged with a black powder which was not explo- 
sive. It would thus oonees as if explosions in 
acetylene apparatus, ascri to explosive copper 
compounds, might really have been due to a direct 
— of the gas. But copper and pos alloys 
should not be used in gas-pi>ing for acetylene, and 
iron should be well-tinned rather than nickelled, as 
nickel is itself attacked by the crude gas. 


Paints ror Iron 1n CONCRETE. 


The increasing popularity of ferro-concrete struc- 
tures calls for a rigorous supervision of all ible 
sources of electrolytic corrosion. When the iron 
embedded in damp cement becomes an anode, even 
small potential differences and weak currents are 
sufficient to set up a slow rusting of the iron. The 
hydroxide Pesce. occupies a considerably larger 
volume than the metal, and the concrete cracks there- 





fore, and once the moisture gains access through 
the fissures, the corrosion of the concrete proceeds 
at a rapid rate. Experimental researches and 
statistics prove that the danger of this corrosion, 
which certainly caused serious damage to conduits, 
bridges, dock buildings, &c., some years ago, can 
os be diminished by proper care on the part 
of both the electrical engineer and of the hydraulic 
engineer. Yet there isa danger. One of the pre- 
cautionary measures repeatedly proposed, but 
hardly tried, is to paint the iron before it is em- 
bedded in the concrete. An investigation of this 
suggestion has been conducted by Mr, Henry A. 
Gardner, assistant director of the Institution of 
Industrial Research at Washington (see Journal of 
the Franklin Institute, March, 1915). The re- 
search at once brought out the important fact that 
painting may be serviceable or have the opposite 
effect. That fact was foreseen, and it made the 
research necessary. It might be thought that a 
skin of paint of high electric resistance should 
afford the most efficient protection against rusting. 
A smooth glossy skin which acts as an insulator 
also prevents any real bonding between the con- 
crete and the iron, however, and it is essential for 
ferro-concrete structures that the mass of concrete 
and metal should behave as one body. Gardner 
finds that glossy paints need not be rejected, how- 
ever, because they can be provided with a good 
bonding surface by being ‘‘sanded.” For this 
purpose he applies crushed abrasives, quartz or 
simply fine sand—the most convenient and appa- 
rently best material in this respect—to the still 
“tacky,” not yet dry, coat of paint; the dried 
surface afterwards resembles sand-paper. Oils 
which dry to porous, rather flat and dull than 
glossy coats, are perhaps preferable to oils yield- 
ing glossy coats. The bonding test is by no 
means alone decisive, however; some lacquers 
and water paints are bonders, but not to 
be recommended otherwise. The oils should 
dry by semi-polymerisation rather than by slow 
oxidation, and the oil film should be saturated— 
that is to say, not inclined to take up much 
hydrogen. Some lacquers and oils act like de- 
polarisers and absorb hydrogen; hardened fats 
are locally deposited in these cases, and such 
spots are mechanically weak. The pigments and 
additions to the oils should be inert substances, 
non-conductors of electricity and coarse ; silica, 
asbestine, and china clay would answer, basic oxides 
and chromates offer advantages of theirown. The 
problem will require further investigation. Gard- 
ner proceeds in the following way. He covers iron 
rods, 4 in. or ? in. in diameter, cleaned of scale 
and rust, with one coat of paint, and after a week 
with another coat ; some of the rods were sanded, 
as explained. The rods are embedded in concrete 
in moulds, and test-cylinders about 3 in. in dia- 
meter are formed, containing one or two iron rods 
as electrodes, 1 in. apart, 1 in. from the bottom of 
the cylinder, or flush with it. After ageing for 
one month, the cylinders are pe in trays contain- 
ing a few inches of water, and currents of 30 volts 
or more are applied for ten days or more. In the 
first series of experiments, each cylinder contained 
two rods as electrodes ; in the second, the one rod 
was anode, and a cylindrical sheet of iron, sur- 
rounding the concrete block without touching it, 
formed the cathode. Almost all the cylinders 


cracked with appreciable currents up to 0.08 ampere. 


as & maximum, the paint on the anode in particular 
being destroyed ; the paint on the cathode suffered 
little, and im no cracking ensued, the paint on 
the anode was found intact. 





THE LATE MR. PIERRE-EMILE MARTIN. 

WE regret to have to announce the death, which 
occurred on the 23rd inst., of Mr. Pierre-Emile 
Martin, the inventor of the open-hearth process of 
steel manufacture. It was only on the 13th inst. that 
the Iron and Steel Institute, as recorded on page 553 
ante, handed to a representative of the French 
Embassy, who attended on his behalf, the Bessemer 
Medal which the Council of the Institute had granted 
to Martin as a recognition of his work. We cannot 
do better in the circumstance than reproduce here in 
— the remarks — = from _ Arthur 

, the acting president, when handing over the 
oie. Dr. <n as follows :— . 

** Pierre-Emile tin (Fourchambault, France), the 
recipient of the Bessemer Gold Medal of the Iron and 
Steel Institute, is one of the last of the pioneers con- 
nected with the t development in the manufac- 
ture of steel whiok took place in the latter half of the 
nineteenth century. He is the inventor of the process 





for the manufacture on a practical scale of open-hearth 
steel, for which his first on was taken out in July, 
1865. The process, which consists of melting pig-iron 
with scrap steel and iron oxide, has ever since been 
known on the Continent as the Martin process, but in 
this —. it is commonly called the ‘ open-hearth 
process.’ The actual discovery that steel could be 
made in this way was not new. Réaumur, in 1722, 
had already produced steel by melting a mixture of 
pig-iron together with scrap and iron oxide, but h’s 
experiments had never gone beyond the laboratory 
stage. Many metallurgists subsequently endeavoured 
to follow the method indicated by Réaumur, but the 
difficulty of obtaining a sufficiently high temperature 
in the melting hearth proved an obstacle which none 
of them could overcome. 

‘*The invention of the regenerating furnace by Sir 
William Siemens at length overcame this difficulty, 
and in the early ‘sixties Pierre Martin began experi- 
ments at Sireuil, in France, with a Siemens furnace 
of 1 ton capacity. After many trials and disappoint- 
ments he, at length, suc ed in producing open- 
hearth steel of regular quality and composition, and 
the process was taken up by two of the leading French 
steel works. The success of the new process naturally 
aroused the attention of Martin’s competitors, and it 
was not long before the validity of his patent rights 
was attacked on the strength of Réaumur’s prior 
publication of the results obtained 123 years earlier, 
although these had led tono practical result. Martin, 
not having the means to defend the lawsuits brought 
against him, was compelled after two or three years 
to give up thes le against his opponents and to 
retire into private life. For many years his existence 
was forgotten, although the process had always con- 
tinued to be associated with his name. hen it 
became known a few years ago, through the Comité 
des Forges de France, that Mr. Martin was still alive, 
steps were immediately taken to recognise his claim 
to the merit of the invention which had been denied 
to him in earlier years, and at a banquet held in Paris 
in June, 1910, the steel-makers of Europe united to 
do him honour, and he was created bv the French 
Government an Officer of the Legion of Honour. 

‘** By the time Martin had perfected his method, 
the Bessemer steel-making process, which had been 
invented eight years earlier, already completely held 
the field, and the Martin process, especially on 
account of its higher cost, was unable for many years 
to make much headway against ite powerful rival. 
The introduction in 1879 of the basic-lined furnace of 
Thomas and Gilchrist, by which phosphoric iron 
became available for conversion into steel, gave a 
pat impetus to the manufacture of steel in the open- 

earth, and the production of open-hearth steel (Martin 
steel) from that time to increase steadily. In 
point of quantity it has now far out-distan that 
produced by the mer process, the world’s produc- 
tion of steel for 1913 having been 74 million tons, of 
which 44 millions were e by the Martin process 
and 30 millions by the Bessemer process.” 

At the banquet held in Paris in June, 1910, men- 
tioned by Dr. Cooper, Mr. Martin referred in very 
graceful terms to his collaborators of the early days, 
giving the names of the workmen and foremen who 

constantly stood by him, and who had helped him 
in all his endeavours to work the open-hearth process. 
He also added that he owed to the memory of Sir 
William Siemens to couple Sir William’s name in the 
praise which he was then receiving, owing to the 
success with which he carried out the application of 
his method of supplying heat to the steel furnace. 

Mr. Martin was born at Bourges, on August 18, 1824 ; 
he was therefore in his ninety-first year. 





Tur Roya Socrty or Arts.—The Albert Medal of 
the Royal Society of Arts for the current year has been 
awarded by the ncil, with the approval of the Presi- 
dent, H.R.H. the Duke of Connaught and Strathearn, 
K.G., to Professor Sir Joseph John Thomson, O.M., 
D.Sc., LL.D., F.R.S., for his researches in physics and 
chemistry, and their application to the advancement of 
arts, manufactures, and commerce. The Albert Medal 
was foanded in 1863 to commemorate the Prince Consort’s 
Presidency of the Society, and is awarded ‘‘for distin. 
guished merit in promoting arts, manufactures, and 
commerce.” 





Tue WiisuRr Wricut Lecrure.—The Wilbur Wright 
Lecture of the Aeronautical Society of Great Britain was 
delivered on May 20, 1915, in the rooms of the Society of 
Arts by Professor G. H. Bryan, F.R.S. The lecture was 
devoted to a consideration of the conditions in which an 
aeroplane might naturally fly in a circle instead of in @ 
straight line. It was wholly mathematical in character, 
and few conclusions of much immediate practical value 
were arrived at. The most important point brought out 
was a marked difference in the behaviour of curved and 
flat wings. With wi curved so as to droop, natural 
circling flight a to be readily attainable, whilst, 
under sim conditions, it was impossible with flat 
wings, whatever the dihedral angle. Attention was 
drawn to the fact that gulls in circling flight do droop 
their wings. 
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GERMAN INCENDIARY BOMBS. 

Tue British Fire-Prevention Committee, a Com- 
mittee which is indefatigable in following out the 
programme outlined by its title, has investigated the 
various scenes of bomb raids, and has carried out tests, 
with the result that it has found out the nature of the 
bombs thrown by the aerial craft of the enemy. The 
Committee has now issued a warning detailing its 
work in this respect, and telling the public the manner 
in which the fires arising from aerial bombs are to be 
dealt with. 

An incendiary bomb is shown in section in the 
illustration herewith. The bomb is, as a rule, 
conical in shape, 10 in. in diameter at the base ; 
it is corded round, and has a metal handle at the 
apex. The base is a flat cup, on which a pierced 
metal funnel is fitted, provided at the top with 
an ignition device and a handle. The funnel is 
gnerally filed with thermit, which rapidly becomes 


m lten metal, having the extraordinarily high tempera- 
ture of about 5000 deg. Fahr. This molten metal 
spreads upon concussion. Outside the funnel is a 
padding made of a highly inflammable or resinous 
materis! bound on with an inflammable form of rope. 
The resinous material creates a pungent smoke. There 
is, further, generally some melted white phosphorus 
in the bottom of the cup which develops nauseous 
fumes. In some cases celluloid chippings are added, 
and occasionally a small quantity of petrol. 

Such incendiary bombs, the Committee adds, would 
readily fire buildings and their contents, owing to the 
fierce nature of the flames and of the molten metal. 
Fires caused by them may be prevented from spread- 
ing, regardless of the high temperature generated at 
the actual seat of the outbreak, if water be promptly 
applied in fair bulk, force and continuity, as from a 
series of buckets energetically thrown or yw a 
vigorously worked. Sand or loose soil similarly 
thrown might be useful in the absence of water, but 
would not have the necessary cooling effect. The 
a of single buckets of water or single shovels 
of sand would be comparatively valueless. 

The warning thus issued by the Committee should 
be duly noted by the public generally and by the 
owners of factories, warehouses, and stores. 





THe Associazione E.errrorgonica ITALIANA. — 
Among the papers recently presented to the above insti- 
tution, there is one by Mr. M. Semenza dealing with the 
problem of electric heating, making a comparison with 
the central hot-water heating system, which is the 
common one in Northern Italy. The author finds that 
with the average heating period, which is 120 to 140 days 
& year, electric energy would have to be sold at less than 
l centime a unit to compete successfully. He considers 
the matter particularly from the point of view of an 
accumulator system, and deals with the merits of water, 
cast iron, brick, &., as to heat-retaining material, 
coming to the conclusion that water is always the best. 
A paper by Mr. G. Semenza is concerned with the earth- 
ing of the metallic supports of insulators in cellular 
switch-gear constructions. His experience is that such 
— 7 be a source of danger in — of arcs form- 
ing, and that it is unnecessary, since there is no danger 
of shock if a workman touches a concrete structure which 
18 in contact with live gear at a vol of 61,500. 
Messrs. O. M. Corbino and J. C. Trai i describe a 
reversible continuous generator with no commutator nor 


any clipping contacts. The armature consists of two 
rectangular frames, one of co and the other of bis- 
muth. Other papers deal with the use of coupling-rods 


on elrctric locomotives, electrical dischargers to prevent 
the formation of heat, an electro-dynamic coupling, &c. 





SHORTAGE OF SHELLS. 
To tHe EpiTror or ENGINEERING. 

Siz,—I am glad to see Mr. Tuckwell’s letter upon this 
subject in your current issue, and would be to 
see wey of @ similar ~~— > - G w. I have 
ap) as an engineer, for work du evenings, 
Saturdays and Sundays, to prominent ancnpaaed upon 
armament work in this city, and have communicated 
with the Labour Exchange and the local Armaments 
Committee, but all, so far, without result. 

are here, I am sure, many who, like myself, have 
served several years in the shops and are willing to help 
now in their spare time to increase production of war 
ma It is unfortunate that their services, appa- 
rently, cannot be utilised. I quite a iate the diffi- 
culties in organising labour available only for (say) three 
hours daily. 

In order to enable the local authorities to estimate 
what body of labour is available under above conditions, 
may I suggest that engineers in the G w district, 
situated as above, write to the secretary, w and 
West of Scotland Armaments Committee stating for 
what number of hours per week, and between which hours 
of the day or evening, they are available. 


Yours sincerely, 
Glasgow, May 24, 1915. Wu. T. Smrru. 





‘““THEORY OF THE TESLA TURBINE.” 
To THe Eprror oF ENGINEERING. 
S1z,—With reference to your editorial note on my 
letter in your issue of April 30, I am quite in agreement 
with your differential equations (in fact, your statement, 
v dv ay + Ay =0 for s free circular vortex leads 
g dr rg 
on integration to a previous statementof mine that v« 1 


Tr 
for a free circular vortex); but I would point out, with 
all due respect, that although the 50 per cent. limit you 
mention is true for either your analogue or for ring discs 
in which the outer periphery is only slightly greater 
than the inner periphery, 10 is “‘not ” true when the ratio 
between the pheries is considerable (say 3 to 1). I 
did not give the full solution in my letter, use I think 
it is possible to form a conception of the action 
without mathematics. uppose it ted (as you 
suggest) that we have a turbine in which there is a 50 per 
cent. slip all through, my comment on such a case is 
that the efficiency would be improved by having more 
discs, and these closer together, and by allowing the rotor 
to run at a higher speed. 

However, on integrating the equation. you mention 
when n = 1, we have the circumferential velocity 


(i) 
vs=wre 2A Lig. d . otlte > 
of r 


where A is an arbitrary constant, k is the radial velocity 
of the water towards the centre at a radius of 1 ft, f 1s 
the friction of 1lb. of water when moving through the 
plates at 1 ft. per second, and w is the angular velocity 
of the rotor. Due to incompressibility of the water, 
we can also write radial velocity towards centre u 


=-@¢& 
dt r’ 
and the flux of water second = 2 7 k p (where p is the 
density) for unit width of the flow. 
This shows as a possible case (when A is zero)— 
v-oer= 2kw ‘ # 
te 


Of course (vy —wr) is slipat radius r, and since 
= ke we see that in this case a fiuid particle describes 


? 
‘**on the plates” an equiangular spiral, which is certainly 
interesting. j 
This being a fairly simple case, let us see what is the 
corresponding efficiency when the outer periphery = R, 


and the inner periphery = 3° 


The torque transmitted to the rotor equals the angular 
momentum of liquid coming in per second minus the 
angular momentum of liquid going out at the exhaust per 
second ; an . 

Ww 


vf * R)- 
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_2arkp 
torque = r3 {R(oR + 


a (+3 2kw 2) 
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Hence the energy per second transmitted to the rotor 


— 16 rkpw* R? 
9 g : 
The kinetic energy of incoming water per second is :— 
1 2Qrkp R 2kw x) 
; eo 
2 (° gf & 


which, if & is small in comparison with other quantities, 
practically equals 
ak pw R2 
g 


We will now find the potential energy per second. 
Pressure at inlet (abuve atmuspheric) is :— 








$6. t; ge" 5% 


alr+gyat gpa’ pa) ar tsp logs 
3 
R 


dr= eel dr (practically, when k 
3 3 


enough to make other terms negligible), 


w? R? 
es (practically, when & is small enough 
to make other terms negligible), 


8 wrkpwR* 
Px2rk=@ . os =, 
or total incoming energy 
17 rkpw R2 
=9 > 
when < is small enough in comparison with certain other 
quantities—a condition which unfortunately means 
making a large turbine for the power developed. 

Hence, unless we take into account the frictional 
losses at the casing of the turbine, which have not been 
previously mentioned, the efficiency may be nearly 6 
when the ratio between the peripheries is 3 to 1. 

There is a way of getting rid of the friction at the 
outer casing, but, even so, I am not advocating the use 
of the turbine unless in a greatly modified form. 

Yours faithfully, 
: Watrer ©. M. Perrinait1, B.Sc. 

47, Francis-road, Edgbaston, Birmingham, 

May 5, 1915. 

[In his interesting letter our correspondent points out 
that if the constant of integration in the equation we 

ve is made zero, the Tesla turbine may have a very 
high efficiency. On the other hand, we gave reasons for 
concluding that the efficiency of any particular annulus 
could not exceed 50 per cent., and hence that the efficiency 
of the whole disc could not exceed this limit. There is 
thus a discrepancy which must be due to a false assump- 
tion somew: 

In our argument we assumed that the expenditure of 
energy in an annulus was independent of the speed of the 
disc. As an average, this is certainly true, since the 
energy expended is fixed solely by the initial and final 
conditions. ; 

Nevertheless, the distribution of the total energy over 
the different annuli will depend on the speed, and it 
is, perhaps, here that the in of the discrepancy is to 
be found. On the other hand. to obtain our correspon- 
dent’s result, the constant A has to be zero, and not 
merely very small. Possibly there is a critical condition 
involved. It will be seen that with A zero the actual 
motion of the fluid consists of Rankine’s free vortex super- 
imposed on his forced vortex, the motion of the water 
relatively to the plates being a free vortex. 

If A has any sensible value, the conditions would 
appear to be —s al , and the distribution of 
energy will a y then depend almost entirely on 
the term including this coefficient. This appears to be a 
conclusion fairly deducible from the numerical magnitude 
of the quantities involved. 

Let us for convenience of calculation take all quantities 
in the O.G.8. system of units, and conceive an annulus 
of radius r, breadth Ar, and thickness 6. 

The total resistance suffered by the fiuid in the 
annulus is 

6ur 
6 
» being the viscosity. 

The total work done in the annulus in the time d¢ is 

therefore 


(v—s) r Ar dynes per sq. cm., 


cer (v-s)rArvdt, ergs. 


If W be the weight passing per second, we have then 


war(" Se. A )Ar=SE™ (wa) rAredt, 
gur ry 6 
Putting s = w r this gives 
3rug 
va=wr 42 WS 1A, ws 
Srugr r 


For water the numerical value of ~g may be taken 


as 10 

Su the plates to be 1 mm. apart, so that =1 mm., 
ossh tah tho tonne radius of the discs is 10 cm., and also 
that the radial velocity here is 75 cm. per second. Then 


W =75 x 24 x 10x dy = 75 x 2. 


Srya_ 
Hence ws = 3. 
Hence veuwr+— +A. .27 
2r fr 


It will be obvious that if A have any sensible value 
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whatever, the velocity in any annulus will be practically a a 

‘nfesentent of oo, ua 6” toon quantity. c= Bip? THE ROYAL METEOROLOGICAL SOCIETY. 
Even at the inner radius it is ¢, a number requiring | so that THE monthly meeting of this Society was held on 
nearly 90 digits to express. It was this fact that led us  - 2 hema the 19th inst., at 70, Victoria-street, West- 
to observe in giving the equation originally that its “yy Bin ae (2) minster, Major H. G. Lyons, F.R.S., President, in the 
ithe head lost inp Giing fi = “hles odge'ts discharge | The assumption made in the article that the velocity + om * Phe Wot Wonton of WLEIB: ‘They dealt tally 

e in rom * 1 on ** i 0 ” b 

edge is equal to varied wniformly from zero at the sides of the space to a via the abnormal rainfall of the four monthe November, 


_ Hence when A is not zero it is impracticable to evaluate 
iteven by approximate in tion. The problem, it is 
clear, requires further elucidation, but there seems no 
obvious method of solution applicable to the case of A 
greater than zero. Another point which arises is that in 
the case of a steam-turbine it is mechanically impossible 
to run the discs at the speed required to reduce A to 
zero. The rim velocity required for a condensing turbine 
would be of the order of ft. per second.—Ep. E.]} 





THE NEED FOR COMMON JUSTICE IN 
ARMAMENT FACTORIES. 
To THe Eprrork or ENGINEERING. 

Sin,—Your leading article on ‘“‘ The Need for National 
Administrative Efficiency ” causes me as a patriot and a 
workman serious misgiving. That the output of material 
in this day and hour of danger is low, I will admit, but I 
will not admit that all the blame, or even half of it, 
should be laid at the door of the workers. 

on the iyemeen a water nave Poids histor in 
which put everything of valour in the world’s hi in 
the shade. The verdict of the historian on the British 
working man in the death-stricken trenches will be that 
he > Ay hero of ane. Bat this ware Saar is = 
man who is charged wi ing-u e 
output of material. io th. senquasiite to ougpese thee ane 
brother should be a Trojan and the other a poltroon ? No! 
a thousand times no. 

In _ the factories, the American organisers, the tech- 
nically-trained geniuses, the mium-bonus men, the 
ernalia which has been 


rate-fixers, and all the 
7 -out, have utterly failed to 


introduced since the 1897 
justify their existence. When the nation wanted this 
** system-run-mad ” isation to let the Army have 
munitions it collapsed. Instead of order there is chaos ; 
instead of output there are excuses. 

real reason why the munition business is in such a 
bad case is because the aforesaid iuses, who are in 


charge of the factories, are devoid of common-sense, 
common justice, oreven common ability. Injustice and 
incompetence have stalked hand in d; and 


plants with the capacity for enormous output are li 
mad-houses: no one seems to know what he is doing, nor 
_ oo pted to fi 

organ: workers attem to fix a tyranny on 
the trade prior to 1897 ; and the masters, after ing 
—_ wos one worse a eat, the i 
iberty- ng tyranny, on employer and employed. 
Under this severe Y on hesssback onehd 
work their — will on the Sos and py ae 
position was le more galling by his sold by his 
union officials in what is called ‘* collective ining.” 
It is with shame and sorrow I admit that to-day many 
of the workers are having what they call ‘‘a bit of their 
own back.” 

Our position as a nation is too serious for me to be 
a I state emphatically that blame is 
attaching to us, but the blame is primarily to be laid 
at the door of the employers’ federation. 

This titanic struggle shown us the weak places in 
our defence, and it 1s due to us to set our house in order. 
Sacred freedom of contract, and the play of natural laws, 
renee Geen: — it is up to aaeeee to = the 
example by scrapping the employers’ federation. Every 
neces must have the right to do absolutely as he likes 
with his capital ; every worker must have the right to do 
as he likes with his labour power—sell it to whom he 
likes and on what terms he likes. Truth and justice 
must be our Pole star ; and the whole force of the State 
must to enforce justice and preserve individual 
liberty. Sunday work should be stopped instantly. 


Yours —_, 
GINEER. 


**PLUG AND SPINDLE LEAKAGE.” 
To THe Eprror or ENGINEERING. 

S1a,—With reference to the article on this subject in 
your issue of May 7, the annexed figure represents a sec- 
tion through one side of the passage. The mean diameter 
of the space isd. All dimensions are measured in centi- 
metres, and pressure difference between ends of the hole is 
pcre square centimetre ; consider the portion of 
iquid, of mean diameter d, between the surfaces aa, bb. 
It is subjected to an end force of rd 2p dynes, which 
gre a shearing stress, in the liquid, at the surfaces 
aa, bbo 





wdep _ 2? 4 2 
irate = (1) 


From this it follows that the rate of change of velocity 
at the surfaces a a and bb will be 
dv = -P dz, 
4ip 


u being the coefficient of viscosity. 
_ “Pp 
Sip’ 


v=c 


when z = 3, v= 0. 





maximum at the eS gestion & Gavin not correct. 
The leakage, in cubic centimetres, during ¢ seconds 
will be 
z=s 
| wd,tvdz 
z=0 
—_ 7dtp\*~" 
* Sip z=0 
wdtp®? 
12lph 


Q 


(82-22) dx 

(3) 
\o 
ro 
| 


| 
: 
aa 
| 
| 






Qa 














a 6 


o 
(4409) 


And from this the weight of liquid lost per hour is 
 DeP 
26,585 L « V 
diameter of spindle in inches. 
space in mils. ' 
ressure difference in pounds per square inch. 
th of hole in inches. s 
cubic feet of liquid per pound weight. 
# = coefficient of viscosity. 
In the above calculation it is assumed that the spindle 
is central with the hole, and it should be noted if 
the spindle bears on one side of the hole, the leakage will 


be doubled. 
Yours truly, 
Rosert B. Domony. 

Barrow-in-Furness, May 12, 1915. 

{Our correspondent is correct in poin' be that the 
distribution of velocity across the annulus between a plug 
and its bush is parabolic rather than triangular, as was 
assumed in the article criticised. He has, however, made 
& mistake in his analysis, and his coefficient is twice as 
large as it should be. @ net result of the correction 
to which he draws attention is that the mean velocity of 
flow is given by 


(4) 


w= 


D 
8 
P 
L 
Vv 


tae 
6Ayu 
instead of 
v= 4. 
8ArAynu 
Hence the coefficients given in the article should be 


reduced in the ratio of 6 to 8. The weight passing in 
pounds per hour thus becomes 


w=_ “tnd 
13,305 Vip» 
for a non-compressible fluid, and 
~ A3 p d ra) 3 
= 26,610 Vin (2 =) 


for an elastic fluid. The above apply when the plug and 
bush are concentric. When, however, the bush and plug 
are so far out of centre as to actually touch each other, 
the quantity passing is 24 times as great, not twice as 
much, as our correspondent has it.—Eb. E.] 





American Rariroaps.—In the nine months ended 
March 31 this year the gross —— of American rail- 
ian can eee doke 1,956,748,481 do Me > agp a —— 
of 1 , a8 com: with the corresponding 

iod of 1913-14. Economies enforced in working were, 
wever, considerable, and the fall in net revenue did not 
exceed 12,970,000 dols. 


Tue MancuesterR Monicrpat ScHOoL or TECHNOLOGY. 
—We are informed that not more than ten Research 
Scholarships in Technology (one of the value of 80/., 
three of the value of 75/., and six of the value of 50/., all 
with fees remitted) will be awarded on or about July 5 





next. These scholarships are tenable during the academic 
1915-16 in the ter Technology 
{Faculty of Technology in the University of Manchester). 


Applications must received on or before June 21. 

Forms of application and all information may be obtained, 

ny letter See to the Registrar, School of 
echnology, ‘ 





1914, to February, 1915, and show that the general rain- 
a ES 
r comparison with the average is 
that the area with less than 12 in. of rain was barely 
one-tenth part of wee ye pe while the 
area with more than 30 in. was iy seven times as 
great as on the average map. December was by far the 
wettest month, the general rainfall being 211 per cent. of 
the average, in November it was 134 per cent., in January 
143 per cent., and in February 198 per cent. of the average. 
The persistent nature of the rainfall caused extensive floods 
over practically all the low-lying parts of the country. 
The wettest previous winters were those of 1876-77 and 
1911-12; that of 1914-15 was shown to be wetter than 
OM J. E Clark. read his Report on the Phenolog 
¥ A = on ical 
Observations from December, 1913, to November, 1914,” 
which was based on the returns from 133 stations in 
various parts of the British Isles. This was the fourth 
successive mild year, the mean date for the plant records 
ing a week earlier than the average. The dominating 
factors were the abnormally mild autumn of 1913, the 
mild winter, and ee genial April weather. 
Fruits and crops were prejudiced by the serious May 
frosts and droughty conditions from mid - April to 
October ; on the other hand, the sunny warmth of the 
autumn largely contributed to make the year successful 
for the farmer and partially so to fruit-growers. 





THe Minzgrs or Saxony.—Abta national meeting of the 
miners of the Kingdom of Saxony, the men decided to 
demand an increase in the daily pay of 60 pfennig for 
married and 40 pfennig for unmarried men. The men 
are not to be asked to work more than two to four over- 
time-shifts in the week. The boycott of ay my hands 
and the black lists are to be abandoned, and the Govern- 
ment is to be petitioned to establish a conciliation board, 
the employers having hitherto refused to negotiate with 
the labour isations. In connection with the demand 
for a reduction of overtime-shifts, the men stated that 
they would always be willing to work when the country 
—— it on account of shortage of coal for military and 
industrial purposes. 





Tue Russian Inon Inpustry.—The production of pig- 
iron in Russia in the six years ended with 1914 inclusive 
was :—1914, 5,207,000 tons; 1913, 4,756,000 tons; 1912, 
4,111,000 tons ; 1911, 3,630,000 tons ; 1910, 2,999,000 tons ; 
and 1909, 2,821,000 tons. Half-finished products were 
turned out during the six years as follow:—1914, 4,594,000 
tons; 1913, 5,110,000 tons; 1912, 4,433,000 tons; 1911, 
3,885,000 tons ; 1910, 3,482,000 tons; and 1909, 3,079,000 
tons. The output of finished products was :—1914, 
4,617,000 tons; 1913, 4,224,008 tons; 1912, 3,676,000 
tons; 1911, 3,272,000 tons; 1910, 2,965,000 tons; and 
1909, 2,628,000 tons. These figures illustrate the decided 

which Russian metallurgical industry has been 
making of late years. 





Tue German PortasH Synpicatz.—The increase in 
dicate has 


the home prices, for which the Alkali S I 
petitioned the Legislature, appear from the followin” 
table, which also gives the present prices :— 
Pfennig. Pfennig. 
A kilo. per cent. potash should cost :— 
In karnallite .. es ae -. 10.75insteadof 85 
In raw goods with 12-15 percent. 18.00 s 2 
In manures with 20-22 per cent... 17.00 on 14.00 
e » 30-82 percent... 17.5 ae 14.5 
o »» 40-42 percent... 19.25 an 15.5 


No increase in prices has been asked for as regards 
Groups IV. and V., as the prices for chlorate of potash 
and sulphate were not reduced by the Alkali Act. 





Tue AUSTRALIAN TRANS-CONTINENTAL RaILwaYy.— 
Notwithstanding the fact that Australia is just as much 
at war as any other part of the Empire to-day, and is 
doing everything possible to bring about a aerty and 
successful termination, the great public works of that 
country are not being held up, but, if anything, more 
energy is being thrown into those works which are re- 
— as of national importance, and among these is the 

of railway which is to connect the systems of Eastern 
and Western Australia. is is being pushed on as 
quickly as possible. The latest reports ,indicate that if 
no greater difficulties are experienced than have been 
overcome, the line should be ready for through working 
in Jan or February of 1917. About 900 men are at 
work on the western section, and 1700 on the eastern sec- 
tion. Expected difficulties in supply of material have 
been settled by the new order of 1 tons of rails from 
a British firm. Lack of water is now the main trouble, 
but the engineer is confident that the bores now —_ 
put down at various points ahead of the railheads wil 
secure sufficient supplies. Of the eight bores so far com- 
pleted five have produced salt water, one water, 
and two good drinking water. Five other bores are being 
sunk near the West Australian border. Local traffic pro- 
ceeds on each section for nearly 200 miles, 
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IRON, CARBON, AND PHOSPHORUS.* 
By J. E. Sreap, D.Sc., D.Met., F.R.S. (Middlesbrough). 
(Continued from page 572.) 

SECTION II. 


In this section is recorded the more recent research on 
m wy of the subj-cts referred to in Section I. 





r cent. 
50 dia- 


No. 9.—Blast-farnace bear containing 0.43 
phosphorus in solid solution. Magnifi 
meters. 





No. 12.—(a) Phosphorus, 1.2 per cent. ; carbon, 0.04 
percent. Magnified 50 diameters. 


carbon penetration. 


carbide. Blue = iron phosphide. White = iron containing some 
phosphorus in solid solution. 


4. The unequal distribution of phosphorus in the metals 
taken during the “‘after-blow” in a basic-lined Bessemer 


converter. 


5. The heterogeneous character of wrought irons. 


‘6. The distribution of phosphorus in steel, in ingots 


poor and rich in phosphorus, in steel rai 
7. On the s 


ls, &c. 
etic production of ghost-lines, and the 


influence of ghost-lines on the strength of steel. 





No. 10.—Ternary pearlite fringe formed on carburising by cemen- 


tation an alloy containing about 2 per cent. phosphorus and 
98 per cent. iron. The fringe represents the extreme point of 
330 diameters. 


Magnifi = iron 


The probable composition is, 


namely :— Per cent. 
Iron, & 7.2 
Oarbon 0.8 
Phosphorus 2.0 





No. 13.—(b) Phosphorus, 1.2 per cent. ; carbon, 0.04 
per cent.—another part. Magnified 50 diameters. 





No. 14.—(e) Phosphorus. 
percent. Magnified 50 diameters. 
** Arrer-BLow ” Metats From a Basic-Lingep Converter. Ercuep spy THE CuprRic ReaGEnNt. 
Maentriep 50 Diameters. Tue Dark Parts contain Least PHospHorvs. 


, 0.4 per cent. ; carbon, 0.04 


The following matters will be discussed :— 
1. Further studies of blast-furnace ‘‘ bears.” 
2. The formation of a phosphide of iron-iron constituent 
having pearlitic characteristicr. 
Discussion as to the conditions favourable for the 
separation of idiomorphic crystals from solid solutions of 
phosphorus and iron. 


* Paper read before the Iron and Steel Institute, 
Friday, May 14, 1915. 





No. 15.—(d) Phosphorus, 0.4 per cent.—hammered 
flat. Magnified 60 diameters. 


8. The result of experiments on a soft-steel plate, 
proving that the parts rich in phosphorus constitute the 
white ghost-lines, and that they are the last to be invaded 
by carbon on heating up, and the first to part with carbon 
on cooling. 

9. Experimental evidence showing that the parts of 
iron or steel bars which contain phosphorus concentra- 
tions resist carburisation by cementation. 

10. How it is that phosphorus in steel tends to cause 
the crystals in castings to be small, and that the purest 








Castings contain the largest crystals. 
1. Further Studies of Blast-Furnace “Bears.” 


Soon after the discovery of the dephosphorised Skin- 
ningrove bear, a bear with a similar columnar structure 
was found in the hearth of a Cleveland furnace of 
Messrs. Bolckow, Vaughan and Co., Limited, Eston. 
The columns, all of them vertical, were between } in. 





No, 11.—Iron phosphide crystallised out of iron. Magnified 
339 diameters. 


and } in. in diameter, and were so loosely attached that 
in some parts they could be separated hand. The 
columns of this bear contained considerably less 

phorus than Cleveland iron, but no specimen contained 
as little as some of the columns of the Skinningrove bear. 

In 1900 I described a remarkable piece of metal found 
in the hearth of one of the furnaces at Ferryhill. This 
consisted of columnar crystals of iron free from carbon, 
but fully saturated with phosphorus in solid solution. 
The walls of the columns consisted of iron phosphide. 
The source of this specimen must have been liquid pig- 
iron containing at least 3 per cent. carbon and 2 per cent. 

hosphorus, and about the same amount of silicon. 
Exacsly how the silicon and carbon were eliminated could 
not be determined, but there can be no doubt that this 
was effected by oxidation. 

The very wonderful bear found in and below the hearth 
of one of the Skinningrove furnaces I have already 
referred to on 569 ante. 

Specimens of bears from other furnace hearths have 
been handed to me by Cleveland pig-iron makers. 

A most interesting specimen was supplied by Mr. A. O. 
Cochrane from a bear in an Ormesby furnace which had 
been in blast for thirty-eight years. In this example 
diffusion had occurred without the elimination of carbon 
and silicon. 


ames a 
Total carbon... onl si 3.944 
Combined carbon ... ... Traces to 0.7 
Silicon an ant abi 2.034 
Sulphur wi 0.041 
Phosphorus ... -~ 0.437 


As will be seen from this analysis, the phosphorus, as 
in the Skinningrove bear, is considerably lower than in 
Cleveland iron, and it is evident that in thirty-eight 

ears about two-thirds of the original phosphorus 
Coen removed. There was no indication of columnar 
structure such as was found in the Skinningrove bear, 
but I have little doubt that pressure was the cause of 
elimination. 

Originally the iron mass, weighing more than 100 tons, 
would contain the whole of the carbon in the combined 
state, and in cooling slowly the iron carbide would 
separate into iron and graphite before the ternary iron- 
carbon-phosphorus eutectic had solidified. This decom- 
position would be accompanied by considerable expansion 
—probably more than 5 per cent. in volume. The 
expanding metal, not being able to burst or move the 
walls of the hearth outwards, would produce great internal 
pressure, and this, in my pa would be sufficient to 
squeeze out a large part of the phosphorus eutectic, which 
would naturally flow upwards towards the hottest part 
ust below the hearth level. The main point of interest, 

owever, is that the ph orus which remained in the 
metal was completely and homogeneously diffused in solid 
solution, and the whole of the carbon existed as graphite. 
Photograph No. 9, above, represents this. 

A second sample supplied by Mr. A. O. Cochrane from 
the bear, yaorme oven hundred tons, of a furnace 
— had been in blast for six years had the following 
analysis :— 


Per Cent. 
Combined carbon ... 0.38 
Graphite _.. 3.07 
0.10 
Silicon 1.13 
Sulphur bi 0.15 
Phosphorus ... 0.63 


The central portion of the bear was more readily frac- 








612 ENGINEERING. 


[May 28, 1915. 





tured vertically than in any other direction, and an | “thi 


are not always what they seem.” I have endea- 
examination of the fractured surfaces showed indications | v: 


to explain how it was formed in a paper read 


7 one had been sliding against the — ; a the | elsewhere (*), to which those interested are referred. 
slidin were not so continuous as those found in . : sa 
the [Golameve bear. The evidence, however, was > Discussion as to the Conditions Favourable for the 


sufficient to show that it had been subjected to circum.| Separation of a Crystals from Solid Solu- 
ferential pressure. The joints of the parts that had been | _ #978 of Phosphorus and Iron. ° . 
extended contained some oxide of iron, and the whole It is well known that free phosphide does crystallise 
mass was somewhat porous. The | pres wet isexplained from solid solutions even when very little phosphorus is 
by the fact that the central part of the bear was the last pee. The meteoric iron from Bolsom de Mapimi, 
part to cool down, and in contracting split up along the Cohahuila, Mexico, and many others contain almost per- 
planes of slip, and the porosities so produ admitted | fectly formed idiomorphic crystals of the metaral called 
air and water, which, during many years after the fur- | rhabdite, a double phosphide of iron and nickel. The 
nace had ceased to work, were certain to penetrate the | analysis, made in my laboratory, of this meteorite is as 
mass and oxide the faces of the slip-planes. The phos- follows :— 





Ne 


recent. As cast. Magnified 
jameters. 


No, 16.—Phosphorus, 0.03 
50d 


phorus remaining existed partly in the eutectic areas and 
was partly diffused in the metallic matrix, which was very 
coarsely pearlitic ; indeed, etched specimens resembled 
precious opal. The heat-tinted structure has been repro- 
duced in colour* in photograph No. 2, page 570 ante. 

The previous researches on the ternary alloys of iron, 
carbon, and phosphorus enable me to explain exactly 
what occurred during the cooling down from 945 deg. 
Cent. the solidifying point of the iron-carbon-phosphorus 
eutectic. The ground mass or metallic part would con- 
sist of solid austenite and solid iron-carbon-phosphorus 
eutectic. From the latter the carbide would diffuse and 
& portion decompose into graphite and iron, but the phos- 
P ide would also diffuse and the diffusion be arrested by 
alling temperature—above 700 deg. Cent. and under 945 
deg. Cent. At this point the matrix would contain phos- 
phorus, silicon, and carbon in solid solution and free F,C. 

As the temperature continued to fall, the austenite 
would decompose and free carbide appear in laminz with 
the formation of pearlite. When excess carbide of iron is 
in solid solution, the excess over the eutectoid proportion 
is attracted by any solid body, and falls out of that solution 
on conn, at the solid surfaces, whether they be slag, 
carbide of irov, or free phosphide of iron. It will be 
noticed in the photograph that the phosphide areas | 
coloured blue are sheathed by carbide, coloured red, and | 
that between this carbide layer and the termination of | 
the pearlite plates there is a carbonless area. The termi- | 
nations of the carbide plates are thickened, a proof that 
it had commenced to globularise. On rebeating to about | 
900 deg. Cent. and cooling in air the carbide envelope no | 
longer sheathed the phosphide, but was distributed in the | 
matrix. The reheating to 900 deg. Cent. had caused 
the carbon to diffuse and return to the condition it was | 
when at the same temperature in cooling down. Had 
the cooling been slow enough after reheating, there can 
be no doubt that the carbide would again have crystallised 
round the phosphide; but being rapid, it separated in 
meshes in the matrix. 





(a) After 1 minute’s attack. 








2. The Formation of a Phosphide of Iron—Iron Con- 
stituent having Pearlite Characteristics. 


In my first paper on iron and phosphorus I described a 


remarkable case in which an alloy containing about 2 per Best YORKSHIRE RoNs. 





cent. phosphorus and 0.12 per cent carbon was carburised 

by Mesirs. Thomas Sorby and Sons, in one of their Per Cent. 

cementation furnaces. It was shown that as the carbon Iron . 44.009 
into the metal it precipitated the phosphide of Nickel 5.050 

iron from solid solution, and this, combi: ing with a por- Cobalt 0.599 

tion of the carbide, became liquid and liquated out of or ee ae x 0.027 

the alloy, leaving radial columns of carburised metal Phosphorus as free phosphide ... 0.210 

which nearly ed the centre of the piece, and a kernel a in solid solution 0.067 

in the middle free from carbon, surrounded by a most Manganese, copper, arsenic, chromium, 

beautiful pearlitic fringe. That spccimen is one of the and tungsten. : : nil 

most interesting alloys I have ever examined, and has | : ip ie ei 

been the object of much investigation. On examining 99.952 


the polished surface after heat-tinting, it was found that 
the pearlitic fringe was not of tne same constitution as 
ordinary pearlite, for, instead of the hard constituent 
being entirely carbide, the greater portion was phosphide, 
and what carbide there was had more or less bed 
between the plates of phosphide. The colour nak 
raph No. 10, 611, most clearly illustrates this. 
e have here a case in which phosphide of iron and iron 
ow pg Boy heer have formed a pee moi pee a 
aving exactly the same appearance as ordinary pearlite ; 
indeed, I siceoots it for that substance, and described it 
as such in my original paper—an object-lesson that 


On melting and subsequently slowly coolin 
meteorite, all the F pon gues was found in solid solution, 
and annealing did not cause it to separate. Obviously 
there must be a range of temperature in which the 
phosphide crystallises out of the solid iron, but what that 
1s has not yet been discovered. It is probable that only 
by maintaining the metal in that range for very long 
periods can separation be effected. This field is open to 
younger men who have the prospect of a lung life before 
them, during which the prolonged trialscan be made. It 
is certain that no idiomorphic crystals of phosphide have 
ever been found in terrestrial iron containing only 0.27 
| per cent. of phosphorus. I have not given up hope that 
, Some time they may be. That free phosphide does sepa- 


this 








* In the paper as issued by the Iron and Steel Institute 
several sections were printed in colours, 





No. 19 
(a) After 1 minute’s attack. 


rate in crystals from alloys very rich in phosphorus was 
shown in 1900. 

A portion of the metal, containing 2 per cent, phos- 
phorus and 0.12 per cent. carbon, referred to on this 
was twice submitted to the malleablising process, with 
the object of removing the carbon and to cause as much 
phosphorus as possible in the eutectic to diffuse into the 
iron after the removal of the carbon. To my astonish- 
ment, although the first object was attained and all the 
carbon was removed, yet, instead of having less free 
phosphide, the quantity had increased. In other words, 
under the treatment some of the phosphide had crystal- 
lised out of solid solution, and instead of being in a 
| eutectic, as it originally existed, it now appeared in 
plates arranged along the cleavages of the iron crystals. 


» 17. 





(b) After 5 minutes’ attack. 





No. 18 


(b) After 5 minutes attack. 





" (0) After 5 minutes’ attack. 
Maceniriep 2 DraMeTeRs. 


The crystals were completely insoluble in dilute acids ; 
they were separa and tested. ard found to consist of 
perfectly pure Fe,;P. Their sides were highly crystal- 
line, from which it would appear that during their crys- 
tallisation from the solid solution they were disposed to 
take idiomorphic form, but were prevented from com- 
pletely doing so by the rigidity of their environment. 
Photograph 11, page 611, represents the side of one of 
these plates. , 


4. The Unequal Distribution ef Phosphorus in the Metals 
taken during the “‘ After-Blow” in a Basic-Lined Con- 
verter. 

Owing to the kindness of Dr. Arthur Cooper, his metal- 

lurgist, Mr. C. H. Ridsdale, took for me a series of 


samples during an ‘‘after-blow” at the North-Eastern 




















Steel Works. The analyses were as follow :— 
—_ Carbon. Manganese. Phosphorus. 
per cent. per cent. per cent. 

lst sample .. 0.025 0.305 1.2 
2na_si,, 0.050 0. 466 0.95 
8rd, 0.050 0.562 0.52 

4th a 0.050 0.530 0.28 
Sth =, 0.035 0.318 0.09 
Cth .,, 0.025 0.120 0.03 
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Brinell Hardness, Before and After Annealing in 3 Tons 
of Molten Blast-Furnace Slag. 








_— a puaaee af Phosphorus. 
per cent. 
No. 1.. 228 _ 1.20 
, ¢:. 217 150 0.95 
es 179 | 156 0.52 
oe 149 131 0.28 
nog 126 107 0.09 
oF 1038 86 0.08 


“Te is possible that the softening produced by annealing 
may be due to the more equal distribution of the phos- 











(a) Longitudinal section. 


(a) Longitudinal section. 





per 
method of etching applied, in the manner descri 


ten successive attacks, still retained bright portions. The 
analyses of these irons were as follow :— 


Phosphorus. 
Per Cent. 
No. 21. Swedishiron.... 0.008 
» 17. Best Yorkshire ... 0.123 
o 1. ow 99 ~ 0.073 
” 1 nd ” ” 0 121 
»» 20. Cleveland iron a 0.310 
It is possible that the white gota shown in the 
Yorkshire irons contained 0.2 to 0.3 per cent. phosphorus, 


and in the Cleveland bars, No. 20, after ten attacks, 


0.8 
cent. 


It seems certain from these results that th 
bed, to 





(b) Cross-section. 
Cleveland wrought iron—phosphorus, 0.3 per cent. 
No, 20.—Ten minutes’ attack with cupric reagent. Magnified 2 diameters. 


(b) Cross-section. 


Swedish Bar. 
No. 21.—Half-a-minute attack. 


horus and the complete segregation of the carbon in the 
— of filaments of Fe,0, or that incipient separation of 
free phosphide had been effected. They were all polished 
and etched, and a selection of the ee were photo- 
graphed and are reproduced in photographs Nos. 12 
and 16. 

Tt will be seen that in every case certain parts are dark 
while others are white. The darker parts represent the 
portions that first fell out of solution, and are those con- 
taining the lesser eg of phosphorus. In the 
sample containing only 0.03 per cent. (No. 16) the con- 
trasts between the rich and less rich portions are 
feeble, but nevertheless are quite distinct. This marked 
variation in the phosphorus explains how it is that, after 
forging and breaking the test-pieces containing between 
0.08 to 0.2 per cent. phosphorus, the fractures are com- 


posite, with fine and coarse crystals present in the same 
pieces. The coarse cr stalline portions are those highest 
in phosphorus, and their presence is explained by the 
property phosphorus confers on iron—oi preventing or 
retarding recrystallisation after forginr. When in a test 
ingot there are large crystals, some of wiich contain phos- 
phoras in appreciable portions and other crystals of purer 
iron, although forging shatters both of them, the first do 
not readily recrystallise, while the latter do. It is the pre- 
sence of not recrystallised in the fractured test- 
pieces which indicates to the Bessemer blower that the 

hosphorus is not sufficiently eliminated and that further 
ce a is necessary. It is these 's in the test-piece 
which d> not recrystallise after forging that strongly 
resist the attack of the new reagent. 

The remarkable structure shown in photograph No. 14, 
page 611, of one of the after-blow metals is difficult to 
explain. It is possible that the minute quantity of carbon 
is responsible for the peculiar form of the primary crystal- 
lites. It has been observed in many specimens containing 
between 0.08 and 0.50 per cent. phosphorus and about 
0.05 per cent. carbon. 


5. The Heterogeneous Character of Wrought Irons. 


The photographs Nos. 17 to 21 show that all wrought 
irons are more or less heterogeneous. The more homo- 
geneous and the purer they are, the less ounced 
are the contrasts, and the sooner are the portions higher 
in phosphorus attacked, and copper from the reagent 
deposited on them. In the cases illustrated the irons 
have been attacked for one minute, and then have had 
five successive applications of one drop on the surfaces 
for one minute. These are shown side by side for com- 
parison. The attack by the reagent results in the pro- 
gressive deposit of copper inversely to the concentration 
of phosphorus. ae 
It should be observed that after i the 
Swedish irona become completely cov: with copper, 


while the best Yorkshire irons still contain white parts | N 


unattacked after five consecutive applications of one 
minute’s duration. Cleveland wrought iron, even after 





the examination of wrought iron is capable of showing 
whether or not the “‘ piles” used in their manufacture are 
mixtures of good and inferior iron, or of good and homo- 
geneous material. 

(To be continued.) 





Tue South German Cement SynpicaTr.—It has been 
decided to postpone the dissolution of this syndicate for 
some little time, pending renewed efforts to overcome the 
difficulties in the way of its continuation. During 1914 
the sale, on account of the war, fell to 44 per cent. of the 
allotment, and as a percentage of 50 constituted cause for 
leaving the syndicate, sev members claimed the right 
to do so, which right other members disputed. As 
regards the cement industry in South Germany, the 
present year is even worse than the end of the last; the 
deliveries during January and February were almost 
nominal, and what few orders were received came from 
public bodies, private enterprise apparently having come 
to a complete standstill. March, too, turned out ly, 
though a trifle better than the two preceding months. 
Under these circumstances the rise in the price by 
20 marks per 10 tons, fixed by the syndicate some weeks 
ago, does not signify much for the consumption. It goes 
without saying that a dissolution of the syndicate under 


these circumstances would make matters still worse 
through the reckless and rainous competition which 
would ensue. 





An ALaskaNn RarLroav.—The United States Depart- 
ment of the Interior has adopted plans for a railroad to 
extend from Seward, on Resurrection Bay, to Fairbanks, 
on Tanana, a distance of 471 miles. Included in the 
route is the Alaskan Northern Railroad, which forms the 
first ~~ 4 of a ous ae Seward through the Kenai 
Peninsula, in Central Southern Alaska, and extending a 
distance of 71 miles to Tu in Arm. The price to 

id for the line which has taken over is 1,150,000 

ols., of which 500,000 dols. is to be paid on July 1, and 
the balance twelve months later. @ route is to be 
extended from Turnagain Arm through the Susitna 
Valley, and across Broad Pass to Tanana, and from there 
on to Fairbanks. A side line is to run from Matanuska 
to the Matanuska coal-fields, a distance of 38 miles. The 
new railroad is to be standard gauge, and the estimated 
cost of the system is 26,800,000 dols. Construction is to 
be carried out by the Alaska Engineering Commission, 


and it is expected that 40 miles of the extension of the | N. 


Alaska Northern Railroad from Ship Creek will be com- 
pleted this year. The line will open up two 
Alaskan coal-fields—viz., the Matanuska, which contains 
high-grade bituminous coal useful for the ~~; and the 
near the Tanana, which yields high- 
lignites, which will prove serviceable in the interior of 
Aleska. 





grade | are fond of walking and of 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


We give below a few data on several colonial and 
forei| ineering projects, taken from the Board of 
Journal. Further information on these projects 
can be obtained from the Oommercial Intelli 
a Board of Trade, 73, Basinghall-street, London, 


Australia: The Syd office of H.M. Trade Commis- 
sioner notifies that ers are invited by the Metro- 
politan Board of Water Supply and Sewerage for the 
supply and delivery at the y= ee at Ryde, 
N.8.W., of two steam-turbines with condensers, air- 
pempe, &c., and spares. Copies of the specification and 
orm of tender may be obtained from the offices of the 
Metropolitan Board of Water Supply and Sewerage, 
341, Pitt-street, Sydney, at which address sealed tenders 
will i Ape => at yong be July 12. a 5-4 
must accompani: y & deposit, varying from 
to 50., according to the value of the offer. Tenders 
will be received at the office of the South Australian 
Harbours Board, Adelaide, up to noon on August 24, 
for the supply and delivery of a steel self-propelling 

loading bucket dredger, with a | between 
rpendiculars of not less than 169 ft, a moulded 
th of not less than 34 ft. 6in., a depth of about 

138 ft., : dredging py pene Me ae! level of 50 ft., a 
speed, fully laden, o! ots, oa’ capacit: 

r hour in stiff clay of not less than 500 cubic er 
Contract No. 5/1915.) Tenderers must f their 
own designs and specifications, which, however, must be 
in conformity with the outline specification to be obtained 
by intending tenderers from the office of the South Aus- 
tralian Harbours Board, Victoria-square, Adelaide. 


British India: The Secretary of State for India in 
Council invites tenders for the supply of railway car- 
py for the North-Western we 5-ft. 6-in. gauge) 
as follows :—10 bogie intermediate and third-class, come 
frame 60 ft. long ; 40 bogie third-class, underframe 60 ft. 
long ; 10 bogie third-class luggage and brake-vans, under- 
frame 45 ft. long; and 10 horse-boxes. The conditions 
of contract may be obtained on application to the Direc- 
tor-General of Stores, India Office, Whitehall, London, 
S.W., and tenders are to be delivered at that office by 
2 p.m. on June 15. 


South Africa: The office of H.M. Trade Commissioner 
has forwarded a copy of a Bill, which was read in the 
House of Assembly for the second time on April 12, 
yr | for the ——— of a sum not exceeding 

3,604, 8007. towards service of the Union during the 
year ending March 31, 1916. Provision is made for the 
following :—Railways and harbours, 3,000,000/.; public 
works, including buildings, &c., for the various Govern- 
ment departments, 130,000/.; telegraph and telephone 
construction, 167,000/.; irrigation works and loans, 
234,900/.; fencing of native locations, 30001. A further 
Bill, also read for the second time on April 12, provides 
for the expenditure of a sum not exceeding 3,443, 161/., 
inclusive of the 3,000,000/. above mentioned, on railways 
and harbours in the Union during 1915-16. Of this 
amount, 2,745,151/. is allotted for railway construction, 
including new works on o lines, 256,754/. for rolling- 
stock, and 307,383/. for harbours. 


te ee : The Imperial Trade Correspondent at 
8». John’s reports the formation of a new company there, 
with a capital of 21,000,000 dols., for the purpose of 
———s at Bay of Islands a lumber industry and 
industries for the manufacture of ammonium phosphate, 
ammonia, cement, and wood-pulp. The cost of establish. 
ing these industries is estimated at about 18,000,000 dols., 
and the various items of proposed expenditure include 
the following :—Construction of dams, and works in con- 
nection therewith—namely, power-houses, water-wheels, 
electrical equipment, &c., 6,440,300 dols.; coke and gas 
works, 799,000 dols.; calcium carbide works, 462,800 dols. ; 
saw-mills, 211,800 dols. ; og mills, electrolytic 
bleaching plants, &c., 1,568,000 dols.; machine.shops, 
iron and brass foundries, &c., 161,400 dols.; grading site 
and filling-in foreshore, 263 000 dols.; construction of 
docks and retaining-walls, 270,600 dols. ; installation of coal 
and material- ling equipment, 692,000 dols.; storage 
houses, 467,000 dols.; railway works and uipmen 
453,000 dols.; phosphoric acid plant, 900,000 dols.; an 
ammonia plant, 450,000 dols. (Dollar = 4s, 14d.) 

Spain: With reference to the call for tenders for the 
construction and penne | of a tramway, drawn by animal 
traction from the town of Marmolejo to the neighbouring 
medicinal springs, the Gaceta de Madrid notifies that the 
concession has been awarded to the i Aguas 
Minero-Medicinales de Marmolejo. Constructional work 
must be commenced within a period of four months from 
the date of the award of the concession, and must be com- 
pleted within a further twelve months. 





““Wayrarincs Rounp Lonpon.”—To thore whose in- 
terests compel them o live in the Metropolis this little 
book of country rambles within easy reach of town will 
prove of great value, giving, as it does, directions to many 
places by which the available footpaths are utilised to 
the utmost. By means of a sketch-map for each ramble 
(some thirty in all), the various routes may be followed 
with little trouble, but we should like to have seen the 

+ point on these maps kept consistently towards the 
top of the page. The letterpress is clear to read and 


large | clear to understand, and although the main portions of 


it have appeared in the Evening News, the reprinting in 
book form will be greatly appreciated by all’ those whe 

ature. It is published by 
the Homeland Association, 37, Maiden-lane, London, 
W.C., in cloth binding for half-a-crown. 
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CATALOGUES. 

Semi-Rotar as, ly 9 nem Ashwell and Nesbit, 
Limited, of Barkby- . Leicester, have sent us a price- 
list of their ‘‘ Runwell” semi-rotary wing pumps for 

and power. Nine sizes are listed, with capacities rang- 
ing from 240 to 2400 gallons per hour, and prices are 
stated for pumps with iron or brass bodies. 

Hack-Saw Blades.—A price-list of ‘‘ Cactus” hack-saw 
blades has reached us from the maker, Mr. Arnold Wick- 
steed, of Bank-street, Sheffield. These blades, which are 
made of three different alloy steels, are suitable for use 
in hand-frames, and also for light and hoavy machines. 
The sizes listed range from 6 in. long and 4 in. wide 
to 30 in. long and 14 in. wide ; double-edged waved saws 
for hand-frames are also dealt with. 


Engineers’ Tools, &c.—Messrs. F. M. Frye and Co, of 
46, Upper Thames-street, E.0., have recently issued 
useful catalogue of hand and machine-tools and sundries 
for engineers. The catalogue, which consists of separate 
pages securely held in a neat and strong binding-case, 
gives particulars of hack-saw hand-frames for 
hack-saws, hack-sawing machines, reamers, drill-chucks, 
files, ratchet-braces, lubricators, wood pulleys, blow- 
lamps, lathes, drilling-machines, and shaping-machines. 
All the goods dealt with are of British manufacture, 
and they are supplied to the trade only. 


Heating Railway Carriages.—We have received from 
the Westinghouse Brake Company, Limited, of 82, York- 
road, King’s Cross, N., a ca’ relating to their 
system of heating railway carriages by means of steam at 
atmospheric pressure. Among other advantages it is 
claimed that with this system the temperature is easily 
regulated and maintained constant at the required degree, 
that trains are equally heated over their whole length, 
and that there is no risk of the apparatus freezing up 
when notin use. Each detail of the apparatus is illus- 
trated and fully described in the catalogue, and reproduc- 
tions of photographs of rolling-stock of many different 
railways on which the system been installed are also 
included. 


Rubber Belting.—The North British Rubber Company, 
Limited, of Castle Mills, Edinburgh, have recently pub- 
lished a little pamphlet pointing out the advantages of 
rubber belting for power transmission pu as well 
as for conveyors. Rubber belting, it is claimed, has a 
very great adhesion to the pulley, is very durable, and 
also takes up working shocks toa aa extent. Itis thus 
very suitable for driving machine-tools with quick reverse 
motions, as well as for main drives. The pamphlet con- 
tains some notes on the use of the belts, and also deals 
with pulley coverings, belt-lacing, splicing, &c. It also 
contains notes on finding the length and speed of belting, 
diameters of pulleys, width and thickness of belting 

uired to transmit a given power, and other information 
of interest to belt-users. 


Printers’ and Bookbinders’ Plant.—The T. W. and 
CO. B. Sheridan Company have sen? us, from their London 
office at 63, Mount Pleasant, E.C., a catalogue givi 

rticulars of some of their specialities for printers’ an 

kbinders’ use. These include guillotine-type cutting- 
machines for hand or machine power, ggg {way shears, 
die-presses, and book-binding machines. The latter are 
designed to bind and cover me and pamphlets in 
one operation at the rate of about thirty-six complete 
copies per minute, and they may be combined with 
ar mag omy mad which take the sheets direct from the 
olders, gather them in the nen order, joggle them up, 
and pass them on to the binding-machine. Particulars 
are also given of book-covering machines, case-making 
machines, sounding and backing-machines, screw 
and large power-driven presses for embossing, inking, 
leather-graining, &c.; the are, however, quite 
suitable for use in other trades. The catalogue, which 
consists of a number of apa pamphlets contained in a 
strong binding-case, also deals with a and 
automatic feeders for printing-machines, both of which 
are made by the Dexter Folder Company, for whom the 
Sheridan Company are the sole European agents. 


M~achine-Tools.—Messrs. A. A. Jones and Shipman, 
Limited, of New Century Works, Licester, have sent us 
a copy of their new catalogue of machine-tools and acces- 
sories, all of which are constructed at their own works. 
The catalogue is ar on the loose-leaf system, so 
that it can be kept up to date by inserting new aa 
they are issued, and removing those superseded. Ver- 
tical drills of from 20-in. to 30-in. swing are first dealt 
with, full particulars being given of all sizes, and their 
many special features pointed out. Among the latter it 
is mentioned that all essential wearing parts are of 
hardened steel, the bearings are of gun-metal and are 
self-oiling, the column and arms are cast in one piece in 
all except the largest models, and the pillar is accurately 
ground to size. All-geared drive and a tables 
can be fitted to any model. Full particu are also 

iven of yt ge and multi indle sensitive 
Grills, radial drills, centring machines, universal and 

in grinding h tool and cutter grinders, twist- 

ill grinders, emery grinders, hack-sawing machines. 
and ~~ Tae such as ae mandrel 
presses, “8 tening machine vices, le- 
plates, &c. The catalogue is well-printed and illustrated, 
and it also gives all the information likely to be required 
by customers. 

Small Tools.—Messrs. Charles Churchill and Co., 
Limited, of 9 to 15, Leonard-street, Finsbury, E.C., 
have recently issued a remarkably complete catalogue of 
small tools for engineers and woodworkers. The catalogue 
contains 438 pages, measuring 8 in. by 11 in., bound in 
paper-covered boards, with cl 





loth back, and is half as 





again as the previous edition. We have no room to 
enumerate the whole of its contents, but, in turning over 
its we noticed a few of the fimm’s lighter machine- 
oa such as lathes, —- wo< ~ — and pillar 
screwing - machines, grinding and polishing- 
machines, portable electric tools, filing - machines, 
hack-sawing machines, circular saws, &c. The bulk of 
the catalogue is, however, occupied with particulars of 
small tools, such as breast and d-drills, braces, lathe 
and drill-chucks, twist-drills, reamers, milling-cutters, 
taps and dies, files, cramps, le-plates, surface-plates, 
vices, pipe-cutters, wrenches, Fleet limit-gauges, micro- 
meters, protractors, steel rules, straight-edges, squares, 
bevels, calipers, dividers, thread-gauges, wire - gauges, 
Fest pen. paves planes, levels, &c. A great variety of 
these, and many other tools and supplies for mechanics, 
are dealt with in the catalogue, which gives full particu- 
lars and states prices in all cases. The volume is well- 
printed, profusely illustrated, ee arr ‘ 
and provided with a good general index, so that it makes 
a very useful and attractive publication, which cannot 
fail to be appreciated by all interested in the use of tools. 


Steel Pipes.—A pamphlet relating to their patent lap- 
welded steel pipes for gas, water, se &c., has come 
to hand from Messrs. Stewarts and Lloyds, Limited, 
of 41, Oswald-street, Glasgow. These pipes are made in 
sizes up to 6 ft. in diameter, and the larger sizes are usually 
supplied in random lengths up to 25 ft. Pipes up to 
12-in. bore are supplied in 20-ft. lengths. If necessary, 
pen can be made up to about 40 ft. long, but the shorter 
lengths are erally found to be more convenient for 
handling. e form of joint most commonly used is the 
firm’s patent inserted joint, which is of the spigot-and- 
socket type, and is caulked with lead and yarn in the 
ordinary way. In cases where the pipes are subjected 
to vibration from heavy road traffic, or where there is 
liable to be more than ordinary subsidence of the ground, 
a special long sleeve joint is used. A welded joint 
especially suitable for mains conveying high-pressure 
gas is dealt with in the pamphlet. This form of 
joint is recommended for use wherever oxygen gas can 
be obtained in bottles, as it forms a permanent joint as 
strong as the pipeitself. The cost of making these joints, 
in the neighbourhood of oxygen dépéte, is stated to be 
about the same as the cost of ap oe! with lead 
and yarn. A number of Ly as showing gas and 
water mains being laid with these welded joints are 
reproduced in the Poe yer Service connections for 
steel mains are also dealt with, and much useful and in- 
teresting information on the subject of the corrosion an 
incrustation of iron and steel mains is included. 


_ Pyrometers.—A catalogue, giving prices and full par- 
ticulars of Foster fixed-focus radiation pyrometers has 
recently been issued by the Foster Instrument Company, 
of Letchworth, Herts. It will be remembered that these 
instruments comprise a long tube, open at one end, and 
provided with a concave mirror at the other end. A 
small thermo-couple is placed at the focus of the mirror, 
and this thermo-couple is connec to a portable milli- 
voltmeter. The o end of the tube is pointed to the 
furnace, or other hot body, of which it is required to 
measure the temperature, and the heat radiation entering 
the tube is focussed by the mirror on to the thermo- 
couple. The electromotive force set up in the latter, and 
indicated by the milli-voltmeter, is a measure of the tem- 
perature of the furnace. Standard outfits are supplied 
with different ranges for measuring temperatures between 
500 deg. and 1800 deg. Cent. To enable the range to be 
extended to lower temperatures than can be measured by 
radiation, a thermo-couple stem is added to some of the 
outfits, and two scales, one for the radiation-tube and the 
other for the thermo-couple stem, are provided on the in- 
dicators. In another instrument listed, the radiation-tube 
is closed by a refractory tube, which can be inserted into a 
ladle of molten metal, in order to measure its actual tem- 
perature. The latter could not be obtained accurateiy by 


measuring the radiation from the surface, owing to the | sh, 


varying radiation efficiency of the surface. The catalogue 
also deals with recording instruments and special labora- 
tory outfits. Some notes on the theory of the instru- 
ments are also included. 


Refrigerating Machinery.—Messrs. J. and E. Hall, 
Limited, of 10, St. Swithin’s-lane, E.C., have sent us a 
copy of their latest catalogue of refrigerating- 
machines for use on merchant steamers and war- 
ships. The catalogue gives a brief history of the firm, 
which was founded in 1785, and then points out the 
advantages of CO, as a refrigerant. In concluding 
this section, it is mentioned that more than the 
total number of v fitted with refrigerating plant 
have been equipped by the firm. The principles of the 
Co, a are then briefly explained, 
and a general description of the apparatus is given. 
This is followed by particulars of 
and sizes of machines made for naval and merchant 
service, all of which are illustrated. Prices, dimensions, 
and capacities are ya » as the Ans find it 
necessary to give special consideration to inquiry. 
They therefore explain in the catalogue the nature and 
extent of the information required on which to base an 
estimate. The catalogue also includes a number of longi- 
tudinal sections of trawlers and steamers for conveying 
dairy produce, fruit, meat, and other perishable goods, 
in order to illustrate the arrangement of the refrigerating 
machinery and cold-storage rooms. Passenger-steamers, 
in which refrigerating poms oar A is employed for the 
storage of provisions, are similarly dealt with. The 
catalogue also includes a number of reproductions of 

of the firm’s works at Dartford, and others 
showing some fine examples of special coils and pipe-work 
in wrought iron, steel, and copper. 


@ different types | i, 





vA Poop at 2, Collone Hill, Connnara EC. 
. A. Perry, , -street, be 
a& ca ue of shovelling-machines constructed by the 
Myers - y Company, of Knoxville, Tennessee, 
U.S.A. These machines are suitable for loading coal or 
other materials from the floors of mines into cars, for 
excavating rock after blasting, for loading materials from 
stock-piles into cars, for stripping soil from horizontal 
mineral d its, and for any other work of this nature, 
either on the surface or in underground workings. From 
the illustrations in the catalogue we gather that the 
machine consists essentially of a steel scoop, which 
is attached to a long-throw crank, and is guided by 
rollers which run in channel- guides fix to the 
frame of the machine. When the crank revolves, the 
scoop is driven forwards into the material, then raised 
and brought backwards, and afterwards tipped over 
backwards, so as to drop the material on to a travelling- 
band conveyor, which forms part of the machine. The 
conveyor carries the material to the back of the machine 
and delivers it into trucks underneath. The 
machines are made in several different types and sizes, of 
which the largest listed is capable of handling 45 cub. ft. 
of loose material per minute. They can bedriven by any 
form of power, are self-propelled, and can be arranged to 
run on a track or on the ground ; only one man is required 
to work the machine. The catalogue illustrates the 
machines at work in coal, iron, lead, and salt-mines, and 
also in the construction of the Catskill Aqueduct under 
New York City. 


Double - Helical Gearing. —We have received from 
Messrs. David Brown and Sons (Huddersfield), Limited, of 
Lockwood, Huddersfield, a copy of their latest catalogue 
of double-helical gearing. This catalogne, which is well 
printed and illustrated, contains so much useful informa- 
tion that it is practically a text-book on the subject. The 
relative merits of double-helical and spur-gear wheels, 
both of which the firm cut up to 16 ft. in diameter, are first 
discusssed, and the different methods of manufacturing 
double-helical gears are then explained. In this section 
the rotary cutter, hobbing, planing, end-milling, and 
Sunderland processes are dealt with, special attention 
bein, ven to the latter process, the patent rights fer 
which have been acquired by the firm. The Sunderland 
process has many advantages for both manufacturer and 
user. The wheels are produced by a planing action, in 
which the cutter is in the form of a rack, the result being 
that no central gap is formed, and driving contact takes 
place along the entire face-width of the teeth. Later 


qd | sections of the catalogue deal with the mounting of 


double-helical gears, and give full particulars of the firm’s 
double-helical reducing-gears, illustrating several ex- 
amples of these. Another extremely interesting and 
useful section of the catalogue explains all the calcula- 
tions necessary for the design of double-helical gear- 
ing, and includes tables of standard pitches, pitch-line 
diameters, &c. Other useful tables give the areas of 
circles, strength of shafts, horse-power transmitted by 
double-helical wheels, equivalents of English and metric 
measurements, tolerances and allowunces for fits, 
logarithms and anti-logarithms, and trigonometrical 
ratios. The catalogue is certainly the best publication 
of its kind that we have seen, and the firm must be 
congratulated on its production. 


Mechanical Lubricators.—A small catalogue from Sir 
W. H. Bailey and Co., Limited, of Albion Works, 
Salford, Manchester, illustrates the development of their 
mechanical lubricators for a period of over fifty years, 
and gives full particulars, with prices, of the latest 

ttern, which is known as the “Silver Star.” These 
ubricators are intended for the positive lubrication of 
steam-engines, internal-combustion engines, air-com- 
pressors, locomotives, turbines, and other machinery, 
and are suitable for working against pressures up to 
200 Ib. per sq. in. They are made with from one to six 
feeds, and with two compartments when it is desired to 
supply different oils to rings and cylinders. One of 
e special features of the desiga is that all working parts 
are enclosed, so as to be protected from dirt, and Soy to 
avoid accidental injury, such as might arise from the 
dropping of aspanner. A separate pump is provided for 
each delivery, and each is fitted with a sight-feed which 
can be adjusted from zero to a maximum while running. 
The sight-feeds, it should be mentioned, are not under 
pressure. The lubricators work quite silently, as there 
are no ratchet wheels, and the pumps are positively 
operated on both suction and delivery strokes. There 
is thus no possibility for the pumps to become inoperative, 
as may happen in the case of lubricators which rely on 
-——- to return the plunger. Valvesare only u on 

e delivery side of the pumps, and these valves are 
readily accessible from outside the lubricator. Another 
important point is the provision of a release-gear, which 
enables the lubricator to be operated by hand before 
starting the machinery, or at any other time when it may 
necessary to give an extra flush of oil. Thelubricators 
are very substantially constructed, and are finished in 
hard, black stoved enamel, relieved with bright metal 
pe. The catalogue also gives particulars of drop sight- 
eed lubricators with glass bodies, and with eccentric 
dial and lever adjustments. Oil-level gauges, magazine 
lubricators, &c., are also dealt with, prices being stated 
in all cases. 





Canapian Ratiway Sussrpies.—Canadian railways 
have been liberally subsidised by Canadian authorities. 
Since 1875 subsidies have been granted as follows :—By 
the Dominion, 178,834,000 dols.; by provinces, 37,023,000 
dols.; and by municipalities, 17,914,000 dols. ; making an 

te of 233,771,000 dols. Grants of 43,613,000 acres 
of have also been made to assist Canadian railway 
construction, 
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disc thereof is moved in a clockwise direction in the operation of | only one isemployed. This postion of the head carries a lip pro- 
**ENGINEERING” ILLUSTRATED PATENT | the impulse transmitter to send a digit of the desired line. It | jection or skirt ¢ extending beyond its water-jacketed in 
RECORD has been found that the speed at which impulse-t itting | close proximity to the sleeve-wall. The skirt is slit at two 
. mechanisms of the type referrei to operate at greatest efficiency | d ly opposite ends as at d, so as to allow it to extend 
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in each case ; where none is mentioned the 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
ranch, 25, a Buildings, Chancery-lane, W.C., at 
the uniform price 0; 

The date of the edeartisoment of the nce of a Complete 
ote. ‘ion is, in each case, given after abstract, unless the 
atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the ad i nce of a Complete Specification, 
ive notice at the Patent O, of opposition to the grant of a 
Patent on ony of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


4133/14. The British Thomson-Houston Com- 

, Li London. (General Electric Company, 
ochenectady, U.S.A.) Distribution Systems. 
(1 Fig.) February 17, 1914.—This invention relates to protec- 
tive devices for electrical installations, and in particular to 
devices for protecting electrical apparatus, such as transformers, 
included ina high-voltage electrical transmission system. The 
invention consists in an arrangement of inductance and resist- 
ance which in substance closes a circuit for the flow of high- 
frequency currents through a resistance approximately equal in 
ohmic value to the ohmic value of the surge resistance of the 
apparatus to be pro’ e figure is a representation of a 
device for protecting a transformer. The transformer is diagram- 
matically re nted with a low-vol winding 1 and a high- 
voltage wit 2. The high-voltage ing is connected to a 
transmission system comprising line conductors 3. An induc- 
tive winding or inductance 4 is included in series with a line 
conductor 3, and is shunted by a resistance 5. The inductive 
winding 4 has as high inductance as permissible without offer- 


4 





stated 
is not 


3 


ing any appreciable impedance to the flow of current of normal 
pn Bm Be og At the same time, the inductance is sufficiently 
great to offer substantially infinite impedance to the flow of 
high-frequency currents. The resistance 5 hasan ohmic value 
approximately equal to the ohmic value of the surge resistance to 
the transformer. If the transformer has a caj ty of C farade 
and an inductance of L henries, then the ohmic value of the 


resistance 5 should be approximately R = r/ x ohms. It will 


be observed that the inductance winding 4 in substance pro- 
vides an open circuit to the flow of high-frequency currents, but 
this open circuit is closed for the flow of such currents through 
the resistance 5. Furthermore, it must be understood that, 
where the inductance 4 is not so large as to be practically an 
open circuit for the high-frequency disturbance, but for economic 
reasons is chosen ler, 80 that part of the disturbance passes 
through the inductance 4, then the resistance 5should be chosen 
somewhat higher than the — resistance R, so that the 
resultant of the resistance 5 the effective high-frequency 
= of 4 equals the surge resistance R. (Se: March 25, 
1915. 


561/14. Th A 
London. (Ff. 





e Western Electric Company, Limited, 
T. Woodward, Antwerp, Belgium.) Automatic 
Telephone Ex (5 


es. Figs.) January 8, 1914.—This 
invention relates to improved method and means for determining 
and adjustin the speed of tation of impulse-t tting devices 
for automatic telephone -exchange systems, and relates more 
particularly to a method and means whereby it may be readily 
and accurately determined whether the speed of operation of 
such impul: itting mechanisms A within the a 
and minimum speed limits necessary for the proper operation o 
the automatic switching apparatus in the telephone exchange 
with which the sub-station, at which such imp ig 
mechanism is located, is associated. The method of determining 
the speed of operation of dial-senders for automatic telephone- 

hange systems, ding to this invention, consists in attach- 
ing or applying to the movable dial v ly-observable marks 
or projections of definite angular displacement, and observing 
the apparent movement or lack of movement of said marks or 
projections when the dial is in motion through an intermittent 


Fig.1. 
3 

















70. 
e 





opening having a frequency bearing a definite relation to the 
angular displacement of such marks or projections. usual 
impulse-transmitting mechanism or finger-wheel is illustrated at 
10 attached to the casing of the subscriber's telephone instru- 
ment, which carries the usual transmitter 11, receiver 12, hook- 
switch 13, ringer 14, and so forth. 15 represents an indicator- 
card, which may be attached by any desired means to the finger- 
disc of the impulse transmitter 10. ‘This indicator is formed of a 
lar piece of cardboard of substantially the same size as the 
Sager-dize of the impulse-t itting mechaniam. It is pro- 
ed on its face with circumferentially-arranged printed or 
stamped peeuene 16, such projections extending inwardly 
disc. Somewhat 











towards centre of the nearer the centre of | 
the disc than the projections 16, the disc is provided with circu- 
larly-arran itwardly-extending printed or stam 





~. 
jections 17. The disc is also provided with a hte eo ich 
will usually, in the use of the disc, be placed adjacent the Zz 
on the finger-disc of the impulse transmitter most removed from 
the stop position of such impulse transmitter when the finger- 


is at the rate of twelve impulses per second. It has been further 
determined that safe maximum and minimum speeds of rotation 
of finger-discs of this type are respectively 2?/ths of a revolution 
per second and ?7ths of a revolution per second. The isdicator- 
card 15 is provided with 110 outwardly-extending printed or 
stamped projections 17 and with 125 inwardly-extending printed 
or stamped J ag pened 16. To co-operate with the card or disc 
in the test 
having attached respectively to the ends of its vibrating arms the 
shutters 21, 22. Each of these shutters has formed therein a 
slit, aw 23 and 24, which are ada) to register with 
each other, when the fork is vibrating, twice for each cycle of 
vibration of such fork. These slits are therefore preferably 
arranged so that when the fork is not in vibration they register 
approximately with each other, but when the fork is vibrating 
ey register with each other for a brief period twice only during 
a cycle of vibration. In order to co-operate with the particular 
arrangement of the printed or stamped jections upon the 
cards or finger discs, the tuning-fork should have a periodicity 
of 55 cycles per second. When this fork is caused to vibrate in 
the usual manner, the openings v3, 24 in the shutters 21, 22 
will regisver with each other 110 times per second. The apparatus 
heretofore referred to is used in the test in the manner of the 
well-known stroboscope. The observer having started the tuning- 
fork in vibration, rotates the finger-diso of the impulse-trans- 
mitting mechanism with the indicated card 15 attached thereto in 
the setting direction until it has been moved to its full extent in 
such direction. He then releases the finger-disc, and observes 
through the slits 23, 24 on the tuning-fork the movement of the 
printed or stamped projections upon the card or disc. The move- 
ment of the disc or card at this time is in a counter-clockwise 
direction. If the disc or card is moving at this time at a rate of 
speed precisely ?{ths of a revolution per second, the printed or 
stamped projections 17, as viewed through the aligned slits of the 
tuning-fork, will be standing still. At this same speed the projec- 
tions 16, as they each occupy an arc of ;!,th of a circle on which 
they are formed, will appear to be moving in a counter-clockwise 
direction. (Sealed March 25, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


14,241/14. Societe e des Automobiles and 
Cycles Peugeot, Paris, ce. Internal-Combus- 
tion Engines. [2 Figs.) February 10, 1914.—This invention 


relates to improvements in valve-gear for four-stroke cycle explo- 
sion motors comprising any of cylind A to 
the invention, the cam-shaft is arranged above the exhaust-valve, 
which is opened by the cam bearing directly on ite — or 
upon a bow! supported by a radius arm, while the admission-valve 
is opened by its cam acting through a short lever. There may 
be an admission-valve and an exhaust-valve for each cylinder, or 
two admission-valves and two exhaust-valves for each cylinder, or 
two of one kind and one of the other. The exhaust-valve } bears 
om aseat cast with the b pray and is well cooled by the circula- 
tion water. It is worked from a cam-shaft c in such a way that 
the cam directly bears on the valve, or, as resented in the 
drawing, by means of an oscillating lever d intended to prevent 
lateral thrusts on the valve-guide, or by means of a frame 
properly guided, or by any other means. The admission-valve 
w bearing on a seat connected to the cylinder, as shown in the 
drawing, or bearing directly on a seat cast with the cylinder, is 














also worked from the cam-shaft c, but by means of a balanced 
wumbler e rocking on a fixed point /. e extremity g of the 
tumbler ¢ can strike the tail of the valve either directly or by 
means of a plunger h, or by means of an oscillating lever, a frame, 
orany other member. This construction has the advan that 
all the valves are worked from a single cam-shaft, whilst pro- 
viding for a direct command of the exhaust-valves ; that is to say, 
of the valves requiring the greatest power for their actuation by 
reason of the interior pressure exerted thereon when opening. 
oy 2 shows a mechanism for driving the cam-shaft c. shaft 
‘8 driven by means of an intermediate shaft karran vertically, 
and driven at its lower ends by a pair of conical pinions, of which 
one ¢ is mounted on the crank-shaft, and the other j mounted on 
the shaft k. The shaft & transmits its movement tothe cam-shaft c 
by means of helicoidal gear-wheels / and m, respective!y mounted 
on the shaft & and on the egm-shaft c. The cam-shaft c must turn 
at half the speed of the motor; this reduction of speed may be 
effected either by vonical gears or by helicoidal gears. Pinions, 
such as k!, mounted on the shaft k, could be used for actuating 
ol members mounted on the motor. The shaft k could also be 
: by other means than those illustrated. (Accepted 
‘anuary 20, 1915.) 


29,407/13. F. W. Lanchester and the Daimler Com- 


. , Coventry. In . 
{3 Figs.) December 20, 1913.—The present inven- 
tion relates to inrernal-combustion engines, and particularly to 





improvements in heads or cylinder-covers for such engines of the 
sleeve-valve type. The invéntion broadly in construct- 
ing the cylinder-head in such a yom vawteey | it iteelf forms a 


king by which the sleeve-ports are ed 
oe oe &F the oye. The head is bly made in two parts, 


the outer a a of a pis ylindroa sleeve, accu- 
rately mackined or ground to fit with a minimum working clear- 
ance within the inner sleeve-valve ), or the single sleeve-valve if 


re is provided a tuning-fork 20, such tuning-fork | 


jiametricall 
slightly when sub; to internal 
head are arran at points coming between the exhaust and 
feed ports J on the sleeve }, and thus do not at any time 
cause direct leakage. The two halves of the skirt respectively 
seal the exhaust and inlet until they are uncovered by the 
motion of the sleeve, and thus act as an extensible packing, by 
which variations in the diameter of the sleeve due to tempera- 
ture, pressure, or other cause, are eo lo e accurate 
fit of the outer portion of the head is in itself sufficient to prevent 


serious leakage from the extremity of the slits in the skirt to the 
The cylinder 


region g above. for the internal insertion of the 





head is formed at the upper end with an internally projecting 
flange h, an aperture & being left into the water-jacket space 
within the head of large diameter. The top of the water-jacket 
is cast to enclose the — almost entirely, an aperture alone 
being left of sufficient diameter to allow a tubular prolongation / 
on the inner portion m of the head to pass through, this being 
screwed internally, asat n, to take the sparkirg-plug. The inner 
portion m of the head is of cup-like form, the ring o being brazed 
or welded to the interior of the outer cylindrical portion a of the 
head, the cup-like portion fitting against a flange on the cylin- 
drical portion, eo that the e within the cylinder tends to 
make a tight joint at this polat. The tubular extension / carrying 

sparking-plug projects through the of the cylinder cast- 
ing, and is scre externally to take a nut p, by which the head 
is secured in place. It will be observed that the slit d is extended 
into the rim o of the inner member m. (Sealed April 8, 1915.) 


GUNS AND EXPLOSIVES. 
10,705/14. Societe e des Etablissements 
unay oe. 


Fran Self- 
P {4 #igs.) January 29, 1913.—This 
invention relates to ~ ye? in the disposition of the speed- 
reduction gearing in the lubrication of self-propelled ‘ 
and consists in combining in the same casing, provided with a 
ae the speed reduction gearing, the oil-tank, and its 
— The of the turbine A 1s terminated at one end by the 
small pinion B, which drives in the opposite direction the gear- 
wheel O of the pump D. Water drawn into the pump from the 
bull is supplied to a diffusing conduit vided with small 


wings, this water subsequently passing to the motive fluid gene- 
rator or heater through a pipe F provided with a valve or with a 
fea _ — ah e desired — jay hoy — 
of vary e output of the pump as ‘or the o 
obtaining a moment of inertia’ of the pump-wheel and the jets of 
water, balancing the sum of the moments of inertia of the same 
value, but in the aepeme direction of the other elements moving 
in the torpedo. : e driving turbine A is of the single-wheel type, 


is very great, and it is n to interpose 
-reducing gears in order that the propellers should revolve 
at a suitable . The -reducing gearing comprises a small 
pinion i keyed on the tur mona, eee with a large ws 
/1, the shaft of which is integral with another small pinion 1, the 
ends of the teeth of which engage with the gear-wheel @ having 





1 teeth, which, in 
on I of a lubricating pump. These gears are enclosed in a 
casing J, comprising a double wall or jacket K, leaving an empty 
L, in which water circulates which has been drawn in from 

e exterior of the torpedo through the small orifices M. The 
water is expelled through the orifices N. It is the heating of the 
water by the external jacket K which ensures its c'rculation in 
the space L; this cireulation gessente efficiently the gears 
against the heat of the which traverse the compartment P 


cular, transmits the movement to the 


in order to reach the exhaust orifice. The water supplied by the 
pump may be also circulated in the ment L, #0 as to 
protect the gears against overheating. e casing J forms the 


oil-tank Q at ite lower part, and the level of the oil is underneath 
the gears in order that the latter should not communicate their 
heat, which they acquire eens to the oil. 1] is supplied 
by a pump which ¢ffects ite suction frem the casing J, A gear- 
wheel T keyed upon the shaft X receives the movement of the 
— ig member # through an intermediate pinion Y; 
other gear-wheel T) turns freely upon a boss formed on the 

ing. The oil from the reservoir Q is drawn in through 

orifice R, and is caused to flow across to the distribution: 
conduit V, and is then directed to the bearings by the conduite 8. 
Thus there is obtained with a minimum of encumbrance a 
and efficient lubricating-pump, the oil sr being 

by the circulation of the water in the space (Sealed 

April 1, 1915.) 


3891/14. J. H. Barker and 
Muni 


and Limited, mingham. 
Rifles. (6 Figs.) Februsry, 14, 1914.--When a rifle is fired » 
number of times in succession, the barrel sometimes 


Metal 





| becomes heated to such an extent that if a cartridge is inserted 
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and allowed to remain for a short time before being fired the 
cha: may be detrimentally affected by the heat, and when fired 
is liable to explode with abnormal violence. The object of the 
nt invention is to diminish the communication of heat from 

he barrel to the cartridge, and for this purpose the invention 

consiste in the construction of the cartridge-case or gun-barrel in 
such a manner that the ca makes contact with the barrel 
at intervals, so that whilst effective support is given to the cart- 
ridge by the barrel, the area of metallic contact between the 
parte is made as small as possible. The invention further con- 
siste in the construction of the cartridge-case or the disposition 
of the explosive charge in such a manner that contact between the 
case charge occurs also at intervals. In the construction of a 
for a Service rifle, as shown in Figs. 1 and 2, the case of 

a isformed with a number of spiral flutes or ribs, 
providing the necessary support for the cartridge 


Fig.t. 


cartridge 
the ~~ 
which, whil 





1 i 
Fig.2. 


(3891) ‘ 


within the gun-barrel b, effect a considerable reduction of the 
amount of metallic contact between the case and the barrel 
obtained with an ordinary cartridge, the contact being along the 


ridges of the flutes only, except at the front and back end of the 
case. By such a construction the transmission of heat from the 
barrel to the cartridge is very Jargely reduced, this effect being 
due to the small area of metallic contact between the cartridge- 
case and the barrel, and probably to the intervening envelope of 
air. In addition to providing a restricted area of contact be- 
tween the cartridge-case and the chamber of the barrel, it is also 
advantageous to reduce the area of contact between the cordite 
or like charge and the case. For this purpose the interior of the 
cartridge-ease may have an internal surface similar to the ex- 
ternal surface, and the strands may be spirally arranged in the 
opposite direction to the spiral flutes in the interior, or the 
flutes may be circumferential and the charge arranged with 
the strands parallel to the axis. (Sealed April 1, 1915.) 


MOTOR ROAD VEHICLES. 
99/14. The Wolseley Tool and Motor-Car Com- 


and A. 

Kio : ehicles. (2 Figs.) January 2, 1914.—This 
invention relates to the type of driving mechanism of a motor 
road vehicle in which a torque-and-thrust member which sur- 
rounds and carries a portion of the length of the propeller shaft 
is at ite rear end with a casing within which the differeatial 
and live axle are contained, the on of the propeller-shaft which 
is surrounded by the torque-and-thrust member being driven from 
the engine through the medium of a portion of the propeller-shaft 
which is universally jointed at each end, com an im- 

roved arrangement in the relative positions of the universal joint 
+s which the torque-and-thrust men.ber is connected with the 
frame and the propeller-shaft, according to which the propeller- 
shaft passes over the universal joint of the torque-and-thrust 
member, allowing such joint to be as low as, or lower than, the 
axis of the axle, ensuring that the thrust will be horizontal or 
somewhat downwardly inclined, the universal joint between the 
forward portion of the propeller-shaft and the portion which is 
carried by the torque-and-thrust member being, conveniently, 


pPocn. ca i, 


Fa x 


— 






*— < cmeey 





wal 


—_ 


#9 > 


rearwarde of the universal gow of the torque-and-thrust member 
as wellas thereabove. A is the tubular torque-and-thrust mem- 
ber, and A! the casing which contains the live axle and the 
differential , and from which the portion A projects. Bisa 
universal joint between the forward end of the member A and a 
transverse member ©! of the frame ©. The forward end of the 

ber A is ked downwards at a, and then forwards at a! to 
its universal joint B. The portion D! of the propeller-shaft 
which passes into, and is surrounded by, the member A, enters 
such member where it is cranked down at a, and the universal 
joint d between such Bore of the propeller-shaft and the for- 
ward portion D of such shaft is in pechien, as shown, at a higher 
level , and rearwards of, the universal joint B of the torque- 
and-thrust member. The portion D of the propeller-shaft is 
universally jointed at each end, but the forward end and the 
forward universal joint are omitted. Preferably the axis of the 
universal joint B is not higher than, and may be below, that of 
the live axle, so that there is no upward thrust from the axle 
through the joint B, and conveniently the axis of the universal 
joint is at about the normal height of the axis of the live axle. 
(Sealed March 26, 1915.) 








PUMPS. 
26,987/13. Bro Boveri et 


Centrifugal Compressors. 
UL 2X9.) oe 29, ern ——— relates toa i 
ti cen com n 

scighbeechesd of the enstaihe cogien of wockiny, wher 
inlet valve thereof is open as soon as the 

grease with special 
them to = ‘more or less a or he pone 
region. One arrangemen oposed for 

in the inlet pipe 


prises a throttle-valve opera 
moved by the varying re of air in the outgoing main (that 
is, on the far side of the compressor and non-return valve), a 
branch pipe leading from that main to the cylinder in which the 
wenn. In this case an outlet valve was provided between 
com’ and that non-return valve for leading off the air 
delive by the compressor while throttled. According to a 
modification the throttle-valve and the piston 


referred to are with, together with the blow-off outlet 
valve, and in of this latter valve a connection was made 
back into the inlet pipe through au injector, or both arrange- 
ments may be used in combination. This invention consists in 
a method of rating a compressor as referred to above, in 
which method the inlet valve is closed under the control of means 
disposed directly in the of the fluid delivered from the com- 
pressor to the delivery-pipe. In the form illustrated the centri- 
fugal compressor K has a suction-pipe 8 and a delivery- ipe D. 
In the latter there is arranged a non-return valve a a 
directly in the path of the fluid delivered from the compressor to 
the delivery-pipe, on the spindle of which valve is mounted a 
slide or valve } controlling the inlet to a branch-pipe c. The 
branch-pipe c leads to the suction-pipe S below the piston d, on 
the piston-rod of which there are mounted two valves ¢ and /. 
The valve ¢ opens when the valve / closes, and vice versd. A 
weight j capable of any desired variation is mounted on the 
common spindle of these two valves. The suction-pipe can be 
connected by means of the valve ¢ and a pipe / directly to the 
ortion g of the delivery-pipe in front of the non-return valve a. 
e operation is as follows :—For every rate of delivery through 
the non-return valve @ this valve a definit t 
Upon, or shortly before, the entry of the compressor into the 
unstable zone of working—that is to say, when delivery under 
stable conditions has reached ite minimum rate—the upper edge 
of the valve > will uncover the port leading to the pipe c, so that 
pressure in the pipe D is communicated to the under side of the 
piston d, which thereupon opens the valve ¢ and closes the valve 
Jf in the suction-pipe. The air in the space g now passes back 
through the pipe / into the suction-pipe, so that the external 
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air pressure will be established in the space g. The non-return 
valve a then closes completely, so that the compressed air in the 
pipe D cannot fiow back into the pipes g and 1. Since, however, 
as is well known, a centrifugal compressor at every suction _ 
sure retains ite fixed pressure ratio, a compressor yielding 
8 atmospheres absolute pressure will produce a definite suction 
pressure (i.¢., } atm ere absolute) in the portion A of the 
suction-pipe. In this way the work for idle running may be reduced 
to one-eighth of the value of the normal work for idle running. 
Since no air is delivered past the valve a into the delivery-pipe D, 
and compreesed air is taken from the latter, the pressure in the 
pipe D or in the network of Ln oa will gradually fall to a definite 
iower value which is permissible at a rate depending upon the 
size of the network of pipes and the amount of air consumed. 
The weights j of the valves e and f are so chosen that at this 
permissible pressure the valves will move down, thereby opening 
the suction-pipe 8 and closing the pipe /, thereby also closing to the 
atmosphere the part g of the delivery- _ The compressor will 
now begin again to deliver com seared , the non-return valve a 
will open, and the valve } will close the — leading to the pipe c. 
The compressor in working against the small pressure fn the 
pone ow > a will deliver more than the normal quantity of air, 
and considerably more than is taken from the delivery-pipe. 
uently the pressure in the pipe D will ; at the 
same time the amount delivered by the compressor will again 
diminish. On reaching the critical rate of delivery the non-return 
valve a in gradually closing will cause a — on of the - 
lating operations. From the foregoing it will be readily under- 
stood that the load on the compressor will have no influence upon 
the working other than an alteration in the period of dus 
between the two valve movements. (Sealed March 25, 1915.) 


RAILWAYS AND TRAMWAYS. 


1578/14, F. A.C. and L. W. Swainson, Cr-we. 
«rack-Signalling. (6 Figs.) January 20, 1914.—This inven- 
tion relates to improvements in signalling devices for railroads 
and the like, and has for its object to provide means whereby a 
signal is acti upon the entry of a vehicle into that section 
which is protected by the device hereinafter described, the object 
of the device being not — to detect standing vehicles, but also 
to give an entry signal, to show the ety te of the vehicle 
over any particular of the section or its whole length. Now, 
according to thie invention, a depi ion- bar, or a series of 
depression-bars, is, or are, mounted adjacent to the rail in sucha 
manner that the wheel of the vehicle depresses the bar or bars in 
its passage over the rail adjacent thereto. The railroad 1, at any 
t in a particular section as may be desired, is fitted wi 
ression-bars 2, preferably arranged in multiple series, the bars 
being mounted as close to the rail as possible. The ends of the 
bars may be bent or chamfered off, but this is not necessary in 
every case. Each bar is, however, spring-supported in such 


Fig. 1. 
7 





manner that the bar is not depressed as a whole, as is the case 
with bars link-supported, but is so mounted as to move locally at 
the point where the vehicle weight is applied. The spring- 
ing devices for su ng the depression-bar pe, Ay of any 

suitable kind. In form shown, the depression- 2 is 
vided with a depending plunger 3, the plunger being Shaped er 
secured to the bar by pins or rivets 4, its end remote from the 
elevated depression-bar entering a guide 5 in the 6. Ifthe 
bar 2 is riveted to the pl 3, then the latter is le an easy 
ide 5. The g 6 constitutes a case to accommo- 
ing 7 surrounding the plunger, which is in compression 
and a shoulder or washer 8 


* casing 6 is attached 
or rivet 6a, which renders the device self-contained. 9 
through plunger 8, working in a slot 10, constitutes a 
device and prevents the plunger being forced by the spring or by 





ting | bei 


reason of any leverage of the other part of the bar when depressed 
atone end. In such arrangement of bars, the contacting devices 
may be dieposed at intervals that are convenient for the 

of signalling. By knowing the ~~ = of a train and the time 
of its passage over a single section, its speed can be ascertained, 
or d may be reckoned from the breaking of the entry circuit 
to the breaking of the egress circuit, in which case the length 
of ON can be omitted from the computation. (Sealed March 25, 
1915. 


SHIPS AND NAUTICAL APPLIANCES. 
18,378/14. W. D. , Glasgow. Compasses. 
(7 Figs.) August 7, 1914.—At present, with steering-compasses, 
it is usual to provide a “‘ lubber’s line,” which may take the form, 
in some cases, of a wire or equivalent, which is used in conjunc- 
tion with a sn:all-diamet:r card. According to this invention, a 
special structure is —- made of wire or the like, for carrying 
a lubber’s-line mark or pointer, this structure being below the 
card, and being bung or mounted in such a manner that it has a 
pendulous or like movement. a is the compass-bowl, ) the 
com) card, c the lubber’s-line wire, d an opening or glazed 
window in the bowl, ¢ the rim of the compass-card, f the bezel 
Jass, and g the pivot-stem. The structure for carrying the 
ubber’s:-line mark is composed of a transverse wire 1, whose ends 
are pivotally fitted in the bearings or supports 2 carried by the 


Fig.1. f' f 














tase) 


bezel ring f1. This wire 1 is provided with a centra link or 
slotted part 3, which embraces the card pivot-stem g, but is not in 
contact therewith, and to this link or slotted part 3 a lutber’s- 
line wire c is secured. The upper end of the lubber’s-line wire is 
bent or shaped as indicated at 4, so as to constitute a pointer or 
mark, whilst the link or slotted part 3 is preferably weighted at 5. 
In some cases the wire c may be formed with an extension 6, 
having at its end a fan-like tail or part 7, which acts in the manner 
of a paddle or fan, and tends to steady the movements of the 
lubber’s mark 4. In the case of spirit compasses this paddle 7 
would work in the spirit; in the case of com; not filled 
with spirit, the paddle acts on the air. The whole structure 1, c, 
and 7 can swing in a pendulous manner about the pivotal bear- 
ings 2, 2, so that the lubber’s mark can freely oscillate in a 
vertical plane. (Sealed April 1, 1915.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c, 


27,949/13. Clarke Chapman and Co., Limited, and 
W. A.Woodeson, Gateshead-on-Tyne. Water-Tube 

{2 8.) December 4, 1913.—This invention relates 
to water-tube boilers having upper steam and water-drums con- 
nected to lower water-vessels by longitudinally- series of 
groups of water-tubes and man-holes formed in the steam and 
water-drums over each group of tubes, and according thereto 
each oy tye ee tubes which can be fitted and withdrawn 
through the correspondingly shaped manhole thereover, and a 
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sible from the fire side of the boiler, from which side they are put 
in. a are theinner tubes of each group, which are withdrawable 
through the manhole }, and c are the outer tubes of each group 
which are accessible from the fire side. The groups of inner 
tubes a and the manholes correspond in shape and are spaced 
apart longitudinally sufficiently far apart to permit of the tubes c 





ing arranged to ly encircle each group of inner tubes. 
(Sealed April 27, 1915.) itt , 
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~ BALBOA, ON THE PANAMA CANAL. 
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THE CALIBRATION OF ANEMO- 
METERS. 


By D. A. Hackett, A.R.C.Sc., A.M. Inst. E.E. 


THe advance of applied science demands in- 
creasingly greater refinements in all branches of 
codustrial and manufacturing processes, and on 
every side it is desirable therefore that reliable 
instruments for measurements and accurate 
methods of calibration for these be available. 
The problem of gauging accurately velocities of 
air or other gas is one which frequently arises in 
nearly all classes of pe gp 1 — in motion 

re, 80 to speak, In e@ su ces, mixing, In 
the case of air, me awd and inseparably with 
the surrounding atmosphere.. They cannot, when 
in considerable quantity, be measured in vessels of 
known volume, as is the case with liquids, which 
for the latter: makes it a comparatively simple 
matter to check standard meters and other neasur- 
ing instruments. An absolute check on the cor- 
rectness of air-measuring instruments is, practically 
speaking, outside the reach of anyone engaged in 
manufacturing or commercial work, and hence any 
process by which a calibration can be made and 
corrections obtained with accuracy and despatch is 
welcomed, particularly if the cost be not excessive. 
Amongst the instruments and methods in use for 
the measurement of air quantity and velocity are 
the following :— 

1. The Anemometer. 

2. The Pitot tube. 

3. The Venturi meter. 

4. Electrical methods. 

5. Gasometer methods. 

It is not intended to discuss here the relative 
merits of these various methods, except merely to 
point out that the anemometer (a description of 


which is unnecessary), being an easily portable |: 


instrument, not requiring special setting up, and 
capable, without alteration, of being used over a 
large range of velocity, is the one most frequently 
applied in commercial work. The maximum velocity 
of the air current in which it is used is generally 
about 18 metres per second (that is, 3500 ft. per 
minute). In the hands of a capable observer, reason- 
ably accurate and, what is often quite as important, 
consistent results can be obtained by this instru- 
ment. Owing to the nature of the medium in 
which it is used, the internal movement must be 
practically frictionless, and the vanes of extreniely 
thin and light material, which is easily damaged. 
In consequence the values of the constants of the 
instrument change by reason of a slightly altered 
vane angle, an alteration in the frictional resist- 
ances, or simply wear and tear when in frequent 
use. It is therefore necessary to have some means 
of calibration if consistent results are required. The 
method should be accurate and the process capable 
of being carried out rapidly and without a large 
quantity of bulky or delicate apparatus. 
Generally, in order to calibrate an anemometer 
it is placed at the end of an arm revolving at 
uniform speed, so that the velocity of the air 
relative to the instrument is known. A com- 
parison of this velocity with the instrument 
reading gives the necessary correction. The in- 
strument must, however, be sent to some institu- 
tion where such an apparatus is installed, which 
involves a loss of time, as well as the absence 
of the instrument in question. In addition, the 
calibration is made for conditions other than those 
under which it is used, and there are some doubts 
as to the accuracy of the method in consequence 
of the movement of the air set up by the revolving 
arm. Another method is the comparison of the 
readings of the anemometer with the figures ob- 
tained by a Pitot tube and water-gauge at a point 
in a duct in which a steady current of air is main- 
tained by means of a centrifugal or other fan. The 
chief disadvantage of this method is that a large 
number of Pitot-tube observations must be taken 
covering the range of velocity of the instrument, 
and whilst the higher velocities can be measured, it 
1s Increasingly difficult, and requires special appa- 
ratus, to get reasonable accuracy at the lower 
velocities. This is the more evident from a con- 
sideration of actual figures. A velocity of 18 metres 
per second corresponds at normal temperature and 
pressure to a water-gauge of 20 mm., which on a 
simple gauge can be read to a high degree of 
sceuracy. A velocity of 4 metres per second pro- 
duces on the water-gauge column a head of 1 mm., 
which, without some special multiplying device, is 





difficult to read correctly, and when such special 
device is used there is for each observation the neces- 
sity for reducing to the actual velocity, for great 
accuracy in taking the indications of the instru- 
ments, and for different apparatus for high and 
low velocities. Great care has to be taken to 
ensure that, for each calibration point, the air 
conditions are constant, and this involves still 
greater care on the part of the operator. This 
method, whilst capable of giving excellent results 
if thoroughly carried out, is more suited to the 
laboratory than for commercial purposes. 

It is here proposed to describe a method of cali- 
bration which, whilst requiring the Pitot tube and 
gauge, does not depend for the accuracy of the 
results obtained on the careful observation of 
minute scale readings and careful regulation of 
apparatus. It gives quite consistent results, and 
has proved extremely useful in industrial work. 

hen a fan delivers air to a given system of 
ducts, or operates on a given resistance, it has 
been shown that the volume discharged is a linear 
function of the speed ; that is, if V be the volume 
of air delivered per second, n the speed of the fan 
in revolutions per minute, and K a constant, 
V=Kna. 


It might be mentioned that this law has been 
confirmed for peripheral speeds of fans up to 
120 metres per second, and for outlet air velocities 
up to 27 metres per second. 
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Instrument Readings. Min. 
0 00 200 300 #0 500 7 0 RPM. 
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At the National Physical Laboratory, Thelfall’s’ 


discovery of the fact that for any given pipe the 
law of distribution of the axial velocity over any 
section is independent of the rate of flow, has been 
confirmed, provided the section of the pipe under 
examination is sufliciently far from the origin of 
the pipe. This latter proviso is necessary owing 
to the disturbing effect of abrupt changes of sec- 
tion, and therefore of velocity, on the flow along 
the pipe for some distance from the seat of the 
disturbance. 

If, then, a fan be coupled to a variable-speed 
motor and arranged to draw or discharge air through 
a duct, it is obvious that if the velocity at any speed 
of the motor be known, then the velocity at any 
other speed is obtainable from the above equation. 
It has been pointed out that as the air velocity 
decreases, the difficulty of obtaining the true 
velocity-head is increased, thus giving rise to a 
greater probability of error where Pitot - tube 
determinations are depended upon solely. It is, 
however, a simple matter to measure the revolu- 
tions per minute with an accuracy which, at any 
rate, does not decrease with diminishing speed, 
and hence the reliability of this method. 

It is only necessary to take one or two Pitot- 
tube observations at a point in the duct for veloci- 
ties of the order of the maximum for which the 
anemometer is suitable, or even higher if con- 
venient. The velocity for one or two such points 
and the corresponding motor speeds having been 
obtained, from the relation V = K n, a curve can 
be drawn which gives all the information required 
for checking the readings of the anemometer at 
other velocities at the same point in the duct. It 
is only necessary then to note motor speeds and 
the anemometer readings over the range required. 

There are a few precautions which it is advisable 
to take in carrying out a calibration of this kind. 
Owing to the nature of the discharge from the 
outlet of a fan, the air velocity may not be quite 





uniform across a section near to the outlet. It is 
desirable, if the observations be made at the outlet 
side of the fan, as is generally most convenient, 
that the position chosen should be some distance 
away from the fan ; and, in addition, screens com- 
posed of, say, coarse-mesh wire gauze or perforated 
metal should be inserted in the duct to produce a 
uniform flow. If it is possible to take the observa- 
tions in a duct leading to the inlet of the fan, such 
 eapeney 3 are generally unnecessary, as a uniform 

ow can be obtained with a bell-mouthed inlet. 
For the speed variation, it has been found most 
convenient to separately excite the field of the 
motor at constant current and to vary the speed 
by altering the voltage across the armature, this 
method being more flexible than shunt-field regula- 
tion. : 

The following set of observations will demon- 
strate the possibilities of this method, and, in 
addition, a set of Pitot-tube readings taken at 
the same time for comparative purposes show its 
accuracy :— 
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Revolutions | Velocity Actual _ 
Minute He | Velocity. | Instrument) Instrument 
merseee No.1. | No.2 

mm, ft. per min. ft. per wain.| ft. per min. 

507 14.8 3000 a | p84 
395 8.9 2330 | os | = 
1785 1863 

306 5.3 1800 | 1770 | 1864 
188 2.1 1130 1089 1120 

550 
99 -- 575 | 672 
| from curve { 558 } 


These figures are plotted on the accompanying 
curves. In order to obtain the correct values of 
the air speed, the velocities resulting from the 
Pitot-tube observations are plotted against speed. 
Each anemometer reading is then plotted inst 
the velocity given at the point where the ordinate 
from each actual measur d cuts this curve, 
which, it will be noted, is a straight line. The 
new curve thus obtained gives the calibration of 
the instrument, and it is evident that its correct- 
ness is made to depend upon the accuracy of the 
speed measurement. 

Finally, it may be noted that a precisely similar 
method may be applied to the calibration of water- 
meters, or, in fact, of any instrument intended to 
be used for the measurement of the flow of fluids. 

The writer wishes to express his thanks to 
Messrs. Siemens Brothers Dynamo Works, Limited, 
for permission to publish these results, which were 
obtained in the course of research at their Stafford 
Works. 








RECENT THAMES BRIDGE AND 
TUNNEL CONSTRUCTION. 
(Continued from page 567.) 

ConTINUING our account of the widening of 
Blackfriars Bridge, we now give in Figs. 37 to 40, 
on Plate XLI., views showing very completely 
the design and construction of the masonry piers, 
which are built of granite ashlar set in 3 to 1 
cement mortar, with a hearting of brickwork in 
cement. The stones from the old cut-waters were 
taken down from their original positions (indicated 
by the dotted line in Fig. 37), and rebuilt 30 ft. 
farther west. The massive columns of polished 
granite, with their pediments and capitals of Port- 
land stone, which form such a stri ing architec- 
tural feature of the bridge, were similarly dealt 
with. The intervening 5 was then built 
up of new masonry and brie work, bonded to the 
old, as shown by the full jagged line near the 
centre of Fig. 37. In order to distribute the ver- 
tical component of the thrusts from the ribs 
over the old and new foundations, and also 
to make the bond between the old and the new 
work quite secure, two internal trusses, shown in 
Figs. 41 to 44, were provided in each pier, to carry 
the steel skewbacks. The old masonry was re- 
cessed, as shown in Fig. 41, to accommodate the 
eastern ends of the trusses, and, after the new 
masonry had been carried up to a sufficient height, 
the trusses were built and riveted in place and 
carefully set with the skewbacks on them, after 
which the masonry was built in solidly around 
them. The drawings reproduced in Figs. 41, 42, 
and 44 show the skewbacks in place on top of the 
internal trusses, and also illustrate the method of 

connection. , 

When the piers and abutments, which we shal} 





/ 
i 
j 


ioe ewe ae 


7 ape 





618 


ENGINEERING. 


[JUNE 4, 1915. 








deal with later, had been completed, the work of 
erecting the superstructure was commenced, the 
north shore span being first taken in hand. In 
this case, the work was carried out on centering 
erected on a temporary staging, and the old face- 
rib, in this span, was rep by a new, heavier 
steel rib, on account of the extra weight of the 
curved approach. In all other spans, however, the 
pos pees ico rib, together with the cast-iron spandrel 
and parapet, was shifted bodily to ite new position, 
30 ft. to the west. Figs. 45 to 48, on Plate XLL., 
and Figs. 49 and 50, on e 628, illustrate the 
means employed for carrying out this part of the 
work. 

Two Pratt trusses, about 210 ft. long, and 
spaced 11 ft. apart on centres, were constructed 
with bolted connections, so as to form travellers 
which could easily be taken down and re-erected on 
another span when one had been finished. The 
trusses, which were braced together along the top 
flanges and at every alternate vertical post, rested 
on transverse bogies running on rails laid upon the 
piers. At intervals in the length of the trusses, 
seven vertical suspenders, best shown in Fig. 46, 
were hung from channels spanning the space be- 
tween the trusses. These suspenders terminated 
at their upper ends in two screws 24 in. in diameter, 
passing between the channels on which the nuts 
rested, and at their lower ends were made in the 
form of slings which surrounded the face rib, 
spandrel, and parapet. The traveller was built up 
over the rib to be moved, and the suspenders fixed 
in position, the space between the rib and the 
lower cross-piece of the suspenders being wedged 
up with timber blocks sha to fit the slope of 
the intrados of the rib. Kight temporary cross- 
girders, shown in Figs. 45 to 48, were fixed under 
the face-rib and extended under the existing part of 
the bridge, from which they were supported by steel 
slippers,asshown. These girders served to steady the 
movement of the face-rib and to control the move- 
ment by means of a screw fixed between two adjacent 
ribs of the old structure ; the arrangement is clearly 
shown in Fig. 46. The first operation, after cut- 
ting the rib free from the floor girders at the foot- 
way level, and the cross-bracing between the ribs, 
was to lift the rib about an inch from its old bear- 
ings by screwing up the nuts at the upper ends 
of the suspenders, the operation being assisted by 
hydraulic jacks placed on the staging under the 
rib near the skewbacks. Considerable care was, 
of course, required for this part of the work in 
order to prevent a sudden movement at one end 
from throwing too much of the load on to the 
central hangers. The screwing up was commenced 
at the central hangers, and extended backwards 
each way to the abutments, the relative amount of 
tension on each hanger being judged by the - 
sure applied to the spennene, bat more particularly 
by extremely careful continuous observations of the 
deflections in the traveller main girders. After the 
rib had been lifted sufficiently to clear the old skew- 
backs and masonry, the transverse movement was 
commenced. This was effected by means of heavy 
blocks and tackle attached to the bogies supporting 
the traveller and operated by electric cranes 
mounted upon the staging around the piers ; the 
arrangement is just visible on the left-hand side of 
Fig. 49. The movement was carried out in 14-in. 
stages, the rails on which the bogies were carried 
being marked in these intervals, as also were the 
temporary cross-girders. During the movement 
two men, stationed at each of the screws between 
the old ribs, moved the cross-girders the same 
distance as the bogies were moved by the tackle. 
The whole movement of 30 ft. was accomplished 
in this way in about three hours; the photo- 
graphs re uced in Figs. 49 and 50 illustrate the 
work at this stage. When the rib was in its new 
position it was lowered and held in position while 
the spaces between the ends of the rib and the 
skewbacks were run in with lead. The rib was 
then released from the suspenders, and the traveller 
run back to its first posicion on the old bridge, and 
there divided into three sections, which were trans- 
ferred individually to a similar position over the 
face-rib of the next span to be dealt with. 

The weight of the traveller was 90 tons, and the 
weight of the heaviest rib with ite spandrel and 
parapet was 150 toms. Much time was saved by 
the above-described method of moving the face- 
ribs, as the necessity for taking down all the cast- 
iron work, and rebuilding it, was thereby obviated. 


(Te be continued.) 
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The G@ By F. J. B. Corpgrro. London: 
E. and F. N. Spon, Limited. [Price 6s. 6d. net.] 

Tuere have been many books describing the be- 
haviour of spinning-tops and rotating bodies, and 
there will be many more, for the intelligent study 
of the phenomena of rotation in all its many 
aspects is of most alluring interest and can bring 
very substantial rewards to those who, reading the 
latent riddles aright, compel the mysterious move- 
ments to render some new service to science or 


industry. Rotary motion has by no means yielded | figure 


all its secrets, though astronomy, geology, meteor- 
ology, physics, &c., have benefited by the patient 
study of the problems it presents, and each day 
mechanical engineering wins some new triumph by 
a fresh application of an old principle. In this 
case, the author seems doubtful whether to appeal 
to his audience by the — of his reasoning 
and the beauty of mathematical demonstration, or 
to bait his hook more popularly by presenting 
some of the happy results that have followed from 
practical applications. Asa further attraction, he 
suggests the possibility of solving cosmical prob- 
lems that can only be approached indirectly. He 
writes prominently on the cover of his treatise an 
equation containing the fundamental gyroscopic 
principle which to some will look rather repulsive. 
It will, however, serve as a test for those who 
have a doubt whether their mathematics will prove 
equal to the demamd made. For the author does 
not mince matters ; he says distinctly that the 
mathematics are difficult, and intimates that to 
explain gyroscopic action without the assistance 
of the calculus will prove futile. We agree with 
him. We doubt if anyone has really succeeded 
in popularising the results of rigid dynamics, or, 
put in another way, the intellectual effort to under- 
stand the action of the gyroscope is as great as to 
master the principles of the calculus. 

Actuated by his wish to cater for the trained 
and the untrained alike, the author divides his book 
into two parts :(1) the development of the theory ; 
and (2) the discussion of modern practical applica- 
tions. The more original treatment, and there- 
fore the more interesting portions of the theory, 
concern the application of the —— principle 
to the motion of the earth’s axis, and the problems 
connected with precession and nutation. These 
are worked out with considerable detail, and in 
discussing the attraction of a body on a triaxial 
rotating mass, as the earth, the remark is hazarded 
that the positions of the earth’s axes and their 
ratios might be determined astronomically from 
observations of the irregularities in the time of 
the earth’s rotation. It is hinted that such a 
method would be a great improvement on geode- 
tical measurement. If we have correctly under- 
stood the author, the plan is not feasible. An at- 
tempt has been made to detect a variation in the 
time of rotation where the effect of deviation from 
strict uniformity would be cumulative with the 
time, but no satisfactory result has been obtained. 
Too many variables of the same order of minute- 
ness as the quantity sought, such as the uncertainty 
of the amount of tidal friction or variations in the 

’smass due to meteoric accretion, obscure the 
issue, leaving us without an invariable standard of 
time measurement. The want of agreement in the 
several determinations of the figure of the earth 
by different investigators ints, however, to 
sources of error that defy aiienalion or removal. 

in, in the section on the ‘‘ Gyroscopic Motion 
of the Moon’s Orbit,” it is stated that nutations 
of a measurable amount have not been considered 
in the theory of the moon’s motion, and that the 
discrepancy between the predictions from a purely 
gravitational theory and the results of observation 
could be removed by including a nutational term. 
We do not understand this remark. The period of 
the term it is pro to introduce would be 
18% years, and the anomalies to be reconciled have 
not this period. Terms of much longer period are 
necessary. The residuals between observation 
and the lunar theory, extending over some 150 
years, show remarkable fluctuations, and an 
ment can only be effected by the introduction of at 
least three terms, with periods between 75 and 35 
years, having coefficients between three seconds 
and half-a-second. We are not prepared to admit 
that any legitimate term so large as three seconds 
has been omitted in the Lunar Theory, or the 
adequacy of any nutational term to explain the 





demonstrated discrepancy. But the author is 
obsessed by this influence of gyroscopic action. 
Apparently the theoretical existence of this operat- 
ing cause, rather than its amount, appeals to him. 
In the discussion of the variation of latitude we 
meet with the same sense of disproportion. The 
elastic deformation of a non-rigid earth may be 
accepted as a reasonable ae while gyro- 
scopes, being treated as ectly rigid bodies, do 
not furnish a strict parallel. It seems far-fetched 
to sup that cyclonic disturbances in the 
atmosphere exert a sensible and recognisable influ- 
ence in shifting the axis of rotation within the 
We are inclined to agree with the un- 
named prominent meteorologist who wrote to the 
author that ‘‘ to consider a cyclone a gyroscope is a 
misconception of Nature.” 

Possessed of insufficient knowledge concerning 
the constitution of the earth’s interior, the varia- 
tion of its density, and the nature of the stresses to 
which it is submitted, there seems little warranty 
to apply the deductions derived from altogether 
different conditions to explain some of the outstand- 
ing perplezities that baffle geologic or astronomical 
science. The causes of the great variation of climate 
in the past, the present wrinkled formation of the 
surface, are more recondite than the precessional 
phenomena of the Pole, and the attempts at expla- 
nation really have little more than the authority of 
great names to recommend the suggestions that are 
from time to time ventilated. That the grounds 
for decision are feeble and untrustworthy is shown 
by the variety of hypotheses that hold the field. 
Even the precessional constant that—by reason of 
its fame and earlier consideration—has acquired a 
kind of prescriptive right to be considered as a test 
for the correctness of any hypothesis of the internal 
structure and density of the globe is a very frail 
guide, offering an inadequate test. Other criteria, 
such as the rate of transmission of earthquake 
waves, are on their trial, but have this advantage, 
that their deductions can be tested by the gradual 
accumulation of experimental data. The author, 
misled, as we think, by the exaggerated importance 
he attaches to gyroscopic: action, adds another 
hypothesis, which perhaps cannot be contradicted, 
but has little solid foundation fur its support. He 
suggests that ‘‘the past distortions of the earth’s 
surface had their origin in gyroscopic action on a 
plastic interior, due to a lack of uniformity of pre- 
cession of the different layers of this interior.” 
The behaviour of a plastic gyroscope is a problem 
we may well decline to pursue. 

Reference to mechanical applications of the gyro- 
scope has been made so recently that it is not 
necessary to recall such ingenious contrivances as 
the Anchutz gyro compass, Brennan’s mono rail, 
the Schlick stabilisstor, or the Whitehead torpedo. 
The descriptions might have been made more 
instructive if the particular theory of each had 
been more closely connected with the general 
formule. The value of such applications, for the 
most part, does not rest so much on the employ- 
ment of the gyroscope as on the devices by which 
the precession and oscillations are limited. There- 
fore the character and manner of the ccntrol 
become of importance, a point that the ai thor 
has not fully recognised. ere is no mention o° 
the Schilowsky gyroscopic two-wheeled motor-car, 
on which an unstably mounted gyroscope is made 
to maintain a car in an upright position, notwith- 
standing the increase in amplitude of the pre- 
cessional oscillations. The section on ballistics 
might have been amplified with advantage. 





The Curves of Life ; being an Account of Spiral Formations 
and their Application to Growth in Nature, to Science 
and to Art. By THroporg ANDREA Cook, M.A.., F.S.A. 
London : Constable and Co., Ltd. | Price 12s. 6d. net. ] 

TurovucHovt the scheme of Nature it is ible to 

trace in many ways the peogress to maturity through 

a spiral yeas ray and to follow this line of 

suggested thoug t, as the author has done, is both 

ingenious and interesting ; but to attempt to em- 
ploy mathematical modes of investigation in the 
study of organic forms is to embark on a scheme 
fraught with danger. There is too great a tendency 
to perceive exactness where only an ee 

ment. exists, and to explain away deviations 
that are not in harmony with a selected hypothesis. 

The author has exhibited both ingenuity and 

industry in selecting his t; and is, no doubt, 

justified in stating that he brought together 
number of instances than has ever been col- 
lected before. Whether the same care and research 
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applied to other regular mathematical forms, as 
the sphere, illustrated in the animal cell and in 
the gigantic planetary formations, or the rhombic 
dodecahedron, so conspicuous in the honey-comb, 
would not have provided as many examples it is 
impossible to say ; but the author, having selected 
his hypothesis, is inclined to exclude all others. 
The logarithmic spiral, however, does not exhaust 
the mathematical figures that are imitated with 
greater or less precision in natural growth, in 
scientific construction, or in artistic work. 

To find the spiral form maintained in so many 
nebulz scattered over the heavens, and possibly 
existing in the Milky Way, to recognise it in the 
curves of marine shells and in the form of lowly 
organisms, to perceive its main features in the 
arrangement of leaves round a flower stem, and to 
trace its mazy scrolls in various forms of animal 
growth, as horns and antlers, shows that the spiral 
form is an important feature in progressive stages 
of development; but to build up any theory of art, 
based on the possibility of tracing in the extant 
specimens of the work of world-famed artists a 
similarity to, or slight deviation from, the whorls 
of the logarithmic spiral, seems far-fetched and 
illusory. Art is imitative, and there is no reason 
why the controlling features that give excellence or 
charm to an architectural design should not be 
compared with those of some natural object, as the 
shell of a nautilus ; but to regard one as suggested 
by, or to have originated in, the natural structure 
of the other will seem to most people unwarranted. 
In a fine staircase, capable of moving the author’s 
artistic taste, and over which he lingers lovingly, 
there may lurk by coincidence, but not by design, 
some fundamental principle in common with the 
delicate markings of a marine shell, but it is hard 
to believe that the construction of a particular 
staircase, for example, was deliberately modelled 
on the resemblance to spiral constru >tion in natural 
objects, or that the mind of the artist was uncon- 
sciously biassed by the contemplation of the 
approximate reproduction of the logarithmic spiral 
in many of Nature’s forms. Leonardo da Vinci, 
and other artists of the Renaissance, knew nothing 
of the existence of spiral nebule, of the forms of 
microscopic organisms, or of ‘‘ electric lines of 
equipotential.” This wealth of knowledge was not 
at their command, they could not have been 
influenced in their designs by the facts that the 
researches of later ages have made known. 

Still more fanciful, as it appears to us, is the 
attempt to represent the processes observable in 
Nature by a mathematical expression, though it 
must be admitted that many astute minds have 
been attracted by this fascinating possibility and 
have exhibited much iogenuity in prosecuting the 
inquiry. A series of integers, in which each is 
the sum of the two preceding terms, called here the 
Fibonacci series, has for the author a charm which 
can only be explained on the supposition that he is 
not very familiar with the theory of numerical 
series. He contends, following the example of 
some well-known names, but with even greater 
insistency, that plants make use of this series in 
order to arrange their leaves in such a way as to 
secure the minimum of superposition with the 
maximum of exposure to sunlight. Another series 
of similar character which appeals forcibly to the 
author is called the @ ratio, the common ratio of a 
geometrical progression in which the sum of any 
two consecutive terms equals the next term, as 

og” + grt — grt 
or 


l+o=%, 
whence 

1+ 

¢= >: 


The roots of this quadratic are thought to ex- 
plain to architects, sculptors, painters, and others 
the true law which underlies beauty of form. It is 
suggested that the difficulty of finding a standard 
which shall represent with some approximation the 
experiences of mankind in matters xsthetic is here 
mitigated ; that it is possible to perceive in the 
solution of that quadratic a formula which repre- 
sents not only the experiences of mankind, but 
“‘ of all life as we know it, which explains not only 
the phenomena of vital growth, but also the prin- 
ciples which underlie both the artist’s expression 
of the beautiful and our own appreciation of it.” 

_ The application of this theory to the composi- 
tion of such well-known works of art as Botticelli’s 
Venus, or the ‘‘ Laughing Cavalier” of Franz Hals, 





has bewildered, without enlightening, us. But 
if one should succeed in mastering the author's 
theory and its method of practical application, 
he would have advanced but a very little way; 
for not less important than the possibility of 
representing any canon of art by a simple mathe- 
matical expression are the deviations from that 
law. In fact, the interpretation of the devia- 
tions is vague and baffling. There must be no 
precise or slavish imitation of a rigorous formula; 
Giotto’s O should be more revered for its slight 
departure from the circle than for the accuracy 
with which it approached that figure. These way- 
ward aberrations from strict ee , these 
residual phenomena, as they might be called, pre- 
vent the application of any infallible criticism. 
The decisiveness of mathematical demonstration is 
still wanting ; we are left without any certainty of 
guidance through the bewildering intricacies that 
beset the road to the beautiful, without any appeal 
from the personal preferences of the critic, who can 
still exercise a wide discretion, and to whose loud 
assertiveness we must obediently bow. This result 
is somewhat impotent and disappointing. 

It is a more scientific and a more hopeful inquiry 
to ask whether the spiral arrangement in growth 
confers any mechanical or functional advantage. 
Mr. Cook would, we think, answer this question 
in the affirmative, and in any case he has done a 
very useful work in bringing together so many 
a in which development has pursued a 
spiral path. He has facilitated the study of com- 
parative morphology by his description of so many 
related forms, and has done biology a real service 
by insisting on the significance of spiral formations 
and their relationship to growth and development. 
The ao of the same general principle to 
the methods of artistic construction and expression 
seems whimsical and forced, but those whose train- 
ing has been more artistic than scientific may find 
inspiration and encouragement from the author's 
suggestive deductions. 





The Modern Factory, Safety, Sanitation and Welfare. By 
Grorcr M. Prick, M.D. New York: Jobn Wile 
and Sons; London: Chapman and Hall, Limited. 
[Price 17s. net. ] 

Ir is well that from time to time a strict examina- 
tion should be made of the steps enlightened 
nations are taking for the betterment of the 
sanitary conditions of factories and workshops, 
with the view of ensuring greater industrial efli- 
ciency by caring for the health, safety and welfare of 
the operatives. We all admit readily enough, on 
theoretical grounds, that intimate relations exist 
between occupation and health, but sometimes are 
unwilling to follow the suggestions to a legitimate 
and practical conclusion. Very precise stati-tics 
and a rigorous comparison of our most earnest 
effurts with those made by other nations may prove 
effective in arousing us from our self-satisfied 
pharisaism, and in convincing us of the need for 
greater and more systematic exertion, if we would 
meet even the minimum requirements that science 
has demonstrated to be essential to wellbeing. Dr. 
Price has attempted such an inquiry, indicating a 
standard to be attained ; and though he addresses 
himself to his American countrymen, there is much 
in his book that should appeal to all who would 
see modern sanitary science pursued to its fullest 
develepment. We must, however, always bear in 
mind that this standard is continually advancing, 
and that it is unwise to ignore the demands for 
improved equipment or to neglect the complaints 
of the industrial proletariat. 

A tendency may be noticed to rest satisfied b 
comparing the conditions that prevail to-day with 
those of an earlier period, before Factory Acts were 
operative, before the national conscience was 
awakened, and when a miserly, short - sighted 
selfishness reacted against true efficiency. A wiser 

licy consists in breaking away from old methods, 
in watching and profiting by the developments of 
later competitors for the world’s commerce and 
industry, and in preparing for the future, rather 
than in preserving a smug contentment brought 
forth by the contemplation of an unlovely past. 

Fortunately, progress is continual and often rapid, 

the voluntary improvements effected by enlightened 

manufacturers of to-day become the minimum 
demands of the State to-morrow, and progressive 
employers are constantly intent on the further 
improvement of industrial conditions, well miata 
that a rich reward will follow from inc 
efficiency and welfare. 


. | tific attainment, are wanting in ex 
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Dr. Price is well qualified by his wide experi- 
ence to instruct us in what is being done on the 


Continent and in the United States, and by his 
responsible position he is equally well fitted to 
appeal to employers of labour. In the crowded 
t Side of New York City he has had special 
opportunities for studying industrial workers and 
industrial conditions at first hand, while as director 
of the New York Factory Commission he enjoyed 
0} nities for a wide survey of factory condi- 
= aS me Rage | sae - a and of 
making a study of the working of factory inspec- 
tion fn England, Fran Germany, Austria, 
Belgium and Switeerland. The lesson which he 
has learnt, and which he wishes to impress upon all, 
is that the petty stinting and miserly economy so 
long practised were a hindrance rather than an 
assistance to industrial success ; that the herding of 
workers in cheerless, unsuitable shope, in flimry 
ramshackle structures, was no true economy; that 
the new science of ‘‘ industrial efficiency ” teaches 
that prosperity and commercial success are com- 
patible with decent workplaces, humane working 
conditions, and considerate treatment of employees. 
The author addresses an audience that is to a 
great extent sympathetic. We are at one in de- 
siring some manifest improvement in the construc- 
tion of new buildings, and as a result of public 
criticism and, —. of generous emulation it is 
not now exceptional to note splendid examples of 
factory architecture, model in arrangement, in sur- 
roundings and location. While | enactment has 
insisted on the introduction of certain improve- 
ments, it is important to notice that the best 
specimens are usually inspired by voluntary effort. 
Strict insistence on legal requirements results in a 
minimum of improvement. State and municipal 
control are not always exercised tactfully, and 
occasion impatience and irritation. This feeling is 
generally due to the incompetency of the officials, 
who, often selected on other grounds than scien- 
knowledge, 
and find relief by a with blind obstinacy to 
an inelastic construction o uired details. They 
manage these things better in Germany and Austria, 
where each manufacturer has to obtain a permit 
from properly qualified architects, physicians, and 
factory inspectors before erecting any premises 
intended to be used for the accommodation of 
labour. This is a wise precaution, both for the 
proprietor and the operative, for many of the evils 
existing in most industrial establishments could 
have been prevented by ——e timely advice from 
experts before beginning to build. This careful 
examination of ae plans by capable authori- 
ties seems especially n when indus 
makes a new departure. Left without idance con 
central powers, stereotyped methods of construction 
are followed without regard to the new conditions 
introduced. It is only in this waythat we can account 
for the rapid rowth of tenant factories in ‘‘ loft 
buildings ” in New York and the States generally, 
where congestion of an eS et within 
a small area has led to certain es, not requiring 
heavy machinery for production. extending their 
work-rooms in a vertical rather than a horizontal 
direction. Between 1901 and 1910, on Manhattan 
Island, in a limited district, not less than 800 
**loft buildings” were erected, containing from 
eight to twenty storeys in height. Whole indus- 
tries, requiring large staffs, with little machinery, 
such as the ready-made clothing trade, are located 
in ‘‘loft buildings.” The evil has spread to other 
large cities, and has become so far that 
measures are being considered, if not being put in 
operation, with the view of curbing and controlling 
the dangers arising from multiple shop construc- 
tion. But vested interests have now to be fought, 
and probably some great conflagration, involving 
huge loss of life, will be necessary to stay the 
spread of an admitted evil. The possibility of 
fires, of whose prevention and limitations Dr. Pri 
writes with knowledge and penetration, is not the 
only danger from which the inmates of there 
crowded tenements are liable to suffer ; but it is 
to see how this one source of danger is increased 
with height. A fire on the fifth storey is dreaded 
by the brigade, and with reason, while many 
experts declare that it is impossible to control 
a fire when it occurs in one of the awd storeys of 
these hives of industry. The autbor’s words of 
caution will probably fall on deaf ears. Notorious 
conditions of danger are tolerated till calamity 
arouses indignation. The world has ample know- 
ledge of ites perils, natural and created, but it 
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AMERICAN LOCOMOTIVE TRAILING TRUCKS. 
(For Description, see opposite Page.) 
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a complete neglect of the elementary 
truths of sanitary science. Efficiency is 
the object to be attained, the other 
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three conditions are means to that end. 
The insistence on the maintenance of 
good relations between employers and 
employed shows how far we have tra- 
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remedies only on the heels of disaster, and safe- 
guards only after sacrifice. 

The author gives a comprehensive review of the 
safety and sanitary conditions of workshops as he 
has seen them, and indicates the methods of im- 

roving the sanitary efficiency and welfare in 

wee & but no final rules can be laid down as 
determining the arrangement and equipment of a 
model factory. The general economic development 
of the country and the technical knowledge of the 
time will set a standard, and as the intimate rela- 
tions between work and health are more accurately 
appreciated, this standard must rise. Dr. Price, 
in his model factory, recognises four conditions as 
essential, constituting a sort of scaffolding upon 
which true economy and wholesome philanthropy 
will continually build. These four general factors 
are: (1) Industrial efficiency; (2) economic relations 
of employer and employees ; ® eneral sanita- 
tion; and (4) welfare work. vidently ‘‘ indus- 
trial efficiency ” differs from the other factors. It 
is a consequence that follows, and not a cause that 
operates. We might have the highest standard of 
efficiency, meaning by that the most scientific 
application of invention and discovery, ensuring 
the maximum of production with the minimum ex- 

nditure of energy, coupled with an utter disregard 
for the comfort and safety of the operatives, and 
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velled towards an economic millennium. 
To ensure peace between the warring, 
and often op » interests of capital 
and labour by acknowledging the right of collective 
bargaining, the freedom of organisation, the possible 
participation in the administration, benefits and 
profits of the concern, did not enter into the creed of 
the old-fashioned capitalist. The third requirement 
has a wide application, and includes what some 
will consider the whole extent of their liability to 
the employed class. Only grudgingly were the 
demands for improved sanitation granted, though it 
must be gratefully admitted that of late years 
the more enlightened have anticipated and 
exceeded the legal requirements in the matter of 
light, ventilation, and general sanitation. The 
author naturally enters largely into such details as 
well as into the causes and means of prevention of 
accidents, whether due to the personal factor or to 
causes beyond the control of the workman. These 
embrace the use of defective materials, of inade- 
quate appliances for handling goods, of insufii- 
cient protection from moving machinery on the 
one hand, or those that arise from the un- 
healthy character of the materials necessarily 
employed in the industry on the other. Narrowly 
connected with accidents implying sudden loss of 
earning power to the operative is the gradual 
weakening that follows from monotony of work, 
undue fatigue, and reduced vitality due to the over- 


taxing of strength. These are all details into which | 
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it is impossible to follow the author ; but there is 
in his volume a wealth of. information, collected 
and presented in a convenient form, that should bo 
studied by those who are responsible for the safety 
and welfare of labour. 
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AMERICAN LOCOMOTIVE TRAILING- 
TRUCKS.—No. I. 


Iv our issue of February 26 we discussed the influ- 
ence on American locomotive design of the introduc- 
tion of the trailing-truck for main-line practice in that 
country, pointing out how. greatly it had enabled 
boiler capacity to be increased, and incidentally had 
encouraged the introduction and development of 
economical and labour-saving devices. We propose 
giving descriptions of some of the trucks in general 
use, and commence with the smaller of the two classes 
into which they divide themselves. This division is 
conveniently made in accordance with the position of 
the bearings. The two classes are generally known 
as inside and outside-bearing touche, The inside- 

ng truck was the first to appear on the scene, but 
has had to concede precedence now to the outside- 
bearing pattern, which presents many advantages, as 
regards American practice, over the earlier type. 

Somewhat naturally, perhaps, in view of the general 
adoption in America of the two-wheeled or y 
track at the leading end, this form of truck has 
adapted to the trailing end, and has served the pur- 
pose in certain classes of work. An example of this 



































































































































application is shown in Figs. 1 to 9, which illus- | 
trate a design of truck used by the Baldwin Loco- 
motive Works, Philadelphia, Pa., U.S.A., on a 
large number of logging locomotives. In these 
figures, the truck is shown fitted to an engine in 
Figs. 1, 2, and 3, the remainder showing details to 
a er scale. This truck is of the swing-bolster 
type. The bolster, shown in Figs. 4 to 8, is of cast 
steel or iron, and is hung by four links from o 
rectangular forged frame carrying the pedestals or 
horn-blocks. The frame is composed of wide and 
comparatively thin side bars, and deep and thin 
front and back members welded. The radius-bar 
shown in Fig. 9 extends under the fire-box, where 
at ite front end it pivots on a pin carried by o 
stay extending across the engine. At the back end 
the radius - bar ends in horn or pedestal stays. 
Short diagonal stays extend from the radius-bars 
to the bar-frame of the truck. The bolster is held 
in place by a large centre pin on a casting extend- 
ing between the main engine-frames. The springs 
sre mounted on the bolster instead of being interposed 
between the axle-boxes and the frame, as is usual in 
leading trucks. In the engine shown the springs are 
equalised with the springs of the rear driving-wheels. 
The forward ends of the truck springs are connected 
to a transverse beam, on which rest the rear ends of 
the longitudinal equalisers. The latter, at the front 

» are connected to the driving- springs by vertical 
spring-links. At the back end the truck-springs are 
hung from brackets fixed to the main frames. 

This type of truck is in all essentials, it will be seen, 
similar in principle to the leading two-wheeled truck of 
American practice. While perfectly suitable for certain 
types of locomotives, it does not fulfil the requirements 
of modern practice as regards large locomotives, The 
adoption of the trailing-truck on such engines has 
been due to a desire to obtain increased boiler capa- 
city, a fact which results in a the fire-box 
directly over the trailing-wheels t is essential, 
therefore, that the trailing-truck should entail no 





complications between the frames, and should be kept | 
down as far as possible as height. With this 

end in view the Baldwin Locomotive Works adopted 
the Rushton truck, which at first was used with | 
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inside bearings. In this the swing-link cradle arrange- 
ment is transferred direct to the axle-boxes; no 
vertical centre pin is required over the axle ; and the 
top of the truck-frame is below the top of the axle. 
Complications, therefore, between the frames are 
reduced to a minimum. A heavy Atchison, Topeka, 
and Santa Fe 2-10-2 engine fitted with this inside- 
bearing trailing-truck was illustrated in ENGINEERING 
in vol. xeviii., page 557. As, however, although still 
largely used, latterly this truck has been, perhaps, 
more widely adopted in an outside-bearing form, we 
shall defer a complete description of it for the moment. 

One of the first applications of trailing trucks to 
main-line locomotives in America was made by the 
Brooks Works, now forming part of the American 
Locomotive Company of New York. The design 
developed, which the advantage of lightness and 
simplicity, took the form of radial axle-boxes. One of 
the earliest applications was made to 4-4-2 engines on 
the Burlington, Cedar Rapids and Northern Railroad 
about 1900. Not long afterwards it was used, among 
other instances, on 2-6-2 type engines on the Lake 
Shore and Michigan Southern Railroad, which were 
very notable locomotives of that day. Since then this 
truck has been applied to numbers of different classes 
of heavy locomotives. One we illustrate herewith in 
Fig. 10 is of the 2-8-2 type, built recently by the 
American Locomotive Company for the Delaware, 
Lackawanna and Western Railroad. This engine has 
cylinders 28 in. by 30 in., and total heating surface of 
5939 sq. ft. It weighs 312,000 lb. without tender, 
the trailing-truck supporting 48,000 lb. In another 
class (4-8-2), built by the same company, for the 
Chesapeake and Ohio Railroad, the engine weighs 
330,000 Ib., of which 47,000 lb. are supported by the 
trailing-truck. 

This truck was originally designed by Mr. John 
Player, of the Brooks Worke, and is known as the 
Player truck. It will be seen from Figs. 11 to 15 to 
bear a distinct resemblance to the radial axle-boxes 
originated by Mr. W. Bridges Adams, and subse- 

uently w in this country, in « special form, by 

r. F. W. Webb. The -brasses are carried in 
@ continuous axle-box of cast steel. This axle-box 
casting has at either end at the back and front concen- 
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tric wearing surfaces, struck to long radii. Corre- 
——s curved wearing surfaces are provided in place 

the horn-checks, forming part of. transverse cast- 
steel stays extending between the frames. The axle- 
box casting is fi with @ spring centring control. 
This is obtained by transverse coil springsin a housing 
attached to the axle-box casting. The ends of this 
spring box are closed by followers with bell-mouthed 
holders for horizontal thrust-rods. The latter are 
pivoted horizontally to the guide casting fixed to the 
main engine frames, and, at the spring-box end, are 
fitted with ball heads. This allows the axle-box cast- 
ing to move 7 vertically, but laterally only under 
the spring control. 

The load is transmitted direct in the desiga shown 
to the axle-box casting by laminated springs over the 
axles, the springs being placed inac which reste 
on the top of the casting. The cradle is allowed 
vertical movement between guides inside the frames, 
while the axle-box casting slides laterally under it. In 
cares where laminated springs over the boxes would 
occupy too much room, an equalising beam is intro- 
duced over the box, attached at ite extremities to 
springs and equalising rigging. 





INDUSTRIAL NOTES. 

Tue London County Council Tramway strike was 
considered last Saturday, May 29, to have come to an 
end, after lasting for a fortnight; on that day meet- 
ings were held under the direction of the Joint Strike 
Committee, and the leaders instructed the men to 
resume work immediately. On Sunday morning, when 
the men presented themselves at the various dépéts, 
they found that the London County Council abided 
still by their notice to the effect that the men who 
were eligible for military service would not be allowed 
to start working on the system. Thereupon disorder 
occurred at some dépéts, but, notwithstanding thie, a 
large number of cars commenced running on Sunday. 

On Monday the Tramways Department of the 
London County Council issued a notice to the effect 
that the men of military age who enlist would receive 
favourable consideration for reinstatement as far as 
may be ible after the war, and any man of military 

unable to enlist may appeal to Mr. Fell, the chief 
officer, and state his reasons. He will consider whether 
any special circumstances allow an exception to be 
made in such case. 





A Council meeting of the Yorkshire Deputies’ 
Association was held at Barnsley on Saturday, May 29, 
when delegates representing 2000 colliery deputies in 
the Yorkshire coalfield unanimously passed the fol- 
lowing resolution :— 

** Seeing the unfair manner in which the deputies 
have been treated by the South and West Yorkshire 
Coalowners’ Association, by withholding the 154 per 
cent. war bonus awarded by Lord Coleridge to all 
coal-mine workers, we hereby appeal for an immediate 
advance of 154 per cent. on and from May 5, 1915, upon 
the gross earnings, and failing a satisfactory settlement 
within fourteen days, a ballot be taken of the members 
to hand in notices at the collieries which have not paid 
full war bonus of 154 per cent. on the gross wages in 
force on May 5, 1915.” 

In this matter the Sheffield Daily Telegraph gives 
the following statement made by Mr. F. K. Smith, 
secretary of the Yorkshire Deputies’ Association :— 

“The i of the award made by Lord Cole- 
ridge, at the Coal Conciliation Board for the federated 
mining district of England and North Wales, produced 
a set of circumstances never before experienced be- 
tween colliery managers and their deputies. The 
interpretation of the award by certain coalowners in 
Yorkshire, as seen by the payments made to colliery 
— on May 29, is a revelation of inequality 
and injustice. At several collieries there are sign 
agreements, at others verdal ments, that upon & 
fixed basis the deputies should receive advances or 
decreases exactly in the same ratio as the miners 
received bonus rates. Until May 29 perfect harmony 
had prevailed in this matter, and such payments had 
not. been questioned. However, for reasons yet to be 
fathomed, some colliery deputies have been ruled out 
of their claim. As a result the colliery managers 
have had difficulty in inducing their deputies to con- 
tinue in peaceful employment. But for their loyalty 
to their country at such a moment certain collieries 
would have been laid idle. The payments on May 29 
show that chaos prevails throughout the country. 
Some. colliery companies have changed the rate of 
ee to deputies just prior to the award (of course 
ess in value than the award), and such a practice has 
added to the confusion. 

** Some deputies have waited patiently without con- 
tracting out, trusting that the full award would become 
theirs upon their gross earnings. On May 29 some 
colliery companies paid the full award, while others 
paid various rates. The following payments will serve 
as specimens, showing the disparity, causing alarm to 
deputies and the straining of relations between them 





ana their superiors :—Askern, Brodsworth, Yorkshire 
Main, and Monckton are among those who have paid 
the full 154 per cent. u earnings. Frickley, 
Houghton, and Mitchell’s collieries are among those 
who have paid an advance of ls. per day. Wombwell 
Main has paid 10d. per day, or 9 per cent. Hoyland 
Silkstone is among the group who have paid no 
advance at all. . .” 





At a conference held at Wigan on Saturday, May 29, 
between representatives of Lancashire and Cheshire 
coalowners and of the Lancashire, Cheshire, and North 
Wales Enginemen’s and Boilermen’s Federation it was 
decided that an advance of 154 per cent. on present 
wages be made to all surface enginemen and stokers 
> the area to meet the circumstances arising out of 
the war. 





It is stated that cotton operatives in Manchester 
and the pees are | districts to the number of about 
30,000 are affected by the threatened strike over the 
war-bonus question. The spinners have now joined 
hands with the card-room workers. Private firms and 
limited companies state that the present condition 
of the trade will not allow them to grant the bonus. 
Trouble has been brewing in the cotton-trade district 
for some time past, and it is feared that matters will 
shortly come to 4 crisis, involving a very much larger 
number of operatives than the 30,000 above mentioned. 





The report for May of the National Union of Boot 
and Shoe Operatives states that during the month 
advances have been secured, either in the form of 

rmanent increases or war bonuses, which will mean 
in the aggregate very large sums of extra money going 
into the pockets of the members week by week. 





The Newcastle Daily Chronicle states that at a meet- 
ing of the Tramways Committee of the Newcastle 
Corporation, held on Thursday, May 27, the general 
manager reported that since the last meeting of the 
Committee, 48 women conductors had been trained, 
and 24 were now in full charge of cars on the Osborne- 
road route, and the rest were in training on the 
Jesmond route. The employment of the women had 
been an unqualified success, and had surpassed all 
anticipations. 

The general manager wished to express his appre- 
ciation of the help given by the public to the women 
conductors, as well as of the services of the inspectors 
and motor-men. Applications for further women con- 
ductors were desired. 

The Committee decided to abolish halfpenny work- 
men’s fares, the minimum in future to be one penny. 

We are informed that women tram-guards com- 
menced duties at Salford on the Ist inst. The Black- 

1 Tramways Committee is also considering the 
employment of women on their system. 


It is stated that Mr. Barnes, M.P., and Mr. Wynd- 
ham, of the Board of Trade, whose departure for 
Canada we announced on 581 ante, waited a few 
days ago on the Premier, Sir Robert Borden, and on 
Sir George Foster, Minister of Trade and Commerce, 
with a view to discuss the employment of mechanics 
for the British Government to accelerate the manu- 
facture of munitions of war. 

They also addressed a gathering of mayors of the 
cities of Western Canada, who were present to ask 
the aid of the Canadian Government in providing work 
for the unemployed, the number of whom is consider- 
able, owing to the curtailment of railway construction, 

The British representatives are satisfied that they 
will obtain a considerable force of skilled workers in 
Canada. 








According to the Board of Trade Labour Gazette, 
trade unions in the United Kingdom made a great 


ed | advance in the year 1913, both in membership and 


financially. The membership at the end of that year 
of the 1135 unions (registered and unregistered) 
known to the department was only ao Sow tment 
short of four millions, or more than double the mem- 
bership in 1905. Most of the 1135 trade unions are 
comparatively small. The following particulars relate 
to 100 principal unions only, which have for many 
years covered about 60 per cent. of the membership 
of all unions :— 


_—__—— - 
Funds at End 











| Member- Income. Expenditure. of Year. 
| | ship at } aaceenene = - 
© | End of Per | Per | Per 
Year. Amount. Mem-| Amount.) Mem- Amount.| Mem- 
ber. ber. 
No. £ 8. d. £ |s d. £ 8. d 
1910, 1,480,993 2,727,880 36 10 2,650,239 35 6,196,070 70 2 
1911 1,830,278 2,064,842 32 432,619,865 27 5,641,047 61 7 
1912 2,011,017 3,249,048 $2 333,841,604 88 2) 5,048,401 50 
1913 2 382,604 3,619,804 30 44 2,927,005 24 696,741,110 48 2 


It will be seen that the membership of these 100 
unions increased in 1913 by 371,587, or 18.5 cent., 
nearly the same rate of increase as in @ unions 





generally. The total income and the total accumulated 
funds also show a great increase; the income and 
fuods per member show a decline, due to the influx of 
new members. The decline in the total expenditure 
in 1913 was due to the comparison being with the 
abnormal year 1912—the year of the great coal strike. 
The accumulated funds show an increase of nearly 
700,000l. over 1912, the largest absolute increase ever 
recorded, and the total funds now stand at 57 millions, 
the highest point ever reached. The accumulated 
funds per member, on the other hand, show a very 
ceil deaths they were 4/. per head in 1906, and 
stood in 1913 at 48s. This is due to the large influx of 
new members in recent years. 

During the ten years 1904-13, 26,097,187/. were 
spent by the 100 principal unions. Of this amount, 
3,759,893/. (or 14.4 per cent. of the total) were spent 
in dispute pay ; 6,324,603/. (or 24.2 per cent.) in un- 
employment benefit; and 10,517,376/. (or 40.3 per 
cent.) on sickness and accident, superannuation, and 
other benefits and grants; while the remaining 
5,495,315. (or 21.1 per cent.) were absorbed by work- 
ing expenses and miscellaneous expenditure. 





The first quarterly report for 1915, recently issued 
by the Ship Constructors’ and Shipwrights’ Associa- 
tion, states that our nation and Empire are still in the 
grim struggle for existence as a free people, with free 
and independent institutions ; every interest must be 
subordinated to the grave national emergency, and 
to the prosecution of the war to a speedy and suc- 
cessful issue. Victory, it adds, must be ours in this 
conflict, or if we are not victorious our trade unions 
and organisations will be of little use; therefore, 
every one must take a big view of a big situation, 
and do everything to assist in the acceleration of the 
output of munitions of war. The association has now 
a membership of 28,409. The income for the quarter 
under review was 16,513/., and the outlay 15,285/. 
The reserve fund now stands at 161,248/. 


Mr. F. A. Greer, K.C., the arbitrator appointed to 
settle disputes which had arisen between the Birming- 
ham Building Trades Employers’ Association and their 
navvies, and between the road and general contractors 
— on business in Birmingham and the navvies 
employed by them, recently issued his award, in the 
following terms :— 

1. (a) That the minimum standard rate of wages 
— by the oe trades employers to navvies 

oing usual navvy work in connection with building 
operations shall be 74d. per hour. 

(b) That the said rate shall be deemed to have come 
into operation on and after May 3 last, and shall con- 
tinue in operation for the period of fifteen calendar 
months from and after the said date, and thereafter 
until the expiration of three calendar months after 
notice to determine the same shall have been given 
either (a) by the Labourers’ Union on behalf of the 
men, or (b) by the Employers’ Association on behalf 
of the —— 

2. (a) That the minimum standard rate of wages 
payable by employers employing navvies on road or 
general contract work (excluding building operations) 
shall be 7d. per hour. 

(b) That the said last-mentioned rate shall be deemed 
to have come into operation on and after May 3 last, 
and shall continue in operation for the period of 
fifteen calendar months from and after the said date 
and thereafter until the expiration of three calendar 
months after notice to determine the same shall have 
been given either (a) by the Navvies’ Union on behalf 
of the men, or (b) by the duly authorised agent of 
the majority of the contractors in the Birmingham 
district who, as part of their ordinary business, under- 
take road work or other work on which navvies are 
employed, other than building operations. 








The secretaries of the Midland Iron and Steel 
Wages Board have issued the accountants’ ascertain- 
ment of — and selling prices of iron for 
March an April, 1915, and state that in accordance 
with the sliding-scale arrangements the wa; for 
—— during June and Sey will be 10s. per 
ton, all other mill and forge wages will be ad- 
vanced 24 per cent. These wages will take effect from 
Monday, June 7, 1915, and continue till Saturday, 
August 1, 1915. In addition to the puddling rate of 
10s. per ton under the sliding-scale, there will be an 
allowance of 6d. per ton given to the puddlers by re<o- 
lution of the Wages Board, which met on July 15, 
1912. The allowance applies to puddlers only, and 
will make the total oolong rate 10s. 6d. per ton. 

The accountants’ report states that they have 
examined the returns of the sales of iron made by the 
seventeen selected firms for March and April, and 
have verified them with their books. They —_ 
the average net selling price to have been 7/. 16s. 6.43d. 
per ton. The average for the two preceding months 
was 7/. 8s. 9.20d. 





The accountants to the Board of Conciliation and 
Arbitration for the Manufactured Jron and Steel 
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Trade of the North of England have now certified the 
average net selling price of iron rails, plates, bars, and 
angles for the two months ended April 30 at 
7l. 11s. 10.41d., as compared with 7/. 1s. 11.80d. for 
the previous two months ; and, in accordance with the 
sliding-rcale arrangements, an advance of 6d. per ton 
is granted on puddling, and 5 per cent. on all other 
forge and mill wages. 

A special executive committee meeting of the Iron 
and Steel Trades Federation was held at the Midland 
Hotel, Manchester, on Saturday last, May 29. Mr. 
James Gavin, of Glasgow, occupied the chair. The 
executive had before them a claim made by the 
Scottish steel-workers for an increase of wages, and, 
after hearing the report of the deputation which had 
interviewed the employers in Scotland upon this 
claim, it was unanimously decided that power be 
given to the society affected to tender notices on 
behalf of their members. 

On the other hand, a number of South Wales steel- 
makers and steel-smelters met at S wansea at the com- 
mencement of the present week, when the men de- 
cided to assist the masters by working 12 hours in the 
case of shortage of labour. The men work at present 
eight hours, and this principle will still be upheld, 
except when necessity arises for longer hours. Between 
4000 and 5000 employees are affected. 





It is stated that a demand put forward by the 
Scottish miners for an advance of 50 per cent. on basis 
rates, equal to 2s. per day, was discussed at a meeting 
of the Scottish Beal Trade Conciliation Board in 
Glasgow last Tuesday. The claim is based on recent 
advances in the price of coal. No decision was reached, 
and the meeting was adjourned, according to the 
Board’s rules, for two weeks. 





A general strike has been threatened in Norway by 
the organised labour on account of the Government 
persisting in their intention of not abandoning the 

roposal of compulsory arbitration in labour conflicts. 

he men were apparently quite prepared to carry out 
their threat, whether on the introduction or the pass- 
ing of the Bill they would not disclose, but the Govern- 
ment isnow understood to have arrived at the decision 
that the matter should be left in abeyance for the pre- 
sant, so as not to render more difficult the position of 
many Norwegian industries on account of the war. 


The year 1916 will, as far as labour conditions in 
Denmark are concerned, prove one of exceptional 
interest. In the year 1911 the Union of Danish 
employers went in for a new departure, inasmuch as 
they made a strong point of making agreements with 
the men extending over five years, and, as far as 
possible, terminating the same year and about the 
same time of the year. The object was to establish, 
as far as possible, a lengthy period of settled and 
stable labour conditions. This policy has been ad- 
hered to with much consistency, and the result is that 
no less than 617 labour agreements expire in the course 
of next year. With a view to facilitating the forth- 
coming negotiations, the Union of Danish Employers 
has had prepared a volume which gives full particulars 
of the conditions of all the agreements with the men 
entered upon by bodies and concerns belonging to the 
said union. The volume in question deals with 702 
agreements, of which, as aiready mentioned, 617 
expire in the course of 1916. Before the end of 1915 
notice can be given about 37 agreements ; in 1917, 
27 agreements ; in 1918, nine ; in 1919, seven ; in 1920, 
two; and in 1921, three. Of the 617 agreements 
expiring next year, 552, or 90 per cent., fall to the 
first four months of the year. 





“THE ENGINEER’S UNIT OF MASS.” 
To tae Eprror or ENGINEERING. 

Srr,—In your issue of May 21, page 568, I read a 
criticism on the indefinite manner in which units are 
often stated, and asa partial remedy the writer of the 
letter advocates the general adoption of a certain unit of 


mass. 

Whilst agreeing with the fault complained of, may I 
enter a protest against any attempt to introduce any 
further units into an already over-burdened vocabulary ? 
The introduction of convenient nomenclature may save 
unnecessary writing, but it can never assist in the explana- 
tion of the real meaning of the units referred to. In 
physics, where one system of units is adopted in all cases, 
itis pardonable to adopt a complete series of units ; but 
in engineering tice the operators are forced to adopt 
& variety of units of the same physical dimensions, and 
hence th is no real advantage in attempting to give 
— titles > —_ or any of be derived r ~ 

nD spite o protests o! ysicists, the engineer 
chooses as his three fandamental quantities force, space, 
and time. He adopts as his standard unit of force the 
force required to uce an acceleration of 32.2 (fb. 
second) per in a certain piece of metal termed a 
- ard pound ;” this unit of force he calls ‘*1 1b.,” or 
in certain semi-physical questions he may call it ‘‘1 lb. 
weight” (a term which is not the same thing as the 
weight of 1lb.). All other ynits of force are derived 





from this, and are multiples of it, in accordance with the 

i of ore The name of his unit of 
mass does not worry him in the least, since he never 
needs to refer to it in his daily work, except in the form 
of a ratio of a force to an acceleration. 

This does not mean that the engineer does not require 
to have a correct conception of mass, nor that he loses 
his power to discriminate between mass and weight, 
because he compares two masses by comparing thei 
weights, knowing that mass and weight are proportional 
to each other. 

What I do advocate, and advocate most strongly, is 
the universal introduction of dimensional arithmetic in 
all engineering problems. Perhaps I may be allowed to 
illustrate my point by two exam 

A speed is essentially the ratio between a distance and 
& time, and such a ratio, say 10 ft. + 2 secs., must of 
necessity carry its own units with it, thus :— 


10 ft. ft. 
Ss = ws § _—.,, or 5 ft. ’ 
peed nen or per sec, 
the word ‘‘ per” being equivalent to +. 

Or, again, a body Seles 10 tons. What acceleration 
is produced by a force of 2 tons acting upon it? 

t is always tacitly assumed in such questions that the 
body is weighed at a place where g = 32.2 ft. per sec.°, 
and the word ‘“* ton” means 2240 lb. weight. 

Hence the required acceleration will be 32.2 ft. per 
sec.* reduced in the ratio of 2 : 10; or, in other words, 
the mass of the body is 10 tons + 32.2 ft. per sec.? 

10 tons x se0.* 
42.2 _ oe 
The required acceleration 
— Force causing acceleration 
Mass moved 


=_ Stems _ ges 3 
10 tons-sec” LU sec.” 
32.2 ft. 





_ At the first glance it may be said that (tons x sec.”) + ft. 
is a cumbersome unit to use, but it must be remem 
that the engineer never needs to refer to it by name, 
except in passing ; further, why is it more cumbersome 
than ‘‘ft. per sec.,” or “‘ (ft. per sec.) per sec.” ? 

The fact is that it contains the same germs of clearness 
and convenience as the units quoted for speed and accele- 
ration. It lays direct and constant stress on the fact that 


it is the ratio of a force to an acceleration, and hence, | jy, 


when multiplied by an acceleration, will give a force, just 
as the product of a speed and @ time isa distance. _ 

With regard to angular motion, the only additional 
convention to be adopted is that the word ‘* radian” may 
always be cancelled out in the dimensional work ; it is 
the ratio of two lengths, and hence of no physical dimen- 
sions. A moment of inertia is a mass x length®, and if 
using tons, ft., and secs., the dimensional arithmetic 
would give 

tons 
ft. /sec.? 
a quantity which will give tons x feet when multiplied 
by ~~ areal acceleration in (radians per second) per 
second. 

OF course, it would also be correct to state the units as 
**tons x ft.2,” where from the known physical dimen- 
sions the word ** ton” must mean ‘‘ tons-maas ;” it is, how- 
ever, always indefinite to say the result is in “* tons-ft.” 
or “‘ lb.-ft.” units, as there is no means of telling what 
the words “‘ ton” and ‘‘Ib.” mean. They generally mean 
force, and the unfortunate student is then left to assume 
that the ‘‘second ” is the unit of time. It is also correct 
to say the units are in the “ ft.-lb.-sec.” system, but not 
very clear, as the term is frequently strained to mean a 
system where ‘1 lb.” is the unit of force; correctly 
———- the system indicated is one where “‘1 Ib.” is 
the unit of mass, and the unit of force is 1 lb. mass 
x 1, « unit which in practice is known only to phy- 
sicists, and is called ‘‘ 1 poundal.” 


Yours faithfully, 
Leeds, May 31, 1915. 


x ft.2 = tons x ft. x sec.?, 


Sypney H. Sretrox. 





LABOUR TROUBLES IN WAR-MUNITION 
FACTORIES. 
To THe EpiTor oF ENGINEERING. 

Str,—In January last you published a letter from me 
urging the necessity for Government action in dealing 
with the labour situation as it affects war supplies. Since 
then there has been a great deal of talk about the matter, 
but, I submit, very little that is useful has been done. 

I urged in January that it would be necessary to 
organ‘se and discipline labour in a military sense, and I 
think those who are engaged in Government work will 
agree with me that it is more than ever necessary at the 

t time, and I cannot understand why the authori- 
ties have not taken action. 

It is well known that the labour troubles which have 
occurred in the last few years have all been the result of 
local agitations caused by some few men in the different 
districts, who have acted independently of the 
executive of the trade unions. f 

The trouble which is now taking place in the different 
yards, where men are refusing to work with non-unionists, 
and are putting every o in the way of employers 
taking advantage the ts which have been 
made with their head executive as to the removal of the 

i trade-union restrictions, is caused by these same 
men, unfortunately still succeed in exercising their 
bad influence over the workers. 
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A favourite excuse for objecting to a man who is not a 
member of their trade union now is that he is not-a good 


ly carried out, and it is a monstrous posi- 
tion itators Id cause delays in work 
h such trouble about non-unionists. 
Foremen 


Where they have shown sufficient force and of 
character in doing so, strikes of various descriptions have 
taken As is well known, since the Government 
action for d with strikes was complete 


Now the men who have made this trouble are well- 
known to the managers of the different yards. They 
are usually Socialists. It may be simply wrong- 
headedness on their part, but country has been 
authoritatively informed that it is known that one of the 
enemy devices has to subsidise agitators to cause 
labour trouble, and if these men are not actually 
traitors to their country, at any rate they are acting 
as if they were. We havea Defence of the m Act; 
why is it not used to protect the country from them? In 


_I suggest, Sir, that the matter is one in which a tech- 
nical paper of the standing of ENcINgERING might well 
give a lead to the rest of the Press and the country, who 


necessarily cannot be so well informed on these matters. 
Yours faithfully, 
June 2, 1915. SHIPBUILDER. 


(Our leading article on ‘‘The Fusion of the Fighting 
and Manufacturing Armies,” which deals with this sub- 
ject, was written before the receipt of this letter.—Ep. EF. ] 





“PLUG AND SPINDLE LEAKAGE.” 
To THe Eprror or ENGINEERING. 

Sir,— Your editorial note on my letter in your issue of 
May 28 appears to overlook that, with the load distri- 
ted across the annulus, the maximum velocity is only 
half the maximum velocity that would result with the 
load concentrated at the centre section, as taken in the 
article, so that the coefficient given in my letter is correct 
for a non-compressible fluid when the plug and bush are 
concentric. 

I agree that when the bush and plug are so far out of 
centre as actually to touch each other, the quantity pass- 
ing is 24 times as great, not twice as much, as I stated, 
and I thank you for the correction. 

Yours truly, 
P Rosert B. Domory. 

Barrow-in-Furness, May 31, 1915. 

[An apology is certainly due to our correspondent for 
the querying of his arithmetic, which was correct. In 
view of the great effect of any eccentricity of the plug 
and bush, to which he was the first to calt attention, it is 
obvious that no exact coefficient can be given as applic- 
able to tical cases. All that can be determined is 
the order of the quantity flowing, which may vary in any 
as case between values having the ratio of 2 to 5. 
—Eb. 





**EMPLOYMENT AFTER THE WAR.” 
To THe Eprror oF ENGINEERING. 

Siz,—Your able article, ‘‘ Employment After the 
War,” in this week’s ENGINEERING has arrested my 
attention keenly, as Iam at presenta victim of circum- 
stances such as you portray. I have been employed in 
es = ge for the last 24 years, and was ised, 
verbally, on ment an improving ition and a 
permanency. Farther, I have been beay on war work 
on and off since the war started, and with a reduced 
staff. Now I am told the firm is reorganising, and that 
my services are no longer required. hy I cannot say. 
I am 42 to 43 years of age, and cannot join the fighting 
forces, although a good shot. What is before me 
description, since the younger and less experi men 
are retained. Surely it is time the country was organised. 
I have a record of a life’s useful experience, with first- 
class references to useful work accomplished, and in my, 
till recently, present position have fulfilled, and more 
than fulfilled, the ré/e of duty I was engaged to do; have 
even doubled the turnover. Iam a married man, with 
a delicate wife, with y py and a widowed mother. 
You may publish this if you think fit, 


Awe Yours truly, 
Birmingham, June 2, 1915. “Is rt Onicxer.” 





py raeses ty L aeeeee-— Wo have received 
& copy of a pamphlet having this title, written by Mr. 
A. t Stewart, and published Mr. Francie Hodgson, 
89, F; on-street, E.O., at the price of 4d. It states 
that the merchant will not again tolerate Ger- 
man-made goods, and adds that ‘‘now is the British 
manufacturers’ o nity to come in; to wait till the 
war is ended wi fatal.” The pamphlet gives a large 
amount of useful data concerning the © prospects 
with our Russian ally. It should be carefully read by 
all British firms desirous of obtaining a footing in the 
Russian market, ; 
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THE LYMN PRODUCER-GAS AND 
AMMONTA-RECOVERY PLANT. 

Tue subject of this article reminds us that in| 
the _— we have had something to say about the 
sedulous campaign which, through the medium of the 
daily Press and other sources, seeks to demonstrate 
the technological and scientific backwardness of this | 
country as com with Germany. Our present | 
purpose is to describe the producer- and am- 
monia-recove lant which has been Lovee ” 
Mr. Arthur H. Lymn, of Sanctuary House, Tothill- 








Fig. 1, 

















apparatus, however, has many features peculiar to 
itself, and in connection with these various advantages 


|are claimed, as, for instance, in low first cost, in 


smallness of occupied, and in simplicity of 
operation. The plant is automatically regulated, and 
is capable of using a | of fuels. It is stated 
that by-products can be profitably recovered in units 
as small as 500 horse-power. The special features of 
the Lymn producer and recovery plant are largely 
concerned with the ammonia-absorption, gas-washing, 
gas-cooling, and air-eaturating ay ope the 
common high and bulky towers having been replaced 
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ye the producer there is an Sarg oe fuel bunker 
, feeding to a charging-hopper R. In the figure the 
heavy dotted lines one the path of the air, and the 
dot-and-dash lines the path of the gas. The arrows 
on these lines indicate the direction of flow at various 
points. It will be seen that the air and steam blast 
enters the fuel in the producer through the grate ; 
before dealing with this point in the cycle, however, 
it will be well to trace back the air stream to its point 
of origin at the blower A. The blower is of the Roots 
or some such The air from the blower first 

through the air-saturating apparatus B, in which 
it is brought into intimate contact with hot water and 
becomes saturated with steam. The water is heated 
during the cooling of the gas at a later point of the 
cycle. The saturating apparatus B we will describe 
in detail later. From the saturating apparatus 
the air passes to the superheater C, in which it is 
superheated by the hot gases from the producer. The 
air and gases pass through the superheater in opposite 


Fig.2. NN * Fig.3. 
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street, Westminster, and it is interesting to reflect in 
connection therewith that by far the greater part of 
the progress in this importint matter of recovery 
plants has taken place in this country. Further, we 
think there is no question but that in the application 
of such plante this country leads all others. The 
Lymn plant is of special interest in this connection, 
since, although of British origin, it hae had some of its 
most important eqemeorene in Germany. During the 
two years immediately preceding the war, contracts 
for Lymn plants having a total value of about 100,000/. 
a al saieeeialae a 

A perspective diagrammatic sketch of a o t 
is given in Fig. 1, above. in: @ genmel won Be fo 


based upon the Mond process, the essential patents of 





which have, we believe, long since expired. The Lymn 


by a novel — of verticsl washers, in which the | 
e 


washing of gas is chiefly brought about by its own | 
momentum. Before dealing with this, or any other 
of the special features of the plant, it will be well, 
however, to trace through the cycle of operations b 
which the ge is produced and by-products peennase | 
Although this cycle, in its general lines, is not novel, | 
it will greatly assist in the description of the plant if 
it be reviewed. 

The cycle will best be followed in reference to Fig. 1. 
In this sketch D is the gas-producer, E the grate, and 
F the water seal. This seal allows ashes to be removed 
from the grate by the apparatus G without interfering | 
with the working of the producer. This operation is | 
performed automatically or manually, depending on 
whether the grate is mechanical or non-mechanical. | 
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directions. From the superheater the air and steam 
mixture may pass through the jacket of the producer, 
th h the grate, and into the fuel bed. It is further 
heated in passing round the producer through the 
jacket. ; 
We may now deal with the path of the which 
as they leave the producer carry with them the 
ammonia and other constituents, which are after- 
wards recovered as by-products. The hot first 


| pass to the superheater, where in heating the stream 
of air and steam they part with much of their heat, 


which is thus recovered and returned to the producer. 
From the superheater the gases pass through a dust- 
sepsrating apparatus S to the ammonia-absorber K. In 
this absorber, the construction of which we will refer 
to later, the gases are brought into intimate contact 
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with an atomised solution of sulphate of ammonia 
containing a small excess of sulphuric acid. The acid 
dissolves the ammonia in the gases, and the solution 
ing to the bottom of the absorber enters the tanks 

. From the absorber the gases pass to the gas-cooler 
L, which is an apparatus of the same type as the 
absorber. Here they are brought into intimate con- 
tact with cold water. This -cooler works in a 
cycle with the air-saturator B, which has already been 
referred to in connection with the path of the air. 
The water first passes through the gas-cooler, thus 
cooling the gas and at the same time itself becoming 
heated. It then travels to the saturator, and saturating 
the air, is itself in turn cooled, and is then ready for 
a further passage through the gas-cooler. By the use 
of this cycle it is clear that a large amount of heat, 
which would otherwise be wasted, is recovered from 
the gas and returned to the producer as steam. On 
leaving the gas-cooler L, the gases pass to a second 
cooler M, where they are again brought in contact 
with cold water. Leaving tnis they are sufficiently 
clean and cool for firing boilers or furnaces, but if 
they are to be used in gas- — a still to 
be treated for the removal of tar. is process is 
carried out in centrifugal cleaners and dry scrubbers 
of the usual type. The sulphate’of ammonia is re- 
covered by evaporation of the solution collected from 


the ammonia-absorber by the tanks N. The solution | sts 


is circulated through these tanks and through the 
absorber until it is very concentrated, when but little 
evaporation is requi for crystallising out the solid 
salt. 

The design of the saturator B, the absorber K, and 
the gas-coolers L and M undoubtedly forms one of the 
most interesting features of this plant. It is indicated 
to some extent in Fig. 1, but may be more clearly 
explained by reference to Figs. 2and 3. Referring 
first to Fig. 2, it will be seen that the arrangement 
consists of a vertical cylindrical chamber, containing a 
series of inverted truncated cones. Up the middle of 
the chamber a shaft runs, carrying a number of discs. 
The shaft is rotated by ing at the bottom end. 
The water enters the cooler at the top, and falling on 
to the first rotating disc, is sprayed on to the sur- 
rounding cone. From this it falls on to the next disc, to 
be sprayed to the succeeding cone, and so on. The 

as, entering at the bottom, passes up through the 

nely-divided spray and is cooled, or, in the case of 
the absorber, has the ammonia it is carrying dissolved 
out. This type of mechanical washer or cooler is not 
novel, but we believe Mr. Lymn has been the first to 
apply it to producer-recovery plant. Originally he 
designed his coolers on traditional lines, but on 
watching their operation, he came to the conclusion 
that the momentum of the gas was a more important 
agent in the mechanical mixing than the rotation of 
tne discs. Acc rdingly, he cut away a considerable 
par: of the collecting cones to give the gas more play, 
and finally was able to deal with the from 90 to 
109 tons of coal in a cooler traditionally designed to 
deal with that from 45 to 50 tons. 

This work ultimately led to the type of construc- 
tion shown in Fig. 3. In this it will be seen that the 
holes in the bottom of the cones are of considerabl 
larger diameter than the discs, so that if no gas is 

asiing, water entering the top falls straight to the 
ttom. So important has the effect of the momen- 
tum of the gas proved to be in this form of cooler 
that in the design shown in Fig. 3 it has been found 
possible to do away with the rotation of the discs alto- 
gether, and plants have now been in successful opera- 
tion for more than two years with fixed discs. The 
importance of these improvements, which have doubled 
the capacity of the coolers, and at the same time 
simplifisd them, is obvious. The capital outlay is 
largely reduced, and space is saved. Coolers of the 
type shown in Fig. 3 can be built to deal with gas 
from 10,000 cub. ft. an hour to 1,300,000 cub. ft. an 
hour in a single unit. It should, perhaps, be said, as 
will probably be obvious, that the dimensioning of 
these coolers is not altogether a simple matter, and 
that they are designed empirically from data built up 
from practical experience. : 

In connection with other parts of the gear it may 
be said that considerable pains have been taken to 
apply to these ammonia- plants the mechanical 
agitation of the fuel and ash zones of the producer, as 
= . a _ nt ee ma vay been so 
widely applied to ordinary gis ucers in Germany. 
The mB is based on the shaciple which has toon 
so largely utilised for hot-gae producers, and involves 
® rotary grate and mechanical ash removal, somewhat 
on the lines introduced by Kerpely, of Vienna, and 
others. ees a hot-gas producer for ammonia- 
reco — — Mr. Lymn has naturally found 
material m ons necessary, owing to the tl, 
increased volume of air and steam, the deeper fuel-bed, 
the necessity for superheating the blast of air and 


teresting po 
this plant is that it contains no lead parts. Steel is 
used for the ammonia-absorbing apparatus. A plant, 
which is illustrated in Fig. 5, page 625, has been in 
operation in Germany for four years, and although it 





contains no lead whatever, no corrosion has been 
found. A plan showing the general lay-out of a 
Lymn plant is given in Fig. 4, on page 624. The 
functions of the various parts will be followed in 
connection with the sketch of the method of operation 
we have already given. 

From among the various plants in operation on the 
Continent, we may mention one belonging to the 
Badische Anilin und Soda-Fabrik at Ludwigshafen, 
and another belonging to the German Government at 
Heinitz. These plants are illustrated in Figs. 6 and 7, 
page 625. The relatively small height of the gas- 
coolers will be noted, being only some half of that of 
the ordinary towers. Another installation which may 
be mentioned is one of six producers built for firing 
steel furnaces at the Barop Steel Works. In the 
accompanying table the actual operating results are 
given for a Lymn plant over two periods of four 
weeks each. The periods are not specially selected 
It will be noted that in — of the low nitrogen 
content of the coal and its high price, the cost of gas 
per kilowatt-hour worked out at only 0.07d. :— 
Operating Results of Power-Gas Plant (Lymn System), 

Driving Large Gas-Engines and Firing Furnaces. 

This wi i 
abot Sat an anand, stv guisg abe 
80 tons, and is driving four eg geet gaye oy: electric 

, and also firing four furnaces. The in use is smalls, 
through a #-in. sieve, and ordinary brown-coal briquettes. 
Average price, 12 to 13 marke per ton. 

First Period, between November 20 and December 22, 1912 
(Four Weeks). 





Average General 
_ Total. per Day of* _ 
ney} house. Average. 





Coal consumption of the! 1806 tons 64.6tons 0.72 kg. per 
t 


gas plan kw.-hr. 

Power produced (kw.-hr.) | 1,889,740 _ 2812 kw. per 
kw.-hr. our 

Yield of sulphate of am- 49.11 tons 1.76 ,, 27.1 kg. per 

moni . ton of coal 
Yield of tar (containing! } 

water) os nd .. 189.7tons 6.78 ,, 105 kg. per 

ton of coal 


25 per cent. of total gas produced is used for fring furnaces. 


Average heat value of the gases, 1380 calories per cubic metre 
(155 B.Th. U. per cubic foot). 
Tar contained in the gas (average), 0.04 gramme tar per cubic 


metre. 
= med machines (excluding blowers) consumed regularly 
1 kw. 


Including 10 per cent. depreciation, the gas costs per kw.-hour 
work out at 0.55 pfennig. 


Second Period, between January 27 and February 23, 1913 


(Four Weeks). 
Average | g 1 
— Total. per Day of preva 
24 Hours. Average. 

















Coal consumption of ‘the 1967tons | 70.2 tons - ks. per 
| w.-br. 





gas plant 
Power produced (kw.-hr.), 1,899,600 a jaeee kw. per 
kw.-br. hour 
Yield of sulphate of am-'54,300 kg.| 1.94 ,, (27.6 kg. per 
monia | ton of coal 
Yield of tar (containing 231,700 ,, 8.27 ,, 117 kg. per 
water) | | ton of coal 


25 per cent. of total gas produced is used for firing furnaces. 


Average heat value «f the 1370 calori:s per cubic metre 
(154 B.Th.U. per cubic toot). 
Tar contained in the gas (average), 0.057 gramme per cubic 


metre. 
a eed machines (excluding blowers) consumed regularly 
8 kw. 
Including 10 per cent. depreciation, the gas costes per kw.-hour 
work out at 0.56 pfennig. 


Notes, 

1. Nitrogen contained in the coal (average), 0.8 per cent. 

m% Pa of the coal, 6000 kg. cal. per kg. (10,400 

3. The Ditrogen effi siency during these two periods was 70 per 
cent. It is frequently 75 per cent. 

There is one point in connection with this branch of 
industry which deserves considerable attention. The 
amount of steam generally used by these plants is 
about 24 tons for every ton of coal gasified. Of this, 
amounts up to two-fifths, or 1 ton per ton of coal 
gasified, is recovered from the heat of the gases in a 
modern plant. This steam is recovered during the 
—— and air-saturating cycle. The remainder 

to be raised either by means of direct coal-fired 
boilers or in some other way. Needless to say, the 
employment of special -fired boilers involves a 
considerable charge on the operating costs of the 
lant ; and the alternative of utilising waste heat 
rom gas-engines, furnaces, &c., to raise such steam 
offers considerable attractions. In the plant referred 
to in our table, which has been in operation for four 
ears, the whole of the steam is raised in this way. 

here are four boilers, each attached to a 1300- 
horse-power gas-engine. They raise 2 lb. to 2} lb. of 
steam horse-power-hour. The steam produced is 
quite 25 per cent. in excess of that required for the 
gasification of the coal. Corrosion is sometimes men- 
tioned as a difficulty in connection with this form of 
application, but in Mr. Lymn’s opinion the matter is 
purely one of properly dimensioning the boilers. The 





lant in question has been in day and night operation 
or four years without any trouble from this cause. It 
is stated that this plant was the first in existence abso- 
lutely self-contained in the matter of steam supplies. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The price of Cleveland 
warrants fell off last Thursday morning, realising 4d. per 
ton less than on the previous day, business being confined 
to a deal of 2000 tons, one warrant changing hands at 
65s. 10d. ons month. Ab the close sellers were quoted at 
65s. 3d. cash and 65s. 8d. one month. In the after- 
noon business was at a complete standstill, not a 
single transaction being reported, prices aes 
little or no change. This idleness continued on Frida 
forenoon, while the only movement in price noted 
was a loss of 2d. per ton. Sellers’ quotations at 
the close stood at 65s. 2d. cash, 65s. 7d. one month, 
and 663. 6d. three months. One warrant was disposed 
of at 65s. 4d. fourteen days. A small business was done 
in the afternoon, and prices were decidedly easier, closing 
at from $d. to 24d. per ton over the morning’s rates. Up 
to 65s. 10d. was paid for one month for a lot of 2000 tons. 
At the close sellers were quoted 65s. 5d. cash and 
65s. ohd. one —_—, = 7 — } market 
was both strong rm, business one up to 
65s. 9d. cash and 66s. 3d. one month, an advance of 4d. 
and 5d. per ton respectively. Prices at the afternoon 
session were steady, although business was extremely 
quiet. The business recorded amounted | to 2500 tons, 
with closing sellers 65s. 9d. cash and 66s. 2d. one month. 
Only one Cleveland warrant was dealt in yesterday 
morning at 65s. 10d. three days, and closing sellers 
soontel 1d. per ton up over Mondey. A slight decline 
of 14d. per ton in sellers’ quotations was noted in 
the afternoon, otherwise the price of Cleveland warrants 
was unc , At the close sellers were quoted at 
65s. 84d. and 66s. 14d. one month. This (Wednes- 
day) morning the turnover was limited to one warrant, 
which realised 663. 3d. one month, and at the close sellers’ 

rices showed an advance of 2d. per ton, cash price 
boing se 104d., and one month 66s. Bhd. Steady prices 
ruled in the afternoon, about 1500 tons being dealt in at 
about 65s. 9d. cash. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is still good and prices have advanced, 14/. per 
ton being quoted for prompt delivery at Glasgow, and 
14/, 2s. 6d. per ton at Leith. 


Scotch Steel Trade.—High pressure continues in the 
manufacture and output of steel in the West of Scotland, 
and it seems at the moment as if more war material 
were being turned out than at any time since the out- 
break of hostilities, the formation of the Armaments 
Committee no doubt being responsible for much of this 
activity. Fears are expressed that there may be some 
a in keeping this up, more especially as there is 
every likelihood of the demand being increased with the 
extension of the conflict. It is expected, however, that 
further developments in organising and mobilising the 
industries for war will follow the establishment of a 
Minister of Munitions. As was hinted last week, prices 
are still rising, and it almost seems as if record rates 
would soon be touched. In these days, however, there is 
no guarantee for anything; prices fluctuate in most 
extraordinary fashion from day to day, and there is little 
finality about anything. Of course, Government orders 
are pushed through in preference to all others, and, in 
consequence, home and foreign consumers must just wait 
until the manufacturers can get a sufficiency of labour to 
enable them to keep pace with the demand, which is 
steadily on the increase for all classes of material. Ship- 
plates and angles for home delivery—less the usual 5 per 
cent. for Clyde or equal—still stand at 9/. 15s. to 10/., 
while for export trade they are quoted round about 
107. 108. For boiler-plates 10/. 10s. ton—less the 
5 per cent. for prompt delivery ab Glasgow—is being 
quoted. 

Malleable-Iron Trade.—Malleable iron continues in 
good demand and prices have strengthened considerably. 
**Crown” bars for prompt home delivery are quoted at 
10/. 10s. and up per ton, less the customary 5 per cent., 
while for — orders the price may be anything from 
92. 103. to 102. or 107. 5s. per ton. The first-mentioned 
rate would only be available as a very special quotation. 


French Government Order.—The North British Loco- 
motive Company, Glasgow, has just fixed a contract to 
build one hundred heavy main-line ger and goods 
locomotives for the French State ways. This order 
has been undertaken with the full consent of the British 
War Office as being quite within the scope of war supplies 
for our — ally. Even at the moment the company 
has nearly completed an order for fifteen small engines 
for the French military narrow-gauge railways, which are 
to be used for the transport of big guns. 


Wayes in the Iron Trade Increased.—The following 
intimation has been made to Messrs. James C. Bishop 
and James Gavin, joint secretaries of the Manufactured 
Tron Trade Conciliation and Arbitration Board, by Mr. 
John M. MacLeod, C.A., Glasgow :—‘‘ In terms of the 
remit I have examined the employers’ books for March 
and April, 1915, and I certj: e average net selling 

ice brought out is 7/. 7s. 5.47d. per ton. means ap 

of 2} per cent. in the wages of the workmen. 

Scotch Pig-Iron Trade.—While the export business in 
Scotch pig-iron still‘remains dull and inactive, there is 6 
steady locally, and good ordersare being booked, 
although the current prices are against any but the 
present requirements being bought. The production of 
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such quantities of munitions of war has greatly increased 
the demand for hematite by the local steel and engineer- 
ing works. Thereare still blast-furnaces in operation, 
the same number as last week and as the corresponding 
period a yearago. The prices for makers’ (No. 1) iron 
also remain unalvered : —Clyde, Calder, 4 
Summerlee, and —_ 85s. ton x shi at 
Glasgow); —, » and Glengarace 86s. at 
Ardrossan); Dalmellington (at Ayr), 8ls.; Shotts, 85s., 
and Carron, 863. (both at Leith). 

Shipbuilding.—The output of mercantile shipbuilding 
aunts month was ind very small, but as the 
great cry is for Admiralty work, the mercantile side must 
suffer accordingly. The figures for May were as follow : 


Vessels. Tons. 

The Clyde .. es as ian a 9 5040 
The Tay  .. ee - oe ee 1 90 
The Dee... os ae od ae 3 490 
Total .. 13 5620 


This latter total is one of the smallest on record, and with 

to the Clyde figures, so small a tonnage for the 
month of May has never before been recorded. For the 
five months to date, the Clyde output amounts to forty-one 
vessels, of 119,223 tons, the lowest total since 1908, when 
the tonnage for the same five months was 114,826. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—Collieries are demandin; 
an advance of 5s. per ton for renewals of all expiring 
contracts, and though there is a good deal of business 
outstanding, a considerable number of renewals have 
been arranged on this basis. Merchants are dubious as 
to the wisdom of committing themselves for twelve 
months at this advanced figure, but they are also faced 
with the possibility of a to pay still higher prices 
for the diminishing output if they continue to hold off the 
market. Business in house is unusually brisk for 
this period of the year, when a further falling-off is ex- 
pected. Some dépéts booked more orders yesterday than 
on any preceding day this year. The rush for supplies can 
only be explained by the supposition that the announce- 
ment of prospective advances in West Yorkshire and 
Lancashire has engendered the belief that similar ad- 
vances are imminent in South Yorkshire. Steam coal 
continues a strong market, but business is hampéred by 
shortage of — and traffic delays. The South York- 
shire steam- pits only suspended operations two days, 
but, as’ usual, very little actual coal-getting was accom- 
plished on the day of resumption, which meant the loss of 
nearly half a week’s output. The wpe om Ree pee is 
steadily maintained. Slacks are strong at unchanged rates. 
Collieries are well booked forward. Deliveries of gas 
fuel to inland works fall short of contract requirements, 
but are on an improved scale. Renewal rates vary from 
5s. to 63. advance, according to the rates obtained last 
year. Shipments are fairly active. Exporters are willing 
to pay big prices, amounting to 17s. and upwards per ton 
atthe pits. Coke is very firm at top prices. Blast-furnace 
coke realises from 24s. to 25s. per ton on rail at the ovens, 
and steel coke from 27s. to 28s. per ton delivered at 
works. Quotations :—Best branch > 20s. to 
21s. ; y best Silkstone, 17s. to 18s.; Derbyshire 
best brights, 17s. to 18s. ; Derbyshire house, 153. to 16s.; 
best large nuts, 14s. to 15s.; small nuts, 13s. 6d. to 
14s. 6d. ; Yorkshire hards, 17s. 6d. to 20s.; Derbyshire 
hards, 17s. 6d. to 20s.; best slacks, 11s. to 12s.; seconds, 
9s. 6d. to 10s. 6d. ; smalls, 8s. to 9s. 


Iron and Steel.—The iron and steel trades continue 
to exhibit a healthy appearance. Many de: ents in 
the ye ye trades were longer in petting to work 
after the holidays than was expected, t work is now 
in full swing, and production is stated to be ona 
record scale. Complaints are still heard of slack- 
ness among workmen due to drinking and other 
causes, but the engineering employers are ready to 
admit that it is chiefly confined to miscellaneous labour 
which they were bound to accept because of the dearth 
of workmen. The raw-material market does not present 
many new features, except that an improvement is evident 
in foundry iron, which has appreciated 1s. The worst 
effect of export restrictions is believed to have been 
experienced, and under the new arrangements an in- 

iness is looked for. Derbyshire iron-masters 
have advanced their quotation to 71s. at the furnaces, 
and a similar increase is in Lincolnshire 
brands. Forge iron has ily improved in tone, 
and now stands on a similar level to foundry. Hematite 
prices are unchanged. Only a small amount of business 
18 passing in the open market, nor are f bookings 
very heavy. Users hesitate to commit themselves at 
> —. Tates ompee _ there — _ b 
of more favourable rates, having regard to the advancing 
cost of finished material. Mixed numbers of East Coast 
hematite pig-iron are quoted at 102s. 6d. to 105s. at the 
furnaces. Swedish matérial has for some time past been 


on the up-grade, and still higher prices are forecasted as bars, 


a result of the closing of the Baltic for shipments. Except 
in the file and crucible-steel trades there is an ance 
of work, chiefly on war account, but also due to an 
increasing extent to the reorganisation of British com- 
merce on a broader basis. A greatly increased business 
is being done in certain classes of steel goods, notably in 
twist- Lathe and machine-tools from the United 
States are freely used to assist in extending output, the 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The output of Cleveland 
pig-iron has been increased by the ee a furnace 
at Jarrow. This increases the total number of blast- 
furnaces blowing on the North-East Coast to 71, of 
which 35 are producing Cleveland pig-iron, 24 are 
manufacturing hematite, and 12 are turning out special 
kinds of iron. Buyers and of Lo pery do not 
readily agree as to values, with the result that there is 
still very little business ing, notwithstanding the 
fact that orders are running out. This month quite a 
number of contracts expire, and it is consequently reason- 
able to anticipate an early renewal of negotiations. Makers 
of Clev pig-iron declare that current quotations 
are unremunerative, and the result is they are not keen 
to book repeat orders at ruling rates, as they see little 
or no prospect of reduction in cost of output. No. 3 
g-b.m. 1s 668.; No. 1 is 68s.; No. 4 foundry, which is re- 
by no means plentiful, 65s. 6d. to 65s. 9d.; No. 4 

orge, 65s.; and mottled and white iron, each 64s. 6d. 
East Coast hematite pig is somewhat easier, though 
makers are very loath to admit actual reduction in price. 
Producers, as a rule, adhere to 102s. 6d. for Nos. 1, 
2, and 3, and some merchants still quote that figure; but 
as a matter of fact, sales have occurred at 101s. 6d,, and 
even rather less. Probably substantial orders could be 
placed at round about 100s. for mixed numbers. Inactivity 
continues to characterise the foreign ore trade. Consumers 


are not in the market, as they have now large stocks, and | - 


heavy supplies are still coming in against contracts. 
Sellers quote nominally on the basis of 27s. ex-ship Tees 
for Rubio of 50 per cent. quality, but they are 

to make considerable concessions, and orders could be 
placed on much lower terms. Ooke is as scarce and stiff 
as ever. The minimum quotation for Durham beehive 
average blast-furnace kinds delivered here is 30s. 


Exports wnder License.—The local committee appointed 
to grant licenses fer exports of foundry pig-iron to neutral 
countries commenced to issue certificates this week. This 
should result in some improvement in shipments. Ex- 
— expect fair orders from Norway, Sweden, and 

mark, and i. ~ should now be experienced 
in connection with Italy. 

Stocks of Pig-Iron.—Stocks of Cleveland pig-iron in the 
public warrant stores at Middles' h continue steadily 
to increase. During the month of May stocks were 
increased by 10,791 tons, making a total addition so far, 
this year, of 44,482 tons. There are warrants in circulation 
for 136,900 tons of No. 3 Cleveland pig-iron. 


Iron and Stecl Shipments.—The shi ts of pig-iron 
from the Tees during the month of y were on aver 
small scale indeed, and were, in fact, the lowest on a 
with the exception of those in March last, when only 
12,486 tons were exported. Those of pig-iron averaged 
509 tons per working day, the total despatches being 
officially returned at 12,738 tons, all of which went 
from Middlesbrough, again there being no shi ts 
from Skinni ve. For the previous month the de- 
a were given at 25,365 tons, or a daily average 
of 1056 tons, and for the month of May a year ago 


the clearances reached 94,174 tons, or an av of 
3727 tons working day. Of the pig-iron | last 
month, tons went abroad, and 3903 tons to home 


customers. France was the largest buyer, receiving 
4320 tons ; whilst Japan took 2008 tons ; Italy, 1300 tons ; 
and the Tyne, 905 tons. Scotland received, by sea, only 
565 tons. Tees loadings of manufactured iron during 
May amounted to 9976 tons, 1733 tons of which went 
abroad and 8243 tons coastwise, and those of steel reached 
34,409 tons, of which 28,782 tons went foreign and 5627 
tons to home customers. India was the best buyer of 
manufactured iron, receiving 842 tons, and France topped 
the list for steel with an import of 9906 tons. 


Manufactured Iron and Steel.—There is little new to 
report concerning the manufactured iron and steel indus- 
tries. Works are kept busy on Government contracts, 
and a few ordinary inquiries are re . Prices gene- 
rally are strong, and quotations for plates and angles 
have been advanced by 10s. per ton. 
the principal market quotations :—Common iron 
91. 10s.; best bars, 92. 17s. 6d. 
packing-iron, 7/. 10s. ; iron ship- 
gee 10/.; iron —— 112. 10s. ; iron ler-plates, 
1 ; steel bars, 9. 1 ; steel ship-plates, 10/. ; ship- 
angles, 91. 15s.; steel boiler-plates, 11/.; steel joists, 
92. 10s. ; steel strip, 82. 10s.; steel hoops, 9/.—all less the 
customary 24 per cent. discount; and cast-iron columns, 
7l. 10s. ; cast-iron railway-chairs, 4/. 10s.; heavy steel 
rails, 7/. 15s. to 81.; ae railway sleepers, 9/, 10s. to 107. 
—all net. 

Ironworkers’ Wages.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England have this week 
certified the average neb selling-price of iron rails, 


tes, 10/.; iron ship- 





© following are j 


.; best best bars, 10/. 6s. ;| the 


NOTES FROM THE SOUTH-WEST. 
a steam-coal trade has been relatively 


quiet ; this has been due, however, more to a scarcity of 
coal su ‘than to any falling off in the demand. 
Under circumstances quotations for all descriptions 
of large and small coal have shown considerable strength, 


it being considered that there bape bel gear ge 
extra 
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Munitions in Wales.—On Friday, at 
Lord Kitchener, expressed through 
conference of steelma 


in addressing the meeting, said there was a i 
necessity for an increase in the output of munitions, a | 
it was felt that this necessity would be best met by con- 
centra’ work in an existing factory which might be 
obtained for the purpose. The early success of the 
would yw upon the ——— of such works. It 
was felt that a distribution of shell and fuse work through- 
out the engineering works of the district would not only 
— the ordinary business of the community, but 
would involve an unusually large number of a 
and i tors, and would also require a varied assort- 
ment of special tools. The chief points to be aimed at 
were :—The collection of all ——? i ; the 
concentration under one central » or, at the most, 
under two central a a factory, under the direction 
of a small committee, who would undertake to produce « 
certain number of shells —=- ; and the co-operation 
of labour leaders. Mr. J. ‘ownlie, President of ‘the 
malgama Society of Engineers, spoke in favour 
the co- jon and co-ordination of all the industrial 
forces of South Wales, with a view to the assistance 
the Government ; and it was decided to form a committee 
to give effect to the views expressed by Lord Plymouth 
and other s The committee at once commenced 
its duties. 

The Swansea Valley.—The blast-furnaces at Landore 
have been working well, pig-iron having been in heavy 
demand ; the s works have also been busy. The tin- 
plate industry has shown a — improvement, with the 
exception of the ewe | pelter factories as A 
active, in consequence of a pressing demand for the - 
article. In the coal trade some pits have not been work- 
ing up to their ful) capacity. 

Tredegar.—The directors of the Tredegar Iron and 
Coal Company, Limited, repeat the distribution of a 
dividend and bonus at the rate of 12) per cent. for the 

r ended am, the same time 

0002. to reserve, making a depreciation allocation 
of 10,0002. Like other similar und i the Tredegar 
Company has had great vicissitudes, its nad 
in 1912 to 68,369/., while in 1914 they ied to 155, 

In 15 years, ended with March, 1914, the compan 
ali , See pe Lame the extent of 1,652,0007., | 

paid dividends averaging 74 per cent. per annum, besides 

making large allocations to reserves and other objects. 





and 1342 
misses, the ratio of the former to the rounds fired being 
pene 4 a > = . hits in the ong Se 4-in. 

- quick-firing guns was gun. 
In the _. 12-owt. 2.456 ; in the’ 12-pdr. 
8-cwt. gun, 2.272; and in the 6-pdr. quick-firing gun with 
2.170. average scoring time is not given, 

but it was, as a rule, considerably under a minute. 





German Coat AnD Nevursat Borers.—Neutral buyers 
find difficulty in obtaining fuel from Germany at 
t, in any case as far as coal is concerned. The 
coal-mines often cae Cae teay an0 Seng —y 4 
ss is ordered in equal quantities, but 


é ter, | former ity, in many cases, does not materialise. 

and angles for the two months ended A last | Several im : have nA i difficulties in 

at 7/. 11s. 10.41d., as comps with 7/. 1s. 11.80d. for the securing ivery of best W. ian coke, whilst the 
previous two months, in accordance with eliding-scale | somew i ior Silesian coke is obtainable. Still, the 
arrangements wages are ad vanced 6d. per ton on puddling, | Rhenish- Westphalian Coal Syndicate is still delivering a 
and 5 per cent. on all other forge and mill work. The | fair quantity of best coke to jinavian customers, and 
advance takes effect from the 31st ult. locomotive briquettes are delivered accenting to cursdat 
contracts, whilst new contracts are not en upon. 

The Danish State railways, which have annual require- 


Tue Barish Inpustaies Farr.—In view of 


demand for such goods being in excess of the local su y- | tations made by the exhibitors and buyers at the itish buyi — ae tons from Germany, yulecigally 
Karly signs give promise of a healthy export in | Industries Fair, which was held in the al Agricultural | from the Rhenish- Westphalian Coal Syndicate ; they have 
harvesting requisites. The demand for high- | Hall, London, from May 10 to 21, this year, the Board of | co their wants for some time to come, and the same 


i enormous 
speed steel, particularly for making into shell-turning 


tools, continues unabated. 


Trade have decided to hold another Fair in London early 
next year. 





is understood to apply to most of the private railway 
companies. 
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THs ASSOCIATION OF Minmne ELecrricaL ENGINEERS: NOTTS AND 
DersysHirg Brancu.—Saturday, June 5, at the University Col- 


lege, Nottingham, at 3.30 p.m. Discussion on “ Experi- 
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[THE FUSION OF OUR. FIGHTING AND 
MANUFACTURING ARMIES. 


THe appointment of a Minister of Munitions 
with Cabinet rank is not only a significant but a 
highly commendable innovation in connection with 
the government of the country at the present 
time. It proclaims the need for co-ordination and 
increase of effort in connection with the supply of 
material to our fighting forces. It may assist 
towards a fuller realisation by all concerned of the 
fact that the supply of material is as necessary to 
the victory of the Navy and the Army as is the 
maintenance of the sea and field forces under 
the Ministers at the Admiralty and War Oftice. 
That there was need for this innovation has long 
been recognised. Indeed, as we enter to-day upon 
the eleventh month of the war, it must be. pro- 
nounced as long overdue. But it is = impor- 
tant that the mee pe and the public, the em- 

‘oyers and employed of our great engineeri 
ony for whom we write ially, should 
understand that no mere touch of the wand of a 
harlequin can bring forth the requisite quantity of 
war material in the minimum of time. We admit 
that Mr. Lloyd George, who has very properly been 
appointed to this new post, has since the outbreak 


; | of war done most valuable service by his enormous 


en in action and persuasive pleading in speech ; 
ach ampeneatie with this, there has been, as we 
have frequently pointed out, a lack of that evidence 
of power to enforce the national demands, or of 
wilngnees to apply that power, without which 


635 | the best results cannot be achieved. 


The time has come, not only for the combined 
effort of the whole nation to be put forward to 


ne accomplish the huge task before us, but for the 
636 


absolute fusion of the manufacturing and fighting 
armies. Time and again we have referred to the 
great part played by the engineer in war, parti 
cularly in this world’s war, and the full realisation 
of the part the engineering worker must take 
can only be brought home me geo. if he is 
either voluntarily, or compulsorily, ea unit in 


the army. This is desirable primarily to make 
thoroughly clear to everyone that all war-workers 
—the man forging shells at the press and his mate 
turning the shells, the worker closing the rivets on 
the hull of a ship of war and the youth blading the 
turbines to drive that ship, the shoemaker pre- 
paring boots for the troops and the wool-weaver 
manufacturing khaki—are each as indispensable to 
the achievement of victory as the man behind 
the gun or the soldier in the trenches. If thus the 
whole army of workers were enlisted in the forces 
of the Crown, each would carry the garb and badge 
of service to King and country and might come to 
realise the patriotism involved in his work. He 
might even rise to a conception of the honour of 
maintaining the traditions of the country. We 


Tne | would have the responsible officers of trade unions 


in khaki as supernumeraries of the manufacturi 
army. Foremen, under-ma rs, managers, 
works directors would be officers, with trained 


' | officers in each district to enforce discipline. By 


the great majority of workers in every department 
of activity, and by many of the executive officers 
of trade unions, such an ment would be 
regarded as an honourable distinction. We have 
in mind the splendid work being done, for instance, 
in Sheffield and Birmingham in connection with 
shells. There is, too, the example of the dock- 
yard men, who are Government servants, although 
they do not wear the uniform. 

the other hand, there are many in practically 
every branch of industry who seem to be deter- 
mined that they will proceed along the normal line 
of life, notwithstanding the extreme abnormality 
of the conditions prevailing. As a consequence, 
many refuse to make any effort to increase the 
output beyond that usual during peace times. 
They have a standard of living. They earn 
enough to maintain this and to give them a 
surplus for their pleasures—many of them very 
questionable—and then they slack for the re- 
mainder of the week. As the demand for labour 
exceeds the supply, they act on the common prin- 
ciple of trying to get a zen rate of wage in order 
to meet the expenses of their scale of living with a 
shorter time of work, to have greater leisure for 
enjoyment. No one grudges the worker adequate 
wage: the country pays it, since war contract 
terms are controlled by the Government. This 
includes also the rate of profit for employers. 
It is amazing to discover the number of disputes, 
and even stoppages of work, occurring in many 
branches of industrial life during this serious 
crisis in the nation’s history. Every stoppage of 
work should be punishable. Some workers who 
**down tools” may seem to have very little con- 
nection with the production of munitions of war— 
as, for instance, the London tramway men. But 
the stoppage of their labour means a far-reaching 
depreciation of national efficiency. Consequently, 
the need of the moment is continuous work by ail, 
or service in either the Army or the Navy. This 
can only be achieved by the fusion of the in- 
dustrial and the fighting armies. The disci- 
pline would be common to both. We can no 
more dispense with energetic and regular work and 
singleness of purpose on the part of the mechanics 
in the shell shops, the shipbuilding yards, and 
the engine - manufacturing establishments, than 
with heroism under the hazardous and nerve- 
shattering conditions in the trenches or on the 
ships. If the nation demands self-sacrifice on 
the part of the one, it cannot even be criticised 
for exacting equal subservience on the part of 
the other to the common cause. Therefore it is 
only in the interests of equality of service and of 
sacrifice that severe punishments should at once be 
enforced for such breaches of discipline as stoppage 
of work, either because of es, bad time- 
keeping pry ter the certificate of a medical 
officer) or of disobedience in the factory, even if it 
be to maintain restrictions dictated by trade-union 
regulations. The subjects of disputes ought to 
be referred to a Government tribunal and the 
decision made retrospective. Trade regulations 
dictated to maintain mal rights during peace 
time must go by the Teed in order that national 
rights may be established during war ; it is a case 
of the greater including the less—of the immense 
vital issue dominating the little selfish transient 


-|aim. There is no difficulty in enforcing such « 


condition. The Defence of the Realm Act gives 
the peat, and no action that Mr. Lloyd George, 
or the 





present national Government, can take would 
more please the great body of hard - working 
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pitriotic mechanics, or would have greater effect 
in bringing to book the unthinking or callous 
slacker. 

We have written thus primarily on the utilisation 
of the men at present employed because we believe 
that the delay in the supply of the munitions of war 
can for the moment be overcome by this means. 
There is no reason, however, why there should not 
be a roll-call of the manhood of the nation. This 
must be done in the simplest conceivable form ; 
otherwise it will involve not only loss by the 
absorption of the services of a great number of 
people, but delay. By such means it would be 
possible to fill up the ranks in the industrial army 
with the requir labour, and at least ascertain the 
number available for the fighting service, voluntarily 
or otherwise. We are reaching a stage in the 
organisation of the factories when more men can 
be employed. Without entering into any forbidden 
details regarding munitions, it may be said that 
an enormously greater quantity of machining 
has to be done on high explosive shells than 
on shrapnel. When the authorities realised 
that millions of high explosive shells were required 
—and this fact was accepted very early in the 
war—it became necessary for manufacturers to 
vastly increase their numbers of machines—presses 
and lathes. The ambition and desire for peace 
had kept our shell - manufacturing industry at 
a low level, so that new “—— had to be built 
after the outbreak of war. hen the story can 
be told, it will be found that the effort put forth 
to erect these shops and to equip them with 
the necessary furnaces, presses, an machine-tools, 
deserves the highest praise. Many of the factories 
are now completed, so that the demand is greater 
to-day for men capable of working these machines 
than at any previous date. Once such machines 
are set to do their work, they do not require a high 
degree of skill to complete the job. 

is has been proved by the adaptability of men, 
women, and girls to the execution of these opera- 
tions, so that it would be a crime to the nation for 
trade unions, or individual trade-unionists, to insist 
upon restrictions in the use of whatever labour is 
available for the maintenance of supplies for our 
troops at the Front. Complaint has been made 
that small factories, capable of executing some part 
of the process of manufacture, have had their pro- 
posals ‘*turned down” at the War Office ; but it 
only requires to be mentioned to be understood 
that enormous delay and loss is involved if a partly- 
finished shell has to be transported from town to 
town during the process of its manufacture. The 
preferable course is to make each shop, even in 
one large factory, complete, so that the material 
enters one door, passes through the shop, and 
leaves, at the further door, a shell ready for its 
explosive charge. It is not so much a question of 
economy, but of rapidity of output, because, as we 
said at the outset, the one thing essential to quick 
and decisive success in the field of operations is an 
adequate supply of munitions of war. The men 
composing our forces on sea and land are most 
certainly worthy of the whole-hearted, continuous, 
and unwearied support of the manufacturing army. 





GERMAN COLONIAL MINING. 

Unpver the present circumstances, and pending 
the ultimate fate of the German colonies, some 
particulars of the mining industries of these colonies 
may be of interest. The results so far obtained do 
not appear to be uniformly encouraging ; but there 
are, undoubtedly, several deposits possessing ex- 
tensive possibilities for remunerative working. 

Copper-ore deposits, for instance, have been 
worked with satisfactory results, and the greatest 
amount of capital has been invested in this industry. 
German South-West Africa is comparatively rich 
in copper ore, and the natives understood and 
practised the extraction of copper prior to the 
arrival of the Germans. The deposits have not 
yet been fully investigated, and it is reserved for 
the future to ascertain the actual magnitude of 
these resources. The — copper-ore deposits 
are found in the Otavi Valley ; they are being, or 
rather have been, worked by the Otavi Mining and 
——— Company, which is the largeet German 
colonial mining concern, and altogether one of 
Germany’s most im t colonia] undertakings. 
Itis an offshoot of the South-West Africa Company, 
and was founded in the year 1900, under the legal 
forms of German colonial companies, with a capital 
of 10,000,000/. Several large German banks are 





materially interested in the company, which would 
hardly have come into existence but for their 
assistance, as the risk was considerable, and no 
returns could be reckoned upon for the first few 
years. Some English capital was also invested in 
the venture. The Otavi Mining Company secured 
from the South-West Africa Company the control 
of a large district for farming, railway construc- 
tion, and mining purposes; the precious stones 
industry was, however, reserved for the De Beers 
Company. 

Only a comparatively small portion of the Otavi 
Company’s capital was applied to mining, the bulk 
being used for the construction of a railway from 
Swakopmund to Tsumeb, on which railway the 
copper-ore was transported. In 1910 the Imperial 
Colonial Department took over this railway, the 
company receiving a sum of 1,100,000/., or 180,000. 
more than the nominal value of the line. In 
addition, the Exchequer had to pay interest on 
the capital used for building the line, as well as a 
**contractor’s profit.” The bulk of the money 
which passed into the hands of the comer by 
this deal was again disbursed to the shareholders, 
the company only retaining some 200,000%. On 
the whole, the Otavi Company is said to have 
come up to expectations, although there have been 
tem disappointments. During the building 
of the railway, &c., a dividend was, of course, out 
of the question, but in the first real working year, 
1907-8, the company was able to Syd per cent. ; 
since then the dividend has rang tween 6 and 
11 per cent. as far as the ordinary shareholders are 
concerned, but, in addition, a dividend is paid on 
fully-paid shares, of which 200,000 were allotted to 
the South-West Africa Company on the formation 
of the Otavi Company. e dividend on these 
allotted shares has varied from 5 to 8 per cent., 
and for the past financial year the dividend, taking 
into consideration the amount returned to the 
shareholders, has really amounted to 45 per cent. 

The cost of production for the Otavi Company 
has gradually been reduced from 25s. per ton 
during the first year’s working to 23s. in 1911, to 
20s. in 1912, and to 183. in the year 1913. The 
export of ore, most of which goes to America, has 
increased considerably, amounting to 36,400 tons 
in 1910, and rising to 53,200 tons for the year 
1912-13 ; the value of the exports for the last 
financial year, 1913-14, was 445,000/. The average 
percentage of copper is fairly high, and of late 

ears has ranged between 13 and 16 per cent.; 
ead varies between 23 and 25 per cent. 

According to the original plan the company 
intended to reduce the copper ore on the spot, 
but it was found to be more profitable to export 
the ore, although extensive installations had been 
erected for the reduction. Some of the inferior 
ores, however, are reduced at the mines owing to 
the heavy cost of transport, but the absence of 
local mae deposits handicaps the company con- 
siderably. Jointly with other concerns the Otavi 


Company had started the Otavi Exploring Syn- | has 


dicate for the purpose of investigating ore de- 
posits, & 

There are several smaller copper-mining concerns 
in South-West Africa, but, generally speaking, 
they are only just beginning work. The Khan 
Copper Mines, Limited, is one of these, and for 
several years its work has been confined to ex- 
ploring and heey There was also the 
Otjozonjati Copper Mines, Limited, which has now 
gone into liquidation, and there are some other 
concerns which are not important at the moment, 
but may become so in the future. 

The phosphate deposits of the German South 

possessions are of considerable industrial im- 
portance. As an instance of this, it may be men- 
tioned that the export of phosphate from Nauru 
amounted to 86,600 tons in 1911, but in the follow- 
ing year it had risen to 136,000 tons. The deposits 
are calculated to last some 20 to 30 years, and it is 
thought quite likely that further deposits may be 
Guapvend. Several large German companies, in- 
cluding the North German Lloyd, are interested in 
the exploitation of these deposits.. The world’s 
consumption of superphosphate js estimated at 
10,000,000 tons per annum, for the production 
of which 5,500,000 tons of raw phosphate is 
needed. The most important deposits of phos- 
phate are found in Metloani, in Tunis, whence 
the Société des Phosphates exports more than 
1,000,000 tons per annum. There are also 
several important phosphate deposits in Algiers 
and Florida. Other countries than Germany are 





interested in the South Sea phosphate deposits— 
viz., England in the Christmas d, and France 
in Ocean and Mokatea ; the German deposits are 
found on the islands of Nauru and Angaur. The 
first German phosphate company, the Jaluit Com- 
pany, dates from 1887, but it did not h the 
phosphate industry, and afterwards teaiiiioaed its 
rights in the Nauru island to the Pacific Phosphate 
Company, in consideration of a large number of 
shares and a royalty of 1s. per ton on the produc- 
tion. Following in the wake of English and French 
concerns the German South Sea hosphate Com- 
pany was formed in the year 1908, but it was pre- 
ceded by a syndicate in which a number of leading 
German companies were interested. An expedition 
of exploration to the South Sea was despatched, 
and in the Island of Angaur 200 borings showed 
the existence of some 2,300,000 tons ae 
of very good quality and icularly adapted for 
the manufacture of superphosphate. According to 
the concession obtained by the company, whose 
capital was 225,000/., the German Government 
received no return for the first four years, but 
afterwards the one paid the Government 
1s. 3d. per ton of phosphate, with a minimum of 
1500]. per annum. In addition to this, subject to a 
certain dividend, the Government is to receive a 
part of the profits as soon as the dividend exceeds 
8 percent. During the first 25 years the Government 
is to receive 40 per cent. of the dividend, for the 
next five years 50 per cent., and for the next five 
years 60 per cent.; the concession expires at the 
end of thirty-five years. The company calculated 
that, with an annual production of 100,000 tons, 
the deposits will last some twenty years. The 

roduction during the year 1913 was 90,000 tons. 

e company has also obtained a twenty-five years’ 
concession for phosphate working in Peleliu, and a 
thirty-five years’ concession in the Feis Island of 
the Pelew group, subject to a royalty of Is. 6d. 
per ton. 

Gold is found in several German colonies, includ- 
ing South-West Africa, Cameroon, and Togoland. In 
South-West Africa the Kaoko fields appear to con- 
tain fairly good gold ore, but whether it can be 
profitably worked remains to be seen. The only 
gold-mining concern in the German colonies is 
situated in German East Africa, and is in the 
hands of the Kironda Gold-Mine Company, which 
was founded in 1908; the deposits in question 
are at Sekenke. In 1910 a dividend of 8 per 
cent. was paid, but otherwise the company has not 
done well, and in 1912 there was a deficit of 68501. 
The parent company of the Kironda concern—the 
Central African Mining Company—which was 
formed in Berlin in 1905, also carries on gold- 
mining, but so far only at a loss. This company is 
an offshoot of the Central African Lake Com- 

y, which works with varying success in the salt 
industry ; the salt is produced from the water of a 
spring, and meets with a ready local demand. An 
extension, partly based upon export to the Congo, 
been under contemplation, and the prospects 
of this industry are generally regarded as favourable. 

The carbonate of sodium deposits, which are 
principally found in the north of the colony, in the 
Natron Lake, are also regarded as of considerable 
importance. The percentage of sodium in this lake 
is unusually high, and even in the German Parlia- 
ment its value has been stated to be 50,000,000). 
Owing to the difticulty of transport, operations have 
not yet been commenced, but German financiers 
appear to be much interested in the matter, and 
an exploring party has been despatched to the 
district. 

The marble deposits in German South-West 
Africa are also attracting considerable attention, 
and in 1909 an African Marble Company was formed 


in Hamburg. The results obtained, however, have 
not been particularly encouraging. The position of 
the marble in the vicinity of the Otavi Railway is 


favourable enough, but the changeable climate has 
deteriorated the material to a greater depth than 
was expected, and the labour question also gives 
much trouble. 

The export of mica is on the increase, and the 
working is being extended. The production in 1912 
amounted to rather more than 150 tons. Native 
labour does not take kindly to this work, and in 
Usambura the working has been partly discontinued. 
It has, however, been pushed on more energetically 
in the Uluguru mountains. So far this industry 
has not proved very remunerative ; but it is only in 
its infancy, and it is possible that better results may 
accrue from a combination of the different concerns. 
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In working for mica traces of uranium have been 
found. 

More attention has recently been paid to tin in 
South-West Africa, considerable quantities of the 
ore having been discovered —_ a 
companies are engaged in exploring work in thi 
crenata, and it is considered quite possible that 
a remunerative tin industry may be developed with 
the copper industry. 

No regular coal-mining is carried on in German 
colonies, but some of the known coal deposits may, 
on further investigation, prove to be workable at a 
profit. The only German oversea coal-mining con- 
cern is the Shantung Mining Company, which has a 
considerable production, and is capable of extension. 
The mines, which are in Chinese territory, have 
recently been flooded on account of the siege of 
Tsingtau. 

A large number of German companies and 
syndicates have been engaged for years in mining 
explorations in different parts of the world, and it 
now remains to be seen how far the war will affect 
Germany's ambitions in the matter of extending 
her colonial mining industry. 








ELECTRONS AND HEAT. 

Tue electronic theory of the electric conduc- 
tivity of metals will hardly survive the attacks 
which have been made upon it, and with which 
Sir J. J. Thomson dealt in so masterly a fashion a 
few weeks ago.* But the electron will remain with 
us, and everything elucidating its nature is wel- 
come. The discourse on ‘‘ Electrons and Heat” 
which Professor O. W. Richardson, F.R.S., of 
King’s College, London, one of the foremost 
workers in this field, delivered at the Royal Insti- 
tution on Friday, May 7, was announced as “experi- 
mental,” and was meant, in the first instance, to 
elucidate the lecturer’s views on what he has termed 
‘electric evaporation.” That heated bodies lose 
their power of retaining an electric charge, he said 
in opening his discourse, had been observed two 
hundred years ago. A hot poker discharged an 
electroscope in its vicinity, because, as it was 
now believed, electrons or ions were emitted by 
the hot body. By ions Professor Richardson under- 
stood the positively-charged particles of molecular 
magnitude; by electrons, the negatively-charged 
particles much smaller than atoms. The nature of 
the particles « mitted depended upon the conditions 
of the body and of the experiment. At dull-red heat 
metals gave out positive ions only ; at white heat 
both positive and negative particles, or only the 
latter, were emitted. This was demonstrated by 
making a large wire loop, heated by a current, 
act as its own electroscope. The cold loop was 
attracted both by a rod of glass (positively elec- 
trified by rubbing) and by a rod of sealing-wax 
(negatively electrified) ; at dull-red glow only the 
positive rod repelled the loop, and at white heat 
neither rod had any distinct effect. When the experi- 
ments were made in a vacuum, with an ordina 
glow-lamp containing two carbon filaments, whic 
could be switched in separately, the hot filament 
was attracted by the negative rod, because it re- 
tained a positive charge when emitting electrons. 
The interpretation of some of these experiments 
was not simple. 

The currents due to the emission of particles from 
hot bodies, Professor Richardson continued, were 
known as thermoionic currents. He demonstrated 
that the emission of both electrons and ions gave 
currents which affected a galvanometer, and that 
only the electrons were deflected by a magnet 
brought near the emitting wire, and the current 
due to the electrons was therefore stopped ; the 
lons were not deflected by the magnet, and the 
thermoionic current was not disturbed thereby. 
The deflection of the electrons from a hot cathode 
had been studied particularly by Wehnelt, by 
means of a speck of lime placed on the cathode. 
Concentrating the fall of potential in the region 
close to the filament, Wehnelt had been able to 
turn the stream of electrons from the lime in an 
— complete circle, as was shown by photo- 


phs. 

If, now, this emission of electrons came really 
from the hot metal, and not from any gases pre- 
sent, Professor Richardson ed, the effect 
should be a kind of electrical evaporation (analo- 
gous to ordinary evaporation), during which mole- 
cules were shot off from the surface of the hot body. 





* See Enaingmnine, page 577 ante. 





Ordinary evaporation increased enormously as the 
temperature rose, and that was so with dectrical 
evaporation. To study this emission, a wire was 
stretched in an evacuated tube, in which it 
was surrounded by a cylindrical electrode joined 
to a galvanometer, while the resistance of the 
wire, and indirectly its temperature, were simul- 
taneously determined on a bridge. A platinum 
wire heated to between 1020 deg. and 1200 deg. 
Cent. gave a thermoionic-current curve which was 
so exactly like the vapour - pressure curve of 
water between 0 deg. and deg. Cent. that 
the two curves (which were, of course, on vi 
different scales) could actually be capes, 
as was shown. The thermoionic current i agreed 
with the formula i = AT e-%/T (generally ex- 
pressed as log i—4 log T = log A—b/T), where A 
was aconstant and b a measure of the latent heat 
of evaporation. This formula was found to hold 
for an altogether extraordinary range of current. 
In the case of tungsten wire the current was 
0.000000235 micro-ampere per sq. cm. at 1050 
deg. absolute, and 674,000 micro-amperes at 2300 
deg. absolute, and the formula was found to be 
correct for the whole of this interval. 

The analogy between ordinary and electrical 
evaporation could also be traced in other ways. 
Vapour escaping from a body cooled that y, 
and the extraordinary sensitiveness of electrical 
methods of temperature measurement rendered 
this method of investigation very successful. For 
this purpose Professor Richardson made use of a 
bridge arrangement. A filament of osmium or 
tungsten wire (3.3 cm. long, 0.00375 cm. in dia- 
meter) was heated by a constant current, and the 
thermoionic current from the hot wire was con- 
trolled by applying a suitable potential to the sur- 
rounding cylindrical electrode, the thermoionic 
current being started or stopped by reversing this 
potential. e change of resistance in the wire was 
—— with that produced by a known change in 
the heating current, when supplying a known incre- 
ment of energy to the system per unit time. By 
comparing these two changes of resistance, the 
loss of energy per unit charge carried off by the 
electrons could be expressed in ergs or, by dividin 
by 4.2 x 107, in calories. When there were 6 
calories per unit charge, the latent heat per mole- 
cule would be N Q, N being the number of units 
of electricity required to liberate one gramme- 
molecule (or mol*) of any monovalent atom in 
electrolysis, as calculated from the electrochemical 
equivalent of hydrogen. 

Again, the lecturer continued, a liquid could be 
heated by forcing steam into it, The analogue of 
this was to force electrons into a cold metal ; that 
process required an expenditure of energy, and the 
observed heating would be the combined effect of 
the heat produced by condensing the electrons in 
the cold metal and of the auxiliary volts needed 
to force the electrons into the metal. The two 
effects could be separated, however, by plotting the 
heating effect as ordinate against the auxiliary 
volts. The three methods mentioned for deter- 
mining the value of the ‘‘ latent heat of evapora- 
tion” (reduced to equivalent temperatures) had 
been applied by various investigators with the 
following results :— 

1, From the variation of the emission with tem- 
perature :— 

Langmuir, tungsten 10.5 to 11.1)10*cal. per mol. 
K. K. Smith, tungsten = 10.9. in cal. mal. 
Various observers, platinum (12 to 16) 104 ahs per mol. 

2. From measurements of the cooling due to the 

emission :— 
H. L. Cooke and O. W. 
Richardson, tungsten ... 11.24. 10‘ cal. per mol. 


Lister, tungsten _... ... 11.04. 10* cal. per mol. 
Wehnelt and Liebreich, 
platinum ... aa (13.9 to 14.5) 10*cal. per mol. 


3. From measurements of the heating due to 
condensation :— 


O. W. Richardson and 
Cooke, platinum ... ... 13.5. 104 cal. per mol. 


All these figures were iu fair accord, especially 
those for tungsten. By latent heat of evaporation 
in calories per mol, Professor Richardson under- 
stands the number of calories absorbed for each 





* When the molecule of an element consists of two 
atoms, the - molecule, or mol, expressed in 
grammes, is twice the atomic weight of the element ; 
thus, for hydrogen, the mol is2 x 1 = 2 grammes; for 
oxygen, 2 x 16=32 grammes; the mol of any gas at ordi- 
nary pressure and temperature occupies about 24 litres. 





mol of electrons emitted, one mol of electrons 
being the mass of the electrons which occupy the 
same volume as 2 mmes of hydrogen at the 
same temperature and pressure ; this latter quantit 
is known, the mass of an electron being about aati 
of the mass of the hydrogen atom. In the experi- 
ments the latent heats were deduced from the 
uivalent volts—i.e , the number of volts through 
which — pene — oth fall ~ 7 to 
acquire the energy lost e hot me ‘or every 
electron it emitted. If v were the observed value 
of equivalent volts, then the energy lost per electron 


was wa, ergs, where e was the charge on the elec- 


tron in electrostatic units (one unit = 300 volts) ; 

and if there were N molecules per mol of a gas, the 

energy lost per mol of electrons would be — ergs 
Nev 

300 . 4.2 . 107 

calories. N e was also known as the quantity of 


or (since 1 calorie = 4.2 x 10’ ergs) 


electricity required to liberate 1 mol of any mon- . 


atomic gas by electrolysis. 

Professor Richardson 

which the icles were emitted. In these inves- 
igations the source of the emission, a loop of 
wire, was placed et. F the centre of a 
metallic plate, which was held opposite another 
charged plate joined to a voltmeter. When the 
potential difference was 0.3 volt, some electrons 
would be able to get across to the charged plate, 

inst this definite opposing voltage ; as the 
p ome was gradually increased to 1 volt, and more, 
other, swifter electrons were able to cross. It was 
a kind of high-jump trial, in which thermoionic 
currents in amperes were plotted against potentials 
in order to analyse the numbers of particles at dif- 
ferent velocities. In this way he had found 
that Maxwell’s statistical rule concerning the average 
energy distribution, and the free path of the mole- 
cules in a gas, held also for the distribution of energy 
among the electrons emitted from a hot body ; 
in fact, he said, this was the first experimental 
verification of Maxwell’s law, the theoretical 
correctness of which had long since been acknow- 
ledged. 

The successful experimental demonstrations left 
Professor Richardson little time to refer to the 
controversial side of the problems. He had so 
far assumed in his lecture, he remarked, that there 
was no doubt as to the emission being analogous to 
evaporation. But within the last few years quite 
a number of protests had been raised, and the 
effects observed had been attributed, not to any 
physical phenomena, but to the evolution of gases 
and to the chemical action between the filaments 
and the inthem. The objections were very 
difficult to refute, because very minute amounts of 
chemical products might frequently suffice to 
account for the effects. But there was one case in 
which the electrical effects were out of all propor- 
tion to any chemical effects. That was the case of 
tungsten, which, as already stated, had given the 
most accordant results in the various experiments. 
Tungsten was a most refractory metal ; its melting- 
point was about 3250 deg. Cent., and all impurities 
could be boiled out of it. He had stretched vertical 
filaments surrounded by cylinders of copper inside 
specially-prepared lamp-bulbs, and maintained the 
highest vacuum both inside and outside the bulb. 
At the same time the bulb was kept at 560 deg. 
Cent. and the wire at 2200 deg. for many hours, 
and the filament was submitted to the most drastic 
treatment. The following was a summary of his 
observations rT aoe ere of 10—-® mm. and less :— 

1, 260,000, electrons were emitted by the 
filament for every gas molecule emitted. 

2. 15,000 electrons were emitted for every gas 
molecule impinging on the filament. 

3. 984,000 electrons were emitted for every atom 
of tungsten lost from the filament by evaporation, 
spitting, chemical action, or other effect. The 
mass of the electrons was three times the mass of 
the tungsten lost. 

4. The current was reduced or remained un- 
altered when gas was admitted, but was never 
increased. 

These calculations involyed the measurements 
of the quantity of electricity (Q) carried off by the 
electrons in a given time, and of the simultaneous 
rise of pressure x (in millimetres) in the volume of 
the apparatus, v cub.cm. The number of molecules 
n per cubic centimetre of any gas at 0 deg. Cent. 
and 760 cm. barometer pressure being known, the 


to the velocities at 
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number of gas molecules N given off per unit time 
would be N = « n v/760, while the numbers of 
electrons given off in the same time would be 
N, = Q/e; hence the ratio of the two numbers 
N,/N could be determined experimentally. 

These facts would have to be met. Langmuir 
had shown, moreover, that the emission of electrons 
was not affected by the presence of inert gas (argon, 
helium, &.), but was affected by the presence of 
chemically-active gases. That, Professor Richard- 
son submitted, proved his case. Concluding, he 
showed that the thermoionic currents were no 
longer mere playthings of scientists, but were quite 
capable of ringing a bell, for instance. 





ENGINEERING IN MESOPOTAMIA. 

ARCHZOLOGISTS are, we believe, agreed that the 
civilisation of Babylonia antedates that of Egypt, 
and in both cases the advance made in the ameni- 
ties of existence was directly attributable to the 
operations of the engineer. No doubt at the 
outset these were very rudimentary in character, 
‘and were carried out by men who were farmers 
by profession and engineers only incidentally. 
The natural fertility of the regions concerned was, 
however, so extraordinary that even these crude 
and primitive attempts to apply the great forces 
of Nature to the use and convenience of man led 
to large accumulations of wealth, the control of 
which by a few capable minds afforded then, as 
now, the most favourable conditions for the civi- 
lising work of the —— engineer. 

In Egypt the demands made on his powers 
were materially less exacting than in Mesopo- 
tamia. The Nile flood appears to be a unique 
phenomenon. Its regularity made it practicable 
to cultivate very large areas with very little in 
the way of engineering works. On its rise the 
river overflowed its banks, and as it subsided the 


retiring waters were followed up by the husband- 
man who sowed the lands left bare by the retreat 
of the flood In Mesopotamia the régime of the 


rivers precluded any such simple solution of the 
irrigation problem, and the water had to be raised 
by artificial means to the cultivated areas. Irriga- 
tion engineering arose accordingly in this region, 
and the ability of these pioneers in the arts of 
civilisation may be ga by the statement of 
Herodotus, that the fertility of Babylonia was such 
that it was called upon to furnish one-third of the 
total supplies necessary for the maintenance of 
the household and armies of the Great King, the 
remaining two-thirds being provided by the rest of 
the empire, which at that time included Egypt. 
He further stated that the fertility of these irri- 
gated lands was such that wheat commonly yielded 
two hundredfold, and he refrains from mentioning 
the size attained by maize on the plea that his 
statement would appear incredible to any one who 
had not actually seen it. 

Unfortunately, a high development of the arts of 
civilisation is by no means necessarily accompanied 
by the growth of an enlightened public spirit. The 
enterprising commercial man deplores the expendi- 
ture, on defences, of capital which he feels could so 
profitably be employed on productive works, whilst 
as their comfort increases the ‘‘common people,” 
as they are called in America, ask why should they 
be called on to make sacrifices ? Will they not be 
as well off under Darius as under Nebuchadnezzar, 
under Jenghiz Khan as under Mostasim? In all 
ages questions of this kind have received much the 
same answer as to-day, in which it is to be noted 
that it was the working miners, and not the 
mine magnates, who were starved to death 
by the savage destruction of pit-head gears in 
the Belgian coal area. Yet the lesson seems 
never learnt, and Babylonia has been con- 
quered again and again, sometimes by relatively 
civilised and intelligent races, in others by bar- 
barians, Mongol or otherwise. 

For hundreds of years it has been under the con- 
trol of the Turk, and with most disastrous conse- 
quences. These have, perhaps, been in part merely 
the result of igaorance, just as in the early days of 
British rule in India, the maintenance of the native 
irrigation tanks was neglected. This oversight 
has, however, long since been made , but it 
is only within the last decade that the Turkish 
authorities have taken any effective steps towards 
developing the enormous natural resources of the 
lower valleys of the Tigris and Euphrates. In 
1907 they commissioned Sir William Willcocks to 
prepare a scheme for the irrigation of this region. 





The plans were presented in 1910, but as the 
estimated expenditure was 20 millions sterling, it 
was decided that they must be carried out pro- 
gressively. ; 

The complete scheme, which provides for the irri- 

tion of 34 million acres, is well shown in the map, 

ig. 1, for which we are indebted to Sir John 
Jackson, whose firm was entrusted with the carry- 
ing out of the first section of the undertaking— 
viz., the construction of a across the 
Euphrates at Hindia, intended to restore a supply 
of water to the Hilla Canal. This , as shown, 
serves a very large area of ground which is of 
the highest agricultural value. Some interesting 
particulars of this work were given in a lecture on 
** Engineeri Problems of Mesopotamia and 
Euphrates Valley,” delivered at the Royal Institu- 
tion on Friday last by Sir John Jackson. 

A good view of this barrage is shown in Fig. 2. 
It is intended to raise the summer level by 16 ft.; 
it has thirty-six openings, each 164 ft. wide, and, 
as shown in Fig. 3, there are two sluice-gates in 
each opening, each 8 ft. high. A lock 325 ft. long 
by 26 ft. wide is provided to one side of the barrage. 
A pair of gates at the centre of this subdivide it 





with stones, and sunk to the river bed. A view 
of one of these ‘* sausages” en route to the 
works is shown in Fig. 4. The plan proved 
wholly successful, and does credit to the engineer- 
ing ability of the indigenes. Other work carried 
out by Sir John was the regulator at the head 
of the Hilla Canal. This is a much smaller work 
than the Hindia barrage, though similar in * 
It has six openings, each 9 ft. 10 in. wide. er 
work accomplished was the clearing and deepenin 
of the Hilla Canal for a distance of 65 miles, an 
when the war broke out work had been com- 
menced on the Habbania escape works, intended 
to store up water from the Euphrates in a great 
natural depression during times of surplus supply. 
The stored water was to be passed during the dry 
months into the river sgain, near Faluja. The 
declaration of war led, however, to the whole of 
the engineering staff being detained at Bagdad as 
prisoners of war, and one (a Greek) was, it appears, 
seriously maltreated by being whipped and having 
his feet tied together. 

As is well known, other important engineering 
work, besides irrigation, is in progress in this 
region, the Germans having formed, in 1899, the 
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into two compartments, each 162 ft. long. The 
whole of the work is built of bricks made on the 
spot. The bricks are laid mainly in lime mortar, 
but a certain amount of Portland cement was used. 
The whole of the work was constructed in the 
dry, a plan which made it easy to ensure a satis- 
factory foundation. 

Sir John Jackson spoke highly of the Bedouin 
workmen. At first they objected to changing their 
traditional method of shifting earth, which they 
claimed had remained unchanged from the time of 
Moses. Their plan was to excavate the earth with 
a tool like a grocer’s scoop, and to carry it in a bag 
to the tip. However, they were ultimately taught 
to use the usual barrows and trucks. The standard 
rate of wages in the district was . per day, but 
Sir John Jackson increased this to 5d. In spite of 
this low rate of pay the men are, he stated, remark- 
ably well clad. By way of contrast, he mentioned 
that his firm were carrying out simultaneously with 
this work a contract in British Columbia, where 
the lowest rate for a labourer was 12s. 6d. per day. 
Owing to the long distance of Hindia from the 
sea, and the consequent difficulties of transport, 
very little contractors’ plant was available at the 
site. In particular the only local fuel supply was 
tne 9p so that steam - engines had to be 
sparingly used. 

When the work was completed the river was 
diverted through it by damming the original 
channel. This was ag og successfully by 
methods of local origin. e dam was, in fact, 
composed of long ‘‘ sausages,” which were con- 
structed of brushwood. ese, after completion, 
were floated out to the site of the dam, weighted 
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Imperial Ottoman Bagdad Railway Company, to 
construct a line linking up the Anatolia Railwa, 
at Konia with Bagdad and the Persian Gulf. 
Some 80 miles of the section between Bagdad and 
Sammarra has recently been opened to traffic. 
The German engineers are, however, most un- 
popular with the natives, and the conclusion of 
peace will no doubt see this undertaking pass 
under other control. Sir John Jackson states that 
this done, the line should be completed across the 
Taurus Mountains and on to Bagdad, and thence 
to Busra and, perhaps, Koweit. This latter exten. 
sion will, however, depend upon which town it is 
decided to develop as the principal port. 

Sir John Jackson is himself strongly in favour 
of Koweit, where large steamers could be accom- 
modated without great difficulty. The choice of a 
river port, on the other hand, would necessitate the 
undertaking of very heavy improvement works. 
The existing bar at the moxth is such, Sir John 
states, that even the small steamer, of 16 ft. to 
18 ft. draught, in which he entered the river 
touched bottom, and large craft have to lay ex- 
posed outside this bar whilst their cargoes are being 
transferred to smaller boats. A harbour at Koweit 
would yield a much easier passage to deep water, 
but to and from this port goods would have to travel 
by rail instead of by river. This would seem to be 
a material disadvantage, particularly as Sir John 
Jackson states that a considerable proportion of the 
waterways of Mesopotamia are now, or could easily 
be made, navigable by light river craft. If the 
Koweit scheme be not adopted, the entrance to the 
river must, Sir John says, be improved, so as to 
enable ocean-going steamers to reach Busra, where 
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Fre. 3. Sturce-Gates at Hinp1a BaRRaGe. 


the trade is already valued at six million sterling. 
Between this point and the sea is Mohammerah, 
which is connected up by the River Karun (navig- 
able by small craft) with Ahwaz, the starting- 
point for the caravan routes into Persia. Here 
provision should, Sir John Jackson states, be made 
for the transhipment between river craft and deep- 
sea steamers. 

On the whole, though, and in view of the pro- 
posed large abstraction of water for irrigation 
purposes, Sir John has a strong preference for 
the Koweit scheme, and for the use of railways 
as the main instrument of transport. No doubt, 
if sufficient traffic exists, goods could probably 
be handled over an easy country more cheaply by 
rail than by river, which, as in Mesopotamia, 
would require a heavy and constant expenditure to 
maintain it in navigable condition. In fact, Moham- 
merah, which, when founded by Alexander the 
Great, was on the sea-coast, is now 45 miles inland. 





NOTES. 
Power-StaTIonN ATTENDANTS AND NaTIONAL 
re wt og 
THE appointment of Mr. Lloyd George as special 
Minister of Munitions should fo ay resent 
stress at the War Office sufficiently to allow of 


more attention being paid to many subsidiary but | 


highly important matters. For example, it is to 
be hoped that those engaged in our 
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Fie. 4. Brusawoop “ Sausage” 


and other power-stations will be recognised as war 
workers. The staffs here have already been danger- 
ously depleted, and the high-spirited young men 
in charge of the switchboards have only been 
retained in their positions by great pressure from 
their chiefs. Nevertheless, as the authorities have 
refused to regard them as engaged in war work, 
their position has been invidious, and the pos- 
sibility of compulsory service being established in 
the near future makes them still more anxious to 
join the Forces without the indignity of being 
‘* fetched.” The power companies are therefore in 
@ very serious position. They supply power and 
light to numerous factories directly engaged in the 
manufacture of munitions, and these factories would 
have to close down were the supply to fail. A 
switchboard attendant cannot be improvised at a 
few hours’ notice, but needs a long apprenticeship, 
not merely to the craft, but to the particular board. 
Moreover, though the normal duties may be purely 
a matter of routine, yet at any instant a short-cir- 
cuit on some part of the network may call for the 
exercise of very high mental and moral qualities on 
the part of the switchboard attendant. In such 
cases important decisions have to be taken in- 
stantly, and an error of judgment or lack of nerve 
might involve the most serious consequences to the 
whole system of supply. The work is not there- 
fore one which can be confided to the amateur, 
however well intentioned, and the neglect of the 
authorities to recognise that the work of these 








FOR THE EvupnHrates Dam. 


young men should be accounted national service 
ought to be rectified forthwith. 


Exectric TrapE witH Beioium. 


On Thursday afternoon, May 27, a lecture was 
delivered in one of the rooms of the Cannon-street 
Hotel by Mr. R. Steylaers, of the Belgian 
Committee for Developing Trade with the Allied 
Nations. The lecturer stated the extent to which 
German electric works had established a footing in 
Belgium and France ; he outlined the way in which 
British electrical works could secure the Con- 
tinental electric trade, and pointed out the desir- 
ability of a union of Belgian electricians, to act as 
an intermediary between the British manufacturer 
and the Continental consumer. Mr. Steylaers 
entered in detail into the methods followed by 
German works for capturing the trade of a country. 
These methods are well known to our readers. 
They include the formation outside Germany, with 
French and Belgian funds, of companies having 
French and Belgian names, but controlled in the 
apportioning of orders by the large German elec- 
trical companies; the provision by the German 
companies of large dépéts in both France and 
Belgium ; the reduction of the selling price of 
separate articles to the lowest limit by an intensive 
standardisation ; the granting of extensive credit ; 
a methodical organisation for selling, based upon 
the co-operation of several firms who manufacture 
different classes of articles destined for the same 
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customers; and most comprehensive advertising. 
The Belgian customer—and we may here point out 
that the lecturer dealt primarily with the situa- 
tion in his own country—will not buy from 
catalogues, and he has used hitherto German 
material almost exclusively, because he can select 
this from stocks established by the German works 
in Belgium. These works, moreover, have in- 
stituted a@ most comprehensive credit organisa- 
tion; in fact, their whole commercial system is 
built upon credit. An interesting instance given 
is the following :—When a German manufacturer 
obtains a large order he can obtain from his banker 
a first advance of 15 per cent. to enable him to start 
manufacturing. When manufacture is sufficiently 
advanced the banker grants a further advance of 
funds to the extent probably of 25 per cent. ; then 
on delivery and against bills of lading another 
10 or 15 per cent. is allowed, the banker keeping 
a small balance in hand as a guarantee for further 
similar operations. The German manufacturer is 
further aided by travellers, many of whom are 
appointed by ups of firms manufacturing dif- 
ferent articles for the same customers. He is also 
aided indirectly by the German consular agents, 
by the offices established abroad for finding situa- 
tions for young German clerks and engineers, and 
especially by the vicious system according to which 
German clerkships are accepted abroad free. All 
these conditions combined will make it difficult for 
British manufacturers to enter the Belgian market 
after the war, and therefore the lecturer pro 

to establish the organisation referred to above, the 
Union of Belgian Electricians. The object of this 
association would be to serve as an intermediary 
between the British and the French electrical 
manufacturers and the Belgian market ; the mauu- 
facturers would look to it for payment, and the 
organisation would greatly facilitate the formation 
of British stocks in Belgium. Further meetings 
are to be held with the object of considering the 
subject more fully, and from the technical point 
of view, also to deal with hoisting and conveying 
machinery and with metallurgy. 


Gas-Firep InpustriaL Furnaces. 


The Gas Light and Coke Company have now 
installed at their city dépét, 146, Goswell-road, 
E.C., a large number of various types of gas-fired 
furnaces with a view to demonstrate to manu- 
facturers the many industrial purposes for which 
coal- can advantageously be employed. The 
installation is complete and self-contained, and 
includes a rang ag od Hornsby-Stockport gas- 
engine, driving by belting and overhead shafting 
an air or gas-compressor capable of compressing up 
to 20 lb. per aq. in.; a smaller air or gas-compressor 
for a 2-lb. to 4-lb, — and an ordinary low- 
pressure air-fan. The gas consumption is registered 
by two meters placed in the same room with the 
furnaces. The latter have been selected from 
those manufactured by the Richmond Gas-Stove 
and Meter Company, Messrs. Fletcher, Russell 
and Co., Limited, and Messrs. J. Wright and 
Co., Limited. They include a salt bath using low- 
pressure gas; a lead - melter for printers, also 
using low- ure gas; a patent forge for heat- 
ing high-speed -steel tools, these being placed 
inside a crucible-shaped pot, which prevents the 
tools from coming into direct contact with the 
flames ; a cyanide hardening-furnace ; a gold-melt- 
ing furnace, using high-pressure gas ; and a large 
series of other melting, annealing, and hardening 


furnaces for steelsmiths, goldsmiths, silversmiths, | d 


jewellers, enamellers, assayers, and other trade 
specialists. Among the melting furnaces we may 
mention a 300-lb. tilting crucible furnace, using 
high-pressure gas at a pressure of 12 lb. 
square inch, generally similar to the stationary 
crucible furnace which we described on page 462 
ante; two underground es ae one taking 
at a 12-lb. pressure, and the other taking 
fee-pressare gas with an air-blast at a 1-lb. to 
2-lb. pressure, near which is a sand-pit for cast- 
ing ; and a twin crucible furnace in which the 
waste used for melting the contents of one 
ceucible serve to heat the contents of the adjoining 
one. Close to this isan internal heater. We hope 
to return more in detail in a later article to several 
of the furnace specialities dealt with by the Gas 
Light and Coke Company. A number of interest- 
ing samples of work done are also shown. The 
staff of the company are in constant attendance, 
and their services are freely at the disposal 
of all classes of manufacturers in the company’s 
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(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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Norr.—In the diagrams on this and the opposite page the figures plotted for tin and copper are the official 
closing quotations ot the London Metal Exchange for cash transactions in ‘‘fine foreign” and ‘‘ standard ” 
metal respectively. The prices plotted for antimony and lead are for English metal in both cases, while those 
for spelter are for American metal—the only kind at present available. Steel ship-plates and heavy steel rails 
are plotted to Middle: brough quotations; the usual discounts are allowed in the case of ship-plates, but rails 
are net, free on board, at Middlesbrough. The figures plotted for hematite, Scotch and Cleveland irons are 
G w settlement prices, and these prices are per ton, as also are those for all other metals previously 
mentioned. The price of quicksilver is, however, per bottle, the contents of which weigh about 80 lb., and 
the price of tin plates is per box of I.C. cokes free on board at Welsh ports. Each vertical line in the 
i m resents a market day, and the horizontal lines represent 1/. each in all cases, except those of 
hematite, Scotch and Cleveland irons and tin plates, where they represent 1s. each. 











area of supply, for demonstrating the efficiency of , pering, forging, &c., among which we may specially 
coal-gas-fired plants in all branches of trade. At| mention ty of rotating shell-case annealing 
the present time, when a large number of factories | furnaces ata rotating furnaces for heating billets. 
and workshops have been requisitioned for aiding |The Newcastle display is to remain open until 
in the production of war supplies of some shape Saturday, the 26th inst. It will appeal to the New- 
or other, when also most of our manufacturers are | castle and district manufacturers who are actively 
contemplating the capturing of trade from the | engaged at the present time in the manufacture 
enemy, the manifold advantages attendant upon/|of munitions of war, since they will be able to 
the use of gas fuel should warrant a visit to this and | ascertain exactly by actual tests made with their 
tosimilar displays throughout the country, and the | own material what are the possibilities of the gas- 


making of a series of trials with a first-class plant | fired furnaces placed at their disposal. The exhibi- 
tion was opened by the Lord Mayor of Newcastle, 


and the help of experts.—A similar exhibition of 
gas-fired furnaces, but containing larger units than | Alderman John Fitzgerald, who, in the course of a 
brief address, said it had been told on the highest 


the one at Goswell-road above referred to, was 
opened last Monday, at the Old Infirmary, New- | authority that if we were to emerge successfully 
from the titanic struggle in which we were en- 


castle-on-Tyne. This latter exhibition has been 
equipped under the auspices of the North-East | gaged, the entire resources of the country, both in 
men and material, must be mobilised. Anything, 


Coast Gas Undertakings ; it contains furnaces in 
operation for annealing, melting, hardening, tem ‘therefore, which was going to help to increase the 
‘ 
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naces were proving of the greatest adv » in 
connection’with the manufacture of the requisites 


output of vital necessaries was going to be an im- 
portant factor in the country’s preservation. For 


lecture on ‘‘ Some Experiments on the Quenching 
of Steel.” Two further lectures are announced to 
take place, one on the 7th inst., by Mr. Robert 8S. 
Whipple, on ‘t Modern Pyrometry,” and one on the 
14th inst., by Mr. E. Russell Brayshaw, on ‘‘Some 
Experiments in Gas-Burning.” 





NOTES FROM THE UNITED STATES. 
PurLapgipui, May 19. 

STEEL and iron-mill operations have been gradually 
expanding, some having reached 80 per cent. of capa- 
city, with 94 per cent. as maximum. Domestic railwa 
buying has improved. Bids are in for some 16, 
cars for the Pennsylvania Railroad, and inquiries from 
other sources raise the number up to 30,000. Domestic 
orders for 10,000 cars have been placed in Western 
plants ; orders for 4000 cars for Russia have been 
placed with a Canadian concern. Rail contracte for 
60,000 tons are to be rolled for Russia, and a large 
volume of business is under negotiation for the same 
country. 

Argentina has placed orders for 8000 tons, and a 
domestic road for a like amount. The number of idle 
freight cars is decreasing ; quiet prevails in pig-iron 
after an active period. Numerous mill extensions have 
been made to turn out bars for shrapnel ; an addition 
to the Baldwin Locomotive Works, 900 ft. by 1600 ft., 
calls for 8000 tons of shapes. Eastern mills are workin 
on orders for 27,000 tons of round steel for shrapnel, 
and an order for 25,000 tons will go to a Western mill. 
Steel billets are at last moving freely. Wrought-iron 
makers ordered 46,000 tons. A half dozen railroads 
have orderei 80,000 tons of steel, the Southern Pacific 
ordered 6500 tons of tie-plates, and the Santa Fe 
3400 tons of steel plates and bars. Four large con- 
cerns ordered 75, tons of steel bars for shrapnel, 
and export orders for semi-finished steel were 60,000 
tons. Domestic and foreign inquiries for locomotives 
point to considerable business ; the general outlook 
is inspiring, money is abundant and easily borrowed, 
but, after all, the future is by no means assured. 





Tue German Srezt Union.—The gross profits of 
dealers in girders, which formerly was 64 marks 
per ton, has receded considerably on account of higher 
cost of production, in consequence of which the union of 


Rhenish- Westphalian dealers in girders has applied to 
the Steel Union for an increase in the t. itherto 
with a price to the works of 1194 marks per ton, with 


discount, at Diedenhafen, the price for dealers and 
constructors was 126 marks, but from this there had to 
be deducted allowances of from 2 to 4 marks, according 
to quantity, so that the profit for the merchant was 
frequently only 2} marks per ton. The Steel Union is 
considering the question. 





Tue Late Mr. WIittiAmM Greene.—We regret to have 
to record the death, which occurred at Derby, on 
Friday, May 28, of Mr. William Greene. Mr. 
was ninety-six years of age. He was associated with the 
early railway engineering work carried out in the United 
Kingtiom and on the Continent. The deceased was ap- 
prenticed at the age of sixteen to Mr. Wodehouse, who, 
at that time, eighty years ago, was surveying for the first 
Trish railways. ter, he was engaged on the Midland 
Counties line running between Leicester and Notting- 
ham, and now ~y-~ Fy of the Midland Railway 
a. He also wor on the construction of the 

lasgow and Greenock line, and on the second line to 
be built in France—namely, that from Paris to Rouen 
and to Le Havre. 





Tue Bratapay Honovurs.—The list of honours con- 
ferred by His Majesty on the occasion of his birthday, 
on Thursday, naturally reflects the » crisis through 
which the nation is passing, including a reflex of th 
political changes during the past few.days. TI is, 
unfortunately, a cuggestion that the Prime Minister, in 
his recom tions, has rewarded party service and 
granted compensationjin honours to some who have, in 
the reshuffing of Government appointments, met with 
disappointments. 15u> the list as a whole will meet with 


the commendaticn of the a It is very ly 
headed by the conferrin a knighthood of the 

on Lord Kitchener, ~~ oe granting of a barony 
to Sir Francis Bertie, who been Bri Ambassador 
in Paris since 1905. Amongst the new ina we 
are glad to note the name of Lieut.-Colonel William 
Forbes, Commandant of the Engi and Railway 


Staff and general manager of the Brighton Railway, 
ponds done valuable service not only duri the 


war, but poe his railway career. A knighth has 
also been erred u Mr. W. Slingo, -in- 
Chief of the General Post Office. We are glad also to 
note that Mr. E. H. Tennyson-D’E Director of 
Naval Construction at the Admiralty, has made a 
C.B. in the Civil Division; and also that Engineer- 
a Harry Lashmore, R.N., who — mentioned 
twice in despatc gains a corresponding distinction in 
the military | . In the Indian list, Mr. Hugh 

- | Trowbridge Keeling, A.M. Inst. C.E., the Chief i- 
and to the Chief Commissioner of Delhi, 





many years, he added, gas been “extensively 


of the military and navalauthorities. On Monday 
used for industrial purposes, and to-day gas fur- 


evening, Mr. Shipley, N. Brayshaw delivered a 


neer 
and a member of the Delhi Imperial Committee, is made 
aC.S.I. The Superintending yo hen of the General 
Post Office, Mr. David Mitchel] Stewart, has received 
the Imperial Service Order. 








636 


ENGINEERING. 


[JUNE 4, 1915.72 





THE LATE ENGINEER REAR-ADMIRAL 
WILLIAM W. CHILCOTT, O.B. 


We much regret to have to record the death of 
Engineer Rear-Admiral William Winsland Chilcott, 
CL, who occupied successfully several important 
positions in the Admiralty and was associated with 
the engineer staff at Devonport and Sheerness Dock- 
yards, He did much valuable work in’ connection 
with the training of the candidates under the new 
Pgs of common entry, before his retirement from 
the Navy, nearly eight years ago. He had gone to 
Bad Nauheim last summer to take the cure, and at 
the outbreak of war was detained in Germany, along 
with Colonel Stratton. The (German ‘Government 
refused to include him and the colonel those 
released as being over the age of fifty-five, because, as 
they were retired officers, ae. might, when they 
returned to this country, perform military duties. 
In January representations were made by our Foreign 
Office that they could not offer in exc prisoners 
of the same category, as no such individuals had been 
detained in this country. Willingness was expressed 
to exchange for these two retired officers of advanced 
years two German subjects, equally valueless from the 
military point of view. No reply was received to 
this question, and under the strain and privation 
consequent upon being meaty & prisoner the 
admiral passed away on May 24 last, in his sixty- 
seventh year. 

Engineer Rear-Admiral William W. Chilcott was 
born on October 3, 1848. He served as an engineer 
student at Woolwich and Portsmouth, an 
entered in H.M. Navy as an assistant engineer, second 
class, in April, 1869. He was appointed, on com- 
poe his studentship in July, 1872, to H.M.S. 

uphrates (Particular Service), and while serving in 
this ship was promoted successively to assistant engi- 
neer (first claes) and engineer. His appointment to 
H.M.S. Euphrates terminated in January, 1875, and in 
August of that year he went to H.M.S. Minotaur, in 
which ship, he remained two years, In August, 1877, 
he was appointed for service at the Admiralty, and a 
month later to Devonport Dockyard, as second assis- 
tant to the chief engineer. He was promoted to chief 
engineer in April, 1879, and in May, 1883, became 
first assistant to the Chief Engineer of Devonport 
Dockyard. He advanced to the rank of staff engi- 
neer in February, 1886, and fleet engineer in April, 
1887, and in January, 1890, went to Sheerness 
Dockyard as Chief Engineer, continuing as such on 
his promotion to Inspector of Machinery on Feb- 
a 19, 1892. He held this position until the end 
of November, 1896. His next appointment was to 
H.M.8. Hibernia for service in the rve at Malta, 
dating July 30, 1897, continuing thus upon, in April, 
1898, his promotion to Chief Inspector of Machinery. 
He returned to England in August, 1902, when he 
was appointed for service at the Admiralty in connec- 
tion with the personnel of the Engineering Department 
of the. Navy. Under the new nomenclature he became, 
on April 1, 1903, Engineer Rear-Admiral, with 
seniority April 1, 1898. In April, 1906, he received 
their Lordships’ approbation on account of the valu- 
able services rendered by him during his appointment 
at the Admiralty, especially in connection with the 
training of the cadets at the Osborne and Dartmouth 
Naval Colleges, and the superintendence of the 
scheme for entry of boy artificers and for training of 
mechanicians. He was placed on the Retired List at 
his own request on November 5, 1907. 

The subject of our memoir was made a Companion 
of the Bath in 1902. He was a member of the Institu- 
tion of Mechanical Engineers and a Fellow of the 
Royal School of Naval Architecture. 





Conrracts.—Messrs. Ed. Bennis and Co., Limited, 
Little Hulton, Bolton, and 28, Victoria-street, S.W., 
inform us that about 80 per cent. of the work ae 
Sar ete ee poceene, enemies Se > euanestien we ar 
Office contracts. Besi this they are busy on a large 
number of orders for their stokers and heating speciali- 
ties desti for private firms and corporations, the list 
of which contains twenty-one names. A third of these 
orders are repeat orders. 





Tue Trape or AUSTRALIA AND New ZEALAND WITH 
GeRMany.—The Australian aad, New Trade 
be cmp , 96, ay ey By tu feclest ens issued ; a 
pam givi e res principal exports from 
Australia and New Zealand to Germany, and the prin- 
cipal imports into both colonies from German 

figures for Australia cover the 
those for New Zealand cover 
we find that Germany im 


y. 
1911, 1912, and 1913 ; 
year 1913. From these 
rted wool from Australia in 
1918 to the value of 4,693,167/., and copper to the 
value of 367,235%., both figures being considerably below 
those for 1912, which were respectively 5,050,974/. and 
642,7442. Oa thé other hand, Germany exported to 
Australia, in 1913, 2,030,674. worth of metal and metal 
manufactures, and 1,702,145/. worth of apparel and 
Hoge ge mer of the ee eae 
being m w these two. pamphlet should serve 
as a useful guide to British commercial firms. 


was | the 


The | in large vessels, the cargo-tanks can 





THE EVOLUTION OF THE OIL-TANK SHIP. 


AT a meeting of the Institution of Petroleum Tech- 
pologiots, ot 0 a Se 
er Barringer, nst. C.E., Member, read a 
on this subject. He said that in no other branch of com 
mercial had been such a radical 
as that which was i by the introduction of the 
bulk oil-carrier. Immediately the safe transport of 
petroleum in bulk was assured, this method of shipment 
was rapidly adopted. In 1885 about 200,000,000 8 of 
petroleum were ex from America in barrels or tins, 
and about 1,750,000 gallons in bulk, but in 1896 the 
shipments in barrels fell to about 1,700,000 an 
the transport in bulk had risen to 484,000,000 ) 
Although there was no written history of the earliest 
bulk oil-carrier, the Chinese Newchwang junk, originally 
built for the carri of water in bulk, and afterwards 
used for oil, must the earliest examples of 
this class of vessel. The Chinese junk was provided with 
anexpansion trunk. Special instructions were issued as 
to the carri of oil up the Volga about the year 1723, 
and in 1764 the Persians collected oil on Holy Island near 
Baku) and conveyed it in sailing vessels, evidently in 
bulk, as it was menti that the sea was sometimes 
covered with oil for lenges. owing to the leaky state of 
the vessels. In the early days wooden barges were em- 
ployed on the Volga to carry oil in bulk, direct to the 
skin of the vessel, but great oy was npumene in 
keeping these tight, and considerable losses from leakage 
i . An interesting method, adopted to 
reduce this loss, consisted in loading the barges when full 
of oil with a deck-load of stones. is gave the barge a 
greater draught, and thereby caused the pressure of 
water outside to be greater than the pressure of oil inside, 
of pressure 7s aking of water - 
i the barge, instead of oi i out; and as 
the decks were kept low and the hatches were made 
oil-tight, this did not allow much water to enter. It was 
in 1875 that the first nised attempt to transport 
leum in bulk without the use of tanks was made by Nobe! 
on the Caspian: he appears to have loaded a wooden 
with residuum, and despatched it from Baku to 
Astrakhan. But it was not until 1878 that the first 
steamship, the Zoroaster, was adapted for carrying oil in 
bulk. At first tanks were fitted in the —_ but later on 
these were removed, and the oil carried to the skin of the 
ship. During the next ten years over thirty steamers 
were commissioned for carrying petroleum in bulk on the 
Caspian, and there is now a very large fleet of steamers 


engaged in this trade, all burning liquid fuel. 
i steps by which the mt tanker had been 
evolved were thus enumerated by Mr. Barringer. 

1. The introduction of longitudinal and transver:e 
bulkheads : The functions performed by these structures 
consist, in the former, of reducing by half the difference 
in level of oil due to rolling or list of the vessel, thereby 
preserving the stability of the ship, and in the latter, in 
Feleshen the length in which the oil can surge when the 
vessel is pitching in a seaway. The longitudinal bulk- 
head was at first only fitted as a divisional washplate, 
but is now made oil-tight, and of a strength to support 
the pressure of the total head of oil on either side. 

2. The fitting of expansion trunkways: These are of a 
reduced breadth, y being about a third of the 
beam of the v . The longitudinal bulkhead being 
carried up to the top of the trunks further reduces the 
difference in levels of oil due to rolling or listing of the 
ship, and also provides for the expansion or contraction 
of the oil by a in tempera’ es y 4 Lj 

2 per cent. of cargo capacity is > 

e level of the oil in the trunkways should never be 
allowed to fall below that of the deck. The introduction 
of the longitudinal bulkheads reduces by one-quarter the 
loss of metacentric height due to movement of oil. 

3. The provision of cofferdams forward and aft of cargo- 
tanks: These consist of spaces lly about 4 ft. in 
— kept empty, and forming a partition between the 
tanks and the engine and boiler-rooms aft, and a similar 
protection between the cargo-tanks and the forehold, and 
the deep tank forward, any leakage from bulkheads being 
collected in these spaces. _ : 

4. The carriage of oil direct to the skin of the vessel 
without the use of independent tanks: The fitting of 

te tanks with their connections had proved a fruit- 
cause of trouble from leakage, and also provided 
fined ne in which gas could accumulate become 
a source of danger. 

5. The abolition of the cellular water-ballast double- 
bottom below the cargo-tanks: In vessels fitted in the 
old way there was always a difficulty in keeping the top 
of the ballast-tank tight, and one accident at least is on 
record as due to oil having found its way from the cargo- 
tank into the double-bottom. 

6. The building of pump-rooms extending the whole 
breadth of the vessel, carried down to the bottom 
plating of ship and up to the upper deck : This method, 


were 6x 


se 
fu 
con 


when the pump-room is p f 
another cofferdam, dividing the cargo-tanks into two 
distinct portions, and when two pump-rooms are fitted, as 
capertne groups, efuling. quester eatsty trem Genper of 
greater safety anger 
mixing Shes’ different classes of oil are carried ; the 
mps can also be placed at the lowest point, thus 
acilitating the drainage of the tanks. , 
calsiage of eange ether thon tigaid cae : A larger basen 
iage of a liquid one : 
is provided, furnished with a bolted cover — the 
altenay oil-tight hatch, the whole being remov when 
ry tye is required. ? , 
8. perfection and elaboration of the pumping 
arrangements : Double lines of suction-pipes extend the 
whole length of the cargo-tanks, and carry two suctions 


- | Own pumps. 


laced amidships, furnishes | he 





to another, and di 
without mixing in pipe-lines. 
so that the — ; from barges alongside with 
veral disc are provided in various 

positions on deck, including lines for the discharge over 
the stern bow if required in port, or for the transfer 
of oil at sea to another vessel. 

9. The fivting of mechanical ventilation to tanks. 

10. The fitting of steam-heating coils in the cargo-tanks : 
With the introduction of liquid fuel and heavy viscous 
classes of oil for road-making, &c., it was found impos- 


d | sible to handle these expeditiously at ordinary tempera- 


tures ; it therefore became necessary to provide means 


for heating ca in the tanks, a temperature of upwards 
of 120 deg. Fahr. being —- in some cases. 
11. The introduction of liquid fuel in place of coal for 


the firing of the steam-boilers : This required all bunkers 
Pa nooennivanned pags oy the introduction of pumps, 

., for handling the oil, with special arrangements when 
low-flash oil is used as fuel. ieee 

Mr. Barringer then proceeded to describe successive 
ships of note, concluding with the 15,000-ton vessel for 
the Eagle Oil Transport Company, fully illustrated in 
ENGINEERING, vol. xcv., page 131, and vol. xcviii., page 
181, and the cylindrical tank ship illustrated on page 428 
ante. He said that the principal objection to the design 
(and this must be considered a serious one) was the fact 
that there were a great number of spaces where gas might 
accumulate, and thus introduce an element of danger. 
Moreover, there did not seem much probability of its 

necessary to convert a tanker into an ordinary 

cargo vessel, now that the use of liquid fuel was becom- 
ing more general, and the world’s output of petroleum 
increasing. 
There were ‘now, he added, about 434 bulk-oil ocean- 
going steamers afloat, representing a total gross tonnage 
of 1,637,300, 192 of these vessels being fitted for’ burn- 
ing liquid fuel. About 50 of these were built between 
1880 and 1890, about 98 between 1890 and 1900, 120 between 
1900 and 1910, and from and including 1910 to end of 
1914 no less than 166 vessels were put into commission, 
with a total gross tonnage of about 800,000 tons, the out- 
put in these five years being equal to nearly half the 
tonnage now afloat. In addition to these steam vessels 
there were 57 sailing ships in commission, re ting 
99,788 gross tons; only eight of these, totalling 14,587 
tons, have been built within the last five years. 








Tue IncorporaTepD Mounicipat Execrric Assocra- 
TION AND Members ON Active Srervice.—The Council 
of the Incorporated Municipal Electric Association has 
agreed that an engineer member of the association on 
active service may be represented at the business meet- 
ings by his deputy. Voting power is personal to the 
members and cannot be exercised by anyone else. 





Specrat Entry or Navat Capets.—The Secretary of 
the Admiralty announces that the scheme of special 
entry to naval cadetships, which was instituted in 
1913 for a period of four years, will be continued 
beyond the year 1916 until further notice. The examina- 
tions are held annually in June, and candidates are 
required to be not more than 184 nor less than 17} years 
of age on June 1. Particulars may be obtained on appli- 
cation to the Secretary of the Admiralty. 





Rattways IN Wark Time.—The Railway News, 91, 
Temple Chambers, Temple-avenue, E.C., has published 
a second part of their “Records of Railway Interests in 
the War,” at the price of 1s. This number consists of 
eighty pages of iffustrated matter concerning British 
railways, and covering the period January to April of 
this year. The material is reproduced from the Railway 
Newe, but many will doubtless like to have it in the 
handier and more compact form in which it now appears. 
There are articles on ambulance trains, war and trans- 
port difficulties, the Admiralty transport department, 
railway servants’ national aaa, cumiey- 
ment, rolls of honour, railway steamers and the blockade, 
railway revenue and accounts, cost of the war, chairmen’s 
references to war, and so on. The information con- 
tained in the compilation is very considerable. 





Epwarp Busk MemoniaL.—Members of the staff of 
the Royal Aircraft Factory, the aeronautical staff of the 
National Physical Laboratory, members of the Aero- 
nautical Society of Great Britain, of King’s College, 
Cambridge, and relatives and friends of Mr. Edward 
Teshmaker Busk, late of the London Electrical Engi- 
neers, have ex the desire that a memorial should 
be founded in his honour and for the promotion of the 
study of aeronautics, to the advancement of which science 
so largely contributed. Mr. Busk was ng By eg 
- t years of age when, on November 5 last, he died at 

while flying his own stable aeroplane, which 

was destroyed by fire, thus terminating a career early 
marked by fine achievement, and full of promise. The 
memorial will consist of (1) a studentship to enable a 
student to carry on some in aeronautics or & 
kindred subject ; and (2) a lecture on some such subject 
to be given annually by the holder of the studentship or 
by some lecti to be published in the 
Subscriptions to the amount of 
about 2500/. have been received or promised, and further 
a Bat —, — b v 
ward H. , Sussex-place, Begee ‘8 , N.W., 
or the Secretary of the Aeronautical Society of Great 
Britain, 11, Adam-street, Adelphi, W.C, 
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IRON, CARBON, AND PHOSPHORUS.* 
By J. E. Sean, D.Se., D.Met., F.R.S. (Middlesbrough). 
(Concluded from page 613.) 

5. Distribution of Phosphorus in Steel Ingots, Poor 

. a Rich in Palko, and in Steel Rails, dc. 

Although the phosphorus is almost perfectly distri- 
buted in blown Bessemer metals containing practically no 
carbon and 0.03 per cent. phosphorus, it is not so when 
appreciable amounts of carbon are present. It may be 
accep as an established law that, as the carbon is 
increased in fluid metal, the phosphorus becomes more 
and more concentrated in the portions last to solidify. 
For instance, the phosphorus in very grey hematite iron 
is concentrated in independent nuclei, in the form of a 
eutectic containing from 7 to 10 per cent., while in the 

urest steels containing from 0.4 to 1.5 per cent. carbon, 
it is found in concentrated solid solution in and about 
the crystals, and never in the free state. 

Photographs No. 23 (a-b-c-d), below, represent cast 
phosphorettic steel having the following analysis :— 


Per Cent. 
Carbon 0.17 
Silicon - 0.187 
Phosphorus ... 0.390 


Photograph No. 23 (a) represents a section after etch- 
ing, magnified only 5 diameters. The fir-tree primary 
crystallites (dark) are most clearly shown, and contain 
very little phosphorus, for the copper of the etching 
reagent has deposited on them, while the white portions 
between are very rich in that element. 


(b) Steel : Carbon, 0.17 per cent.; phosphorus, 0.3) 


(a) Steel: Carbon, 0.17 per cent.; phosphorus, 0.39 
per cent.; silicon, 0.18 per cent. Etched with 
cupric reagent. Magnified 5 diameters. 





(c) Steel : Carbon, 0.17 per cent.; phosphorus, 0.39 
per cent.; silicon, 0.18 per cent. Etched with 
cupric reagent. Magnified 50 diameters. — 

No. 28. 


No. 24.—Cross-section of a steel rail-head con 
per cent. 


cen 
dilute aci 


3 Phowphorus. Natural size. Etched with 


Photograph (c) is a a magnification of part of th 
cme, while Photograp +" me ere 


* Paper read before . 
Friday, May 14, 1915, 





(ad) Steel: Carbon, 0.17 per cent. ; phosphorus, 0.39 
per cent. ; silicon, 0.18 percent. Etched with cupric 
reagent—10 minutes. 


taining 0.07 No. 25.—Oross-section of a rail-head containing 0.03 per 
reagent. 


" (d) is the same area as the 
t after ten successive applications of the etching fluid, 


the Iron and Steel Institute, 


in which only the parts most highly enriched in phos- | the carbon diffuses back into the purer crystallites and is 
phorus remain unattacked. They were the very last parts | concentrated in their central axes, a process that is re- 
to solidify. | versed on gradually re-melting. 

Photograph (5) is a part of the same material etched by | Ingots made by the basic open-hearth process for the 


No, 22, 








(a) Railingot. Etched with acid. Magnified 50 tched with cupric reagent. 
diameters, 


ed 50 diameters. 


(b) Rail » : 





(a) Etched with acid. Magnified 60 diameters. 





per cent.; silicon, 0.18 per cent. 


Etched Jwith 
acid. Magnified 50 diameters. 





(>) Etched with cupric reagent. 1 minute attack. 


Magnified 50 diameters. 





(c) Etched with cupric reagent. 
No. 26.—C: ucible steel ingot. 
0.012 per cent. 


5 minutes’ attack. 


t. phosphorus. Natural size. Carbon, 0.45 per cent.; phosphorus, 


Etched with cupric 


| acidulated alcohol, a reagent which darkens the parts | manufacture of modern steel rails contain between 0.02 


where the carbon is concentrated. This illustrates a most | and 0.03 per cent. phosphorus and about 0.6 per cent. 
important law, that although the primary crystallites at | carbon. section cut from one of these ingots about 
the time of their formation contain little or nocarbon|3 in. from the outside is illustrated by P otograph 
(that element being associated in concentration with the | No. 22 (a, b), above. The first was etched by an acid 
phosphorus in the last portions tosolidify), during cooling | fluid, the second by the cupric reagent, In the acid: 
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etched steel structure no trace of the primary crystallites 
appear, but in the other the purer primary crystallites, 
surrounded by metal that solidified after the formation of 
the primaries, are clearly in evidence. After repeated 
attacks the white areas gradually became less and less 
marked, till finally only minute white portions remained 
where the phosphorus was most highly concentrated. 

As one would naturally anticipate when steel ingots 
are rolled into bars or rails, the parts rich in phosphorus 
are extended into threads or plates, and can be readily 
pny in longitudinal sections. An example <, song 
was shown many years ago in my paper on “‘ Crystallisa- 
tion and Segregation in Ingots,” and is reproduced in 
photograph No. 24, and asecond example from a rail con- 
mgr = 0.03 per cent. phosphorus is shown in photograph 

o. 26, 





(a) Etched with acid. 





(0) Etched with cupric reagent. 


(c) Etched with cupric reagent. 5 minutes’ attack. 


No. 27.—Crucible stee! ingot. 


Photographs No. 26 (a, b, c), page 637, are from a crucible- 
steel ingot containing carbon, 0.45 per cent.; phosphorus, 
0,012 per cent,; and photograph No. 27, above, is part of 
= No. 2, to which 0.08 per cent. phosphorus was 


Photographs No. 28 (a, b, ¢), above, re t a steel 
ingot containing 1.20 per cent. carbon and 0.012 per cent. 
phosphorus, etched in the sane way as the last. The 
phosphorus is most concentrated in the form of globular 
inclusions representing the very last parts to solidify 
completely. In these photographs the free cementite is 
also white, but as the lines always remain clearly defined, 
and do not alter after repeated attack, it is easy to see 
they are not potions rich in phosphorus. 

Photograph No. 8, page 571 ante (a, b, c, d).—Cast-steel 
test-piece referred to on page 570 ante. 

7. On the Synthetic Production of Ghost-Lines, and the 
Influence of Ghost-Lines on the Strength of Steel. 

In order the better to study the peguliarities of ghost- 
lines, a sheet of soft iron was cut into strips, and between 
them powdered iron -phosphorus-carbon eutectic was 





1 minute attack. 


Carbon, 0.45 per cent.; phosphorus, 0.08 per cent. 





laced. The pile so produced was heated to 1000 deg. 
Pent., a temperature which caused the powder to melt. 
It was then forged down to a }-in. sheet. The excess 
eutectic was squeezed out from between the layers, 
leaving the juxtaposed faces perfectly united with a thin 
layer rich in phosphorus. After very slow cooling sec- 
tions were cut, polished and etched. The structure was 
identical with that so often found in ship and boiler- 
plates, consisting of strings of disconnected patches of 
pearlite and straight lines of ferrite. The white lines, 
representing the junction of the original plates of carbon- 
less iron, were quite free from carbon. The phosphorus 
had diffused to a slight extent into the iron, and the 
whole of the carbon originally associated with the phos- 
phorus was found in the iron beyond the phosphoretic 
junctions. 


The average phosphorus 
in the plate was about 0 2 
per cent. and the carbon 
about 0.12 percent. Typi- 
cal ghost-lines had thus 
been produced syntheti- 
cally. The plate was then 
heated to about 1350 deg. 
Cent., and was very slowly 
cooled to 700 deg. Cent. 
during a period of about 
three days. On examina- 
tion of the plate when cold, 
both the phosphorus and 
carbon were found to be fectly and evenly dis- 
tributed, and no evidence oF chon eould de- 
teoted. By subjecting a bar of steel, containing about 
0.3 per cent. of phosphorus and an equal amount of 
carbon, to the same drastic heat treatment, a similar 
change was effected (*). Before annealing, the bar 
consisted of ghost-lines and lines of pearlite, the former 
being rich in phosphorus and free from carbon. After 
the treatment, not even the most delicate methods 
were able to detect any variation in the phos 
the carbon was distributed more equally. The diffusion 
of phosphorus being complete, although there were slag 
inclusions drawn out into threads, they were not enve- 
by ferrite, and ferrite ghost-lines were absent. 

en it is recalled that large forgings are sometimes 


rejected on account of white ghost-lines or phantom | 


streaks only detectable aftar rough turning, and that 
some forgings which served their purpose satisfactorily 
have contained many of the same lines, one is fo: 


(b) Etched with cupric reagent. 


(c) Etched with cupric reagent. 
No. 28.—Crucible steel ingot. Carbon, 1.2 per cent.; phosphorus, 0.012 per cent. 


orus, and | 


to | present 


they are not associated with a material amount of 
inclusions, they are not dangerous or liable to lead to 
the failure of engineering structures. I am ‘led to that 
conclusion by submitting cross-sections to violent shock- 
test, so that the stress applied is greatest across the lines, 
for when this is done fracture.does not start where they 
are located unless there are sulphide or slag inclusions in 
material quantity. The subject should have more con- 
sideration, and thoroughly investigated by making 
suitable mechanical tests. 

The term ‘‘ ghost” and “phantom” indicates an im- 
portant fact—namely, that the lines are not deep-seated ; 
they are completely removed by turning off a thin layer 
of the steel, and apparently reappear in other places, 
which of course means that they are i y dis- 
sur- 





trivuted, very attenuated, and that those below the 


(a) Etched with acid. 





1 minute attack. 


5 minutes’ attack. 


face are made visible when the layer covering them is re- 
moved. It seems certain that the hotter the steel is 
| poured, the larger the mass, and the consequent greater 
a during which the steel crystallises, the more 
| liability is there for the formation of local intercrystalline 
| segregations, which, on being extended by forging, 
| become ghost-lines. The portions which are rapidly 
| chilled by contact with the mould sides, if free from 
| honeycombs, are always the parts free from local segrega- 
| tions. 

Steel cast in sand moulds, or metal moulds lined with 
| sand, are not chilled to any material extent, and the 
| outer walls are not so hom eous as the corresponding 
| parts of steel ingots cast in iron moulds. The appear- 
| ance of white ghost-lines in forgings is largely the result 
| of the heat treatment to which the metal is subjected. 
| If, after heating, which causes perfect distribution of the 
carbon, the metal be oil-cooled, the time of cooling is not 
| sufficiently rapid to admit of the expulsion of the carbon 
from the more phosphorised areas, and if the chilled 
| forgings be re-heated to temperatures below the critical 
| point A), the steel will be softened, but the carbon will 
not diffuse out of these areas. 
|. The three photographs, No. 32, page 640, are taken 
| from a test-piece cut from a large forgirg :—(a) In the 
| state as received ; (b) after heating to 950 deg. Cent., and 
cooling in air where it passed from 900 deg. to 600 deg. 
Cent. in 20 minutes ; and (c) is the same area as (b) etched 
by the cupric reagent. 
(a) shows ghost-lines. 

(b) is free from 4 trace of these lines. ast 

(c) shows that although no ferrite lines are visible or 


the phosphorus lines are present, and, as was 


question whether there is sufficient evidence that ghost- | proved by very slow cooling of this specimen, the phos- 


lines are as harmful as some people imagine. 
After careful study I am inclined to believe that if 


| phorus expelled the carbon with the reappearance of 
ferrite bande. 
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8. The Result of Haperiments on a Soft-Steel Plate, 
Proving that the Parts Rich in Phosphorus Constitute 
the White Ghost-Lines, and that they are Last to be 
Invaded by Carbon on Heating Up, and First to Part 
with Carbon on Cooling. 


In order to determine whether the ghost-lines in a steel 
plate could be removed and restored by heat treatment, 
a plate having the following analysis was selected :— 


Per Cent. 
Carbon ae 0 135 
Manganese ... 0.37 
Silicm Traces 
Sulphur ne 0.067 
Phosphorus ... = 0 061 
Copper ae ne 0.061 


Phosphorus was clearly proved, by the aid of the new 
reagent, to be present in the white lines, and these 
were associated with sulphide inclusions. The plate 
was heated to about 1200 deg. Cent., and was cooled 
down to atmospheric temperatures in about four days. 

bo — of = ee oe this ——— was 
entirely changed.  pearlite, instead of being in 
minute detached particles longitudinally = in 
lines relatively close together, occurred in lines wide 





been heated and quenched from 1000 deg. Cent. be cut, 
for hardened in this way the steel had only the average 
hardness of thoroughly intermixed hardenite and ferrite. 
Four pieces of the plate were heated at 1000 deg. to 
1100 deg. Cent., and cooled at different rates. One piece, 
taken directly from the muffie and cooled in air in 
less than one minute, was proved on etching to have 
@ most homogeneous structure, and no trace of any 
ghost-lines was visible. This is illustrated by photo 
No. 29 ®., below. _ —— are <~ and fifth 
were cooled progressively more slowly, (m) in ten minutes, 
(nm) in half an hour, and (0) in one hour. the 
specimens, when at 1000 deg. Cent., had the carbon 
uniformly distributed, but when time was afforded in the 
cooling process, the carbon diffused into longitudinal 
seams, leaving bands or micro-ghost lines of carbonless 
ferrite. On applying the new en oy to specimen (k) 
the phosphorus bands remained bright together with the 
rlite patches, while all the other parts of ferrite, shown 
ark in the photograph, became coated with copper. The 
microstructure of the plate, before and after annealing 
and heat treatment, is shown in series No. 29 (a) to (0). 


(a) represents the acid-etched plate before annealing, in | The 
which both the ghost-lines and other ferrite remain white 
and the pearlite dark. 

(h) represents the same steel etched by the new reagent 





carbon diffused out of these and passed into the purer 
parts, where there is least phosphorus. Had the cooling, 
after reheating to 1000 deg. Cent., been much slower, 
there can be no doubt the pearlite would have segregated 
into the same lines, shown in (e). The results speak for 
themselves, and not only show that orus in ferrite 
resists the entrance of carbon into it on heating up, but 
rejects it on slow cooling. 


As has been stated, carbon at an early period during the 
cooling of low-carbon steels diffuses out of the phos- 
phoretted portions, and is slow to return on reheating, 
and it seemed probable that if present in iron it would 
resist carburisation by cementation. That it does so was 

roved by the carburisation of phosphoretic wrought 
iron by blast-furnace gas at a temperature under 600 deg. 
Cent., for while the purer portions were almost com- 
pletely converted into carbide of iron (Fe,C), very little 
carbide was formed in the portions rich in phosphorus. 
experiment was repeated, with the same result, by 
subjecting to the rame process a har consisting of layers 
of pure iron sandwiched between layers of iron rich in 


phosphorus. A further trial, confirming previous obser- 





(a) Etched with acid. 





(b) Etched with new reagent. 


(c) Annealed. 





(d) Quenched from 750 deg. Cent. 


(e) Heated to and cooled from 780 deg. Cent. 


(Sf) Heated to and cooled from 800 deg. Cent. 


(g) Heated to and cooled from 850 deg. Cent. 





(A) Heated to and cooled from 890 deg. Cent. 


(i) Heated to and quenched from 900 deg. Cent. 


(®) Heated to 1000 deg. Cent. and cooled in air. 
Etched with acid. 





(2) Heated to 1000 deg. Cent. and cooled in air. 
Etched with cupric reagent. 





(m) Heated to 1000 deg, Cent. and slowly cooled. 





(n) Heated to 1000 deg. Cent. and cooled more slowly. 





(j) Heated to and quenched from 92 deg. Cent. 


(0) Heated to 1000 deg. Cent. and cooled still more slowly. 


No. 29,—Soft-stee! plate. Photographs (a) and (¢) to (k), and (m) to (0) etched with acid. 


apart and separated by parallel broad bands of ferrite. 
Instead of being in the form of minute detached islands, 
the pearlite existed in almost continuous bands, broken 
at relatively wide intervals. This specimen was an 
ideal one on which to work and prove, first, the effect of 
beating at different temperatures in causing the carbon 
to diffuse into the phosphorised ferrite layers; and, 
secondly, to determine whether, after the carbon became 
perfectly diffused, on cooling it would return to its 
original position. Several portions were cut from the 
plate, and these were heated in duplicate to 750 deg., 
780 deg., 820 deg., 850 deg., 900 deg., 930 deg., and 
1000 deg. Cent. respectively. One of each of the pieces 
was quenched in water, the other being allowed to cool 
inair. Thespecimen quenched from 750 deg. Cent. could 
not be filed or sawn, while that quenched from 1000 deg. 
Cent. was relatively soft. 

This apparent anomaly was soon explained after an 
examination under the microscope, for the specimen 
quenched at the lower temperature consisted of rela- 
tively thick bands or layers of hardenite embedded in 
soft ferrite. These bands were so securely anchored in 
the metal that the saw and file simply skidded over 
their surfaces. The same plate, before the drastic 


annealing, heated to, and quenched from, the same | b: 


temperature of 750 deg. Cent., was easily filed and sawn. 
In each the pearlite had been c to hardenite, 
and the hardenite was in the same portion as the 
pesrlite. The former resembled a fiel ey me pe 
and boulders of vee ma te od granite, the latter the same 
field with the granite broken up into a Jarge number of 
small detached pieces and distributed through the sdil. 
A ploughman could not make furrows in the first, but 
could readily plough the second, and for the same reason 
the file saw could not cut the hardened steel with 
ridges of hardenite, but were capable of readily cutting 
the steel containing the hardenite in sub-divided 
ticles, and still more readily could the eteels which 





lateral! 
Sarre 


which has left the ghost-lines and the phospho-ferrite 
white and the purer ferrite dark. 

(c) is the same plate after annealing by heating to about 
120 deg., and slowly cooling from that temperature. 

(d) is a portion of the plate heated to, and quenched 
from, 750 deg. Cent.; the white bands represent hardenite 
embedded in ferrite. 

{2 Heated to and cooled from 780 deg., etched by 


| f) Heated to and cooled from 800 deg., etched by 
mY Heated to and cooled from 850 deg., etched by 
my Heated to and cooled from 890 "deg., etched by 
acl) Heated to and quenched from 900 deg., etched by 
o Heated to and quenched from 920 deg., etched by 
me Heated to and cooled from 1000 deg., etched by 
(1) Heated to and cooled from 1000 deg., etched with 
the new reagent. 
> eee to and slowly cooled from 1000 deg., etched 


y acid. 

" (n) penne to, moreslowly cooled from 1000 deg., etched 

y 

. ( 
ry b 
It will beseen, in photograph (/), that the phosphorised 

portions in the hg pric ti annealed Ms high tem 

peratures are much wider than the beth eyes a 

e ex 


acid. 
> mae to, more slowly cooled from 1000 deg., etched 


plate, and are shaded at their boundaries. 
tion is not difficult, for the high temperature to which the 


| steel had been subjected caused the ge to diffuse 


y and merge with the other rich in phos- 
wider bands more dilute in that element 


those in the original plate; on slow cooling the 





vations, was made in which the face of a section, cut from 
the centre of a bar of steel, was carburised. 
The purer steel on each side of the segregated part rich 
in phosphorus became highly carburised, whilst the segre- 
ee 40 ent. phosph 

osphorettic iron (0.40 per cent. p! orus), although 
incapable of being recrystallised on heating alone, bene 
up into small crystals when car is caused to diffuse 
into it, a seeming proof that whilst phosphorus prevents 
the change of a to ¥ i carbon restores the possibility. 
i crystals of iron during interdiffusion with carbon 
in soft and medium soft steels in the range called the 
a-8 coincidentally break up into small ones, which 
appears to indicate that as the iron is invaded by the 


cident absorption of heat over the whole range—an hypo- 
thesis emanating from Osmond. Grenet suggests that 
the heat absorbed during this —w 7y due to the solu- 
tion of carbon in iron, t neither Grenet 
nor anyone elee has explained the significance of the 
recrystallisation. 
10. How it is that Phosphorus in Steel tends to cause the 
Crystals in Castings to be Small, and that the Purest 
Castings contain the Largest Crystals. 


_ When there are parte richer in phosphorus than others 
the stenstane, he paste sickest lo paespheren wtb exeaine 
ric in 
have the —] orus will usually 


eens 2 remaining liquid 
w precedes them in the mould. This concentration 
lowers the ing-point and admits Go pam of new 
crystallites bey the impure liquid, these also 

surrounded by a liquid of lower freezing-point than o 
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of the primary crystallites beyond them, and the process 
is ted till the whole mass is solid. On the other 

when phosphorus is absent or very low, the 
primaries continue to grow unchecked for a longer dis- 
tance, and larger crystals result. 


SECTION III. 


New Merson ror Derectinc VARIATIONS OF PHOs- 
PHORUS IN IRON AND STEEL. 


Many years ago I noticed that very dilute aqueous 
solutions of copper chloride deposited copper unevenly 
on polished surfaces of steel ; some portions remained 
bright. while on others copper was deposited and appeared 
— On experimenting on steels with ‘‘ghost-lines,” in 
which it been proved by the “ heat-tinting” process 
the phosphorus was in segregaticn, the action was ms 





No. 30.—Bar with phosphorus layer, cemented in blast-furnace gas. 
Magnified 50 diameters. 






(a) Etched, then heat.tinted to 
brown and pale yellow. 





erratic ; sometimes the copper deposited on the purer 
portion, and at other times it aepelieed on the oo rich 
osenhain 
asked me if I had used copper solutions to etch steel, I 
uently reinvesti 
I substituted 
the ferric chloride, the pre- 
Dr. Rosenhain 
J immersing the 
specimen in the reagent, as is their practice, I simply 
cover the specimen with the exceedingly dilute alcoholic 
I then found that the copper invariably 
thi rtions freest from phos- 
phorus, and so rensitive was the selective action of the 
reagent that differences of less than 0.01 per cent. phos 
phorus, and irregular distribution of phos — in al 

@ com- 


in phosphorus. Some time ago, when Dr. 


replied in the above terms, but subseq 
gated the action of copper salts on steel. 
alcohol for water, omittin 
sence of which is considered necessary b 
and Mr. Haughton (*), and fastend of 


cupric solution. 
first deposited on the purer 


wrought irons and steels, could be detected. 
position of this reagent is given below. 
The reagent is made by mixing — 


Cupric chloride . 10 grammes. 
a chloride @ »w« 
Hydrochloric acid sil 20 cub. om. 
Alcohol, to make up to ... a. 2 


The salts are dissolved in hot water and the solution 
Magnesium 
, but better results are, if any- 


made up to 1000 cub. om. with alcohol. 
chloride is not n 


thing, obtained by having it present. 


The specimens are simply covered with a thin layer of 
the reagent, and in a 
bath of the liquid. The layer of liquid, after remainin 
en off, and a secon 
for the same 


procedure is repeated as often as it is found 


t, and must on no account imi 


on the surface for one minute, is 


one 


on the surface and left there 





(>) Same area after repolishing, 
attacked by cupric reagent. 


No. $1.—Iron with a spot rich in phosphorus. 


desirable. Tbe specimen is washed with boiling water, 
then with methylated spirits, and shaken to remove the 
spirit from the surface, the heat imparted by the boiling 
water rapidly coupeseing the last traces of alcohol. The 
copper is usually left as a hard, coherent layer, and is not 
readily come by rubbing ; indeed, the specimens may 
sometimes be ae by rouged chamois leather without | 
disturbing the deposited co . The reagent not only 
indicates variations of phoey: but by progressive etch- 
ing one can get a very good idea as to the degree of differ- 
ence between the phosphorus in different portions of the 
same metal. If the reagent be applied in successive por- 
tions, and the difference in the proportion of phosphorus be 
slight, as stated above, the a invariably precipitates 
on the purer portion first; but on repeated applica- 
tion the copper gradually deposits also on the parts richer 
in phosphorus, and after many applications of the reagent 





the whole surface, including 
the phosphorised parts, be- 
comes coated with copper. If, 
however, the phosphorus be 
very much concentrated in one 
or more ta, these remain 
perfectly bright and free from 
copper even after ten applica- 
tions of the nt. 

In order to show the rela- 
tive sensitiveness of the new 
method as compared with the 
old ‘*‘ heat-tinting” process, 
piece of pure Armco iron, 
manufactured by the Shelton 
Iron, Steel, and Coal Com- 
pany, Limited, was phosphor- 
ised in one single spot by 
making a small hole in it and 
filling 1t with iron phosphide, 
after which the bar was 
heated to whiteness to enable the phosphorus to melt and 
diffuse into the marganrmcns > | iron. After cooling, the sur- 
face of the bar was ground down to below the point where 
the original drill-hole had penetrated so as to admit the 
examination of the iron below, into which the phosphide 
had diffused. The surface after polishing was first etched 
so as to develop the crystalline structure of the iron ; it 





| extend outwards, as was proved by t 


side by side, and are po oe in No. 31 (a) and (6), 
below. It will be observed that one application 
of the new reagent left the whole of the phosphorised 
parts Ss free from any copper deposit, and also 
that the phosphorus in diffusing preferentially travels 
between the junctions of the crystal grains. 
branches or ramifications diminish in pane as they 
e continued appli- 
cation of the reagent, for the copper began to be de- 
posited on their terminations, and eventually they 
were completely covered, leaving only a round white 
disc. On continuing the attack the white disc becomes 
smaller and smaller, until eventually | a small spot 
in the centre remained free from deposited copper. This 
gradual deposition of the copper commencing at the 
extremities and extending towards the centre indicates 
that the phosphorus was in greatest concentration at the 





(a) As received. 


(c) Same as (b). Etched with cupric reagent. 
No. 32.—Ghost-lines in large forging. Magnified 50 diameters. 


centre, and the Jeast at the ends of the branches. Heat- 
tinting was not sufficiently sensitive to detect the very 
dilute solid solution of the phosphorus in the inter- 
granular ramifications, but was capable of indicating that 
the centre of the disc contained more phosphorus than 
thé outer part. It is probable that the reagent described 
by Rosenhain and Haughton (*), which is as follows :— 





was then heated until the ised bro A . 

and the surrounding dey po gy iy then | Ferric chloride (Fe,O),) ... 30 grammes 
photographed. The section was repolished and treated Hydrochloric acid (cone. ) 100 cub. om. 
with one application of the new reagent, after which it Cupric ebloride (CuC),) ... 10 grammes 
was again photographed. The photographs of the same Stannous ; chloride (SnCl,) 05 
area, after developing in the manner described, are placed Water ew 1 litre 
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may give identical resulta, but in my own experience it is 8. Arnold.—‘‘ The Physical Influence of Elements on| 50. Stead.—* Eighth Report to Alloys Research 
mates entade in its action as the one above described. Tron.” Journal of the — and Steel Institute, 1894, Committee,” 4 — RN of the tone Mecha. 
Mr. J. H. Whiteley, in a paper read before the Cleve- | No. I. Pege 107. nical Engineers, 1907 308, 
land Institution of Engineers (53), described & method for 9.8 -—“*Phosphorus in Cleveland Ironstone and| 51. Stansfield.—* The’ Burni and ing of 
detecting Mt Re Wires phosphorus in = = Journal of the Cleveland Institution of Engineers, | Steel.” Many | of the Iron and Steel Institute, 903, 
According . Whiteley, is le is- | 187 1 , 
solving 0.04 gramme copper oxide (CuO) in 6 cub. = of} 10; Baron H. Jiptner von Jonstorff.—Journal of the} 52.8 —“ Alloys of Copper and Iron.” Journal 
nitric acid (HNO,} and ing up to 200 cub. cm. Tron and Steel Institute, 1897, No. I., page 224. of the Iron and Steel Institute, 1901, No. IL, page 
Bs, Witla pol to over rps a Teeth | ik Barn, Sperm dons = a py sia aoe 
- Whiteley prefers to etch very y and re itschreft - und Hiittenwesen, vol. xviii., iteley.—** A of Cast Steel.” J 
af is reagent, like all other cupric 209, the Cleveland Institution Engineers, 1914-15, Ay 
64, Stead.—“‘Iron, Sulphur, and Phosphorus.” British 
Foundrymen’s Association, 1908. ' 
5b. bot.—* tion in Steel Ingots.” Journal 


acts upon certain dissolving portions of 

therefore, on slightly repolishing, the least 
of the Iron and Steel itute, 1905, No. IT., page 204. 
m s and Stead.—‘“ Microscopic Analysis of 


u take a bright poli whilst the hollow 
which the metal has women ad by the etching remain 
dark. i 
57. Law.—Journal of the I ds i 
1906, No. I., parc iv ron and Steel Institute, 


Mr. Harry Brearley, when discussing Rosenhain and 
Haughton’s paper on their new etching t (#), 

58. Amico.—‘ Influence of Phosphorus on Mechanical 

Properties of Mild Steel.” Ferrum, August, 1914, 
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14. Osmond and Werth.—“ Théorie Cellulaire des Pro- 

ses - ny Annales des Mines, Eighth Series, 

uly to August, . 

1b. Osmond.—‘“‘ Etudes Métallurgiques.” Annales des 
Mines, July to August, 1888, 

16. Lencauchez.— Mémoires de la Société des Ingénieurs 
Civils, May, 1887. 

7 -—“*Orystalline Structure of Iron and Steel.” 

Journal of the Iron and Steel Institute, May, 1898, 

18. Stead.—** Note on the Structure of hosphorettic 
Pig Metals.” Journal of the Cleveland Institution of 
Engineers, February, 1900, 


oride in the neutral or slig’ tly-acidified condition. 
Judging from the illustration accompanying his remarks, 
it would ap that his reagent gives the same indi- 
cations as oy. ts, but there can be little 
doubt that if the Parts ed are invariably darkened by 
& deposit of copper, the contrasts by use of the cupric re- 
agents are more Pronounced. Brearley’s ferric. loride 
reagent seems to give similar results to those o ’ 
years ago by myself with exceedingly dilute acid solutions. 


Orner ELEMENTS THAN PuosrHorvus Give Smita 19. Howe.—“ Metallurgy of Steel.” New York, 1891. 


INDICATIONS, ‘ 
20. Bauerman.—‘‘ Systematic Mineralogy, 1, page 
The action of the copper-etching reagents depends on | 336 % “ “as 


reagent (*), 
the use of an wy! dilute solution of ferric 
vol. x., pages 289-304 





FOREIGN ENGINEERING PROJECTS. 
We give below a few data veral foreign engineer- 
re, vot taken fro nthe 7 va on te 
on Projects can ol 
the Commercial In Board of 
Tred, Slate hate, Bre 


the relative solubility of different parts of the metal in| 91. Hogg. —«« 0 tion in Steel.” Journal Spain : The Gaceta de Madrid notifies that tenders will 
dilute acids. The parts most suluble are the first to de- | the Societe of Chemi Sere , March, 1908, sae sot Tr raenived by in son anipipality of ,gteaionn, up to 
compose the copper salt. As iron or steel always contains| 99 Roberts- Austen.—“ Fou: to the Alloys and =m. oat oe hes thet ety” The stree vere 
feat parts more soluble than others, the copper appears Committee.” Proceedings of the Institution of oe ese works in city. total estimate 


first on the more soluble portions. If one part contained 


0.01 per cent. phosphorus, and the other 0.02 percent., the} 93. d Dobbelstein.— Wei t _ | Gaceta noti will received at the 

copper would appear first on the former ; similarly, if BHA pms — s tine bomen ion General de Obras Piiblicas, Madrid, “Pp to goon 

one part contained 0.1 per cent., and another 0.2 per _, Kohblenstoff.” Metallurgie, 1 661. on of 9 or of the @ wow yy Oe ing, for 3 

A Sic furtado ny ana gahocy etm teahngmer rel oreo a Sine ee re 
erefore giv ta: . : : y from T: Z 

with this ‘ocean, however, that the higher the phos. Roheisem, » Metallurgie, 1908, ps The coat of 16 estimated at 30,164,944 pesetas 


phorus the slower the attack, 

In ing to determine whether other elements than 
phosphorus in variable solid solution would give similar 
indications, alloys of iron with nickel, copper, arsenic, 
chromium, tin, and antimony were pre The reagent 
proved that each of the added elements when in es 
able portion is unequally distributed in the ove, 
for fo metals contain parts more soluble in dilute aci 

others, and precipitate copper from the alcoholic 
reagents the more rapidly. oti 

A rail containing 1 per cent. copper gave indications of 
unequal distribution, and on testing it was found to con- 
tain on the outer part of the head 0.79 per cent. copper, 
and in the centre 1.373 per cent., proving that copper 
does segregate just like phosphorus and sulphur, an im- 
portant result, for there is some conflict of opinion on the 
question. The rail I examined contained about 0.6 per 
cent. carbon, and it seems probable that this may have 
some influence, for I have shown in a previous paper (52) 
that while pure iron and copper alloy in all Proportions, 
the presence of much carbon leads to the production of 
two conjugate solutions which separate from each other 
before solidification occurs, one containing an excess of 
copper, the other an excess of iron. 

t may be accepted that mixtures of metals or metalloids 


908, 
25. Wiist.—“ Beitrag zum Hinfluss des Phosphors auf 
das System Eisen - Kohlenstoff.” Metallurgie, 1908, 


7 
5. Goerens and Gutoweky,—“ Experimentelle Studie 
tiber den Erstarrungs- und Schmelzvorgang bei Roh- 
eisen.” Metallurgie, 1908, 137. 
27. Stead.—‘‘The Dephosphoriestion of Iron.” Journal 
of the Cleveland Institution of i 1879-80, 
‘ 28, ee end Phosphorus.” Journal of the tenders will Le 
ron om _netibute, : ° *¢ noon on June 15, at the Direccién General de 
29. Stead. — Obras Piiblicas, Ministerio de Fomento, Madrid, for the 
construction of a temporary dock for sheltering small 
vessels at the port of Cadiz. The estimated value of the 
contract is 296,744 pesetas (about 11,870/.). The works 
must be commenced within a period of sixty days from 
the date of the award of the contract, and must be com- 
a pleted within a Sascher =. —. yy = the 
Oregoing contracts pro y awarded to panish 
firms, nevertheless the carrying out of the works may 
involve the purchase of material outside Spain. The 
Gaceta further pu t 


of Royal Microscopical Society, 1905. 
31. Stead.—‘“‘Crystallisation and i 
Ingots.” eunal of the Institution of leveland En 


32. Stead.—‘* Cleveland Ironstone and Iron.” Journal 
_ P woe “3 Sot Addrest Donnas y ae i 
.— Presiden lation, 
Section B, 1910. 
34. Stead.—‘* When Steel Freezes.” Journal of the 


Institution of Cleveland Engineers, 1912. fi Ans, 
which are eutectiferous or tend to form conjugate solutions 35. Stead.—‘‘The Practical Use of the Iron-Carbon | ™ tion ® for raising 2300 
or to separate into parts, one ef which contains more of ilibrium Diagram, with Special Reference litres of water per second from the River Douro foe feed 
one of the constituent elements than the other, will not oe 3 ead ae Ben Stott | ing irrigation canal. sand detai 


Critical Points A 1-2-3, and the Barning of Steel.” 
North East Coast Institution of i and Shi 
builders. Two lectures, Januar 24and February 14, 1913, 

36. Turner.—‘“* Volume and Temperature 
during the Cooling of Cast Iron.” ournal of the Iron 
N37. Goorous Uae is kaon enn 

° —** die Anwend ler iereschen 

eartetphotographie in der Metallographie” Metal- 

rgre, page 19. 

38. Goerens. — “ Weitere Untersuchungen iiber das 
Ternare System 5given-Phosphor-Koblenstoff.” Metal- 


Carbon and iron yield a eutectic and eutectoid and 
separate into iron and carbide of iron. Copper deposits 
on the iron in advance, re the carbide white. 

ite embedded in an surrounded by iron, if as 
hardenite, does not readily precipitate copper; but if 
diluted as iv ism steels containing about 0.13 per cent. 
carbon, quenched from 850 deg. mt., copper is liable 
to be deposited equally on the ree iron and martensite. 

_Alloys of nickel and iron contain Primary crystallites 


to qualify any tender. Local representation is necessary. 
It will bo observed that the tin ferent of tenders 
is limited, and therefore ‘this intimation be of use 
only. to firms having agents in Spain who can be instracten 
by cable. 
artont Morocco pis reference to the call a 4 tenders by ee 
° Judications Commission for vi 
fer 30. ‘Wisst and Laval.—* Experi entalle Untersuchung | Zokko-el-Arba de Sidi-Aisen road, sear Alcsene, 12. 
solidify. Tin and iron form conjugate solutions, and the | das Thomasprozesses.” M, te, 1908, pages 431, 471. -Gen, i 
tin-iron liquid, which is last to freeze in steel, is leas soluble} 40, Saklatwalla._« Eisen und Phosphor, die Konstitu. 
than the primary crystallites. Some of the chromium. | tion ihrer Verbindungen.” Metallurgie, 1908, page 331. 
nickel-carbon alloys, etched by the cupric reagent, 41. Saklatwalla.—“ Ph isen, seine Konstitu- 
might easily be mistaken for steel very high in Phos: | tion.” Metalluryie, 1908, 711; Journal of the Iron 
phorus. Ibis important that these facts should be Stated and Steel Institute, 1908, = gm 92, 
and the limitations of the cupric reagent be ye 42. Stead.—“Some of the Ternary Alloys of Iron, 
-] unless the ographist is warned of this, he will Carbon, and Phosphorus.” Journal of the Society of 
conclusion, I think it must be admitted that the 


Chemical Industry, February 28, 1914,” 
alcoholic cupric reagents of Rosenhain and Haugh my 
own, and hen, are of = value in detecting irene, 
larities in commercial car steels and irons. 
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“ENGINEERING” ILLUSTRATED PATENT | secured thereto, ad the wedge then placed’ in poeltion® 20. that | The invention consiete ina method of providing driving ‘hecis 
RECORD. i for an taching a 


SELEOTED ABSTRACTS OF RECENT PUBLISHED SPEOIFTI- | the 
CATIONS UNDER THE AOT OF 1907. the hub ofthe handle i forced dows over the shaft, the friction upon the 
Fis numer of views plesn te the Rpsstfeation Dressings te stated the wedge relatively 








Wars insetions ae ommunizaed from abroad, the Nama, de, 
Opranth, 86, Southampton Buildings, Chancerylane’ WC. at mittent t of the handl will be tak by the An 

Nore Ie eC a eo Bie 
Phe“ date athe adortuoment of the acceptance of» Compl ay Mh Ree into firmer locking engagement. 

‘atent has been sealed, when the date of sealing is given. , 


Final 
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if 
Ee 


4 pereon mnaais € ene Glens within Cano epeesihe frees Oe date of UNS AND EXPLOSIVES 
theladvericement ‘atent O; mf he Suteat ds re 
fe ~ 4. Sir A. T. Dawson T. 
atent on any of the ment in the Act. va Guns. (2 Figs.) November 11, 
1913.—This invention relates to safet; for 


de 
ELECTRICAL APPARATUS. mechaniem of breech-leading m of the kind in which thestriker 
or contact-piece or n retracted by a single’ de 
14,567/14. The Jandus Arc Lamp and Electric | t),ough a member which is capable of manual operation prior to 
‘ones. Arc- 
Company, Hy ane i Ce — es in. | the manual ing of the lock-frame, and dee of au 


ion to the automatic of the lock- 
ge Pe te woume | gear. In Specification retraction is necessary to prevent the Sector on the contact- 
No. aa toy the patontecs have we A — ny piece or needle from being as a result of its being drawn 
transmitting 
mounted in a frictional bearing, s second member across and in contact with the of mer in the axial 


mounted co-axial with the first, a connecting-plate, or the like, 
pivoted to two crank-pins 180 deg. apart, one being on each invention, 
member, means for rotating one of the members means for | retain the Gither Gr esntestates er & = ae Ge 


ve at the word of command. A isthe breech-screw carrier 
connecting-plate which passes round the axis shall be replaced | 20f"E the locktrame. O is the crank-pinion of the breech 
by a plece passing through the ax 
nism to deal with heavy 














is rigidly fastened with the hub-shell by welding or any other 
convenient and the thickness of bushing is such that 
when fixed ition in the shell, its internal diameter will be 
less than the diameter of any other part, to such an extent that 
longitudinal serrations c may be formed upon the internal surface 
of bushing by means of a drifting tool which is capable of 
Gee on through the hub-shell iteelf. By the use of the 

g separate cylindrical bushing the hub-shell may be 
formed in sugh a manner that the variations in diameter form 
successive reductions from the inner end to the outer end of the 





well-known type, and together with the intervening 
teeth left by their production form an efficient driving means for 
connecting the outer hub-shell with co-operating serrations and 
teeth upon the inner hub. (Sealed April 1, 1915.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c, 
3466/14. Societe Anonyme ur 1 tation 
Procedes W Le P. France. 
ism, and D is the striker or the contact-piece or needle. | Steam-Turbines. [1 Fig.) February 28, 1918.—This invention 
represents the retracting device, which, in the example shown, | relates to steam-turbines, and consists, in combination with a 









































3 in the form of a lever pivoted to the box-slide, with which lever | steam-turbine em instantaneous vaporisation and asingte 
the usual spring-con retracting bar E} oo. This bar, | expansion, of a boiler in such a manner that the steam 
as is well understood, is adapted to be act by hand to | passes directly from the boiler to the turbine without traversing 
g tast on the driven shaft A, journalled in the casing co-axially | retract the striker prior to the lateral d ent of the lock- | any tap or valve, the speed of the machine being regulated by 
with the drum. A similar arm i on a boss » alae Jonematies in the frame by hand, and also to be automatically actuated by a cam | varyiug the supply of feed water to the boiler by means of the 
casing, is provided as an additional support for the pin /, 80 as to | Cz on the crank-pinion C to retract the striker at the commence- = spas ey boiler being heated by combustible fluid, and 
the arm g and to give a better bearing. The boss j is hollow, ment of the unlocking movement of the breech mechanism r supplied to the burner at a low pressure, and automatically 
to allow of the passage of the driving-shaft k, fast on which isan | to the automatic lateral ent of the lock-frame. In | regulated by a piston or the like acted on b: of the 
arm / carrying a pin m adapted to pass through a slot in a lug n| contact with the outer end of the bar E! is a -con feed-water in a A represents a flash boiler. 
on one of the rings b, and to engage a slot in an arm o fast on or peseens 2 eas Sn Gaey ates thereto by | Feed-water by a system of pipes under a pressure equal 
formed in one with thearm g. Supposing that a winch barrel is | means ofa bayonet slot or eand pin, so that by angularly | to that which the is to have enters at B; it t 
fast on the shaft h, then, by rotating the shaft & in the direction Segenins Cite sed efter moving it longitudinally, it is through a valve C into a linder D behind a plunger and then 
of the arrow, the barrel is rotated to wind 2 rope on the | in ite displaced, or ‘‘ half-cock,” position—that is to say, with the | enters the boiler at F. It leaves at G as and passes into 
barrel, and the rope can on run out under tension due to | striker (or the electric contact-piece or needle) retracted. The|the turbine H, then into the condenser I. condenser is 
the load so fast ‘as it is itted to do so by the rotation of the | retracting-lever E is also, as shown, formed with a hook preferably a surface condenser, so that the same water can be 
shaft k in the direction opposite to the arrow that is anti-clock- | extension ¢ for preventing the lock- e from moving until used over and over again, as is customary with a flash boiler. A 
wie k hantdie dain tonto o.. ... condensed Sabet sre provided” ‘The tac extere ch 3. Te peamee 
ion in the an on juces & water are pro e fuel enters at J. It passes 
through the linke from f to d ng the brake into contact -4 tay tg ag Hy try. 4 
with the pin and only as this pressure is Ordnance, (2 Figs.) March 23, 1914. 
relieved by ‘anti-clockwise fotation of the pin m can the brake | —This invention relates to apparatus for loading heavy aan, 
rotate in the casing. In the lower part of the casing a wey voy La TL TT oy 
pe ed — oil, nf Ga cating m — yy | upon its — pawith o cutters Se oo Aya gun is / >> f 
exte surface fins or . 90 0b to Casipate heat gene- partment adapted to accommo- 
rated by the friction of the brake. (Sealed April 1, 1915.) date a man, and with hand-levers or the like, by means of which N << Ss 
N 
321714. The British Thomson-Houston Company, N N: 
Li (The General Blectric Company, Se y, 2 N NY 
U.S.A.). Controller-Handles. (2 Figs.) February 6, 1914 bie N N 
—This invention has reference to a handle for con the ala N N 
like, and more particularly to means for locking a controller- 4 uy N e 4. 
controller-shaft. In the drawing, 1 IPB Tre N 
= hub 2 ha a socket preferably oblong in| - —- — — N 
verse section, as shown 2, within w a 3 may TP, N 
be received. One of the inner walls of the sock inclined * pitt =| N 
até. A wedge S eatues' bo received in the socket between wie. = N 
the inclined wall 4 and shaft 3. A spring 6, moun on the : N }—— 
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J through a re — K, then to a burner L. Air arrives 
pr % by achannel M, is throttled more or less by a butterfly 
4 valve N, and passes under the burner. The ucts of com- 














| | escape to the re by the chimney 0. The 

(7351) ik: * regulating valve K and the butterfly valve N are operated by 
— My —— on their _—, which - : wi 

' racks - latter are carried on stem o! ep r 

ee a ate ae ee the) This plunger is forced downwards by the pressure of the 

each of can: be moved from the position st - feed-water, which is equal to that of the boiler. It is returned 

lines to that shown in full lines. Between the charge and the ——— by 6 Saree aes R. When the pressure —— 

ts yh 4 -y 4 6 Oa wal insnen the Cupp OA and Gin end ue ered. Es 

and pate mm om Gem and control a lever ¢ for | the case of a turbine a cingie wheel which always runs 

The ng the into the shell-tray /, and a lever g for | s+ s considerable angular velocity, a very simple speed-governor 

thin | CoMtrolling the ramming. (Sealed April 1, 1915.) can be formed by mounti a small air-compreseor at the end of 

—— MOTOR ROAD VEHICLES. the shaft, as shown at 8. air compressed by eppectins 


troller-| 4274/14. Rudge-Whitworth, Limited, Coventry, |« 
and H. I. A tachable Wheels. wi the 

verse page lech , 1914. —This invention relates toimprovements | the speed of the turbine increases, the pressure of the air com- 

detachable wheels of the type in which an inner permanent hub- | pressed by the comp the 

The | part and an outer removable part mounted thereon are provided babe At 

umeral | with longitudinal driving means, such as co-operating serrations ' (Sealed April 29, 191 
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THE UNDERCOOLING OF STEAM IN 
NOZZLES. 


In our issue of January 10, 1913, the sugges- 
tion was made that certain anomalies observed in 
the discharge of steam from nozzles were to be 
attributed to the fact that the steam as it 
the throat of a nozzle was not in a condition of 
thermal equilibrium, but was undercooled or super- 
saturated. The law of expansion is accordingly 
that characteristic of superheated steam, and not 
that applicable to the slow expansion of saturated 
steam. Hence, when saturated steam is delivered 
from a convergent nozzle, the discharge should be 
calculated from the formula P V' = constant, 
instead of P V'™ = constant, where P denotes 
the pressure in pounds per square foot, and V the 





specific volume in cubic feet per pound. (The 


the possibility of conden ‘on being an absolutely 
instantaneous phenomen. The time taken by 
the steam to expand from... itial pressure down 


to its throat pressure is of the order of =; second. 


It is obvious, therefore, that the time-lag in con- 
densation, which, from Aitkén’s experiments, must 
necessarily occur, provides a sufficient explanation 
of the established fact that all careful observers on 
the flow of saturated steam from nozzles have re- 
corded greater discharges than are compatible with 
the old formula, but which are quite consistent 
with the view that the law of expansion is the 
same as with superheated steam. When attention 
was first called to the discrepancy in the actual and 
the theoretical discharges, it was natural to assume 
that it arose owing to the presence of moisture 





in the steam, which would have the effect of 


it follows, a fortiori, that this will be the case with 
more perfect gases, such as air. 

It must be remembered that even in the case of 
saturated steam the amount by which the discharge 
exceeds the theoretical is, according to Bende- 
mann, only some 2 or 3 per cent. Steam can be 
condensed and weighed and the discharge can 
accordingly be measured to a high degree of accu- 
racy. So far as we know, no equally exact method 
has yet been applied to determining the weight of 
air discharged from a nozzle, and the evidence 
afforded by superheated steam that there is no ab- 
normal discharge with non-condensible gases cannot 
be outweighed by any experiments on air made with 
necessarily less precise methods of investigation. 


In an interesting series of articles contributed to 
the Zeitschrift Vereines Deutscher Ingenieure in the 
Stodola, 


latter half of 1913, Professor A. of 





Fie. 1. 


above value of the index is that deduced from the 
tables of Marks and Davis. Professor Stodola 
takes the index as 1.3 instead of 1.33. It is un- 
certain which is right.) 

If ») denotes the pressure im the more con- 
venient unit of Ib. per sq. in., the maximum 
discharge theoretically possible from a nozzle per 
sq. in. of throat area is therefore given by— 


w= e318, / e lb. per second, 

in place of ‘ ‘ 
w= 0.3004,/ o lb. per second, 

0 


as appears to have been universally assumed up to 
the date of our article. 

The view then put forward was based on the 
fact, established by Aitken, that the condensation 
of a vapour takes place only if particles of dost or 
other nuclei are present to serve as centres round 
which the moisture may collect. It was, of course, 
recognised that a supply of nuclei would probably be 
present in ordinary boiler steam, but it was obvious 
that the necessity of the steam molecules finding 


these nuclei before they could condense prohibited | i 


Fie. 2. Fie. 3. 
increasing its density and thus enable a greater 
weight to pass through the nozzle. It has, however, 
to be observed that whilst the presence of moisture 
does increase the steam density, it at the eame time 
involves a decrease in the energy available for 
producing flow ; and when thig fact is taken into 
account, it appears that, to account on this line 
for the abnormalities observed, the boilers used in 
various experiments must have been supplying 
steam containing from 11 to 23 per cent. of water 
—an obviously inadmissible contention. 

That delayed condensation is the true cause of 
the abnormal discharge is confirmed by the fact 
that no such abnormalities have been observed in 
the discharge of superheated steam. Some experi- 
menters, it is true, have claimed to have noted 
abnormalities of the kind in question when working 
with air, but their results may safely be attri- 
buted to errors of observation, since superheated 
steam is quite as much a gas as air is, though, no 
doubt, less perfect, and would certainly show any 
abnormalities displayed by the latter. Its discharge, 
however, is wholly normal in character, and if an 
imperfect gas, such as superheated steam, gives no 
indication of a failure to conform with the theory, 





Fic, 4, 


Zurich, described a noteworthy investigation into 
the phenomena of delayed condeneation as exhi- 
bited by steam jets, and discussed in consider- 
able detail the phenomena of underceoling and 
supersaturation. In order to show the delay in 
condensation he illuminated the jet by the concen- 
trated beams of an arc light, and viewed it (against 
a black background) at right angles to the path of 
the beam. By means of an appropriate screen the 
beam of light traversing the jet was made to take 
the form of a narrow rectangular cil, so that it 
showed up not the jet as a whole, but rather a thin 
section of it, parallel to the direction of flow. Some 
of the results obtained with a jet 11.5 mm. in dia- 
meter are illustrated in Figs. 1 to 4. Of these, 
Fig. 1 represents the results obtained with steam 
supplied at a pressure of 8 atmospheres, an efficient 
separator being interpolated between the boiler 
and the jet. The exhaust pressure was atmospheric. 
The bright perts of the figure indicate the 
resence of mist, and the dark parte ite absence. 
e presence of standing waves of compression is 
also visible in the jets, similar to those known to 
arise in the case of jets of compressed air. 
As stated, in the case of Fig. 1, the steam was 
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taken from 4 separator, and was thus fairly mois- 
ture-free. By throttling the jet down to 5 atmo- 
spheres and to 3} atmospheres, the amount of 
moisture entrained was still further reduced, and 
the area of the dark zones, showing an absence of 
condensation, materially increased. In the case 
of Fig. 2, the steam was throttled down from 
74 atm to 5 before it reached the jet, 
whilst in Fig. 3 it was wire-drawn from 7} atmo- 
spheres to 7 atmospheres. 

In all the foregoing cases the steam was expanded 
down to about atmospheric pressure, and a rela- 
tively large condensation was accordingly theoreti- 
cally due. Fig. 4 represents the appearance 
observed when the steam to the nozzle was supplied 
at about 1,7 atmospheres and without superheat, 
and expanded down to 1 atmosphere, the pressure 
ratio having then about the critical value. It will 
he seen that there is little indication of condensa- 
tion for some distance from the nozzle outlet. 

The fact that the presence of nuclei is re- 
quisite for condensation to occur was explained on 
theoretical grounds by Lord Kelvin. In general 
terms it depends on the fact that the surface of a 
sphere varies as the square of its radius, whilst the 


volume varies as the cube, being equal to =f. To 


evaporate the contents of a drop of water, there- 
fore, energy must be supplied in accordance with 
the equation :— 

E ame Lrd G 

“)} ee tel ’ 


where L denotes the latent heat, and G the density 
of water. 

At the same time, as is well known, the surface 
layer of the drop is everywhere under a traction 
due to surface tension. Neglecting for the present 
the effect of the variation of this surface tension 
with temperature, the energy required to produce 
the surface film is given by the relation :— 


E, = 70d, 


where o denotes the surface tension. 

If the drop evaporates, the surface will shrink, 
liberating energy, just as a stretched piece of 
elastic will do in contracting, though in the latter 
case the tension diminishes with the stretch ; 
whilst at constant temperature the surface tension 
remains uniform, however much the surface may 
diminish. 

Expressing both E, and E, in the same units, 
E, can always be made larger than E, by taking d 
small encugh, and in that case the contents of the 
drop will automatically evaporate, the requisite 
supply of energy being obtained from the con- 
traction and ultimate disappearance of its surface. 
As will be shown later, the fact that the surface 
tension changes with the temperature modifies 
slightly the amount of energy which is recoverable 
from the surface film, but the — argument is 
unaffacted by the correction thus involved. 

It is obvious from the foregoing that the total 
pressure in the interior of a drop of water is not 
wholly attributable to the external pressure, but 
is also partly due to the surface tension. Con- 
versely, a pressure in the interior of a drop is 
balanced in part by surface tension, and in part 
only by the external pressure. With small drops, 
the fraction of the internal pressure due to the 
surface tension may be extraordinarily large. _ This 
Professor Stodola demonstrates in the following 
way. 

Consider a vertical tank filled with water and having 
a side branch such as represented in Fig. 6, page 645, 
and, for simplicity, let the whole be immersed in 
an atm ere consisting solely of steam. At the 
surface of the water in the tank the steam jure 
will be that due to the tem ture of this water, 
whilst at the level of the branch the steam pres- 
sure will be increased by the weight of the inter- 
vening column of vapour. Suppose a drop of 
water, of radius 7, to form on the side branch as 
indicated, and assume ii to be in a condition of 
equilibrium, so that it neither tends to swell nor to 
diminish. In that case the upper half of the drop 
is held in place by the external — p acting 
over an effective area 7 r? and by the surface tension 
@ acting along the horizontal circumference of 
length 2mr. Hence the total force acting down- 
wards is 

rrp+2rre. 


If pi denotes the internal pressure in the drop, 
this acts upwards on an area 7 7°, and hence when 
the drop tends neither to grow nor decrease we 





must have 
rep = rrep+rre, 

or 
26 
= 

But pi is equal to the pressure p, at the surface 
of the liquid _ hyo, where h denotes the differ- 
ence in level between the centre of the drop and 
the surface of the water in the tank, whilst y, re- 
ae the weight of unit volume of water. 

imilarly, p, the external pressure on the drop, is 
equal to ps + h y, where y denotes the mean 
density of the steam between the two levels con- 
cerned. If px be the external pressure at any 
point of the total height h, we have the well-known 
relation :— 


p=>pt 


d pz = yah, 
where y denotes the — weight of the vapour 
at the point considered. 

Taking the steam as approximately subject to the 
gas law, we have :— 

P= — RT, 

Y 
which, on substitution, gives :— 


dpr= Ptah. 
P= OT 
Whence 
p 
lo Fy =} P Dieire 
Se . = s 5. RT 
Moreover, as already pointed out, 
Pi = +hy=pt?? 
and 
p=p t+ hy. 
Hence 
™ = 26 
P thyr=p thy + — 
Tr 
or 


hiv — 7) = 29 

= 
a. ae 
P, (y-y)rRT 

In general 7, the mean density of the steam, 
is very small compared with y,, the density of water, 
so that we get very approximately :— 

p 2¢ 
Cp ywerRe 5 

Professor Stodola remarks that the value of oc, 
the surface tension expressed in kilogrammes per 
metre run, is given by the equation :— 

o = 11.62 x 10-* — 1.45 x 10-5. T, 
where T denotes the absolute temperature in 
centigrade units. 

A molecule of water weighs about 2.647 x 10—%6 
kg., so that a drop containing a thousand molecules 
would have a radius of about 1.85 x 10-9 metres. 

In order that a drop of this size should be in 
equilibrium, the external pressure must by the 
above equations be greater than that correspond- 
ing to the temperature of the water inside the 
drop, as shown by the following calculation, which, 
with the exception of the last line, is due to 
Professor Stodola :— 


loge 


log 


Water temperature deg.C©. 99.1 93.0 85.5 75.5 
Corresponding pressure trom 

steam table .. kg. percm. 1.0 0.8 0.6 0.4 
External pressure in equili- 

brium with the drop 1.469 $1,189 0.906 0.618 
Equivalent temperature of | 

saturated steam deg. C. 110 104 96.2 86.5 


It a , therefore, that for such a drop to be 
in equilibrium its temperature would need to be 
very materially lower than that of the saturated 
steam surrounding it. 

The pressure in the interior of drops of the 
size in question is, as already mentioned, extra- 
ordinarily high. 

As already shown, we have the relation:-— 

Pi—pt ae, 

At 100 deg. Cent. co = 6.21 x 10- kg. per metre 
run, and taking + as 1.85 x 10-° metres, the 
internal pressure p; in a drop of this sizes becomes 

_. . 621 x 10-* 
po =P + 185 x 10-9 
= p + 672 atmospheres nearly. 

In some of Mr. ©. T. R. Wilson’s experiments 
on the expansion of moisture-laden, but dust-free, 
air, no mist was formed until the pressure of the 


kg. per square metre 





vapour was eight times the saturation pressure 
corresponding to the actual temperature. 


Putting ” = 8, and substituting T = 300, % = 


Ps 
1000 kg. per cub. metre, R = 47.1, anda 
x 10-*, in equation (3) we get :— 
2 x 7.27 x 10 
1000 x 300 x 47.1 7° 


Whence r = 5 x 10- metres. This quantity is 

of molecular dimensions, and Professor Callendar 

has suggested accordingly that ‘‘ associated” mole- 

cules of two or more single molecules of H,O are 

- this instance serving as the nuclei of condensa- 
on. 

The ratio of the external pressure p on a drop 
to the steam pressure p, corresponding to the drop 
temperature, falls rapidly as the diameter of the 
drop increases, With a drop temperature of 1()) 
deg. Cent , and a radius of 10~* metres, the ratio 


P is only 1.073, instead of 1 469, as tabulated 
P 


above, for drops of 1.85 x 10~° radius, whilst for a 
drop of radius 10-’ metre, Professor Stodola 


states that the ratio /’. falls to 1.007. 


7.27 


log, 8 = 





Ps 

It follows from the foregoing that a drop cannot 
persist in an atmosphere of saturated steam of the 
same temperature as itself, but will evaporate. For 
condensation to occur the vapour must be to some 
extent supersaturated. 

The fact has already been mentioned that the 
variation of the surface tension of a film with 
temperature modifies the amount of energy which 
is required to form it, and correspondingly, the 
amount available for promoting the evaporation of 
the interior of a drop of liquid. As an analogy, it 
may be recalled that Lord Kelvin’s calculation of the 
electromotive force of a cell from the mechanical 
equivalent of heat proved erroneous when applied 
to a cell the electromotive force of which varied 
with the temperature, and the necessary correction 
was made many years after by Helmholtz. 

The energy which must be supplied to form a 
surface film includes, in fact, not only the mecha- 
nical work involved in the stretching of the film, 
but also any heat that must be supplied simul- 
taneously in order to maintain the temperature of 
the film. 

Suppose that the area of a film, such as is pro- 
vided by a soap bubble, is increased by 2. The 
mechanical work done is then equal to 2 o Q, since 
a film such as a soap bubble has two surface layers. 
Also let 2 q be the heat it is necessary to add during 
this operavion in order to maintain the tempera- 
ture of the film, which is thus stretched at constant 
temperature. 

Next, without further alteration of area, let the 
absolute temperature of the film be reduced from 
T, to T,, and let c, be the surface tension at the 
new temperature T;. This done, let the film con- 
tract to its original area, The work done is then 
20,2, and to maintain the temperature constant 
during this contraction 2 g, heat units must be 
abstracted. Finally, let the temperature be raised 
again to its initial value T). e process above 
described constitutes a reversible cycle, so that 
Carnot’s law must apply. 

The net mechanical work done is 2 (c, 
which, by Carnot’s law, is equal to 


T 


oc) Q, 


-T, 
T, =2q. 
Whence 

T 


¢= —T; -(o, - ¢)Q, 
which at the limit becomes 


= ae 
a J 


de 
“Os. 


Hence, if « be the total energy expressed in heat 
units necessary to form a water surface equal to 0, 
we have :— . . 

oQ o 
w=qty =5[¢ - 72%} 

The energy represented by the surface tension 
of small drops is thus very large. : 

The area of a drop is 477%, and its weight 
$m? yo, where y, denotes the density of water. 
Hence the number of drops in a kilogramme is 


bed. -, and the total surface presented is 
4nry P 
3 2 


ro = —“ eq. metres, 
4rre yo ” 


x4nr = 
7 Yo 
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The energy required to form the surface is 
dingly :— 
accordingly 7% («nae 
ry J aT? 
8.160 


which at 100 deg. Cent. is equal to = 


x 10-8 


large calories. (Note that . is negative.) 


Thus the surface energy of a kilogramme of 
boiling water, all in the form of drops containing 
1000 molecules each, would be 44.1 large calories, 
or about 0.082 as much as the latent heat of steam 
at the same temperature. 

It has already been pointed out in ENGINEERING 
that if the steam is able to pass through a steam- 
turbine in the undercooled or supersaturated con- 
dition, there may be a very large loss of efficiency. 
For facility of reference we may repeat the argu- 
ment here. , 

Two ideal indicator diagrams are represented in 
Fig. 6—viz., RST W and RSVW. The former 
represents the expansion of undercooled steam, 
according to the law P V'* = constant, whilst 
RSV W represents the diagram when the expan- 
sion line is the normal one for steam initially satu- 
rated, in which case the expansion follows the law 
PV" — constant. We may conceive the diagram 
for undercooled steam to be obtained by an expan- 
sion 3o rapid that the steam has no time to con- 
dense, and its temperature at the end of the ex- 
pansion, which is represented by the point T, is 
accordingly less than that attained at V, the end of 
the normal expansion curve. 

Suppose, however, that a long pause, giving time 
for the steam to condense, is made at the point T. 
Then, owing to the heat liberated on this condensa- 
tion, the piston will move out at constant pressure 
to some point X beyond V, at which point thermal 
equilibrium will be restored. The itive work 
done between T and X will be cancelled on the ex- 
haust stroke, so the net result is that if the ex- 

nsion takes place so rapidly that condensation 
is delayed until the pressure has fallen to its final 
value, the work done will be less than in normal 
expansion by an amount represented by the area 
STV. Calculation shows that if the supersatu- 
rated state can be maintained up to the condenser, 
the loss thus arising would be very considerable ; 
in fact, much more than sufficient to account for 
the difference in the efficiency of turbines working 
with saturated and with superheated steam. This 
difference is, however, generally attributed to wet 
steam being subject to greater frictional resistance 
than superheated steam. 

Now from the fact, established above, that a 
drop of water is only in stable thermal equilibrium 
with normal steam if its oe be lower than 
this steam, it is obvious that complete thermal 


equilibrium cannot be established until the whole | .-. 


of this water is deposited in a layer with a flat 
surface, and hence in steam-turbine work some 
loss must arise from the undercooling of the steam. 
On the other hand, this loss, though real, may be 
almost insignificant, and this is the view taken by 
Professor Stodola. The rate of condensation of the 
steam must obvious 
nuclei present. If the expansion is moderate in 
extent, the nuclei may conceivably be dust, and 
their number relatively small, perhaps not more 
than Aitken found in the air at the summit of 
the Rigi—viz., 210 per sq. cm. In the air of the 
London streets the number was, however, 100,000 

r cub. cm. ; in the country, 50,000; and in 
iving rooms, 3,000,000. Since, however, Pro- 
fessor Stodola has proved by optical methods 
that the drops formed in the clear portion of the 
jets studied by him had a radius of less than 
3 x 10-" metres, it may fairly be doubted whether 
the much smaller nuclei on which these drops 
originated were really dust particles at all. In that 
case the condensation would take place wholly on 
the ‘‘associated” molecules disclosed | by Wilson’s ex- 
periments, having a radius of about 5 x 10° metres. 

To fix the ideas, assume the steam to be ex- 
panded through a convergent-divergent nozzle from, 
say, 3 atmospheres (absolute) down to 1 atmosphere. 
Assuming that no condensation occurs during 
this expansion, the rate at which thermal equili- 
brium is subsequently re-established can, on cer- 
tain assumptions, be calculated, and from this some 
estimate be formed as to how far thermal equili- 
brium is restored by the time the steam gets clear 
of the nozzle, 

On the assumption made, the expansion will 


depend on the number of | 634 





follow the law P V"* = constant, from which it is 
readily calculated that the volume at the end of 
the expansion is V, = 2.284 V,. As a sufficiently 
close approximation for the p in hand, we 
may, following Professor Stodola, take the relation 
between the volume, pressure, and absolute tem- 
perature of uniisseollal steam as given by the 
equation :— 
PV = #.1T, 
where P denotes the pressure in kil e8 
square metre, and V the volume of 1 kg. in cubic 
metres. Hence, if T, be the initial absolute tem- 
perature, the final temperature of the undercooled 
steam will be given by the relation:— 
T, ~ PV; 1 
S43 7 
Since T, = 407 deg. in Centigrade units, T, = 
309.9 deg. absolute, or 36.9 deg. above zero Centi- 
grade. The steam is therefore undercooled by 
63.1 deg. Cent. Taking the radius of the nuclei 
at Callendar’s value—viz., 5 x r-10 metres—the 
external pressure p at which the nucleus would 
neither wax nor wane can be calculated from the 
equation already given—-viz.:— 
p 26 
106 Ps ins yrRT 
where ps denotes the saturation pressure at the 





Stet + Fig. 5. 
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temperature T. The value of ¢ at 36.9 deg. Cent. 
is 7.13 x 10-8 kg. per metre run. 
_2 x 7.18 x 10-3 


£ =—_ —_ = 1,9539, 
log. p. 1000 x 6 x 10-1! x 47.1 x 309.9 , 


Hence, 
= = 7.564, 

The value of ps,corresponding to a temperature 
of 36.9 deg. Cent., is given in the steam-tables as 
.2 kg. per sq. metre. Hence, in order that the 
nucleus should neither wax nor wane, the external 
pressure should be 7.564 x 634.2 = 4796.6 kg. per 
sq. metre. Actually the external pressure is 1 atmo- 
sphere, or 10,333 kg. per sq. metre, so that the 
drops will tend to grow. 

To estimate the rate of growth Dr. Stodola, 
following the advice of Professor Einstein, assumed 
that from a liquid surface the number of molecules 
thrown off per second depended solely on the tem- 
perature and the form of surface. That is to say, 
that in the case under consideration the weight 
leaving the surface of the drops is the same as if 
these drops were surrounded by saturated steam at 
a pressure of 4796.6 kg. per sq. metre, whilst the 
weight striking the surface is that corresponding to 
the actual pressure of 10,333 kg. per sq. metre, and 
the difference is, he assumes, the weight condensed. 
This view is, of course, open to the objection that 
in all probability it is only a fraction of the vapour 
molecules impinging on a flat water surface that 
are condensed, and in a subsequent article Professor 
Stodola assumes that only 15 per cent. of them are 
condensed. 

From the kinetic theory of gases the weight of 
the molecules which strike a unit surface per second 
is equal to 

1 


x 0.921. /3 Rog T. 
¥ J3Ry 








For saturated steam at 4796.6 kg. per sq. metre, 
V = 3.649 cub. m. perkg., T=:352.8 deg. absolute, 
whilst ¢ = 9.81 m. per second. So that the weight 
expelled from 1 eq. m. of the drop surfaces would, 
on the Einstein hypothesis, be at the rate of 


1 eee he a ee 
4 x 3.649 * 0.921 ,/% x 47.4 x 9.81 x 3624.8 
= 44.06 kg. per sq. metre per second. 


Actually the surrounding steam is at a tempera- 
ture of 309.9 deg. absolute, and its specific volume 
is 1.363 cub. metre per kg. Hence the weight of 
vapour impinging on the surface is at the rate of 

cy * 09% VOX aA x OBE x BOO. 
= 110.8 kg. per sq. metre per second. 


The difference, 66.7 kg. per'sq. metre per second, 
denotes, on Einstein’s hypothesis, the rate at which 
the supersaturation of the steam begins to separate 
out. 

To restore thermal equilibrium under the con- 
ditions in ees only about 5 per cent. of the 
supercooled steam would require to be condensed. 

n a paper recently published in the Journal of 
the Institution of Mechanical i Professor 
Oallendar estimates that the nuclei present may be 
about 10” per lb., or, say, 2.2 x 10” per kg. 
Taking the radius of the drops as 5 x 10—"° metre, 
the area available for condensation is 70,000 sq. m,, 
so that the condensation would be completed prac- 
tically instantaneously, even if the rate were but 
a small fraction of that calculated on Professor 
Einstein’s hypothesis. On the other hand, it must 
be remembered, were the steam expanded from 
3 atmospheres down to 14 atmospheres, a similar 
calculation to that already given shows that there 
would be no condensation whatever on nuclei of the 
size in question. In fact, the saturation pressure 
then in equilibrium with the nuclei would be 
1{ atmospheres as against the actual external pres- 
sure of 14 atmospheres. Hence, down to the throat 
of a nozzle, and for some little distance beyond it, 
no condensation whatever can take place upon these 
small nuclei, but later on the condensation may 
occur with ere ene Sinee, how- 
ever, the Einstein hypothesis cannot, be accurately 
true, all the theory can tell us is that very rapid 
condensation is possible, but not that it necessarily 
occurs. The matter therefore is one requiring 
experimental elucidation, and ial interest 
attaches, therefore, to some direct experiments of 
Professor Stodola on the point at issue, which 
were described in our issue of January 15 last, 


81. 

“ this case the discharge and the reaction of a 
jet were both measured. From the reaction the 
velocity of final outflow could be calculated. 
Calling this v, and w the weight discharged per 
second, we have :— 

v.Q_ 
y= 


where © = the cross-section of the nozzle, and V 
the actual specific volume of the steam. Deter- 
mining the specific volume in this way, it appeared 
that there was a little undercooling, but the 
amount was not great, the temperature being 8 deg. 
Cent. lower than the saturation value for an ex- 
reyes of 7.5 fold, and 3 deg. Cent. for a twenty- 
old ex ion, the loss due to the undercooling 
being about 24 per cent. in the case of the smaller 
expansion ratio and } per cent. for the twenty-fold 


ex . 

Dr. Stodola concludes, therefore, that in actual 
steam-turbines the loss by undercooling must be 
negligible. It may be noted, however, that such 
steam-turbines are — built in a series of 

in each of which the heat-drop is moderate, 
and the steam accordingly does not operate under 
precisely the same conditions as in a nozzle where 
the fall of pressure is continuous, and not in a 
series of . Rapid condensation is on) - 
sible when the conditions are such that the Wilson 
nuclei can act as centres of condensation. This 
they cannot do unless the pressure ratio exceeds 
a certain limit, which in the case of steam 
originally at 3 atmospheres ure is about 
2.2. If it be assumed as a approximation 
that this rule holds t out, there might con- 
ceivably be a substantial loss from underoooling 
in the case of a turbine expanding from, say, 
260 lb. per sq. in. down to a 28-in. vacuum in 
seven stages. Each stage would, in fact, be work- 
ing below the critical pressure ratio, and provided 
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250-TON FLOATING CRANES “AJAX” AND “HERCULES” FOR THE PANAMA CANAL 


Fig.3. SECTION 8.8. 
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Fig. 5. 
SECTION A.A. 
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given by the ordinary theory, whilst in the remain- 
ing stages the discharge will be nearly normal. It 
would be of much interest to test this by experiment, 
but there are some obvious difficulties in the way. 








THE 260-TON FLOATING CRANES FOR 
THE PANAMA CANAL. 

In our issue of Febru 
255, we illustrated and described the failure of the 
jib of one of two large 250-ton floating cranes built by 
the Deutsche Maschinen Fabrik A. ra of Duisburg, 
a ha ane ee The ge which we = 

uce on the ite present pages wi 
therefore be of pls cnr d interest, as they show 





27” 070 - 88'9%- 


26 last, on pages 248 and | 





- J 


pontoons, illustrated in Figs. 3, 4 and 5, were 
very carefully designed with water-tight compart- 
mente, any two of which might be flooded without 
impairing the stability of the crane. The pontoons 
were constructed by the Deutsche-Luxemburgische 
Bergwerks and Huetten A.-G. Abtl. Nordeeewerke, at 
Emden. They are 150 ft. 28 in. long by 88 ft. 97 in. 
wide, and have a depth of 15 ft. 9 in. at the sides and 
16 ft. 8 in. at the centre. They contain each 980 tons 
|of structural steel and 20 tons of oak. The deck for 
|@ space of 20 ft. by 60 ft. is specially strengthened to 
support 300-ton loads. Fig. 5 is a cross-section through 
|the pontoon at this strengthened part. The fittings, 
such as capstans, anchor winches, chains, &o., repre- 
| sent about 54 tons for each pontoon, while the boiler 
| weighs 41 tons. Concrete to the amount of 130 tons 
| represents permanent ballast in the bottom of each 
| pontoon, while a counterweight of 450 tons of concrete 
is arranged in the stern. 





mm | 
|. --..4"™*a0n-45 951 


| 








The design is for the revolving t of crane, 
the original design of these cranes, which are the the jib being mounted on a cage or bell, capable 
largest of their class yet built. The description we | of revolving through 360 deg. on a tall steel tower 


gave in our former reference* to these cranes was so | OF cone. These features will agg J ye 
complete that there is little left to add. For the 2 os drawings, and are more fully descri in 
ee tn acer eaten ® ene, hovers, to anes | © > eatin Ta Oe tees of el, Eb oe 
epee my melt ge ry en or bell 300 tons, while the ib contained 123 tone. 
side, of the pontoon, and 100 tonsats reach of 80.1 ft. The machinery above the deck, consisting o 

over the end, and 81.6 ft. over the side, of the hoisting, ae = luffing —, represents ae 
pontoon. There were to be no moving counterweights. 368 — al e mac a _— of a a =— 

The general design of the cranes is shown in Figs. 1 %t furnishing curren the crane motors, 1 

and 2 on the opposite page. They are not colf-pro- weg arage dine 7 _ Ed og and — 
ee see Sees a > The bell or revolving cage was sleo erected 
except for the counterweight arm, machinery house, 





* See ENGINzERING, page 255 ante. 
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and machinery. The jibs were shipped for fitting at 
Panama, as previously described. Complete, each 
crane comprises about 2869.3 tons of material, made 
up as follows :—Pontoon, 1634.4 tons ; electric plant, 
coal and water, &c., 173.7 tons; steel superstructure, 
543 tons; machinery, 368 tons; counterweight, 
motors, control gear, &c., 150.2 tons. 

In addition to the plant on the pontoons required 
for working the cranes themselves, it has been decided 
to instal on each a steam-driven pump with 8-in. 
suction, in order that the cranes, if utilised for salv: 
work in connection with sunken vessels, may be able 
to pump out water inthe holds. With a view to being 
of service in case of fire, each will further be equipped 
with a steam-driven duplex pump, 16 in. by 22 in. by 
18 in., and with three centrifugals, one with 6-in. 
suction, one 10-in., and one with 12-in. suction. The 
centrifugals will be driven direct by electric motors. 

Steps are now being taken to repair the jib of the 
** Ajax,” which collapsed at the beginning of m ber 
last, though this work is delayed on account of the 
difficulty in securing the material. The ‘‘ Hercules,” 
which was also finished before the end of last year, 
has been already employed on work on the canal. 
The final accep‘ ance tests of this crane were concluded 
at the end of March, when it was handed over to the 
canal authorities. 





INDUSTRIAL NOTES. 

THE appended letter to the editor, entitled “A 
Mean Anti-War Campaign,” appeared in the Morning 
Post of Wednesday, t ° Dad inst. The letter speaks 
for itself. 

‘* Sir,—Having noted the references recently made 
in your columns to the pro-German —— proceed- 
ing in this country, may I add the following facts, for 
which I have ample evidence in my possession ? 

‘The pro-German campaign referred to is closel 
identified also with many pacifist organisations, whic 
appear to be under the influence of the Union of 
Democratic Control in a large degree. A considerable 
number of Members of Parliament and other promi- 
nent people are identified with the movement. 

‘* The methods adopted are of a very subtle charac- 
ter. For instance, constant efforts are made to obtain 
opportunities of addressing trade-union meetings. 
Trade-union officials are in many cases favoured with 
special attention, and on the flimsiest pretext are 
supplied with quantities of disloyal and misleading 
literature. 

‘*Thus I, as a trade-union secretary, have received 
quantities of literature from many sources. It is only 
just to say that I encouraged these people to the 
extent of stating ‘that I should be interest d to have 
their literature,’ and in other cases that ‘1 was de- 
sirous of knowing the truthaboutthe causes of the war.’ 
From various societies literature poured in. From one 
highly-placed individual I received, at a modest esti- 
mate, upwards of 25/. value in literature. Probabl 
a careful estimate would show that I had received, 
free of cost, about 100/. worth of pro-German and 
pscifist books, pamphlets, and leaflets. 

‘*Tnere are scores of different publications and 
something like fifty societies at work. Many are 
interafliliated, and tew are entirely unaffected by the 
Union of Democratic Control and the Independent 
Labour Party, who are the worst offenders. These 
two sosieties are affiliated to one another. 

** Regular supplies (for distribution) reach many 
people in this country from Holland and other neutral 
countries. The shameful and seditious character of 
many of these publications is startling. 

** Yours, &c., 
**A TrapE-Unton SECRETARY. 

** June 1.” 


The London and North-Western Railway Compan 
announced at Crewe, on Saturday last, the 5th inst., 
that they have decided to give the workmen a general 
advance of wages of 33. per week and an increase of 
74 per cent. in piece-work rates. The announcement 
has given great satisfaction. The works are exceed- 
ingly busy. 





We are informed that the Northumberland coal- 
owners have intimated to the Miners’ Association that 
they will not interfere with the compensation allow- 
ance to men employed on light work in view of the 
recent war bonus of 15 per cent. on current wages. Ia 
ordinary times, when wages are advanced the com- 
pensation allowance is propertionately decreased, but 
in the present circumstances the men who are receiv- 
ing compensation money in respect of accident, but 
are able to do light nuem § will receive the benefit of 
the 15 per cent. increase without any curtailment of 
their compensation allowance. 





In our last issue we referred briefly to the crisis 
which has arisen in the Lancashire cotton trade. It 
is stated that lock-out notices have now been issued as 
a reply to the action of the operatives in certain mills 
in striking. In a week’s time the stoppage will be 


Y | firms and u 





complete with regard to the card-room and spinning 
operatives, with every prospect of an extension to 
weavers & —— later. 
The Board of Trade has intervened, and Sir ry - 
Askwith has had interviews with the — in the 
course of which pro have been put forward which 
it was hoped wou ly acceptable to the district 
representatives of the card-room operatives. The 
—, ou seems to become more involved as 
8 % everything now appears to point to 
a Shasagtien of the cotton trade in the very near 
future. 





Mr. A. Bellamy, President of the National Union 
of Railwaymen, addressed a meeting at Southampton 
last Sunday, and among his statements was one to the 
effect that there must be no strike in industry at the 
present time. If railwaymen struck at this moment, 
they would not only be traitors to their country, but 
also to the thousands of their own members who were 
serving their native land. At the close of the meeting 
® resolution was passed urging the union to press 
forward claims for further increasing the war bonus, 
having re to the cost of living, and also for the 
removal of the age limit excluding employees under 
eighteen. 


We read in the Manchester Guardian that the first 
materiel result of Mr. Lloyd George’s visit to Man- 
chester, and his address to engineers at the Houlds- 
worth Hall, will be a new organisation to increase and 
—— the output of war munitions. 

here already existed in Manchester a Munitions 
Committee, and the preliminary work for the new 
movement has been entrusted to this Committee. It 





is too early as yet to make any report of progress, 
except to say that progress is being made. number 
of proposals have mn put forward and considered, 


but they have not hardened into a scheme. It is 
obviously necess to form a Committee on a broad, 
representative basis before a scheme can be adopted. 

At the meeting which was held immediately after 
Mr. Lloyd George’s speech it was proposed that the 
work of munitions production in the whole of Lanca- 
shire should be under the direction of a Central Com- 
mittee, with head-quarters in Manchester, working 
through three local organisations centred at Liver- 

1, Manchester, and Blackburn. That scheme, 
owever, was considered to be too unwieldy for 
smooth working, and it was abandoned in favour of 
three local committees working independently from 
the centres named. 

The nucleus of the Manchester committee alread 
exists in the Munitions Committee, and the first wor 
undertaken will be to make that body thoroughly 
representative of the engineering trade of the district 
by including in it representatives both of masters and 
men in the works of the city and the surrounding 
towns. At present the Committee has no representa- 
tive of labour upon it, and its geographical limits are 
too narrow. hen the Committee has been con- 
structed, a whole series of sub-committees will have to 
bs appointed to look after various branches of the 
work, and to co-ordinate the efforts of one workshop 
with those of another. 

The Chambsr of Commerce, which arranged the 
meeting to hear Mr. Lloyd George, has, for the pre- 
sent at any rate, ceased to have a part in the move- 
ment. The matter is ia the hands of the heads of the 
wet trade, and the offices of the Employers’ 
Federation in Mosley-street are being used as tem- 
porary headquarters. Mr. Frank Hazieton is acting 
as secretary. 





There can be no doubt, from the opinions expressed 
in Manchester, that Mr. Lloyd George’s speech has 
made a very good impression both upon engineerin 
m the workmen. It is the belief of severa 
engineers that within a few weeks after the com- 
pletion of the new organisation Lancashire will be 
producing the quarter of a million shells per month 
mentioned by Mr. Lloyd George, and that the rate 
of production will increase rapidly and considerably 
beyond that point. It must not be forgotten that in 
Manchester and other parts of Lancashire large 
quantities of munitions are already being made, and 
that many of the initial difficulties have been sur- 
mounted. 





A manifesto recently issued by the General Federa- 
tion of Trade Unions, and entitled ‘‘ The Management 
Committee on the General Situation,” concludes with 
the following statement :— 

**In reminding the Government of its duties, the 
Management Committee does not lose sight of the 
duties which the class it represents have themselves 
to nea Millions have acted magnificently, and 
to them no reproach can “pply, but there are some 
who do not yet understand how serious the situation 
is, or that, for the moment, the test enemy of all 
classes is the enemy whose ambitious schemes have 
brought fire and sword to many lands. Till the nation 
is safe from the dangers this enemy threatens, internal 





> parton should be set aside, and each unit in the State 
o whatever is possible to advance the interests of 
the State. The safety of the whole is more important 
than the interests of a part, and the Management 
Committee has no hesitation in repeating its recom- 
mendation to avoid industrial disputes, or any action 
which could be held to justify conscription or the 
curtailment of those liberties of thought, speech, and 
action which are as the breath of life toa free people.” 


In March last, says the Journal for April of the 
National Association of Master Heating and Domestic 
Engineers, the War Office was converting the new 
Stationery Offices, Waterloo-road, into a temporary 
hospital, under the name of the King George Hospital, 
and fitters were engaged there on the iron-pipe work. 

ess of the urgency and necessity of the work, 
the plumbers struck against the employment of fitters. 
Sir George Askwith, the Chief Industrial Commis- 
sioner, insisted on an inquiry being held at once, and 
this took place on March 29 last, in the offices of the 
London Master Builders’ Association. The Master 
Builders were strongly represented, and the Opera- 
tive Plumbers’ and the Heating Engineers’ Societies 
had each four delegates present. 

Ths plumbers have an agreement with the Master 
Builders dealing with settlement of disputes, and they 
pleaded that the cause of trouble was the rate of 
wages the sub-contractor was paying, and contended 
that the meeting was not legal under their agreement. 
However, it was clearly proved to the contrary, and, 
after protesting, the plumbers withdrew, — the 
field in possession of the fitters. After very little 
argument, the Master Builders proposed a resolution 
in similar terms to the Leicester Arbitration Award, 
and this was carried unanimously. 

The sequel was that, under instructions of the War 
Office, none of the plumbers who had struck were 
allowed to return, and the whole of the work was 
— to be completed in iron, and has been done by 

tters. 








Mr. G. H. Knibbs, the Commonwealth Statistician, 
has published a review of the steps that have been 
taken by Australian legislatures to abolish industrial 
disputes. It makes pleasant reading, says the official 
report, for those who consistently supported the prin- 
ciple implied in the establishment of compulsory con- 
ferences. Before reaching that point, however, he 
deals with the causes that led to the failure of volun- 
tary conciliation. Fear of os to be anxious 
about the issue of a conflict, absurdities that were felt 
to be points of honour, and even pique, prevented 
employers and representatives of their men from taking 
seats at the same table and settling their differences 
like rational beirgs. These trifles involved the com- 
munity in long, costly, and disastrous conflicts, says 
the Melbourne Herald. It was the Commonwealth 
Government which, in 1910, first dealt radically with 
the subject by conferring on the President of the 
Arbitration Court powers to convene compulsory con- 
ferences. Four States, not including Victoria, followed 
the example of the Commonwealth. ‘The result has 
been almost startlingly successful. Under the New 
South Wales Act, 142 conferences had been held, and 
139 disputes have been settled without resort to strikes. 
Under the Commonwealth Act thirty-three disputes 
have been handled at compulsory conferences, and in 
twenty-five cases the matter has been found capable 
of settlement. In Queensland and West Australia 
the average is even higher. 

The following table, compiled by the Commonwealth 
Government statistician, gives a summary of indus- 
trial disputes as affected by conferences between the 
parties for the final quarter of 1914 :— 


Disputes Settled Conf 





through Con- not Directly 
ferences. Effective. 
New South Wales 139 3 
Queensland _... oe 9 1 
South Australia a 3 6 
Western Australia... 7 _ 
Commonwealth Act ... 25 x 
Total ... 183 18 





“Organised labour and politics,” says the Jron 
Trade Review, Cleveland, Ohio, ‘‘ exacted a high 
tribute irom the American people when they success- 
fully conspired to drive scientific shop management 
from the Government arsenals and navy yards. Rider 
legislation, odious in virtually all cases, was naturally 
resorted to by the labour unions to win their long 
fight against paying the efficient man more than the 
inefficient . . . Con was ——— to yield to 
riders in the recent Navy and Army Appropriation Bills 
abolishing time studies and prentium payments from 
arsenals and navy yards, or to face an extra session, 
so desperate were organised labour and fawning politi- 
cians in their efforts to drive efficiency out, with 
the fervent hope on the part of organised labour 
that it would mean t inroads in the same direc- 
tion on private industrial plants... The rider 
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legislation has not affected the payment of pre- 
miums at Watertown arsenal, and scientific manage- 
ment will be continued. ... The most important 
manufactures at the Marge re —— Mgt memes 
un-carriages. . . . ive era, ‘or sets 
ef parts for the alteration of 12-in. mortar jos Lam 
were given at one time. The first two orders were 
executed before the introduction of scientific manage- 
The average cost per set of these two orders 
was 1536.73 dols. The third order was carried 
through after some little progress had been made in 
the new method of management, and the cost per set 
under it was 1120.32dols. The last two orders had the 
benefitof most of the improvements, and under these the 
cost per set was 988.36 dols.... The reduced cost of 
production at the various ordnance establishments, due 
to improved methods of manufacture and to the pre- 
mium system, were made with practically oo reduction 
of wagesof employees ; on thecontrary, there wasa 
number of increases in day wages at all the 
and the earnings of the men on a piecework or pre- 
mium basis were increased considerably. . . .” e 
article gives a wages table, from which it is seen that 
“. . . eleven moulders, for instance, worked, upon 
the whole, 77.51 per cent. of their time upon premium 
work, and that they earned above and over their daily 
wage & sum which amounted, as a whole, to 29.27 per 
cent. of such wages. .. . The good which the late 
Frederick W. Taylor did for ee and employer 
and for the great industrial world is lasting.” 





According to the Iron Age, New York, May 27, the 
pressure on machine-tool builders and their selling 
forces is sustained, not only by the demand for tools 
desired for turning out raw material, but by a steady, 
growing request for machinery needed in industrial 
lines. The importance of the latter is urging tool 
builders to the maximum effort, but, regardless of all 
they can do, deliveries are still further off, and are, 
naturally, unsatisfactory to intending buyers. The 
manufacture of machine-tools is not only harassed by 
the clamour for deliveries, but is confronted by a 
great problem in the growing scarcity of skilled 
labour. This is particularly the case in New England, 
where the conditions are likened to those which 
existed in 1896 and 1897, when cities bid against each 
other for men. 





According to news received from Canada, the 
mission of Messrs. Wyndham and Barnes to the 
Dominion, the object of which is to en a@ number 
of mechanics for employment in the United Kingdom 
in the manufacture of munitions of war, is meeting 
with very great success. Weare told that the leadiog 
labour unions are actively assisting the Board of Trade 
delegates, their aim being to procure work for their 
members until labour conditions improve in 
Close upon 2000 skilled meshanics have already left 
the Dominions for British factories on this side. They 
are under contract to work for at least six months at 
full union wages, the return fare to Canada being paid 
to all who work beyond the six months. 





The bricklayers’ labourers employed at the Hallside 
Works of the Steel Company of Scotland, Limited, Cam- 
buslang, went on strike last Thursday, the 3rd inst., 
for an increase of pay. On Saturday morning s meeting 
at the works’ gate was addressed by County Councillor 
Owen Coyle, organiser of the trade union, who advised 
the men to return to work at the old rates, leaving 
the union executive to settle the matter. Acting 
on this advice, the men resumed work on Monday 
morning. 





SHELLS ; STEEL OR CAST IRON? 
To THe Eprror or ENGINEERING. 

Siz,—Without in any — finding fault with the powers 
that be, one might ully ask, ae is a question of 
having an ever-increasing supply of s' more than any- 
thing else, why we on our side do not follow the example 
of the Germans and make our shell casings of cast iron 
“Ta r fatly led engi ask thi 

_I am particularly as an engineer to is ques- 
tion for three reasons: First, I was asked the question 
myself by & colonel from the front, who informed me that 
the German shells which did such terrible execution on 
his battalion near Ypres were made of cast iron; 
secondly, since then I have in my possession a piece of a 
German shell of fairly large calibre sent me from the 
battle-ground in Flanders, which narrowly missed one 
of my own friends, and which = happens to be 
formed of cast iron; and thirdly, other day the head 
of a firm which is largely engaged in the manufacture of 
shells for the British Government asked me whether 
could find out from some of our folks at the front whether 
the Germans used cast tron instead of steel for their shell- 
casings, and my answer was toshow him the piece of cast- 
a shell in my possession, which, of course, was con- 
clusive, 

Now, with all their faults, the Germans are not only a 


democratic, but they are a practical le, and are 
generally up to date in scientific and ical matters, 
and my point is, if the Germans find it of t service to 


taake these shell-casings of cast iron ins' of steel, there 
must be a very good reason for it. It appears to be quite 


I that any material 





evident that, given the 

the right comparative thickness } 
thickening towards the inside, there should be no differ- 
aeee SS Ee eee Sees So ne ae ee 
one, while cast-iron|casing would be infinitely cheaper 
and more easily made. In thot, by the use of cast-iron 
shells > ate nd Sat Sy Oe Cee eae 
evident that our adoption o ee ee nee, 
would enable, if desirable, every fairl -equipped 
foundry in Great Britain to successf manufacture 
shells galore in cast iron, turned up inside and outside, at 
& minimum price, and in quantities, all told, equal to, say, 
ee ee eee special or expensive machi- 

u \. 


Allies from an ever increasing source, thus preventing any 
possible shortage. f 
It is well known that steel shell-casings from start to 
finish can only be manufactured by concerns possessed of 
special and most expensive plants, which necessarily 
checks the unlimited production, which is so absolutely 
essential. Perhaps the suggestion thrown out may appeal 
to our authorities. 
Yours, &c., 


James KeirTH, 
Assoc. M. Inst. C.E., M.I. Mech. E. 
Dunottar, Brondesbury, London, N.W. 





*““THE ENGINEER’S UNIT OF MASS.” 
To THe Eprrog or ENGINEERING. 

Srr,—I agree with your corres lent in your issue of 
June 4 that the introduction of this unit merely adds 
further complication to a system already sufficiently 
complex. But surely he is in error in declaring that 
engineers choose force as a fundamental quantity in 
preference to mass. His own definition of unit force 
postulates the previous existence of a unit mass. 

For engineers, just as for other people, mass is a funda- 
mental conception, and for them, too, the unit of mass 
in the British system is the pound. 

From either of two properties of matter, gravitation 
and inertia, we may derive a unit of force. For all pur- 
poses, except that of dynamical calculation, the gravita- 
tion unit of force, the weight of a pound, is immensely 
superior to the inertia unit of force, the dal. It is 
convenient, and everybody understands whatitis. It is 
anny variable, but correction can readily be applied 
if n 

The adoption of the pound-weight unit of force need 
cause no confusion in problems upon acceleration. Since 
accelerating force is proportional to mass accelerated and 
to acceleration, 


.*. accelerating force (any unit) = mass accelerated (any 
unit) x acceleration (any unit) x a constant. 


This constant is determinable from the fact that the 
weight of 1 lb. gives to a mass of 1 lb. an acceleration of 
32.2 ft. per second per second. Substituting these values 
gives 

1 
32.2 
.*. accelerating force (pounds weight) = mass accelerated 
(pounds) x acceleration (ft. per second per second) + 32.2. 

From this point of view there is nothing to cavil at in 
the statement (Circular 894, page 20) that 

g x force = mass x linear acceleration, 
for g evidently represents merely a numerical constant. 

Physicists seem hopelessly obsessed by the delusion that 
in this equation the constant simply must be unity what- 
ever be units employed. As a result they have in- 
vented a monstrosity foisted it upon a -suffering 

ession, adding insult to injury by misnaming it the 
** engineer’s”(!) unit of mass. 

If physicists themselves find it often convenient to 
measure pressures in atmospheres or in kilogrammes per 
square centimetre and yet feel no compulsion to adopt 
corresponding units of mass, why may not a similar 
liberty be accorded to engineers ? 

Yours wen 
T. THompson. 


The Woolwich Polytechnic, June 5, 1915. 


constant = 





To THe Eprror or ENGINEERING. 

Srr,—I read Mr. Stelfox’s letter in ENGINEERING, 
June 4, with great interest, and would like to make a few 
remarks on the subject. 

Mr. Stelfox says that the engineer’s unit of force is that 
force which uces a certain acceleration in a certain 
piece of metal, and he afterwards introduces a ratio, to 
which he gives the name ‘‘ mass.” 

I it putting the matter as follows :— 

1. By experiment, and induction therefrom, we conclude 

ial body falling under the action of its own 
weight attains in one second a velocity of 32.2 ft. per 


2. By experiment and induction we know that bodies 
resting on a smooth table and along the’ table b 
certain equivalent weights (which we may term ‘‘f 
receive accelerations simply i to the force 
acting, and inversely 1 to the weight of the 
body moved. 

From 1 and 2, or from 2 alone, we have 


Acceleration = °F? 
weight 


x constant. 








To obtain the value of the constant suppose a weight of 
1 Ib. t0 fall under the action of gravity, and we have 


$22 = i x 32.2 ; 
or, generally, 


x 32.2. 





weight 

This may also be written— 

Force = We'sh* , acceleration. 
32.2 
Here there is no necessity for introducing the word 
glen, Ge cae saan ike al ind the 
are very m' © sav in under t 
conviction thet & Wend ppuch Guaplet or otbie cantata 
itself and convey something of the actual reality. Since 
nobody knows what “mass” is, nor can anyone have a 
direct conception of it, there seems to be an advantage in 
eon thee — altogether until the student is out of 
embryo s' 

In the actual example worked of a 10-ton weight under 
the action of a force of 2 tons, Mr. Stelfox first calculates 
what he terms the ‘“‘mass” of the 10-ton weight, and 
then uses the formula :— 


Acceleration = force . 
mass 


As an alternative method of dealing with the question, 
ar. I may qoste Professor Lamb as follows :— 

" obviously different degrees of inertia cf actual 
bodies are imi in our ideal representation by attri- 
buting to each particle a suitable mass or inertia co- 
efficient m, and the product mV of the mass into the 
velocity is called the momentum. On the Newtonian 
system, change of velocity is attributed to the action of 
force, and if we agree to measure the force P by the rate 
of change of momentum which it produces, we have the 
vector equation— 


d ™ 
a”) = P. 


From this point of view the equation is a mere truism ; 
its real importance rests on the fact that, by attributing 
suitable values to the masses m, and by making simple 
assumptions as to the values of P, we are able to obtain 
adequate representations of whole classes of phenomena 
as they actually occur.” 

May I just add another quotation from Professor Lamb 
as & yon hy avoid trying to get young men to con- 
ceive mentally what they cannot perceive with the bodily 
senses? ‘‘It is well to recognise occasionally the arti- 
ficial character and the limitations of our methods.” 

As a conclusion to this long letter, which you may 
possibly cut out, I must say it is very pleasant to read 
the good discussions occasionally in the correspondence 
columns, and I recall how, many years @ similar dis- 
cussion took place in your columns, and I wrote a letter, 
which you indulgently published, giving the orthodox 
methods of distinguishing mass and weight, and also how 
a I was that Sir George Greenhill (then plain Pro- 

‘essor) noticed my contribution, even although only to call 


it old-fashioned. 
Yours rely. 
J. GILOHRIST. 


**THE FUSION OF OUR FIGHTING AND 
MANUFACTURING ARMIES.” 
To THe Eprrorg oF ENGINEERING. 

Sin,—I was greatly interested in your article on ‘‘ The 
Fusion of Our Fighting and Manufacturing Armies.” 
There is great for the ‘‘ fusion ” which you outline. 
It is simply astonishing to find the attitude adopted by 
some of the men, and unfortunately, as in all trade-union 
mattere, the sensible men allow themselves to be over- 
ruled by the obstructionists. _ 

e are gradually ‘‘rounding up” the troublesome 
people, and when we have them unmistakably branded 
we shall get the societies to deal with them as indi- 
viduals who are working against the common gocd. The 
executives of the societies are willing to help ; so are the 
local officers as a body, but none of these people are able 
to face the bullying criticism of their troublesome mem- 
ters in open meeting. It is — eliminating the 
main body of the workers from trouble, and indi- 
cating individuals as the cause, that we shall get any 


peace at all. 
Yours faithfully, 
June 5, 1915. An ENGIngERING ManaceEr. 








**Loss or Heap In Pirgs:” Erratum.—A misprint 
occurs in the third equation in the second column of the 
article upon the above subject which appeared in our 
issue of April 16, page 441. ‘The equation, 


R=p [ o-0765 (, J) v.63 + 0.0009 | 
should read, 
R=p [o. 0765 (7 a 
d p 


Sca.Les AND Prorractors.—We have received from the 


vl. + 0.0009 “|. 


) United Metal-Hngraving Compiny, L‘mited, of 40, High 


Bridge, Newcastle-on-Tyre, excellent samples of 

and protractors engraved on celluloid, both white and 

clear. Formerly such articles were, toa very large extent, 

made in Germany; but the United Metal-Engraving 

Company inform us that they have discovered a process 

of engraving celluloid equal, if not superior, to that 
igi in Germany. 
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PORTABLE ‘‘ STEREOPHAGUS” PUMP SET. 


Tue annexed figure shows a portable and self- 
contained pumping set designed by the Hon. R. C. 
Parsons, and oh which — 2 — tly been 
supplied by the Stereophagus Pump ogineering 
Cuamen Limited, of 39, Victoria-street, S.W., for 
trench-draining at the Front. The set consists of a 
1}-in. ‘* Stereop! ” pump, directly driven by a 
1-horse-power sing linder petrol-engine. The pum 
and engine are mounted on a common aluminium bed- 
plate, which is hung from the two main side members 
of a four-l wooden framework. The two side 
members of the frame are prolonged, and formed into 
handles, so that the whole thing can be carried on the 
lines of a stretcher. A hand-pump for charging the 
Stereophagus pump is mounted in one oorner of 
the frame, wh e petrol-tank is mounted above, 
and a silencer below. The ‘‘Stereophagus” B wow 4 has 
been fully described in our columns in the past.* 
It is a form of centrifugal which, by means of an 
internal knife, is capable of dealing with waters con- 
taining fibrous matters, such as cotton-waste, rags, 
&c., a8 well as sand and mud. Anything of a fibrous 
nature is cut to small pieces by the internal knife. 
Installations of the pump have been successfully work- 
ing for some years dealing with unscreened sewage. 

e understand that the set illustrated was asked 
for by an officer at the Front, and that the Hon. R. C. 
Parsons has sent out five such sets, which have been 
paid for privately. The suitability of the plant for 
clearing water from trenches is obvious. It weighs 
only 120 lb., and so can easily be carried by two men. 
It is, further, only 1 ft. 4 in. wide. e over-all 
length is 5 ft., and the over-all height 3 ft. This 
latter dimension could, however, if desired, be re- 
duced by cutting down the length of the legs. The 
set when fully charged with fuel and oil will run 
from ten to twelve hours, and has a capacity of 30 gal- 
lons a minute against a 16-ft. head, including all fric- 
tion. With a smaller head a larger discharge can be 
obtained. Each set is fitted with a suction-hose 8 ft. 
in length, and a delivery hose 50 ft. in length, so that 
the water may be discharged at such a distancs that 
it is not likely to find its way back into the trench 
When the set has to be started the suction-hose is 
laced in the water, and the delivery-hose is shut off 
o means of a clip, which is supplied. The air is then 
exhausted by means of the hand-pump, which is con- 
nected up by the small pipe shown in the figure. 
When the pump draws water the engine is started 
by its handle, and the throttling-clip on the hose 
released. 

The engine is of the Wall Auto-Wheel type, with a 
single cylinder 24 in. bore by 24 in. stroke. It has 
& single-lever control, and the lubrication is automatic. 
The oil-reservoir is formed in an extension of the 
crank-case. It is clear that these portable sete would 
be of great use for farm service and in other situa- 
tions; but the application for draining trenches is, 
we are afraid, of greatest interest at the moment. 
Two large sets of the same type are built. One has a 
2-in. pump, is 1 ft. 6 in. wide, weighs 200 lb., and has a 
discharge of 60 gallons a minute against a 25-ft. head. 
The other, with a 3-in. pump, is 2 ft. wide, weighs 
700 Ib., and has a discharge of 80 gallons a minute 
against 50 ft. Either of the larger sizes can, if 
required, be fitted with wheels to facilitate trans- 
portation. 





AMERICAN LOCOMOTIVE TRAILING- 
TROCKS.—No. IL. 

Ir may fairly be said that at the close of the last 
pons | outside bearings on locomotives were more 
generally appreciated ior main-line work in this 
country than in America. We refer particularly now 
to the use of outside bearings at the trailing end in 
cases in which the trailing- wheels were comprised in 
the rigid wheel-base. There were innumerable ex- 
amples of single-driver engines and some other types 
here with the trailing-wheels so fitted, enabling the 
fire-box end of the locomotive to be considerably 
simplified. Though not wishing to attach undue im- 
portance to a sequence of events which may or may 
not have been tortuitous, it is interesting in looking 
back some fifteen years or so to este bow changes 
followed one another at that time. 

In the winter of 1898-99 Mr. J. A. F. Aspinall 
turned out on the Lancashire and Yorkshire Railway, 
from the Horwich shops, his large 4-4-2 type of engine, 
which had inside cylinders and inside bearings at the 
trailing end. Almost at the same time, Mr. H. A. 
Ivatt’s 990 class appeared from the Doncaster shops 
of the G-eat Northern Railway. This class had out- 
side cyliuders and outside bearings at the trailing end. 
The latter arrangement was contrived in what was 
then an unusual manner, a short and deep secondary 
plate frame being built out from the main frames, 
instead of, as in former practice, this frame forming part 
of a stiffener running the whole length of the engine. 


_— 





* See ENcrineerina, vol. xciii., page 444. 
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Early in 1900, in the United S.ates, tuw Baldwin 
L»comotive Works turned out some 2-6-2 type loco- 
motives for the Chicago, Burlington, and Quincy Rail- 
road, with outside bearings for the trailing-wheels. 
Tnis design did not depart, however, from the bar 
frame. ‘I'he main frames finished at a transverse cast- 
ing at the front of the fire-box. This casting extended 
some distance on either side, and the framing was 
continued to the rear by a bar-frame arrangement 
outside the trailing-wheels. This design for main- 
line work attracted a good deal of notice, but an 
innovation of a few months later, on the Chicago and 
North-Western Railway, undoubtedly attracted more. 

On the engines we now refer to, constructed by the 
Schenectady Locomotive Works, now part of the 
American Lecsmnativs Company, the bar frame gave 

lace at the trailing end toa slab frame, the outside 

xes being accommodated in a secondary plate frame 
which in all essentials was similar to that previously 
developed on the Great Northern Railway in this 
country. These two classes of engines on the Chicago, 
Burlington, and Quincy, and the Chicago and North- 
Western Railroad, and, we believe, especially that 
on the latter, did more than anything else to in- 
cline American designers to outside bearings at the 
trailingend. The clear space possible inside was soon 
found an advantage from the point of view of 
arranging for the wide fire-boxes then coming into 
favour, and for the ash-pan. The disposition of the 
weight over a wider base was found to be conducive to 
much smoother riding, while the axle-boxes themselves 
were further away from the hot fire-box, were more ex- 
posed to the influence of the outside air, and much more 
accessible for oiling and re-packing, It was natural, 
therefore, that with the wide and heavy fire-boxes which 
have become common in American locomotive practice, 
outside bearings should in due course be — to 
trailing-trucks where these were necessary to bring the 
rigid wheel-base within reasonable limits. This, in 
fact, occurred about 1903. The outside-bearing trail- 
ing-truck is now a standard feature of American 
design, and is more widely applied than the inside- 
bearing type, of which we gave examples in a previous 
article.* We now illustrate on the opposite page and 
Plate XLII. several well-known patterns of outside- 
bearing trailing-trucks. These designs are known 
we as the Cole, Rushton, and Hodges trailer- 
trucks. 

The Cole pattern was evolved by Mr. F. J. Cole, of 
the American Locomotive Company, at the Schenec- 
tady works, and was first applied to a 4-6-2 class of 
engines on the New York Central and Hudson River 
Railroad. It has since been adopted for both heavy 
and light axle-loads. The greatest load supported 
by one of these trucks is, as far as we know, that 
carried in recent engines for the Chesapeake and 
VUhio Railroad. These engines are of the 4 6-2 type 


and are exceptionally powerful, weighing altogether | Th 


312,600 lb. (without tender), of which 64, lb. 
represents the weight on the trailing-wheels. The 
large 2-8-8-8-2 Henderson articulated engine on the 





* See page 621 ante. 
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Erie Railroad, which we fully illustrated in a series 
of articles in our last volume, was also fitted with 
a Cole trailing-truck, the weight carried in that case 
amounting to 59,400 lb. For lighter engines the 
same principle is retained, though this design is con- 
siderably modified. The Cole truck is illustrated in 
Figs. 16 to 18, on the opposite page, and Figs. 19 to 24, 
Plate XLII., published with this week’s issue. The 
lighter pattern is shown in Figs. 16 and 17 and Figs. 19 
to 21, while the heavier type is illustrated in Fig. 18, 
page 651, and Figs. 22 to 24, Plate XLII. Fig. 16 
shows a locomotive for the Soo Lines (Minneapolis, 
St. Paul and Sault Ste. Marie Railroad), having an 
engine weight of 290,500 lb., of which 45,000 lb. 
represents the trailing-truck load. 

The Cole truck consists essentially of a V-shaped 
radius-bar, axle-bex castings, and a rear transverse 
frame. In the heavy design, shown in Figs. 18 and 
22 to 24, all these are of cast steel, the radius-bar 
and rear transverse frame being of web and flange 
design, with webs vertical. In the lighter pattern the 
web is arranged horizontally, and steel castings may 

ive place to forged bars with bar stays, as in 

igs. 16 and 17 and 19 to 21. The frames are rigidly 
bolted to the axle-box castings. At the front end of 
the radius-bar is a hole for the pivot-pin held in a 
cross-stay which extends between the main frames of 
the engine. At the back end is a spring-centring 
device, similar to that previously described in conneg- 
tion with the Player truck. This consists of a spring 
box fixed to  cross-stay on the engine. This box 
contains a coil spring which is compressed by cup- 
shaped followers forced in by ball-headed plungers 
or thrust-rods pivoted to the truck frame. This 
arrangement allows free vertical movement, but con- 
trols the lateral motion. 

On the top of the axle-box in the heavier design 
(see Figs. 2 to 24) is a sliding plate, the upper side 
of which is cupped to receive a ball which forms 
part of a cast-steel horizontal yoke hinged at both 
ends to the main frame. On the top side of this 
ball is a cup spring shoe or cradle, in which 
rests the buckle of the long laminated springs. 
The rear ends of these springs are held by inverted 
brackets fixed to the main frames. At the front 
they are connected with equalising-beams by means 
of spring-links, and sre thus equalised with the 
driving-wheels. The equalising-beam is set on the 
skew, so that one end is under the trailing spring end, 
while the other is brought in to rest on a beam 
suspended by links from the springs of the driving- 
wheels. ‘he equalising beam solaven-gin is carried in 
& skew casting fixed to the mainframe. The floatin 
_— make it possible to dispense with supplements 
rames for the spring, and makes the design much 
more simple, and a great deal lighter, than when 
supplemental frames are employed outside the wheels. 
ey also enable the journal-centres to be brought 
much closer in, a saving of 5 in. being thus secured— 
an amount which is very appreciable with heavy loads 
on outside journals. he ball-and-cup arrangement 
allows the main frame to tilt on the axle without any 
twisting of the springs, to which vertical movement 
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Fig. 


only is transmitted through the hinged floating yoke. 
At the same time the truck is free to move under 
the springs and yokes in a lateral direction through 
the provision of the sliding-plates above the axle- 
boxes. The load is always well distributed over the 
journals. The type of truck shown as a lighter 
pattern is similar in principle. The yokes, however, 
sre of alab form, and some modifications} will be 


18. 


noticed in the ball-and-cup arrangement, the yokes 
being dented, and the ball fcrmed on the sliding-plate. 
This will be clear from Figs. 19 to 21. 

Examples of the Rushton outside-bearing truck, 
of the Baldwin L-comotive Worke, are shown in Figs. 
25 to 35, Plate XLII., and Fig. 39, page 654. We 





{Fie. 16. Locomotive ror tat Soo Lives (Mrinneapouts, St, Paut, anp Savit Ste. Marre Rarroap), 


similar lines, except that a supplemental frame is pro- 
vided outside the wheels. is truck makes use of 
the swing - link nsion principle adopted for two 
and four - wheeled leading trucks, but the suspension 
is arranged at each box, instead of with a common 
bolster. The design of the truck iteelf is most clearly 
seen in Figs. 25 to 27. The truck-frame, which takes 
various forms according to the class of engine to 
which it is fitted, has a radius-bar connecting with 
@ pivot-pin housed in a cross-stay between the main 
frames. The axle-box castings are fixed rigidly in a 
--shaped housing forming part of the truck-frame, and 
zach carries on the top of its housing a beam, from each 
end of which is hung # suspension link. The bottom 
ends of these links are coupled by large pins to an 
inverted (J-shaped yoke. This is clearly shown in 
Figs. 28 and 29, 
In the inside-bearing truck previously mentioned 
this yoke was formed of two slabs, one plate being 
outaite the main engine bar-frame, and the other 
inside, In the outside-bearing form this yoke, which 
consists of a stee) casting poe | h the laminated 
spring and ite buckle, as shown in Figs. 25 to 27, is 
accommodated ina supplemental outside frame of cast 
steel, bolted to the main frame. This frame takes 
the form of a hollow box-guide, in which the yoke is 
free te move vertically, but is only allo slight 
lateral play. The truck can therefore swing laterally 
about the pivot-pin, but the spring is not displaced 
relatively to the frame, except in a vertical direction. 

At the trailing end the springs are connected by 
links to the supplemental frame. At the front end the 
spring-links are coupled to the rear ends of skew 
equalisers. The latter sre carried forward. and at 
their front ends rest on a transverse equalising beam 
bung from the driver spring-rigging. 

The truck illustrated in Figs. 28 to 31 is of 
lighter pattern than that described above, and has 
plain swing-links; that shown in Figs. 25 to 27 
has three point hangers. These hangers give, as 
is well known, excellent results in leading trucks, 
having advantages over the inclined-link suspension 
for bolsters. The link-sus ion beams above the 
boxes in this case have double ends, as shown in 
Figs. 34 and 35, while the hangers themselves are of 
the form shown in Figs. 32 and 33. This wpe of 
truck, involving a supplemental box-frame for the 
spring, which means a good deal of weight, also 
requires the journal centres to be spread rather far 
apart. The adaptation of the swing suspension, how- 
ever, is very interesting, and the truck is used on a 
large number of heavy engines, as, for irstance, that 
shown in Fig. 39, on page 654. This illustrates a 
powerful engine for the Atchison, Topeka, and Santa 
Fe Rail » recently built by the Baldwin Works, 
and having a total weight, without tender, of 288,700 Ib. 
The load on the trailing-wheels is 56,200 Ib. 
| The Hodges truck was originated by Mr. W. 
| Sterling Hodges, of the Baldwin Locomotive Works, 
| whe, we regret to ray, lost his life in the recent 
| Lusitania disaster. It is illustrated in Figs. 36 to 38, 
| Plate XLII, and Figs. 40 to 43, page 654. This 
|truck is of great simplicity, and does without a 
supplemental frame outside the wheels, thus making 
it possible for the journal centres to be no wider apart 
than in the Cole truck. Fach axle-box is held in a 
casting rigid with the frame, and extending above the 
box, to form two wings, between which the spring is 
mounted. The spring is allowed lateral m« vement 
with the truck. e sides of the buckle bear against 
rounded faces inside the vertical wings, while the 











spring reste on a blunt knife-edge block, on the under 


| side of which isa round lug. The latter fits into a 


referred in our previous article to a form of this truck | circular recess on the top of the axle-box casting. 
with inside, bearirgs. The outside-bearing form is on | From the spring ends are hung twisted links, arranged 
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so that they swing in planes parallel to a tangent to 
an arc struck with the truck radius-pin as centre. 
The rear link is connected to a bracket on the main 
frame. The front link is coupled, as in the previous 
designs, to a skew equalising-beam connecting with 
the spring rigging for the drivers. The front links are 
held ia alignment by a floating guide hinged to the 
main frame. Figs. 36 to 37 show a Hodges truck 
fitted with a centring device similar to that de- 
scribed in connection with the Cole truck. The 
frame of the H truck is designed in various 
forms to meet different conditions. In the case of 
heavy engines, with the trailing-wheels braked, a cast- 
steel frame with a deep vertical web, as shown in 
Figs. 41 to 43, 654, is adopted, giving greater 
stiffness. It wi noted that in the case of the 
Rushton and the Hodges trucks, it is possible, by 
taking off the horn-stay, to drop the axle-boxes com- 
plete with the usual ease. 





THE GERMAN IRON AND MINING 
INDUSTRY. 


A REPORT from Essen states that conditions in the iron 
pe A during the t year have develo in an 
altogether unexpectedly favourable manner for the works. 
The marked rise in prices the last few months as 
regards finished goods continues. It cannot be said that 
the higher prices are the outcome of the recent formation 
of several conventions. On the contrary, as matters 
stand these increases in prices would, beyond a doubt, 
have taken place had the conventions not been brought 
about. As an instance, for bar iron and plates prices as 
much as 10 to 15 marks above the ruling convention 
quotations are being obtained. The works, within the 
scope of their reduced capacity on account of the war— 
generally about 60 per cent. of the normal—are so fully 
employed that long terms of delivery, often eight to ten 
we are insisted u in new contracts, and higher 
prices are obtained without much difficulty. Added to 
this come the continued scarcity and increasing prices of 
raw materials and the higher cost of production as further 
reasons for higher prices. 

Although, especially as regards the bar-iron market, 
offers below the prices asked by the works a 
make their appearance from other quarters ; and althoug 
varying quantities of bar iron from stocks in Antwer 
intended for export, but which have not been despatched, 
now and then come on the market at lower prices, 
there is no stagnation, let alone retrogression, in the 
upward move of prices. This proves that the exist- 
ing demand suffices to keep all works fully employed 
to the extent of their present capacity. As it cannot 
be expected that the capacity of the works can be 
increased beyond their present scope, and in face of 
increasing shortage of labour and raw materials, and as, 
on the other hand, no decrease in the demand for war 
purposes can be expected, there isevery reason to believe 
that the rising tendency in the matter of quotations for 
iron will continue. It is to be expected that for the third 
quarter of the present year the unions and conventions 
within the iron industry will further increase quotation 

ice, as the present convention prices are being exceeded 

»oth in the open market and for export. 

The bar-iron market especially shows a firmer tendency 
almost every day. The strong demand which at the be- 
ginning of April was attributable to a desire on the 
part of the trade and the consumers to cover their require- 
ments before the anticipated rise in prices set in, has 
shown no si of subsiding since the expected rise, u 
to 135 to 183 marks at Oberhausen, took place. Wi 
the present active demand the works often obtain 
still higher i For Siemens - Martin bar - iron, 
materially higher prices have had to be paid, exceeding, 
in many instances, the recent rise of 15 marks per ton 
for quality goods. Most works have orders in hand for 
months to come. 

As regards plate-iron, prices continue to rise. Fine 

lates are no longer sold below 165 marks to 170 marks. 
or heavy plates, the convention prices of 140 marks for 
ordinary heavy plates, 145 marks for construction plates, 
and 155 marks for boiler-plates are readily paid. Export 
business is active. The works in the manu- 
facture of plates are full up with orders for months to 
come. The business in tubes is but of small import- 
ance; the convention has introduced material rises in 
quotations, but they are the outcome of te 
between the works after the ruinous competition, and 
have not cal by an increased demand. 
de of employment is not sati , 
n the other hand, the position on the wire market has 
improved considerably, in spite of the very serious 
effects of the greatly decreased export. Whilst formerly, 
especially on the wire market, the exceedingly over- 
production resulted in prices which meant a to 
weer works, the works are now = =“ within 

eir capacity at prices which have i 
coverel times during the lass few mon for 
delivery within the second quarter of the present year 
are 140 marks per ton for ied wire net at the works, 
170 marks for wire nails, 150 marks for drawn wire, leas 


14 per cent. discount at Hamm, W ia, 245 marks 
for barbed wire, and 200 to 210 marks for galvanised wire, 
net, at Hamm, Westphalia. For Siemens- in material 


an advance of 7.50 marks per ton is generally asked. 

The position of the syndicalised products of the Steel 
Union is, on the whole, quiet. Half-finished goods 
during the last few months are slowly improving in price, 
although the export trade has almost come 


to a com 
tandstill. The demand, however, is fair! 5 
standsti ann Fo ver, is { iy ntatntory, 


raised | quantity of spirit is kept within 2 gallons. 





Union gradually has raised the price 15 marks, this 
speciality being particularly in demand for military 

ulrements. 

‘or railway material business is quiet, with a fairl 
satisfactory ; the home price for heavy 
is at present 140 to 150 marks per ton, whilst 125 to 
130 marks are obtained for export. The demand for 
mining and fixed rails is dull, in spite of the army’s 
extensive requirements ; prices for wn rails are 
125 to 130 marks for the home market, and 115 to 120 
marks for export. The business in girders is also very 
quiet, the quotation having been raised to 120 marks 
per ton at Diedenhofen. 

The for pes is now so excessive that the 
Pig-Iron Union with the reduced production of the works 
cannot satisfy the demand for the second quarter. Espe- 
cially for quality pig the demand is livelier than ever 
before, Sangean Sis aap goreemey Se sate Se sey 
purposes. emburg Thomas iron is in strong demand. 
After the most recent rise the prices are: for foundry 


pri 
I., 864 marks; for foundry III., 814 marks; for 
Sateen 100 marks ; 78 ene? Fee esdied eee he _A 
further rise for the third quarter is expected, considering 
the present state of the market, and even without the 
instrumentality of the Pig-Iron Union prices would prob- 
ably have stiffened. 
scarcity of raw material continues, and is even on 
ees as far a some commodities are ‘ . 
is more especial! oo to iron ore; with a produc- 
tion of about two-thir of the normal the mines of the 
Siegerland district cannot satisfy the requirements of 
the iron works. Higher prices have to be paid for new 
contracts, and for other kinds of iron ore the rise is even 
greater; thus Nassau iron ore commands a price of 18 to 
20 marks per ton, whilst it only fetched 144 marks before 
the war e out. Minette ore also risen. 

A strong demand continues for coal and cokes, and a 
rise in the coal prices in the autumn is reckoned with ; 
also the quotations for cokee, which were reduced in the 
spring, are likely to be again raised. 





Tue Pusiic Sonoors Yerar-Boox, 1915.—We have 
received a om, of this year-book, which is edited by 
Messrs. H. F. W. Deane, M.A., F.S.A., and Mr. W. A. 
Evans, M.A., and issued by the Year-Book Press, 31, 
Museum-street, W.C., at the price of 5s. net. It gives 
detailed information on all the public schools throughout 
the kingdom, on the entrance into the Army, Navy, 
Civil Service, and on the other openings available for all 
the various classes of students. 





SwepisH Iron.—The for the first quarter of the 
ere year, read at the meeting of the Union of 

wedish Ironmasters, states that the iron market gradu- 
ally has materially improved. The demand for most 
products within the iron industry is , both for home 
consumption and export, and has allowed of that rise in 
prices which has become necessary by the enormous in- 
crease in cost of the raw materials used in this industry, 
fuel, &c. The spring floods have brought a more profuse 
supply of water for the power-stations, where 
manufacturing capacity of the works has been increased. 
Most works are at present in full swing, but much rain is 
needed during the first few months, so as to prevent a 
shor of water from again setting in, inasmuch as the 
normal volume of water in the lake reservoirs by no 
means has been secured so far. As the unsettled con- 
ditions resulting from the great war stil) prevail, and at 
times bring about surprises which to no small extent 
affect the iron industry, t caution is still necessary in 
the export trade, expecially as far as contracts for delivery 
some time fo’ are concerned. The production of 
most of the leading ucts shows a steady and material 
increase from month to month, although the aggregate 
for the first quarter of 1915 is below the average of the 
corresponding period of the last ten years, except as far 
as Martin ingots are con . The exports consider- 
ably exceed the average ef the last years, thanks to the 
very material increase in the export of pig-iron. 





Fire Tests with Fire-Extincuisaers.—The Pyrene 
fire-extinguisher, which takes the form of a double-action 
hand-squirt, containing a quart of chemical of the carbon 
tetrachloride has recently been tested by the British 
Fire-Prevention mittee, who have now issued thei 
Report No. 189. The testers notified the Committee 
that their appliance was not suitable for the ordinary 
fire tests with loose inflammable materials as required 


The| under the Committee’s standard for ordinary extin- 


guishers. These, as a rule, comprise the ordinary burning 
cra’ 


te, a, burning and the like. The 
tests that were undertaken were the easier part of the 
Committee’s series of petrol tests—i.ec., those with small 
—— of pee over — area, and the spony 4 
oO report indicates that ex i is able to 
deal with such miniature fires of Fn a gee if the 
i There were 

also some tests made with small quantities of certain 
chemicals, and it was shown that the appliance was effi- 
cient for small celluloid fires with films up to a length 
not exceeding 400 ft. In other words, this appliance is 
primarily useful for small spirit fires as met with in 
motor-car work, &c., but is in no way applicable toordinary 
fires. Sparen me CGS ene 2 Se peng 
smoke it genera w — to fire, this rendering 
it pot ape for me en H —— acid is 
epeaeaty gemasated " mes of w are of an acrid 
ing theoperator. Thus, generally speak- 

ing, this i has limited u:es. “The full report is 
offices and should be studied in detail. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday total in- 
action prevailed in the pig-iron market, and in the fore- 
noon only one warrant of Cleveland iron was dealt in, 
the price realised being 66s. 2d. per ton one month. 
Little change took place in the afternoon, although at 
the close prices were practically 1d. up from the morn. 
ing, closing sellers recording 65s. 11d. per ton cash, and 
66s. 4d. one month. A fiat tone marked Friday’s market, 
and business amounting to 2000 tons was transacted at 

i which favoured buyers. For twenty-four days 
Bos. 10d. was realised, and for one month 66s. 1}d. to 
66s. The afternoon session was quite idle, and closing 
sellers were quoted 65s. 744. and 66s. one month. 
When the business was resumed on Monday this idleness 
continued to such an extent that things were at a com- 
plete standstill, ee being quoted 
at 65s. 9d. cash and 66s. 2d. one month, while in the after- 
i were 65s. 7d. cash and 66s. 04d. one 
month. Yesterday there was a distinct steadying up, 
and 1500 tons of a a sem — hem = + 
morning at prices ranging from \ . for 
odd dies, Gh eaten & the close 65s. 6d. cash and 
65s. 1ld. one month. A further increase took place in 
the afternoon, when cash iron realised 65s. 11d., and one 
month 666. 3d., and 66s. 34d. at the close. Business to 
the extent of 3000 tons was transacted. This upward 
tendency was very marked again this (Wednesday) morn- 
ing, when the price of Cleveland warrants advanced 
rapidly from 65s. 11d. per ton cash to 66s. 4d., with one 
month’s warrants rising from 66s. 5d. to 666. 9d. per ton. 
At the afternoon’s session prices kept steady at the ad- 
vance, and business to the extent of 3000 tons was dealt 
in. At the close cash sellers were quoted at 66s. 5d., and 
one month 66s. 10d. per ton. 


Sul; of Ammonia.—There is still a good demand 
for sulphate of ammonia, and the price remains steady 
at last week’s quotations. The rate per ton is 14/. for 

mpt delivery Glasgow, and 14/. 2s. 6d. for prompt 
Sivas Leith. 


_ Scotch Steel Trade.—Notwithstanding the constantly- 


ing difficulty of obtaining a su ~ yy! of skilled 
labour, the steel trade in Glasgow and the West of 
Scotland has seldom been in a more flourishing condition 
than at the present, when all the available energy 
is one expended upon the uction of munitions of 
war. the proposal to establish a national shell factory 
in Glasgow can be carried through, much may be 
expec and meantime the project is being watched 
with considerable interest. It would add very materially 
to the output if sufficient workers can be got. ces have 
stiffened considerably, the increase of cost and the higher 
rate of wages being in great measure responsible for this ; 
but this is having no effect upon the orders, which are 
still ing in. When the first increases took place 
many would-be buyers held off, trusting, no doubt, to 
some slight fall in price when the coal rate became easier. 
Now, however, the bulk even of these orders have been 
laced, which in one way accounts for the unparalleled 
in trade. The demand for the different sizes of steel 
bars for shells is clamant, and the mills are running day 
and night without cessation. Various foreign Governments 
and Corporations are excellent customers at the moment, 
and some of the activity is due to their orders, whieh, of 
course, must be turned out in record time. Steel plates 
are & trifle easier in =. ship-plates and angles being 
quoted at 97. 10s. to 100. ton, less the usual 5 per cent. 
for “So x delivery at Glasgow, and boiler-plates at from 
102. to 102. 10s. 

Malleable-Iron Trade.—The malleable-iron trade still 
benefits locally by the dropping out of Belgium and 
Germany. this fact having given a filip to the market 
which nothing else could have done. In consequence, 
business is good and prices steady, and although Govern- 
ment orders for this class of iron are scarce, the general 
trade keeps everything on a most satisfactory basis. 
“Crown” bars are quoted this week, for Glasgow or 
, delivery, at 9/. 10s., less the customary 5 per cent. 

scount. 


Scotch Pig-Iron Trade.—The local trade is still fairly 
brisk and good sales are being recorded, but little busi- 
ness is being done with export or foreign orders, and 
thattersare much as they were last week. An improve- 
ment in the price of some of the best brands is noted 
with satisfaction, the high _ of coal, the scarcity of 
labour, and the decrease of the overseas trade all contri- 
et) a some measure to this result. For makers 
| °. 


noon the 


iron the price remains as last week :—Clyde, 


ler, Gartsherrie, Summerlee, and Langloan, 85s. per 
ton (all ——_ at Glasgow) ; inton, 80s., Glengar- 
nock, 86s. (both at Ardrossan); ington, 81s. (at 


Ayr); Shotts, 85s., and Carron, 86s. (both at Leith). 





Tue Brruincuam Excuance.—The Directory of Mem- 
bers, Subscribers, and Representatives of this Exchange 
for the present year has now been issued by the Com- 
mittee, at the price of 2s. 6d. It gives the postal address 
of each member or firm, their telegraphic address, and 
telephone number. It contains also an alphabetical classi- 
fication arranged according to professions and trades. 





Opgnincs ror British TRADE IN ITaty.—The British 
Chamber of 2 for Italy, ( 7. ingot ol 
some time past, is continuing to issue, lists 8 
the openings in Italy for British trade in all classes of 
= Many of the firms referred to in the lists formerly 

id business with German and Austrian houses, and now 


tish connections. 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Lyte peea & 
South Yorkshire Coal Trade.—Despite the hot weather, 
the demand for house coal: continues quite on winter 
dimensions. This is easily attributable to the fact that 
prices will certainly beadvancedon July1. The advance 
on South Yorkshire prices is to be round \) 

2s. 6d. House-coal pits all report a busy time. > 
are low. With regard to hard steams, there is a 
-round demand from manufacturers, railways, 


Ot aan producers are kept very busy, _ has been 


time being worked at practically all the pits. 
ptm of the diminished output, collieries are only 
con’ ing to supply 75 per cent. of last year’s tonnage. 
The position wi i to slacks continues very diffi- 
cult. The demand is still in excess of the supply, and 
collieries have difficulty in meeting commitments. The 
cotton-trade trouble has not yet any effect on the 
There is a good for coke ; prices are 
firm. Quotations :—Best branch hand-picked, 20s. to : 


Barnsley best Silkstone, 17a. to 18s. ; ‘byshire best 
brights, 17s. to 18e. ; house, 153. to 16s.; best 
Jarge nuts, 14s. to 15s.; small nuts, 13s. 6d. to 14s. 6d.; 
Yorkshire hards, 17s. 6d. to 20s.; Derbyshire hards, 
17s. 6d. to 20s.; best slacks, 11s. to 12s.; seconds, 9s. 6d. 
to 10s. 6d. ; smalls, 8s. to 9s. 

ce of 


Tron and Steel.—The continuous rise in _ 
basic material continues to constitute one of the out- 
standing features of the local trade position. Since the 
out! of war, bar-iron has steadily gained in strength, 
largely as a result of the extra demands made upon 
makers by Government contractors, but also owing, to a 
certain extent, to the improved state of ordinary com- 
mercial ie. On M ay South Yorkshire bar-iron 
reached a maximum figure, the Association price for crown 
bars being advanced a further 10s. per ton to 11/., less 
% per cent. discount. Thus the hi price reached in 

e 1900 “‘boom” is surpassed. ers are doing an 
improved business with railway-wagon builders. who have 
a r volume of work on hand on both home and 
export account. In raw ials, conditions are some- 
what quieter. Contract business is distinctly dall, and 
the forward market is not very freely patronised. Con- 
tract deliveries, however, are vy, and the enormous 
consumption of recent months is unchecked. West 
Coast hematite prices are steady, despite a scarcity of 
new business; but East Coast rates are showing the 
effect of easier conditions, and can be bought at a 
slight reduction on last week’s quotation. mmon- 
iron prices present no new feature. A strong inquiry 
prevails for the best quality steel scrap, and prices 
are phen ly — The engineering trades con- 
tinue . healthy symptoms. The largest + - 
are patriotically increasing their war output to 
exclusion of profitable commercial business, much of 
which is passing into the hands of smaller concerns with 
less adaptable facilities. A good deal of readjustment 
will be necessary when the war is over. The heavy sec- 
tions not employed on war orders are fairly busy. Foreign 
orders for railway material are more numerous, and the 
tyre, spring, and axle departments are moderately active. 
Many of the provincial corporations have come into the 
South Yorkshire market for contract supplies of tramway 
material. The demand for tool steel engineers’ tools 
remains excellent. Special efforts are being made to 
meet the unprecedented inquiry for a steel. 
The leading forges and rolling-mills are working under 

ressure, and workmen have been warned b al ce 
rom duty will be strictly inquired into, and, where 
unwarranted, will be punished. No further advances 
have been notified in steel billets. 





CaNnaDIAN INDUSTRIES.—War orders which have been 
received by Canada t approximately a value of 
350,000,000 dols. Mr. eatley, of the Canadian Loco- 
motive Company, states that, in consequence of the war 
contracts which it has secured, the company has now 
sufficient work to keep an increased staff of 600 men at 
work for at least a year. If locomotive orders are 
obtained, a still larger force will be maintained. 

Our Locomotive Exports.—Largely in consequence 
of Ray ® severe contraction — to be obser- 
vable in our locomotive exports. unsatisfactory 
state of affairs still prevailing in Argentina reduced the 
value of our locomotive shipments to that country in May 
to 516l.; the deliveries to other South American coun- 
tries were valued at only 25987. The value of the ship- 
ments in all directions in May was 93.755l., as com 


é pared 
with 329,566. and 254,462 in May, 1914, and May, 1913. | The 


The aggregate value of our locomotive exports to May 31, 
this year, was 999,598/., as compared with 1,775,392/ in 
the first five months of 1914, and 1,006,375/. in the first 
five months of 1913. 





AMERICAN Coprper.—The smelter production of primary 
copper in the United States last year was 1, 150,137,192 Ib., 
as compared with 1,224,484,098 Ib. in 1913, , ing a 
ou << mage ph eee 3 total value 
oO year’s output, ing an average of 13} cents per 
pound, was 152,968,246 dols., as compared with 189,795,035 
dols. in 1913. The greatest State ion last year was 
effected in Arizona with 382,449,922 lb.; Montana came 
second with 236,805,8451b. ; Utah third with 160,589, 3601b. ; 
and Michigan fourth with 158,009,748 Ib. New Mexico 
had a production of 64,204,703 AAT and Nevada 
produced 60, 122,9041b. California out29,784,173Ib., 
and Alaska 24,985,847 Ib. No other State reached a pro- 
duction of 20,000,000 Ib. in 1914. Refined copper was 
exported from the United States in 1914 to the extent of 
on po ~~ the corresponding exports in 1913 were 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIppLEsBRoveH, Wednesday. 
The Cleveland Iron Trade.—There is rather more busi- 
ness pacsing in pig-iron, and a fair number of inquiries 
on forward account are reported. A number of Cleveland 
contracts — this month, some of which have 
renewed at full current quotations, and other repeat 
orders are looked for. Inquiries from abroad are now 
coming in, and at least one sale of Cleveland pig to Italy 
made this week. Producers still complain of 


high cost of production, and declare that market rates | H 


varemunerative. Sales of No. 3 g.m.b. 
have occurred this week at as low as 
é P to 6s. 3d. has also been realised. No. 1 
is 68s. 34.; No. 4 foundry, which is rather scarce, is 
65s. 9d. ; No. 4 forge. 65s. 3d.; and mottled and white 
iron, each 64s 9d. Notwithstanding the huge home re- 


are altogether 
Cleveland pi 
65s. 6d., ae 


; er 1 ba What busi- 
ness is passing is confined to s lots i early delivery. 
) ask 101s. 6d. for Nos. 1, 2, and 3, but 
no trouble tm romps in pase apne at 100s., which 
is now re ed as the general et quotation. Foreign 
ore is still quiet, but a few inquiries are reported, and 
business is not altogether idle. A few odd cargoes are 
selling at rather low rates, but such transactions do not 
fix market rates. Sellers are inclined to take a rather 
firmer stand, and thev quote on the basis of 26s. 6d. to 
27s. ex-ship Tees for Rubio of 50 per cent. quality. Con- 
sumers, however, are well bought, have fairly good stocks, 
and large supplies are still coming in. and consider 
such basis too high. Freights Bilbao. Middlesbrough are 
fully 11s. Imports of foreign ore to the Tees to date this 
month are officially returned at 45,136 tons. Coke shows 
little change. Users’ efforts to lower prices are not suc- 
cessful, and round about 30s. is demanded for Durham 


beehive average blastfurnace kinds delivered at Tees-side | ; 


works. 


Stocks and Shipments 0, Pig-Iron.—Stocks of pig-iron 
alter very little. Makers report that they have practically 
no iron stored at their works, and practically the only 
stock in existence is the 153,812 tons of No. 3 Cleveland 
pig in the public warrant stores at Middlesbrough. One 
or two small withdrawals have recently been made, and 
the net increase so far this month amounts to only 814 
tons. Shipments are still on a very low scale, but improve- 
ment is believed to be at hand. The local committee 
appointed to grant licenses for export of foundry iron to 
neutral countries is carrying out its duties satisfactorily, 
and a fair number of inquiries from a are now re- 
ported. To date this month shipments of pig-iron from 
the Tees average but 459 tons per working day, the total 
despatches being officially returned at 3675 tons, all of 
which have from Middlesbrough. Tothe same date 
a me Se a Se space | 
av ° tons, but for the corresponding part o 
Sem lent year the clearances reached 17,048 tons, or an 
average of 2131 tons per working day. 

Manu Iron and Steel.—A v great deal of 
work is being turned out in the various ches of the 
manufactu iron and steel industries, but even the 
pe deliveries re do not fully satisfy needs. 
Nearly all the work that is being executed is for the 
Government. A few ordinary inquiries are reported, 
but often when they result in orders the work is held up 
to permit of Government contracts being carried out as 
expeditiously as ible. The great scarcity and very 
high price of egahen te causing big figures to be named 
for galvanised sheets. Nothing below 20/. f.o.b. is now 
nemed for iron and steel galvanised corrugated shee 
24-gauge, in bundles. Other principal market quotations 
are all very firm and stand :—Common iron bars, 10/.; 
best bars, 107. 7s. 6d.; best best bars, 10/. 15s. ; packing- 
iron, 7/. 10s. ; iron ship-plates and ship-angles, each 10/. ; 
iron ship-rivets, 11/. 10s. ; iron girder-plates, 101 ; steel 
bars, 10/. ; steel ship-plates, 10/. ; steel ship-angles, 9/. 15s. ; 
steel boiler-plates, 111. ; steel joists, 9. 10s.: heavy steel 
rails, 7/. 15s.; and steel railway 10/.—railway 
material net, and all other descriptions less the customary 
24 per cent. discount. 





PorTLaAND CemMENT WORKS FOR QUEENSLAND.—Owin 
to the of and ian supplies, a quot 
deal of attention is being given to the manufacture of 
Portland cement in the Colonies and other places abroad. 

Queensland Cement and Lime Company, Limited, 
has now arranged to establish works at near 
Brisbane. The plant is designed to produce about 
40,000 tons of cement per annum. The complete con- 
for the supply and erection of the t has been 
placed with Messrs. Noyes Brothers (Sydney), Limited, 
engineers and contractors. The plant will be electricall 
driven, and of the most modern description; it is 
being obtained from British manufacturers. 





SUNDERLAND CoRPORATION TRAMWAYS.—Last year the 
Sunderland tion Tramways’ records exceeded 
vious figures, the number of passengers carried having 
been 3 064 980, while the revenue collected was 75,8887. 
The working ex of the twelve months amounted to 
41,549/., while interest on capital absorbed 6464/., 
10,3741. was devoted to repayment of cpital. The net 
surplus for the year was accordingly 17,493/.; and after 
ing 96022. to the reserve and renewal funds, and 
ing 1273/. on certain works, the town council was 

i h rates, 
together 


and | compared with 28,852,718 tons and 29,519,825 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—Business in the steam-coal trade has ruled 
quiet. This was due, to some extent, to difficulty in 
obtaining licenses for exports to neutral countries. 
Colliery-owners who have little Government business, or 
orders for our Allier, have shown some anxiety as to the 
future working of their pits. has been, however, 
a brisk demand for coal, and prices have shown 
firmness. As ds Monmouthshire, Black Veins bave 
been scarce, and have been held with firmness; but this 
has not been the cae with regard to other qualities. 
oure-coal, patent fuel, and coke have shown scarcely 
orthern Railway Compan 
Ireland is in the market for from 50,000 to 100,000 tons 
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h I ~ ag gy ~ 
ymney Iron y, Limited, ‘ter ng 
10,0002. to tho reserve food ot pose a dividend at } ego 
of 6 per cent. upon the ing for- 
No dividend is recom 


a 


ting was carried out last year, under which each 
51. ordinary share was divided into two erence 
and three ordina' of 1. The decline 


exceptional difficulties resulting from war conditions and 
the loss of output through many miners joining the Army. 
The ordinary divid experience of the company for 
the five years ended with 1915 inclusive has been as 
follows :—1911, 24 per cent. ; 1912, nil; 1913, oe cent. ; 
1914, 5 per cent. ; and 1915, nil. The profits of the com- 
pany vary considerably ne | year; in 1912 they only 
amounted to 36,334/., while in 1914 they rose to 131,902. 

More Welsh Coal.—Coal has been raised at the new 
Celynen North Pits at Crumlin, owned by the Newport 
and Abercarn Coal Company, Limited. About 100 men 
are at present employed. 

Cyfarthfa.— Mr. Edgar Jones, M.P., has visited 
Merthyr in connection with a sted utilisation of 
the Cyfarthfa Iron Works with a view to expediting the 

uction of munitions of war. It is pro that 

er steel processes shall be establi at the 

Cyfarthfa Works, so that certain contracts may be trans- 

ferred from the Dowlais Works. Upon this done, 

the latter would be better adapted for the manu’ re 
of munitions. 





Brazit in 1913.—This is the title of a business guide 
to Brazil. It is edited by Mr. J. OC. Oakenfull. The 
printers are Messrs. Butler and Tanner, Frome, and the 
work is published at 7s. 6d. net. It deals exhaustivel 
with the country, its government, and ite now ar en 
mineral, and other resources. ides useful information 
for prospective settlers in Brazil and commercial firms in 
Great Britain, it contains a large amount of interesting 
reading of a nature to appeal to the general public. The 

phical and historical chapters and those dealing 
anthropology and ethnography are of this character. 


Oxnart or A 4-6-0 Great INDIAN PENINSULAR Loocomo- 
Tivz.—We have received from the Locomotive Publishing 
Ti agg Terme 3, Amen Corner, Paternoster-row, 
E.C., & half-tone chart of a 4-6-0 locomotive for the 
Great Indian Peninsular Railway. This chart is published 
at Is., post free. It shows as clearly as is possible in 





one longitudinal drawing the various component parts of 
the locomotive and ler. Nearly 250 parts are num- 


d below the eng © oven © Eat ot their 
names. The locomotive is fitted with Walschaert gear, so 
that the chart gives the names and references to the 
eral parte of this valve motion. The engine in ques- 
Linitoh, Glagem, Woe mpestuctien Iageah, ont 
y, Limited, iw. uction is 
mill doubtless be welcomed by many, —— 
professional circles, who take an interest in locomotive 
practice. 
Our Coat ABRoap.—The war is exerting a very de- 
ing effect upon our coal exports, which amounted in 
y to 3,785,794 tons, as compared with 6,208,331 tons 
and 5,929 947 tons in May, 1914, and May, 1913, respeo- 
tively. When account is taken of exports of coal and 
tent fuel, the amended totals come out at 3,967,557 tons, 
469,463 tons, and 6,147,614 tons. Coal was also shipped 
in May for the use of steamers engaged in foreign trade 
to the extent of 1.180,147 tons, av compared with 1,840,950 
tons and 1,618,844 tons. In the five months ended May 31 
this year, our co+l exports declined to 18,775,284 tons, as 
iods of 1914 and 1913, th totale b _ 
ing periods o e 
19,651,751 tons, 
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AMERICAN LOCOMOTIVE TRAILING-TRUCKS. 
(Fur Description, see Page 650 ) 

















A Huce Baxine-Oven ror Rattway Cars.—A recent 
bulletin issued by the Pennsylvania Railroad states that 
& mammoth oven has been constructed into which the 

rgest car newly painted can be run, The doors are 
tightly closed and the temperature is raised above the 
boiling-point of water. In three hours the paint is com- 

letely dry and hard and the car ready for service. 

is process has reduced by 95 = cent. the time required 

for drying and by 50 per cent. the time a car is held out of k 
service for the entire operation of repainting. The first 
tests of oven-drying paint were made about two years 108 te 108 -4e-—-—— 2' 6%" 
ago. The present condition of the paint on the cars rT ; . 
used in the tests indicates strongly that the artificially le —— -- 2:53 
dried paint is more durable than dried in the ordi- “ie > j — 
nary manner in the open air. ; 
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COMPETITION WITH GERMANY AND AusTRIA-HuNGcaRY. 
—The Commercial Intelligence Branch, Board of Trade, 
continue to issue regularly their weekly list of inquiries 
for seurces of supply of goods. The present list is 
No. 23. It states, further, that the names of the prin- 
cipal dealers in various markets abroad may be obtained 
by United Kingdom manufacturers on application to the 
Branch in respect of many of the articles referred to. 
Inquiries, especially from agents abroad seeking the 
representation of British manufacturers, are noted weekly 
in the Board of Trade Journal. Arrangements have been 
made by the rd of Trade to afford information regard- 
ing Customs duties abroad, and as to shipping facilities, 
especially with the view of assisting manufacturers 
desiring to take advantage of trade openings abroad, but 
who may be unacquainted with overseas trade. Applica- 
tions regarding sailings. routes, freight rates, duties 
abroad, export permits, &c., should be addreased to the 
Director of the Commervial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, London, E.C. 



























































THe WestincHousk Inrerest.—The report of the 
Westinghouse Electric Manufacturing Company for 
1914-15 showed gross sales to the value of 33,671,485 dols., 
while manufacturing costs were 31,109,074 dols. The 
manufacturing = realised for the year was, accord- 
ingly, 2,562,411 dols. The corres ing totals for 
1913-14 were:— sales, 43,733,646 dols.; manufac- 
turing coste, 39,016,423 dols.; msnufactaring profit, 
4,717,223 dols. Dividends were declared upon both the 
preferred and common stocks for 1914-15, the distribu- 
tion upon the common stock being rather larger 
in 1913-14, but the reliquat carried forward was reduced 
from 2,372,911 dols. to 302,485 dols. There was a con- 
siderable falling-off in the business of the semesey last 
year in consequence of the outbreak of the European 
war; the company was also adversely affected by a 
atrike in June and July at its main establishment near 
Pittsburg. The value of the unexecuted orders on hand 
at the close of March, 1915, was 8,951,410 dols., as com- 

with 7.951,385 dols. at the close of March, 1914. At 
the close of March. 1913, there were orders on the books 
to the value of 12,061,473 dole, 
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NOTICES OF MEETINGS. 


Tas PHuysicaL Society or Loyvon.—Friday, June 11, at 8 p.m., 
at the Imperial College of Science, Imperial Institute-road, ith 
K S.W. Agenda:—1. “ The Coefficient of 2 we 
Sodium,” by Mr. E. A. Griffiths and Mr. E. Griffiths, M.Sc. 2 
BA. b “Tracing Raye court an Optio ayer ty ma 

© ing Rays an ystem,” by Mr. T. 
Smith, B.A. 4. ‘The Accuracy of the Lens and Drop Method 
Measuring Refractive Index,” by Mr. H. Redmayne Nettleton, B.Sc. 

Tae Minine Instrrurs oF ScorLaND. — y, June 12, at 
3 p.m., in the Heriot Watt College, Chambers-street, Edinburgh. 
Mr. Robert W. Dron’s Paper, on ‘The Training of Mining Engi- 
neers,” will be discu . Mr. John Gibson's paper on ‘Some 
Notes on the E-ucation of the Colliery Manager ” will b* dis- 
cussed. A paper will be read by Mr. Henry Briggs on ‘The 
Resident Brigade System versus the System of Non-Resident 

rigades.” A paper will be read by Mr. Michael M‘Cormick on 
“An Auxiliary and Outfit for Attachment to Self-Contained 
Rescue Apparatus.” 

Tue LystrrvTion or MuwiciPaL anp County Encineers.—Satur- 
day, June 12, meeting to be he'd in the East Midland District at 
the Town Hall, Matlock, at 11.30 9. m. 

Tue Roya Sanitary Instrrvre —Yeovil, Wednesday, July 14. 
Discussion on ‘‘ Water Supplies to Rural and Small Urhan Areas,” 
to he opened by Mr. W. G. Savage, M.D., B.Sc., M.O H. Somerset 
0.C., and on “ Prevention of Minor Intectious Diseases,” to be 
opened by Mr. A. E. Remmett Weaver, M.D., D.P.H., M.O.H. 
Yeovil. ts will be made to local industries. 

Tue Royal MersoroloaicaL Socrsty.—Wednesday, June 16, at 
4.30 p.m., at 70, Victoria-street, Westminster. Papers to be read : 
—1. *' Discontinuities in Meteorological Phenomena,” by Professor 
H. H. Turner, D.Sc., F.RS. 2 “ Battle Weather in Western 
morons. Nine Months August, 1914, to April, 1915,” by Mr. Charles 
Harding, F.R. Met. Soc. 

Tue INCORPORATED MUNICIPAL ELECTRICAL AssoctaTion.—Thurs- 
day and Friday, June 17 and 18, at the Institution of Electrical 
Engineers, Victoria Embankment, W.C. , June 17, at 
10am. receive and discuss a report by Mr. A. 8. 

ical Engineer, Sunderland, and Mr. T. 
Roles, Chief Electrical Engineer, Bradford, on behalf of the 
“* Point Five” Association, on “The Result of the Point 
Five Tariff.” This meeting will be restricted to members and 
official delegates of local authorities. At 2.30 p.m. To receive 


and discussa rt prepared by Mr. Frank Ayton, Ohief Electrical 
Engineer, I h, Hon. Secretary of the Electric Vehicle Com- 
mittee of the LM.E.A., on ‘*The Use of Electric Vehicles in 


This meeting will be restricted to members, 


pal ice. 
official delegates of local authorities, and co-opted members of 


the Electric Vehicle Committee. At5 p.m. Parade and demon- y 


stration of electric vehicles on the Embankment. Friday, June 18, 
at 10 a.m. Annual general meeting. This meeting will be 
restricted to members and official delegates of local authorities. 
Tue InstiTvTiIon or Water ENGIngERS.—Friday, June 18, at the 
qpeteeats of the Geological Society of London, Burl! 


and would take therefore a very considerable time 
to build at the rate attained in Australia. 
His p was for a 4-ft. 84-in. line, on the 
assumption that that gauge is somehow going to 
be the gauge of the future in Australia. But this 
point is no nearer finality than it was many 
months ago. In fact, only recently a new phase of 
the whole discussion has been opened by the 
decision of South Australia to broaden the whole 
of the lines in the south-eastern part of the 
State to 5-ft. 3-in. gauge, and the whole of its 
north-western system. is announcement is not 
altogether clear as to what is immediately proposed, 
but it appears that about 600 miles of the system 
are to be converted at once, and subsequently 400 
more miles from narrow-gauge to 5ft.3in. The 
districts will be brought more closely into touch with 
Adelaide, while the whole south-eastern portion of 
the continent will then be served principally by 
broad-gauge lines. 

The Prime Minister's pro looks as if it were 
intended as a counter-stroke to this s tion. 
His pro line would, if constru to the 
4-ft. 84-in. gauge, short-circuit South Australia 
and Victoria, as regards east and west trans-con- 
tinental traffic. It would be more creditable if, 
instead nf ing bs secure a political advantage 
on a weak plea of strategic ncy and of 
viding work for the spammed, tee Govensinaed 
would honestly face the task of conversion. That 
would likewise provide work for the unemployed ; 
it would be in agreement with the policy of the 
War Railway Council, and it is of much greater 

nt urgency than the construction of a strategic 
ine of problematic usefulness, at the best, many 
ears hence. 
On the question of conversion there is little new 
to report. Mr. Fisher still assumes the gauge to 
be already settled, and enforces his arguments with 
figures which we rejected some time 


as un- 
sau abad nm peat 4 tect br wea hl ~-4 1 trustworthy . If calm consideration can still find 
in the Chalk of Eastern Surrey,” by Mr. Henry Dewey, F.G.8.|@ place in the controversy, it may be of interest 
(H.M. Geological Survey) 2. “The Hydro-Geological Conditions 


y' 
of Newbald, East Yorkshire,” by Mr. Percy Griffith, M. Inst. O.E., 


-ENGINEERING. 


FRIDAY, JUNE 11, 1915. 


THE GAUGE CONTROVERSY IN 
AUSTRALIA. 


THE gauge controversy in Australia shows no sign 
of approaching a satisfactory termination. In fact, 
the special conditions of the last few months have 
rather added fuel to the fire in that a discrepancy, 
to say the least, has developed between the policy 
of Mr. Fisher, the present Premier of the Common- 
wealth, and the War Railway Council. Mr. Fisher 
has lately claimed that the urgency of the times has 
rendered immediately advisable the construction of 
arailway from Port Augusta to Brisbane. The War 
Railway Council, however, seems to incline towards 
the prosecution of the work of converting the existing 
systems to uniform gauge rather than dissipating 
energy in the construction of new lines. As far as 
we can follow, in view of the trans-continental lines 
in course of construction, the War Council is of 
opinion that strategic requirements will now be met 
if the work of conversion is undertaken, in order 
that transport may be facilitated. 

The Melbourne Age recently very rightly pointed 
out that if this is the Council’s deliberate opinion, 


-|the Premier cannot logically advocate the con- 


struction of the Port Augusta-Brisbane line on 
like grounds, for the conversion question is urgent 
from the civil point of view, and is doubly so if it 
will assist in military affairs, and much more so, 
therefore, than the building of new lines which 
could not be ready for strategic use for some time. 
It is further, quite properly, we think, shown that 
Australia aael have no present fear of invasion. 
Had our Fleet failed to maintain ite supremacy on 
the sea it might have been otherwise, of course. As 
it is, with no invasion in the near p in the 
course of this war, and with the likelihood of 
another big war now postponed, at least for some 
few years, the commencement of the construction 
of a hastily-planned line of questionable utility 
certainly seems ill-advised, especially when the 
more important work of cunversion still waits to be 
undertaken. 

Mr. Fisher’s line would be about 1100 miles long, 





to refer briefly to a debate of the gauge question 
which recently took place in the United States. 
Before the American an Civil Engineers, 
& paper was recently read b: . F. Lavis, on ‘* The 
Gauge of Railways, with Particular Reference to 
those of Southern South America.” In this paper 
the author discussed the relative advantages in South 
er of the “~ » 4-ft. aa and the 
5-ft. 6-in. gauges. y speaking, he showed 
that the ie gauges can be made to serve satis- 
factorily, and with pronounced advantages in many 
directions, practically wherever a metre-guage line 
has been built or proposed. Having arrived at this 
point, however, he, like others before him, has 
attempted to show that, though the advantages 
increase with the width, there is some mysterious 
limit at 4 ft. 8} in. exactly, beyond which unecono- 
mical working sets in. e frankly admit that we 
are not impressed by this line of debate, though in 
this case Mr. Lavis certainly has something in 
his favour, because he is able to use as his 4-ft. =e 
basis a system which allows of development along 
the economical lines which have been of late years 
the policy in the United States. 

One argument of the author we feel compelled 
to notice. Speaking of stock, he con- 
tended that it would be ‘‘ useless to consider 
increasing the width of the broad-gauge (stock), 
because, to be effective, this would involve three 
passengers on one side (of the ay) and twoon 
the other, which, besides making unequal loading, 
would not be comfortable, and is therefore out of 
the question.” This is no real argument. With 
thousands of cars running with side-corridors, the 
out-of-balance point may be dismissed, while we 
see no reason why two passengers on one side and 
three on the other should be less comfortable than 
one on one side and two on the other, as in our 
dining-cars. Neither have we ever heard com- 
plaints of the unsuitability of our first-class arrange- 
ments here, which sometimes have three and some- 
times two seats aside. The advocates of smaller 
gauges should really confine themselves to careful 
reasoning if their views are to weight. 

The discussion on this paper, which was really a 
very thorough piece of work, was somewhat disa 
gate but led to the statement from Mr. J. J. 

ill, the well-known American authority, that fur 
very heavy traflic, such, we gather, as is common now 
in the United States, the 5-ft. 6-in. gauge would 
have been better than the existing 4-ft. 84-in. The 
most interesting contribution, in our opinion, was 
from Osptain F, F, Osborne, R.E., now Deputy to 
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the Agent of the Oudh and Rohilkhand Railway at 
Lucknow. Captain Osborne was formerly Deputy 
Manager of the Eastern Bengal State, a system 
which comprises in the Bengal Central and the 
Assam and Cooch Behar Railways both broad and 
metre-gauge lines. Un the result of this experi- 
ence Captain Osborne argues that the lines of the 
Argentine should gradually be converted to 
5 ft. 6 in. ; that the United States would be better 
served now if the pioneers had selec:ed 5 ft. 6 in. 
as the standard pauge ; and last, and perhaps 
most important of all, that the same arguments 
which Mr. Lavis adduced to prove the 4-ft. 8-in. 
gauge superior to the metre gauge tell in favour 
of the 5-ft. 6-in. when compared with the so- 
called ‘* Standard.” 

Among the contributors to the discussion we 
noticed the name of Mr. H. Deane, late Engineer- 
in-Chief for the Commonwealth Railways of Aus- 
tralia, and somewhat naturally we turned up his 
remarks. We will refer to only one point. Mr. 
Deane referred to the tendency to standardisation 
throughout the world, and claimed that the general 
adoption of the 4-ft. 8}-in. gauge would make it 
possible to supply sudden demands for rolling- 
stock without making special desi patterns, &c. 
How futile such an argument is when applied tothe 
gauge question will be realised when it is stated 
that a modern 4-ft. 84-in. American engine would 
have to be denuded of its boiler, cylinders, and 
cab before it could be placed on a railway in 
this country. What was left of it would not 
be of much use. The question is not, as we 
have pointed out before, what has been done in 
one country or another, but what—in view of 
future ible developments—would prove the 
better for Australia, a 5-ft. 3-in. gauge with a 
liberal loading gauge, or the 4-ft. -in. with 
a cram loading gauge. Many politicians in 
Australia have plumped for the latter, con m 
we hold, to the dictation of common-sense. 
however, they admit their present 4-ft. 8}-in. load 
ing gauge to be inadequate (as it undoubtedly is 
if traftic is to be conducted on the system in use 
in the United States, to which they are so con- 
stantly referring), then their case is lost, for there 
would be little difference between reconstructing 
the railways to a new 4-ft. 84-in. loading gauge and 
rebuilding them to a reasonable 5-ft. 3-in. gauge 
and loading gauge, in view of the advantages to be 
secured. 





TRADE AFTER THE WAR. 
Wuu:st it is futile to speculate over the changes, 
litical and geographical, which may be wrought 

y the great war, or, rather, by the peace, in which 
it will some day terminate, the nations are begin- 
ning more and more to grapple with the commer- 
cial and industrial conditions which will ensue in 
its wake. On all sides it is being fully realised 
that these conditions in many respects will be 
transformed, in some cases revolutionised, and 
preparatory work is already going on in many 
quarters. The country most fikely to experience 
the effects of the war in this connection most 
promptly, and, it may be surmised, most unfavour- 
ably, of course, is Germany, and it looks as if it, 
slowly, is beginning to dawn upon at least some 
Germans that their country will find a very dif- 
ferent world post bellum to what it was ante bellum, 
and that contingencies may have to be faced of 
which no one dreamt but a few months ago. 

In this connection it ix interesting to see what a 
paper like the Neue Hamburger Birsen Halle has 
lately said on the subject. Even on the assumption 
of a ‘‘glorious victory” this journal does not take a 
very rosy view of the future. Taking it for granted 
that peace must not leave Germany financially 
weakened (after the ‘‘ glorious victory,” which has 
yet to be won), the journal sets up a brief, but 
rather telling, calculation, according to which the 
interest on the war loan, and ailowances to the dis- 
abled and relatives of the fallen, will absorb at least 
2,000,000,000 marks annually. What harm the war 
has done to the national capital cannot, it says, be 
ascertained at present, and the end of the war may 
be some way off yet. Whether even a victorious 
Germany, with her markets in any case much 
curtailed—in the East by Japan, and in South 
America by the United States (nothing is said 
of the markets of England, France, Russia, &c.) 
—will be able to sustain these tremendous burdens 
with her weakened resources may be question- 
able. It must be borne in mind the German 





workman, who with unprecedented enthusiasm 
went to the war, only with difficulty will be 
able to keep up this enthusiasm when he returns 
to his every-day work, and not only has to 
submit to the inevitable reduction of wages, but 
also to increased taxation. The journal in ques- 
tion thinks that many, and those not the least able, 
workmen under such circumstances will try their 
fortune over the seas, which would mean a further 
serious loss to the country. 

In a very different vein a special war number of 
the well-known journal Nord wnd Siid voices the 
views of a number of leading men within Germany's 
iron and mining industry. They not only take the 
German victory for granted, but the essence of the 
opinions yr ne is a desire for territorial aggran- 
disement, although they say such was not Germany’s 
original intention. The rich iron deposits in Nor- 
thern France, which at present to a great extent are 
held by the Germans, will be a valuable addition to 
Germany’s own iron-ore d its, with their annual 
output of some 10,000, tons of ore, of which 
about one-third already, in times of peace, finds ite 
way into Germany. Belgian and French coal-mines 
will also prove a valuable acquisition. For Germany’s 
shipping and commerce Antwerp would afford 
magnificent service, with Brussels as a financial, 
international basis at her back. To the East, 
Russian Poland would furnish an excellent and 
roomy field for German agrarian expansion ; and as 
for colonial extensions, both England and France 
are evidently expected each to contribute a share. 
The above, it should be remembered, are the 
serious opinions of serious influential men. 

On the whole, new schemes and new ways are 
discussed in many directions. That the Russian 
market will be difficult to regain for the Germans, 
at least for some time to come, is no doubt 
silently admitted by most, but Germany resents 
France’s efforts to conquer the Swiss market. 
For the year 1913, Germany headed the list 
of imports into Switzerland with 630,000,000 
francs, against 347,000,000 francs for France, and 
207.000,000 francs for Italy, England being fourth 
with 112,000,000 francs. ‘The number of commer- 
cial travellers who visited Switzerland during that 
year from these four countries was 5008, 1458, 278, 
and 72 respectively. Compared with the imports 
of 1896, those of 1913 have, roughly, been doubled 
for these four countries, but the number of German 
commercial travellers has increased on a larger scale 
than that of the three other countries. The turn- 
over should consequently be more or less directly 
traceable to, and proportionate with, the number 
of commercials. No doubt they play a very im- 
portant part, nor can there be any question as to 
the German travelling representative knowing his 
business, knowing his customer, and the require- 
ments of his customer. Other countries, in this 
case France, may, as a German paper says, 
imitate German models and methods—much can be 
imitated—but it will not be easy for them to 
imitate the German commercial traveller. 

Special attention is paid to the future commer- 
cial relations between Germany and her ally, 
Austria-Hungary, which relations both monarchies 
seem determined to extend and consolidate by the 
means of fresh tariff arrangements. The idea of a 
customs union between the two countries has prob- 
ably been discarded, if ever seriously contemplated, 
as too sweeping and revolutionary in its effects, and 
voices are being raised in favour of a scheme with a 
much reduced tariff between the two countries and 
a joint and much stiffer tariffas against other coun- 
tries, a solution which, it is thought, need not be 
jeopardised by existing most - favoured - nation 
clauses. Nodoubt the war will also make itself 
felt in the matter of international tariffs. 

Germany, however, is not by any means the only 
country which speculates over the likely commercial 
and industrial effects of the war ; others not onl 
speculate, but are already exerting themselves wi 
a will so as not to lose the golden opportunity. 
Whilst the United States may have her special 
attention centred upon her fellow republics in 
a America, other — have found agg 

e great magnet. It is more ially the 
three northern kingdoms—Sweden, Norway, and 
Denmark, perhaps in the order in which they 
are here enumerated—which seem determined to 
exploit the chances the now strongly anti-German 
Russian market may offer, and Russia seems 
to respond to the dinavian overtures. It 
is thought quite possible that the Russo-German 
tariff agreement, which expires in 1917, will be de- 





clared null and void after the conclusion of peace, 
and there will in any case be plenty of room for 


Sweden has already for some years been working 
up her exports to Russia, and with very encouraging 
resulta, and Sweden in this connection, of course, 
holds a favoured position, both geographically and 
industrially. A steam-ferry connection between 
Sweden and Finland is likely to be established, 
for it was under contemplation before the war, 
Kapellskir having been singled out as the Swedish 
terminus. Gouniieacie also hopes to conquer a 
considerable portion of Hamburg’s trade, transit 
and otherwise, with Russia and the Scandinavian 
countries themselves, = ——_ M4 new free 

rts are bei ut forward for this purpose. 
Bethenburg wily to — in the field, @ com- 
mittee having put forw: a proposal for the 
projected new Rainas, with plenty of quay and 
storage accommodation, west of the entrance tothe 
— harbour. In Stockholm there are also 

or establishing a free port. A Swedish- 

ian trading company has just been formed at 

the instance of a Stockholm bank, a large Russian 

bank being understood to interest itself in the 

venture, which also reckons upon support from 

the Russian Government. A Swedish-Russian (or 

perhaps Scandinavian - Russian) Bank seems a 

natural link in the movement, but the present time 
may not be particularly opportune for the start. 

Whilst Sweden’s trade with Russia has been of 
some importance for several years, Norway’s move 
in that direction is of compuratively recent date, 
although inaugurated, at least as far as Russia’s 
furthest north or north-east (the Yenisei district, 
&c.) is concerned, some time before the war com- 
menced, through the instrumentality of a Norwe- 
gian-Russian trading and shipping company, and 
the despatch of several vessels. A further impetus, 
however, has been given to the intercourse between 
the two countries during the last few months. Thus 
several Norwegian consuls in Russia have visited 
the home country, strongly advocating increased 
exertions in the way of large sample exhibitions 
in different parts of ossia, &c. A party of some 
twenty-five Russian merchants from the Baltic 
provinces, under the auspices of a Norwegian con- 
sular official from Riga, have spent some time in 
Norway, where they have been talking matters 
over with a number of leading men in commerce, 
industry, and shipping, both in Christiania and some 


of the large provi towns, with the result that a 
number of Norwegian articles are likely to find a 
market in Russia, including some staple Norwegian 


products, fish, conserves, tar, phosphate, paper, 
as well as motors, agricultural implements, &c., for 
which Russia is in great need. In Norway, too, 
projects of a free port are under consideration. 

Countries wishful to develop their trade with 
Russia, however, must remember that the Tear’s 
vast realm, so to speak, is a world by itself, which 
wants careful study and much accommodation, and 
that the Germans in this res have done all 
that was needed, though in the end they became a 
little too aggressive and pushing, and even before 
the war a reaction had set in against them. 

Denmark is also having her attention directed 
towards Russia, and several Danish engineers and 
representatives of shipping firms and manufacturers 
have already visited and settled in the country. 
The Copenhagen harbour accommodation, as that of 
several other neutral ports, has since the war began 
roved sadly inadequate ; and with a view to the 
ooked-for continuous expansion of Danish manu- 
facture, commerce, and ipping, = have Leen 
pre red for an extension of the Copenhagen free 

ur to the north of its mt area. Other 

and more comprehensive schemes for increased 
harbour and quay accommodation have also been 
put forward, and in all directions the Scandinavian 
countries are bestirring themselves. 





THE BAGDAD RAILWAY. 

IN spite of -— or, a8 vrs asserted in some 
quarters, owing to mili considerations connected 
with the a i pee the Bagdad Railway 
is being pushed forward with no small amount of 
energy, and by degrees the com ensive scheme 
is being opened for general ic. Recently the 
most important tunnel on the Bagdad Railway, the 
Bilemedik Tunnel, has been pierced and is ap- 
enor ite completion ; its length is 1826 metres. 

sections u which work is most active are 
those in the Cilician Taurus and in the Amanus 








JUNE 11, 1915.] 


ENGINEERING. 


657 








Mountains, which are associated with the military 
advantages that will be obtained when there is 
a direct railway connection from the Bosphorus to 
the Egyptian frontier. 

The work, however, is not confined to the above- 
mentioned remaining links in the Bagdad Railway 
system which are mage 2S be of immediate 
strategical importance, bu comprises more 
ane pustiatis which cannot be deemed to be of 
any direct military moment. Several fresh sections 
have been opened for traffic, both in the most 
northerly part of Mesopotamia and as regards 
the extension of the line from the coast to the 
Euphrates, and a more southerly section in the 
vicinity of ; : ae ys i 

Unfinished portions in various districts of Asia 
Minor divide, so to speak, the dad Railway 
from Konia to the Euphrates into sections, 
and as a fourth section may now be counted the 
line which proceeds from Bagdad in the northern 
direction, and the length of which is 120 km. 

The following table gives the particulars of the 
sections opened for traffic at the on of the 
present year, and the dates when they were made 
available for general use. They constitute about 
half the entire comprehensive scheme of railway 
construction in these regions, and, barring the short 

es of the mountains, the most difficult 
technically, the lines which still have to be built in 
Mesopotamia altogether pass through level country. 


West of the Cilician Taurus. 


Km. 
Kents Bleue? (October 25, 1904) ; 200 
Balgurlu- Ulukishla (July 1, 1911) ies 38 
Ulukishla-Karapuna (December 21, 1913) 53 
Total... ali a on 291 
In the Plain from Adana. 

Km. 
Dorak-Jenidje-Mamure (April 27, 1912)... 115 

Toprak-Kale-Alexandretta (November 1, 
1913) ... im aba see ise wow 60 
Total 175 


Between the Amanus Mountains and the Euphrates. 
a Pennine aia a (December 15, 
1912) ... am seis ally aoe aie 
Euphrates Bridge-Tel-el-Abiad (February, 
1915) ... bait St wae ... about 


60 
About 263 

In Babylonia. 
Km. 
Bagdad-Sumikeh (June 2, 1914) ... 62 
Sumikeh- Istabulat (August 27, 1914) 38 
Istabulat-Samarra (October 7, 1914) 30 
130 


Added to this there is the small branch line in 
the Adana plain, Adana-Mersina, 67 km., which the 
Bagdad Company has acquired, and which until the 
opening of the port of Alexandretta for the Asia 

inor portions of the Bagdad railway, represents 
the only access to the sea. That makes an aggre- 
gate of 926 km. of the Bagdad railway so far 
opened for traffic, whilst the entire distance from 

onia to Basra amounts to 2190 km. 

In addition to the portions of the main line 
which still have to be built (a further section— 
Tel-el-A biad-Ras-el-Ain—was opened last week), 
a number of branch lines have been planned, which 
can be built by d and independently of each 
other, but the plans for which have already in the 
main been drawn up. These are :— 


Bagliche-Marash 
To Aintab as 
Djerahlus-Bireduk Ss 
oe sa a vet 

elif-Mardin-Diarbekr.Charput 
Mossul Erbil... aa an vie 
Sadije-Chapikin 
To Tus Churmatli 
El Badji-Hit 

Total 


These branch lines with the main railway, and 
the Adana-Messina and Toprak Kale-Alexandretta 
branch lines, already opened for traffic, and with 
an aggregate length of 127 km., make an te 
of 3205 km. of railway in this region of the Near 
East The Germans count upon these as a future 
German railwa - og and also the railways in 
Anatolia already built or, so far, only planned. 
Likewise, the Angora-Sinas line, which was planned 
just before the war broke out, but the construction 
of which in the meantime probably will be left in 

—— This railway, which is the first effort 
building 


—_ ee A 
g| SebS8eesel 


a 
in the matter of railway in Northern Asia 





Minor, where no line has hitherto been constructed, 
at the wishes of Russia, is, no doubt, only the 
beginning of a comprehensive overland line, which 
= join vibes yoy, tmory = line of 
e Bagdad Railway, the Charput-Di r-Mardin- 
El Helif line. It phe be mentioned here that the 
construction of this new overland line means the 
realisation of the oldest project in connection with 
the Bagdad Railway, which was drop: owing 
to Russia’s objection to any railways being built 
through North and East Asia Minor, when the 
meg Bagdad scheme through southern Asia 
inor was substituted. The war has relieved 
Turkey of any considerations as regards Russia. 





A GERMAN NEWSPAPER ON 
“ENGINEERING” AND SCIENCE. 
Ir is not surprising that German newspapers 

should seek in the columns of ENGINEERING, as of 
other papers, material for that campaign of mis- 
statement of facts and misrepresentation of views 
which is regarded as essential to the support of the 
morale of the German people in the absence of 
obvious proofs of decisive successes in war. 
Following upon the sinking of the Lusitania, we 
ublished a leading article (page 547 ante) on ‘* The 
ubmarine Menace.” It would have been quite 
satisfactory to us if the whole article had been trans- 
lated literally, and published broadcast in Germany, 
but the Frankfurter Zeitung, in ita issue of May 30, 
utilises the article most unfairly in an attempt to 
prove that Germany possesses all the virtues, and 
that England has shown deficiency in scientific 
attainments. Quotations are made which, even 
when accurate so far as they nd this is excep- 
tional—are so incomplete that they become distorted 
and intentionally misleading. For instance, the 
Frankfort paper, to translate literally, says ‘‘ the 
Lusitania, to use the words of the English journal, 
re ted the highest accomplishment of ship- 
building, but this was unable to protect it against 
the effect of the modern torpedo.” Our remark 
was that ‘‘ nothing could save her from the blow 
of the modern torpedo ; nor is it possible for mer- 
chant ships to be built within reasonable cost to 
withstand such attacks.” Before the present out- 
break no one anticipated such a breach of the inter- 
national rules of civilised warfare as torpedo attack 
on defenceless merchant ships like the Lusitania. 

Again the Frankfurter Zeitung remarks, ‘‘ the 
author of the article allows himself to be misled 
into the most extraordinary contradictions and 
imprudent statements.” Weare quoted as saying : 
‘*Tt seems almost as though the Lusitania had pene- 
trated with characteristic British indifference for 
a threatened danger into the zone rendered dan- 
gerous by submarines, and, further, as though in 
the said dangerous zone a less s look-out had 
been carried out.” In another part of the issue, 
the German paper points out, there appears a state- 
ment made S Captain Turner to the effect that 
he ‘‘looked out for submarines by double look-out 
mo ol It is true that Captain er doubled his 
ook-outs, but our contention was that the look-out, 
pe aerial in the danger zone, had not been ‘as 

ective as the conditions demanded.” There is no 
‘** most extraordinary contradiction ” in this, and as 
to whether the statements are ‘‘ imprudent” or not 
we leave to the judgment of all who have read the 
article. 
modify the view we then ex ‘ 

There is misrepresentation also of the views we 
expressed relating to the prostitution of science by 
the Germans in connection with the carrying on of 
the war. It is pointed out that we accepted the 
case of the Lusitania as demonstrating that the 
problem for us is immensely more —— 
than it was nine months ago. The 
paper quotes us as saying: “At that time 
we took up arms in order to fulfil contracted 
duties and to re-establish the freedom of the 
small nations. At the present time England fights 
besides against the utilisation (ausnutezung) of 
science for mass murders carried out by means in 
regard to which (English) science hardly affords 
any counter means.” What we did write was that 
**the crime of the Lusitania, and other such 
episodes, should stimulate the nation not vy to 
renewed efforts, but to a realisation that our duty 
is to-day immensely more urgent than it was nine 
months . Then we set out to maintain treaty 
obligations and to re-establish the freedom of the 

nations to work out their own destiny in 
harmony with in’ usage. To-day we are 


We certainly see no reason whatever to |G 





hting, in addition, against the subjugation of 
pm, to promote wholesale murder by one which 
it is almost impossible for science to counteract . . . 
The aim, therefore, of the British and allied 
races, whether as workers, as fighters, or as 
citizens, must be to contribute without heat and 
without ion towards the national—we had 
almost said universal—indomitable determination 
to achieve such a victory that in the future it will 
be impossible for any Power thus to degrade 
scientific knowledge and experience by its use in 
the ruthless tion of ‘red ruin and breaking 
of laws.’” It will be noted that we do not recog- 
nise that science has any nationality, and we 
cannot see that there is any justification whatever 
for the following conclusion, which 


appears in the 
Frankfort as WR ‘*It must certainly be hard 
upon England if the science and technics of ite 


opponents allow the latter not only to supply 
unaided its regular war material, but to provide 
also novelties, whilst, on the other hand, in 
land, as ENnGingrrine itself states, science, 
nics, and working capacities do not attain a 

point which allow it to meet the general require- 
ments in shells, high explosives, optical glasses, 
&.” There is no possible ground for any such 
assumption on the part of Germany. Scientifi- 
cally we are at least as capable of supporting 
our forces at sea and in the field, but we are loath 
to depart from the standard of humanity which 
has hitherto been recognised by all civilised States, 
and to itute science for ‘* wholesale murder.” 

The Frankfort paper finally seems to consider 
that it has scored immensely by our reproduction 
of the drawings of the Lusitania, in the same issue 
in which the leading article on ‘‘The Submarine 
Menace ” ——. They say that we ‘ ex- 
perience, further, a real misfortune, since the 
author of the leading article has apparently 
omitted to study the illustrations which accom- 
panied the article, illustrations which are not fancy 
pictures, but ten re uctions from the drawings 
of a specialist.” ese drawings, which were re- 
produced by us last month from the a issue 
six years ago describing the Lusitania when she was 
completed, show, dotted in, the positions of the 
twelve 6 in. quick-firing guns for the carrying of 
which, when desired, the decks ye nem | 
strengthened. The fact that they are do in wi 
carry to all engineers, even German engineers, its 
own significance. The dotting in of these drawings 
is held the Frankfort or to be a proof that 
the vessel on this particular occasion carried these 
guns, and therefore contradicts the statement that 
we made in our leading article, that the ship was an 
unarmed liner pursuing the ordinary work of peace 
time. It is further pointed out that the plans 
showed that there was space which could be allotted 
to a magazine. There isa delightfully insinuative 
cunning in the sentence, ‘this ‘shell-room’ was in 
the narrow, forward of the ship, and should 
not be mistaken for the capacious holds in which 
the 5400 munition cases exploded, leading, as is 
well known, to the death of 1500 ple.” The 
drawings showed that the vessel fad her deck 
strengthened to a certain number of 6-in. 
guns (which are dotted on the plan) when the vessel 
was in use as an auxiliary cruiser. The Lusitania, 
from the beginning of her career until she was sunk 
by the unjustifiable and unpardonable act of the 
erman submarine, never once carried a gun, either 
mounted or concealed under the decks. The Customs 
officials of the United States Government have 
affirmed officially that the vessel had no such guns 
whensheleft on her fateful voyage. Theyalso declare 
that there was no shell in her magazines, and that 
there were no ammunition cases in the holds, so that 
the explosion of such could not account for the loss of 
life is loss of life was not 1500, but 1134. 

Perhaps the article of the Frankfurter Zeitung is 
scarcely worthy of the attention we have given it, 
but we have thought it well to refer to it, as it is 
interesting as an example of the method of mis- 
representation carried on so extensively throughout 
Germany in order to cheer up the people in the 
absence of any decisive successes. 





RADIATIONS FROM EXPLODING 
ATOMS. 

Tue evening lecture at the Royal Institution 
on Friday last was delivered by Sir Ernest 
Rutherford, F.R.S., who had selected as his sub- 
ject the ‘* Radiations from Exploding Atoms.” In 
choosing this title the lecturer said he had not 
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foreseen that the object of his discourse might be 
misinterpreted, but the explosions which he pro- 
posed to discuss had no connection with the 
common explosives uged in military operations, 
but were the enormously more powerful pheno- 
mena which spontanéously arose in the k- 
up of radioactive atoms. It was most fortunate 
that the quantities available of these substances 
were too small to be of military value; and, in- 
deed, it was a happy chance that the radiations 
from these atomic explosions, instead of serving as 
agente of destruction, found their sole practical 
utility in the beneficent treatment of disease. 
Everyone now knew that it was believed that the 
radiations in question were associated with the 
spontaneous transformation of one atom into 
another, the successive transformations of radium 
beirig:represented in Fig. 1. Associated with this 
rocess three characteristic types of radiations had 
m recognised, and were known, respectively, as 
the a rays, the 8 rays, and the y rays. The explo- 
sion of an atom was an event of extraordinary 
violence, being at least 10 million times as powerful 
as ordinary chemical explosions when referred to 
equal quantities of matter. 

In most of these atomic explosions an a particle 
was expelled. The a particle was an atom of 
matter, and the s with which it was projected 
attained 10,000 miles per second, so that it carried 
away with it a very large amount of energy. There 
was, however, an explosion of a different’ kind, 
such as that of radium E, represented in Fig. 1. 
In this no a particle was expelled, but a 8 particle 
merely. These 8 particles were identical with the 
cathode rays of a vacuum-tube, and were now 
commonly called electrons. In other cases the 
explosion was accompanied by the appearance 
of the y rays, which, in fact, were an almost 
invariable accompaniment of the expulsion of a 
8 particle. 

An idea as to the enormous amount of energy 
accompanying each type of radiation could 
obtained as follows :—One of the simplest ways 
known of giving a very large amount of energy to a 
particle was to employ a vacuum-tube with a 

tential of, say, 20, volts between its terminals. 
* these conditions the atoms of the residual gases 
were dissociated or ionised, and these charged par- 
ticles moving in the electric field attained very great 
—_. There was thus a great deal of energy in 

e moving icles, which were, in fact, cathode 
rays, equivalent to the 8 radiation ; but there were 
also, as Sir J. J. Thomson had shown, ‘agg 
charged particles also moving very rapidly. Now 
the a ray was known to be a positively charged atom 
of helium, but to get it moving in a vacuum tube 
with a velocity equal to that with which it was 
expelled from radioactive elements would require 
an electromotive force between the terminals of 
not 30,000 volts, or even 100,000 volts, but one of 
4,000,000 volte. The energy of expulsion of the 
8 particle was also very large. In the case of 
radium ©, this particle was shot out with a speed 
corresponding to a fall through at least 2,000,000 
volts, in some cases through nearly 4,000,000 volts. 
Hence the § rays were far more penetrating than 
the cathode rays preduced in any vacuum-tube. 
Thus, quite apart from the interest attaching to the 
atomic rab sender the radiations had another 
interest, providing as they did examples of indivi- 
dual concentrations of energy of far greater intensity 
than any we could produce, or even hope to pro- 
duce, in our laboratories. 

The a particle was an atom of helium carrying two 
positive charges, and it was important to measure 
the speed with which it moved. This could be 
accomplished by Sir J. J. Thomson’s method of 
measuring the deflection the icles underwent 
in passing through a magnetic and through an 
electrostatic field. The apparatus used was repre- 
sented diagrammatically in Fig 2. At S there was 
a fine source of the rays, such as a wire coated 
with a radioactive film. The rays shot out 
passed between the parallel plates shown, and 
thence through a fine slit on to s photographic plate 
at P. If there were no field between the parallel 
plates, the rays struck the photographic plate cen- 
trally, but on establishing a field they were de- 
flected up or down pooene Sel to the direction of 
the field. Hence by reversing the field two sets 
of lines were obtained on the same plate, the 
distance hetween the two constituting the measure 
of the deflection undergone. The result obtained 
when. the rays were through a magnetic 
field was illustrated in Fig. 3. The electrostatic 





deflection was much more difficult to measure, 
but it could be done, and Fig. 4 showed the result 
obtained. It would be seen that in each photograph 
there were three lines, two of which were nearly 
coincident in the case of the magnetic deflection. 
These were due to the three sets of a particles 
emitted by the thin emanation-tube due to the 
emanation, radium A and radium C (see Fig. 1). 
The three sets of particles were much more widely 
separated by the electrostatic deflection than by the 
magnetic, because whilst the magnetic deflection 
was proportional to the velocity of the particle, the 
electrostatic was proportional to the square of this 
velocity. These experiments, the lecturer added. 
were started in Montreal in 1902, but it was not till 
last year that Mr. Robinson and himself had suc- 
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ceeded in obtaining the photographs shown. By the 
aid of these photographs the speed of the a particles 
had been dceninel within a limit of error not 
exceeding a quarterof 1 per cent. In addition the 


ratio * of charge to mass could also be deter- 
™m 


mined from the plates, and the value obtained 
confirmed the view (previously arrived at on other 
grounds) that the atomic weight of helium was 4, 
and that as an a particle it carried two charges of 
electricity. 

The a particle being expelled from the rsdioactive 
atom at a very high s , the residue left recoiled 
as a gun did when fired. By similar means to 
those already explained, it was possible to find the 
velocity of this recoil, which was sufficient to carry 
the atom back through some centimetres of air at 
1 mm. pressure. Ifthe ordinary laws of mechanics 
held for these atomic explosions, the momentum of 
the recoiling mass should be equal to that of the 
a particle expelled, and this was found by Makower 
to be the case. 

It appeared, however, that the recoil atom 
carried one charge only. Since the momentum of 
the recoil atom was the same as that of the a par- 





ticle expelled, it appeared that the ordinary prin- 
ciples of mod Me. still held, even for Gao 
exceedingly violent atomic explosions. 

As already stated, the 8 rays corresponded to the 
ordinary cathode rays, and, like them, could be 
deviated in a magnetic field. Using the arrange- 
ment shown diagrammatically in Fig. 5, the rays 
issuing from the source at S were bent round by 
the field and impinged on the photographic plate 
PP. On development this plate showed that in 
certain cases the 8 rays after being curled round 
by the field were not uniformly distributed over the 
whole distance PP, but were concentrated into 
bands or lines, as indicated, giving a veritable 
8-ray spectrum which was characteristic of the 
particular element under investigation. Very 
accurate measurements had been made in this way 
by Rutherford and Robinson with radium B and 
with radium C. Each band was due to 8 geo 
ejected at the same speed, which could mea- 
sured from the photographs. In the case of radium 
B,. the highest speed observed was 0 823 that of 
light, or 150,000 miles a second. Radium C gave 
far more lines, and of these over fifty had been 
measured. The highest velocity attained was 0.985 
that of light; and the velocity of light was believed 
to be the limiting value to which a 8 particle could 
attain. 

How was the production of these S8-ray spectra 
to be explained? It was known, for example, that 
an atom of radium C on an average emitted only 


one 8 particle, yet these single icles produced, 
say, distinct lines. The individual atom could 
not be responsible for these, and it was thus to be 


assumed that the B-ray spectrum was a statistical 
result due to the conjoint action of a very large 
number of atoms. Hence it would appear that two 
atoms of an element did not necessarily break up 
in exactly the same way. 

Coming next to the y rays, these were equivalent 
to X rays, but very much more penetrating. They 
could also be analysed in great detail, and the 
results obtained were of very great int-rest. 
Some years ago Barkla had shown that when X rays 
fell upon copper, for example, the copper, under 
certain conditions, gave out X rays which were as 
characteristic of copper as the D line was of 
sodium. These characteristic radiations varied in 
penetrating power with the atomic weight of the 
radiator. it thus appeared that the X rays excited 
definite modes of vibration in the interior of the 
atom, and it was thus probable that the y rays 
ejected from radioactive bodies corresponded to 
fundamental modes of vibrations in these atoms. 
They were thus not due to fortuitous collisions, but 
were as characteristic of the atom from which they 
came as was the fundamental note of a violin 
string. To test this view, the speaker and Mr. H. 
Richardson had analysed the Ss powers of 
the radiation from radium B, and found several 
fundamental types. In some cases there were 
as many as five types, of which two might 
correspond to the characteristic radiations of 
Barkla, whilst the others were new types, which 
it would be very difficult to observe by the use 
of X rays. It thus appeared that there was nothing 
of an accidental character in the behaviour of a 
radioactive atom, but that, in studying them, we 
were actually dealing with the modes of vibration 
characteristic of it, and a consideration of these 
should throw light on the atomic structure. 

Laue, Bragg, and others had actually determined 
the spectrum of X rays, but it was more difficult to 
accomplish the same feat in the case of y rays. A 
very long exposure, extending over a day or more, 
was required, and the accompanying § radiation 
had to t rid of. At Manchester, however, 
Dr. Andrade and the speaker had succeeded by 
using the apparatus represented in Fig. 6. The 
source A was a tube containing a relatively large 
amount of radium emanation. The radiation after 
passing between the two lead blocks B B through 
a fine slit fell on, and was reflected from a face of, 
a thin crystal of rock salt placed at C. A rotating 
arm centred on C carried a photograph plate P P, 
on which the radiation fell after reflection from the 
crystal. The crystal and lead plates were placed 
between the poles of a powerful electro-magnet, 
which deviated the 8 radiation away from the plate. 
Without this precaution the 8 rays would blacken 
the plate in Fes — and rg gg mask _ 

ray spectrum. A diagram of the y spectra thus 
ybtemed was shown in Fig. 7. In this case there 
were two lines both fairly strong, and these were 
found to coincide in position (within 1 part in 
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300) with the characteristic radiations of lead. 
The plate therefore gave evidence that Ra B had 
really the same general chemical properties as lead, 
although its atomic weight was 7 units more. 

It had proved very difficult to determine the 
spectra of the very penetrating y rays, yet success 
was finally attained, the wave-len found being 
half that of the hardest X rays known, having the 
value of less than ,, of an Angsti6m unit, or 
au that of ordinary light. 

“The next point that arose was a difficult one— 


viz., the connection between the y-ray see Ys 
and that of the 8 rays. The one was uced by 
rticles. In the latter 


waves, the other by fiying 
case the spectrum show at these particles were 
shot out with ss definite speeds, whilst the 
y ray spectrum showed that the y rays had equally 
definite frequencies. It was known that the 
characteristic radiation of an element could be 
excited either by using X rays or cathode particles, 
and also that the frequency of the characteristic 
radiation increased with the energy of the indivi- 
dual cathode particles. . Another result of great 
importance was that when X ray were 
through matter 8 particles were ejected, the energy 
of the X ray being converted into that of the 
ejected particle. This transfer was well shown b 
Fig. 8, which was a reproduction of a photograp 
by Mr. C. T. R. Wilson, obtained on passing X rays 
through moist air. The electrons set loose ionised 
the gas molecules, which then served as centres of 
condensation, thus showing the track of the 8 par- 
ticles through the air. In this case the energy of 
the X rays passed into the energy of the electrons, 
which in its turn was absorbed by the air. The 
energy of the electrons shot out was nearly pro- 
portional to the eae of the X rays responsible 
for their ejection. e energy of the X rays was, 
moreover, given out in definite quanta depending 
on the frequency of the wave. This quantum of 
energy was collected in the electron, and caused 
it to shoot out with great speed. The equality of 
the energy causing the emission and that of the 


ejected icle held approximately, but it could 
not yet said that it was exact. 
Marked differences in the character of the radia- 


tions were observed in different substances. Thus 
with radium B or C, the y radiation given out was 


very strong, and the f-ray s m was banded, 
as already explained (see Fig. 5). With radium E, 
however, the y radiation was very weak, and in 
that case the 8-ray spectrum had no bands, but 


was continuous. 

There was evidently, therefore, a connection 
between the y and the 8 rays. This had been 
shown more directly by an apparatus on similar 
lines to that indicated in Fig. 5. Using an a-ray 
tube, the 8-ray spectrum was obtained in the ordi- 
nary way. The source of radiation was then covered 
with a sheet of lead, and another exposure made. 
This lead stopped all the 6 rays, and only the y rays 
got through it. Nevertheless, the plate on deve- 
lopment showed exactly the same § radiation as 
before, the lines or bands occupying exactly the 
same places as when the lead was removed. The 
y rays, in fact, which got through the lead produced 
new § rays, which gave exactly the same spectrum 
as before. The 8 rays,in these lines, therefore, 
would appear to be uced by the conversion of 
the y rays into 8 radiation. e velocity of the 8 
particle produced by a wave of a given veneer 
was thus always the same. 

The energy of the 8 rays was.connected with the 
frequency of the y rays, and increased Ld definite 
increments, as shown in the following table 








Velocity of 8B | 

Particle Expressed, Observed Energy penne 

as Fraction of the Energy + 1013 ¢,|-+- 1.285 x 1013 e,| Numt 

Velocity of Light. seen re 
0.750 2.59 2.015 2 
0.868 5.16 4.010 4 
0.917 7.68 5.98 6 
0.946 10.81 8.02 8 
0.952 11.49 } 8.94 4 
0.959 12.82 9.97 10 
0.964 14.09 10.96 11 
0.969 15.42 12.00 12 
0.972 16.71 13.01 13 
0.978 17.96 18.97 14 


The numerical value of Planck’s quantum for 
the strong line reflected from rock salt at 1 deg. 
was 1.285 x 10%e, and referring to the table 
it would be seen that the energy in the ejected 
particle was for a number of lines practically an 
integral multiple of this constant. For three strong 








groups of low-velocity rays from radium B, the 
energies corresponded very closely with three lines 
in the y-ray spectrum in Planck’s law. But in 
the case of the swifter rays, the frequency of the 
y radiation producing them was much too low, 
and should, in fact, if Planck’s law held, in some 
cases be twenty times its actual value. Such a 
radiation would be exceedingly penetrating com- 
pared with the y rays. He believed, however, 
that these very swift 8 radiations were really pro- 
duced by y radiations of not excessively high 
frequency, in, perhaps, somewhat the following way. 


Fig. 6. A 
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Taking a model atom of the Bohr type, such 
as represented in Fig. 9, suppose an electron 
knocked out of the inner ring ; then there would 
be a tendency for an electron to fall from the outer 
into the inner ring, thus setting the latter in vibra- 
tion, and giving rise to a y radiation. In certain 
cases two or three electrons might be knocked out 
simultaneously, and then two or three waves of the 
same frequency would issue together, and when 
these rays met another atom, the en of the 
whole lot might be transferred to a single 8 par- 
ticle, which would accordingly be ejected at a 
correspondingly high speed. 

As the table showed, there was a close connec- 
tion between the energy of the § particle liberated 
by y rays and the energy of these rays, and it 
was of interest to determine whether there was a 
similar connection between the en of the X rays 
liberated when a target was bombarded by cathode 
rays falling through different voltages. Using a 
Coolidge tube, and working in conjunction with 





Barnes and Richardson, the speaker had obtained 
the results shown in Fig. 10. The straight line 
showed what the connection between the frequency 
and the voltage should have been did Planck’s law 
hold in this case, whilst the curved line showed 
the actual results observed. Up to a fall of 40,000 
volts the two lines agreed. fairly, though the 
discrepancy was 15 per cent.; but with higher 
— the two curves diverged rapidly. e 
requency reached its maximum at 145,000 volts, 
and underwent no further increase when the voltage 
was raised to 175,000 volte. It was clear that 
pam 4 oe did not hold we a, of 
ra y electrons, except possibly at very low 
jen It was of sehenens te note that the 8 par- 
ticles from radium ©, which had an energy due to 
a fall through two million volte, did not yield 
a of more than twice the frequency of the 
rays obtainable from a Coolidge tube. 

A problem which remained to be solved was the 
maximum frequency of the y rays liberated from a 
radioactive body. In the foregoing he had assumed 
that the rays came entirely from one of the inner 
rings of electrons, but if the nucleus itself became 
involved, y rays of very much greater frequency 
should be produced. In fact, from theoretical con- 
siderations, he thought that y rays capable of pass- 
ing through a mile of matter should exist, but, so 
far, no evidence had yet been found of this very 
penetrating radiation. 





NOTES. 


PATENTS AND THE Wak. 


Tue Comptroller-General of Patents has just 
ordered an improved to be followed under 
Rules 2 and 3 of the Patents, Designs, and Trade- 
Marks (Temporary Rules) Acts, 1914. It will be 
remembered that the Patents, re ay and Trade- 
Marks Acts, 1914, were passed in the early days of 
the war with the object of giving the rd of 
Trade powers, during the continuance of hostilities, 
to order the suspension or avoidance of any patent, 
design, or trade-mark a. to an alien enemy. 
The procedure which is substituted for the pro- 
cedure dated August 21, 1914, provides that durin 
the continuance of the war no patent will be seal 
and no registration of a trade-mark or design will 
be granted to any subject of a state at war with 
His Majesty. The persons to whom this applies 
will be taken to include a firm which, by reason 
of its constitution, may be considered as managed 
or controlled by alien enemies, or the busi- 
ness whereof is carried on wholly or mainly on 
behalf of alien enemies; a company which has 
received its constitution in an enemy’s state; a 
company registered in his Majesty's dominions, the 
business whereof is managed or controlled by alien 
enemies, or is carried on wholly or mainly on 
behalf of alien enemies. As regards applications 
for patenta, designs, or trade-marks, no distinction 
will, in the first place, be drawn between those 
made by alien enemies and those made by other 
persons. All proceedings thereunder will be carried 
on as usual down to and including acceptance ; but 
in the case of applications by alien enemies all pro- 
ceedings thereon subsequent. to acceptance will be 
suspended until otherwise directed. The suspen- 
sion of proceedings upon applications by alien 
enemies will be only mse te or discharged upon 

roper terms, including, if thought fit, the release 
by the applicant of the privileges and rights which 
he would otherwise have under Section 10 of the 
Patents and Designs Act, 1907. As regards opposi- 
tion to the t of patents and the registration 
of trade-marks, arising after the commencement of 
the war: (a) Opposition by alien enemies, in cases 
where the grant or registration op is one to a 
British citizen or alien friend, will not be enter- 
tained. (b) In the case where the grant or regis- 
tration opposed is a grant or registration to an 
alien enemy the notice of opposition will be ac- 
cepted, but all further senenelians will be suspended 
until the end of the war. As regards inventions 
communicated by alien enemies as aforesaid, in 
respect of which patents are applied for by persons 
in this country, these will be treated in the same 
manner as if made directly by the communicator. 


Warter-Power Leoistation in Norway. 
The exploitation of Norway's vast resources of 
unused water-power is, at present, receiving a 
twofold attention from the Government. In the 


first place the Government has prepared a measure 
which, inasmuch as it alters the conditions under 
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which concessions for the exploitation of water- 
falls are granted, affects not only the future develop- 
ment of the country’s industries generally, but 
may also have some bearing upon une further in- 
vestment of English capital in this connection. 
The new measure, in several res is more 
stringent than the concession law of September 18, 
1909. As the important question, whether 
any difference should be made between companies 
with Norwegian capital and companies with forei 
capital in the matter of acquirement of weterfaile, 
a kind of middle course has been adopted. It has 
not been deemed advisable to exempt companies 
with Norwegian capital from a time-limit in con- 
cessions, or from the provision by which the pro- 
perty, after the expiration of the concession, passes 
into the possession of the State. On the other hand, 
it has not been considered wise entirely to debar com- 
panies with foreign capital from becoming possessed 
of waterfalls in Norway. But the greatest caution 
is to be exercised in the granting of such conces- 
sions to companies with foreign capital, and it 
has been emphasised that they can only obtain 
concessions under special circumstances. It isa con- 
dition applicable to all companies that their liquid 
capital, when the exploitation is completed, shall 
be at least one-third of the aggregate amount spent 
on land, works, and machinery. The company 
must also at all times have at ite disposal within the 
country enough capital for three months’ regular 
work in the building of the power-station, and the 
subsequent Hy} of the station or the factories. 
A limit of 50,000 horse-power has been fixed for 
waterfalls which Norwegian citizens can acquire 
without any concession. The same limit applies to 
foreigners and limited companies, but this is not of 
much practical importance considering the condi- 
tions attached to the grant. The maximum dura- 
tion of a concession is reduced from eighty to 
sixty years (in exceptional cases the Storthing can 
grant a seventy years’ concession), and there is 
no longer any minimum limit. At the expiration 
of the concession the State will become 

of the power-station, with plant, &., without 
any payment. At the expiration of the fortieth 
year, and at each subsequent tenth year, the 
State has the right to acquire the installation. 
The 5 cent. limit on power to be supplied 
to the State and to municipalities is done away 
with, or rather this limit can be exceeded 
for the future. If any waterfall, or any land 
wanted for its exploitation, has been acquired 
by the concession-holder, or his immediate pre- 
decessors, at a price which, on the face of it, is out 
of harmony with its value, then payment of compen- 
sation to the previous owner or owners can be 
imposed upon the concession-holder. As regards 
concessions for hire or purchase of electric energy, 
these are made contingent a the company in 
question being domiciled in Norway, and upon the 
majority on the board being Norwegian citizens. 
The new measure also deals with mining conces- 
sions, the maximum duration of which has also 
been put at sixty years. 


Action oF Periopic Forces on Drops. 

The ingenious hydrodynamic experiments which 
the late Professor C. A. Bjerknes,* of Christiania, 
brought before the scientific congresses held in 
connection with the Paris Exhibition of 1881, and 
which the late Mr. Augustus Stroht modified in 
an equally instructive and beautiful manner, have 
recently found a sequel. Bijerknes placed drums, 
covered with elastic membranes, in viscous liquids, 
and made the membranes vibrate by connecting the 
drums to reciprocating pumps. Stroh conducted 
similar experiments in air, and obtained the same 
apparent attractions between membranes vibrating 
in the same sense, and repulsions between mem- 
branes vibrating in opposite sense, in a manner 
analogous to magnetic and electric phenomena. Now 
K. Boedeker, of Géttingen, has extended these 
researches to drops of one liquid floating in another 


liquid of the same density (Annalen der Physik, | Sod 


vol. xlvi, 503). The — ad the a 
of drops under periodic forces partly n 
inventiented by Kayleigh, by S. Webb in 1879, 
and by Kirchhoff. Experimentally little had 
been done except by Lenard and by Gundry, 
although the phenomena may play an important 
part in meteorology and atmospheric electricity, 
since the hollow or solid globules of water in 
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mists and clouds are exposed to the action 
of the electromagnetic forces of radiation and 
electric discharges within electric and magnetic 
fields. After se ge ae with anilin and benzol, 
Boedeker made his drops mostly of carbon tetra- 


chloride (density, 1.59) and oil of turpentine (0.87), | of 


mixed in such proportions that the drops would 
float in water. The forces applied were electric 
(intermittent currents from an induction appa- 
ratus) or mechanical. In the latter case a pin 
attached to a pulsating membrane was di 
into a drop, which moved up and down with the 
in, at the same time undergoing changes in shape. 
e shape changed from spherical to elliptical, 
conical or doubly conical, according to the frequency 
of the pulsations. The general rule was contirmed 
that two drops attra one another when vibrat- 
ing in the same p and repelled one another 
when in opposite p ; but for drops of very 
unequal size the rule did not hold. When two 
drops were between two the one drop below 
the other, the pulsations would bring them to 
the same level, and vibrating drops would make 
drops at rest start oscillating. Particular interest 
attaches to the experiments made with very 
small drops of emulsions. These drops, of 10-8 cm. 
diameter, were excited by resonance, the force 
having a frequency of 125,000 periods per second ; 
the changes in shape were far too rapid to be re- 
corded or even observed my ecg though 
this was — with bigger drops. hen two 
metallic plates, 2 mm. or 3 mm. apart, were lowered 
into the emuision, and an electromotive force of 
100 volts was epplied, the minute drops coalesced to 
bigger drops, which formed a chain across the gap 
between the electrodes. The drops thus formed a 
coherer like metallic filings, but the chain broke 
up as soon as the current was interrupted, and 
this liquid coherer, therefore, automatically de- 
cohabal ag which — filings do not, of 
course. In investigating this interesting pecu- 
liarity further, Boedeker added electrolytes to the 
water, so as to have drops of an insulating material 
(the oil emulsion) in a conducting liquid. e addi- 
tion of potassium chloride to the water did not give 
a good emulsion, the drops being too big ; better 
results were obtained with ammonia. The presence 
of alkalies facilitates the formation of fine emulsion. 
These experiments are to be continued. 


Tue Prorosep German Strate NirrocENn 
Monopoty. 


The German proposal for a State nitrogen mono- 
poly, which has attracted so much attention both 
in Germany and in the nitrogen-producing coun- 
tries, is being op a number of 0 
industrial concerns and institutions. The Union 
of German Manure Manufacturers have forwarded 
&@ communication to the authorities, in the inte- 
rests of the German super-phosphate industry, 
in which they give expression to the opinion 
that the new German nitrogen works, which are 
designed for the use of coal, must entail a greater 
cost than the Norwegian factories, where water- 
power is used. This will mean a higher price of 
the product to the German consumer. On prin- 
ciple they also object to a monopoly arrangement. 
So does the Chamber of Commerce of Frankfort- 
on-the-Main, which also points out that higher nitro- 
gen prices will weaken the competitive power of 


the German chemical industry, which, at the con-| p, 


clusion of the war, will have to exert itself to 
regain its markets abroad. The problem is alto- 
gether a difficult and complicated one, the solution 
of which it might be better to leave for quieter 
times. The matter is being brought forward as 
an emergency measure, but the Frankfort Chamber 
of Commerce cannot find that this emergency exists. 
During the war the monopoly would be of no effect. 
The installations are either ready or are approach- 
ing completion, and it is impossible to er what 
effect the monopoly will have upon the German 
nitrogen supply. The large Baden Anilin and 
@ concern recently made a comprehensive 
statement, in which it opposed the nitrogen trading 
monopoly, at the same jtime giving some interest- 
ing information about its own nitrogen industry, 
which, it would seem, has not before been dis- 
closed. The company in the year 1913 commenced 
working a large factory in Oppan by Ludwigshafen 
for the synthetic production of ammonia from its 
elements. The results of this first installation, 
calculated to produce some 35,000 tons of sulphate 
of ammonia annum, were so favourable that in 
the same year it was decided to increase the capa- 


- to fourfold. The production will shortly reach 
150,000 tons of sulphate of ammonia per annum. 
In the meantime the war has given rise to further 
extensions, after the completion of which, next 
year, the production should amount to 300,000 tons 
sulphate of ammonia per annum. Although 
this quantity represents more than half the total 
of Germany’s imports from abroad, this does 
not, of course, represent the limit of what the 
company could produce. The home supply of 
raw material is unlimited, and the company’s 
power of extending its production is, consequently, 
also unlimited and entirely independent of foreign 
countries. The only limit is the capacity for 
consumption of the world’s markets. The com 

is a decided opponent of any kind of monopoly, 
because it is not in need of the protection it might 
offer, and feels sure of being able to meet any 
rival in free and open competition. Gas works 
are also naturally opposed to a monopoly. They 
must extract the ammonia from their gas, use 
otherwise it would be very impure, and for this and 
other reasons they are interested in the produc- 
tion of ammonia. The ammonia from coke-ovens 
and gas works, as well as the production of the 
Baden Com , will therefore be available for the 
country, whether there is a monopoly or not. 
The monopoly can but serve one purpose—viz., the 
wholesale production of that kind ‘of manure for 
which agriculturists have the smallest liking—viz., 
lime and nitrogen compounds. The Baden Com- 
pany sums up its opinion of the monopoly as 
ollows :—Kither the monopoly will tee the 
lime-nitrogen industry being able to pay its way, in 
which case the German farmers will have to pay 
higher prices than foreign countries (for if the 
German farmers are to enjoy the same prices, then 
there is no need of a monopoly), or the monopoly 
will fix its prices according to those ruling on the 
international market, in which case the object of 
the monopoly, to afford a guarantee for the lime- 
nitrogen industry paying its way, will become 
entirely illusionary. 





_ Cement ror Retort Serrines.—In view of the great 
influence of the quality of the ceneuting material used 
for join on the good worki and life of retort 
settings, the Refractory Materials Committee 
of the Institution of Gas Engineers, in conjunction with 

: a \ for the investigation of 
this material, more es; ly with regard to its perma- 
nent contraction and expansion, and to the effect of the 
addition of varying proportions of fine grog to the clays 
used for the cement. 





Contracts. — The Monometer Manufacturing Com- 
pany, Limited, Aston, Birmingham, state that they have 
recently received orders for furnaces for melting lead, 
aluminium furnaces, type-metal furnaces, and Monometer 
heat-controllers from a number of different firms in this 
country.—The Bradley Pulverizer Company, 37, Wal- 
brook, E.C., state that they have received a t order 
for a 30-in. ‘‘ Griffin” mill, for grinding stone-dust, from 
the United National Collieries, Limited, to be installed 
at their collieries at Wattstown, near Porth, South Wales. 
Many of the leading collieries in the country have adopted 
the ‘* Griffin” mill for stone-dusting, amongst them being 
the Powell Duffryn Steam-Coal , Limited, the 
Ocean Coal Company, Limited, Messrs. 'D. Davis and Sons, 
Limited, and the Denaby and Cadeby Main Collieries, 
Limited. — Messrs. J. mpney and Co., Limited, of 
87, Bishopsgate, London, E C., inform us that they received 
an order for 300 gallons of ‘‘ Apexior” boiler compounds 
on May 13, 1914, from the Victoria Falls and Transvaal 
‘ower Company, Limited. So effectively has this dealt 
with the troubles t in running a large water-tube 
plant from the incrustation, corrosion, and pitting point 
of view, that it has been followed by an order, dated 
April 13 last, for 500 gallons. 





Tue RHENISH-WESTPHALIAN CoaL SyNnpIcATE.—The 
sales of the Coal Syndicate during April show a decrease 
compared with those of the previous month. There were, 
however, only twenty-four working days in April, against 
twenty-seven in March. As the percentage of the 
allotment, the position is the reverse, the figure for April 

66.46 per cent., which is the highest since the war 
broke out, as will appear from the subjoined table :— 


Per Cent. of 

a 101 Allotment. 

oe 33.35 
Seprember, 1914 54.00 
October, 1914 Pet 58.88 
November, 1914 65.29 
December, 1914 62.95 
January, 1915 65.74 
February, 1915 63.52 
March, 1915. . 62.48 
April, 1915 66.46 


The sales during April amounted to 4,685,841 tons, against 
6,367,944 tons for April, 1914, when they amounted to 
90.09 per cent. Shortage of rolling-stock had caused 





Se NG, especially during the first half of the 
month. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 26. 

Tue feature of the week has been the placing of 
large war equipment orders and extended domestic 
demand for railway and other equipment with a 
hardening of quotations. The Russian order is for 
22,000 freight-cars divided among six equipment com- 
panies, one in Canada. The Pennsylvania order for 
a week amounted in value to 19,000,000 dols. for 
16,500 steel freight-cars, 189 all-steel passenger-cars, 
and 125 locomotives. Other roads orders for 
150 locomotives. This order will give Pennsylvania 
3823 all-steel r-cars; total car orders for 
week, 59,000 orders for plates and shapes are 
heavy, including 20,000 tons 6000 tons of sheets 
from car-builders. Ship bought 8000 tons of 
plates ; two ships ord by the Mexiean Navigation 
Company call for 6000 tons more ; export orders for 
wire, plate and skelp took 25,000 tons, besides 25,000 
tons of rails for Russia. Domestic orders for shapes 
ran light, most of them being for bridge-work. 
Another advance in spelter sent galvanised sheets up 
4dols. a ton. Numerous inquiries for many varieties 
of steel are now arriving. The tone of the market is 
naturally stronger; maximum employed capacity is 
approaching 80 per cent. of theoretical capacity, which 
is not 'y above 90 per cent. The possible exodus 
of large numbers of Italians to the war zone raises 
threatening condition in mill labour. Conditions are 
favourable to surprises. European inquiries as to 
supplying facilities point to demands of stupendous 
proportions. Should domestic demand assume its 


system of non-inductive winding on channel-frames about 
cueen yous sq, and it had been publicly in use in the 
Na wi ee ny ao geese for ae onl _ ap- 
ve been patented recen a foreign firm. 

ing of the inductance is obtained 





































connecting them in series, tying the tiguous pairs of 
wires closely together. The enendhiy te well distributed 
if many channels are used. Ina simpler method, which 
he has also used for many years, a single wire is twisted 
into a large number of loops, in each of which the wires 
are very close together, and each channel carries a single 


loo 

Mr. C. C. Paterson said that it was inevitable when 
working with ordinary resistances on — voltage that 
@ good deal of heat should be dissipated. In potential 
dividers one makes the coils all of the same wire, 
‘measures tbe ratios ab low currents, and relies on these 
remaining the same at high currents. This is not the 
Sepeningen thapeetioe petbienst Goberiion pentane 

on ition o' portion whi 

age i ff—e.g., at the ond or the middle 
f ; ual temperature distribu- 
tion. He instanced « case in which errors of two or three 
parts in 10,000 were introduced from this cause, and said 
that the method of superposing an = = | vol on 
a small direct-current voltage was very useful for deter- 
mining the ratios under the working conditions of heat 
dissipation. 

Mr. D. Owen was surprised to observe that the author 
claimed to measure a resistance to 1 or 2 parts in ten 
million. With coils of platinum-silver, a change of tem- 
—, of 1 deg. Cent. would change the resistance by 


parts in a million, yet no temperatures were 
stated in the exam a 


uoted, nor was an 
made in the first meth 


reference 
to the heating effect of the 


normal proportions of recent years, the unemployed | curreut in the various resistances. He thought that the 
steel capacity would be of negligible proportions. paper therefore gave a wrong impression of the precision 
which was powible in such measurements. In the 





method to which Fig. 2 applied, the author required four 
eS 4 me oe oni bod — 
ing piece. is not m simpli con- 
necting the galvanometer to the middle of L, theca 
reducing the measurements to two? As regards the 2.6 
law connecting RK and O, he failed to see how it was pos- 
sible to neglect, as the author had done, the heating of the 
three-in-series three-in-parallel group. Each component 
of that group would carry one-third as much current as 
the single resistance, and would therefore have one- 
ninth as much heat dissipated in it. The neglect of this 
might account for the departure from the square law. 

Dr. C. V. Drysdale, in a communication which was 
read by the Chairman, said he was surprised that the 
author had adopted the method of shunting in place of 
the more convenient slide wire. In 1907 he had 
bined the rer of the Care 

i idge which was angle to construct and sus- 
ceptible of the highest —— When the resistances 
compared were nearly equal, their difference was given 
directly in millionths of their value. By means of a self- 
contained ratio bobbin it was possible to step up or down 
80 a8 to obtain most of the uneven ratios which were 
required. The bridge formed an accurate series of stan- 
dards built up from a single unit, and was, moreover, self- 
aaa In Mr. Rayner’s bridge contact errors in con- 
necting bis ratios did not seem to be eliminated, and it 
was not self-checking. He was pleased to see that the 
author i that contact errors could be minimised 
without t loss of sensitiveness by keeping the resist- 
ance of ratio coils moderately high. In practice these 
never needed to be reduced below 10 or even 100 ohms. 

Mr. Rayner, in reply, said that it seemed easier in 
discussing brid to use such letters as A B for the 
resistances to com and other letters well 
separated from them in the alphabet for the ee 


resistances. He had often been troubled in followi 


ng 
discussion of methods by the difficulty of keeping in 
mind these differences when P, Q, R, 8 were used. Any 


THE PHYSICAL SOCIETY OF LONDON. 

At the meeting held on May 14 at the Imperial Col- 
lege of Science, . AR M.A., Vice- ident, 
in the chair, Le. , entitled ‘‘ Precision Resistance 
—— - ith Simple Apparatus,” was read by Mr. 

). H. Rayner. 

The psper described methods by which the comparison 
of Fe neon eng e ~~ to an wpe Apdd fog 4 
or higher by using simple apparatus usu available in 
electrical laboratories, or which can be cody constructed 
with little skilled assistance. 

The qunens of nominally equal resistances of 1 ohm 
and upw: hy the usual method of shunting ome side 
of a ewe Ses me quadrilateral by a high resistance is 
mentioned, and variations on this w only part of one 
resistance is shunted are often useful. The great advan- 
tages of having resistances capable of 
tively large currents is illustrated, especially for measur- 
ing of resistance of commercial apparatus under 
working conditions. The determination of errors in 8 
volt box for use with a potentiometer is described at 
some length. This is of especial importance in precision 


photo: . 
cient cont rent voltage is not avail- 


Foster and Kelvin 





If a sa 
able for testing such apparatus as high-potential dividers, 
it is ous en using sufficient aallmeen current to 
secure sensitivity, the heating may be supplied by super- 
posed alternating current. 

Resistances in common use are very generally of simple 
numerical value, and a Kelvin bridge specially designed 
for the comparison of such resistances is described. It 
consists essentially of two rows of twenty-five resistances 


of 20 ohms each. Sq tie 
Discussion.—Oolonel uier thought the paper was 
a a Ith though the : coe f 
S mi r) psper would prove o 
considerable service to many who were faced with the 
problem of measuring y resistances of indis- 


accuratel 
criminate . He might take exception to the letter- | criticisms by Mr. Smith concerning arrangement of the 
ing f the diagrams. Ever Ty 1861 all bridges resintanoes in the = ro as sees Se cont 
been lettered P, b custom practically | 8u were come. © agreed wi ° as 
welveesal, and eons advan to follow it in ail tothe size of unit to be used when a number of resist- 


tageous it i 
cases. The author stated that when the current in a 
bridge is reversed the potential of the galvanometer is 
suddenly altered. This was not so in the case of equal 
ratio arms. Again, it was stated under Fig. 1 that A 
aod B, when not equal to P and Q, should in series 
as regards the su current bo obtain maximum sensi- 


tiveness. He out on the board a case in which 
this did not held. The method i i 


ances were to be used in series and parallel. They should 
not be less than 1000 ohms, unless errors were 


sensitiveness to such a figure as, say, 1 in 10,000,000 did 
not necessarily poate aes accuracy of measurement, and 
the proof of the full use of the sensitivity lay in repro- 
ducing the numerical value on ting the measure- 
ment. All the examples given been reproducible in 
ploy | this sense. This did not mean that identically the same 
shunting resistances aan Soon Seen <8 Sees 
series of measurements, as very tem perature chang 
in a few minutes would affect the result ; but it did mean 
that if, for instance, on repeating a given experiment, a 
different shunting resistance were required in the one psi- 
tion, an exactly equivalent change was found in the other 
position, showing that the measurement took full advan- 
tage of the sensitivity available. The ion of con- 
necting the galvanometer to the middle of Lin Fig 2 was 
impracticable by reason of the resistance of the end con- 
tacts. He did not think he should call Dr. Drysdale’s 
methods “‘simple,” and available with apparatus ordi- 





x resistances, inted 
out that in the A. of bridge used for resistance Resme- 
metry we had ready to hand all that was necessary for 
the determination of any resistance from a very low to 
quite a high value with accuracy. Moreover, the 
bridge could be calibrated ‘with ease, which was a con- 
siderable advantage. : 

Mr. Duddell said that with regard to the building up 
of resistances he had in his laboratory a large number of 


1000 w coils which were bI ing 0.1 . | marily to be found in any laboratory, or easily constructed 
By arranging anes Celt ee eal es Eee: | with little ckilled aovstance. ‘Tis cther puints he mea- 
tions he id 


readily obtain any ratio he wished, and | tioned must wait till he could examine them in detail. 
the building up of a potentiometer with these coils was| A paper entitled “Some Novel Laboratory yar‘ 
very easy pS pended @ ony An advantage in the use of | ments” was read by Mr. G. F. W. Jordan, A.R.O.5., 
high resistance coils such as 1000 for work of this kind | B.Sc. 
was the relative unim ce of the connection errors, Condensation Calorimeters for the Measurement o 
— = very if the resistances had substantial 
plug contacts, 


Mr. A. Campbell said that he had introduced the 


Latent and Sp:scific Heats.—(a) It is shown how an ordi- 
nary vacuum jacket flask can be converted into a suitable 
tion calorimeter. Errors arising from loss of 





lessening by winding a | same 
left and right-handed coil in the same set of channels and 
















com. | ind 











very 
fully guarded against. He agreed with Mr. Owen that a 





heat and wetness of the vapour are almost eliminated by 
two experiments. 

nother condensation calorimeter is constructed 

i with a view to the elimination of the 


errors. 

The Thermal Conductivity of a Narrow Metal Bar. 
—Gray’s tus for the measurement of the con- 
ductivity of a narrow bar has been modified for the pur- 
pose of rendering the loss of heat relatively small and 
coeeeing tee time taken in the measurement, thus intro- 
ducing experiment to the elementary student. 

The Merswrement of Poisson’s Ratio a ay nape 
Inth.—Two mirrors are attached to opposite sides of 
the bent lath for the measurement of anti-elastic 
radius of curvature, and Poisson’s ratio is then deduced 
from the observations in the usual manner. 

A Method of Measuring the Coincidence Period of a 
Kater and a Clock Pendulum.—The Kater and the clock 
pendulums are electrically connected so that when at the 
centres of their swings a momentary current passes 
th h a telephone receiver. 

A Differential Telephone Receiver.—An ordinary re- 
ceiver is connected to the of a simple differ- 
entially-wound transformer, and it is thus converted 
into a differential receiver for the purpose of electrical 
measurement. 

Experiment on Interference Fringes.—The fringes 
produced by a Lloyd’s mirror in white light are nearly 
achromatised by a simple grating on smoked glass. Other 
engees “ay interference effects with the grating are also 

escri 

Discussion.—Mr. F. E. Smith asked why in the thermal 
conductivity experiment four rods were used instead of 
one of four times the cross-section ? 

Mr. H. Moore admired the ingenuity of the pendulum 
experiment, bub thought that to make an experiment too 
simple and free from corrections made it less instructive 
to students. He thought the eye and ear method of 
observing coincidences was one in which students should 
be trained as much as possible. 

Mr. Jordan, in y to Mr. F. E. Smith, said that the 
use of four thin rather than one thick one was ad- 

ef ae po smaller temperature drop between 
thin 


the rod and the calorimeter when the former 
A paper" On Blestrioelly Mintaincd Vibrations,” b 

paper ** ically Maintainc tons,” 
Mr. 8S. Butterworth, M.Sc., was taken as read in the 
absence of the author. 


He 





INTERNATIONAL CORRESPONDENCE ScHoois, Limirep. 
—We have received from the above, whose offices are at 
International Buildings, Kingsway, W.C., a copy of a 
paper which they are issuing on ical engineering, 
this being one of a series they are sring for different 
industries on “‘ ‘The Recapture Expansion of British 
Trade.” They are sending out this paper to International 
Correspondence School students, with the object of edu- 
cating and informing them on some of the vital factors 
underlying the maintenance of British trade supremacy, 

object being to help the students to realise the 
orn of giving their best efforts to their particular 
work. 





Henpon Arroprome.—We are informed by the 
Hendon Aerodrome officers that the British height record, 
which stood at 14,500 ft., was beaten at the Hendon 
Aerodrome on Sunday last, when Mr. Hawker, on a new 
type of Sopwith biplane, reached an altitude of over 
20,000 ft., or nearly 4 miles. Although it was a perfectly 
clear day, the pilot ay ee from sight, and 
— oo tee by paple aad ‘lo ye 

y ying by pu instructors o 
the various flyi eee and ob ee Leet 
last week-end, when no less than ten machines of various 
types were out, including the’100-horse power Grahame- 

ite biplane, which flew the course at a speed of nearly 
100 miles per hour. Passenger flights are Tw in 
demand, especial] by ny and military officers, and 
pupils at the Hendon ying Schools have often received 
their “‘baptism of the air” in the form of an ordinary 
flight during one of the week-end displays ; in 
aa tun of cur buss Bervign pilets hove nm first 
attracted to aviation by a casual visit to Hendon. Flying 
takes every Thursday, Saturday, and Sunday after- 
noon from 3 p.m., weather permitting. 





NatTionaL Roap ConreRENcE AND Exuisition, 1915. 
—The official g of this Exhibition, at the Royal 
Horticultural Hall, Vincent-square, 8. W., will take 
on Friday, June 25, by the Right Hon. Walter iz, 
M.P., President of the Local Government Board. 
Monda: , June 28, at 2.30 p.m., there will be a conference 
on “* Use of Tar, Pitch, and Bitumen in the Con- 
struction and Maintenance of Roads, with Special Refer- 
ence to the Subject of Corrugations.” Papers by Mr. 
Percy J. Sheldon, M. Inst. C.E , County Surveyor, and 
Mr. Alfred J. Lyddon, A.M. Inst. C.E., Deputy County 
Surveyor of Essex, and by Mr. G. H. Jack, County 
Surveyor of Herefordshire, will be read. On Tuesday, 
June 29, at 2.30 p.m., a conference is announced on 
“Heavy Traffic,” when pone will be read — 

E. Clare, Clerk of the Lancashire County 
and 7 A M. Inet. U.E., 

y * m. Beginees and Surveyor of 

On bo : a case SS, at 2.30 “4 
u , at m., there 

; Classification of Roads,” by Mr. G. 

Montagu Harris, M.A., barrister-at-law, secretary to the 

County Councils Association; and on “The Recon- 


of | struction of Roads in Belgium. with general reference to 


the Injury done to Roads by War Operations and Mili- 
tary ” by M. Henri Vandervin, J ieur en 
Chef, Directeur des Ponte et Chaussées de ique. 
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LARGE BLAST-FURNACE GAS-ENGINE. 


Recent Progress in the Design of Large Blast-Furnace 
Gas-Engines, with Special Refer-nce to Belgian Practice.* 


By Professor H. Husext (Liége University). 


nearly twice that of the system formed by a boiler and a 
steam-engine. Besides this, it became possible, by adding 
Siemens regenerators to the coke-ovens, to utilise the heat 
of the waste gases which had been employed for the dis- 
tillation of the coal in the ovens to raise the fresh 
and the air iteelf to a higher temperature. By this means 


Tue iron and steel industries, ani those dealing with | it is possible to devote to the production of motive power 
larger proportion of the 


land and sea transport, are the most important consumers 
of coal. This im is shown by 
tue fact that the world’s output of pig- 
iron in 1913 reached 80,000,000 tons. In 
Great Britsin alone it amounted to 
nea:ly 10,000,000 tons. As it may be 
assumed voat the coke consumption is at 
least equal to the tonnage of pig-iron 


pr duced in blast-fur and if the 
efficiency of the coke-oven be assumed to 
reach even so high a fi 9 0 oe 
cent., it will be found the world’s 


production of 
tates the annu 
110,000,000 tons. 

One ton of coal transformed into coke 
evolves about 9000 cub. ft. of combus- 
tible gas, the minimum economic calorific 
value of which is 350 B.Th.U. On the 
other hand, the coke used in producing 
pig-iron is not completely dissipated, as 
the gases which leave the blast-furnace 
contain, in addition to carbon dioxide 
and nitrogen, a large proportion of car- 
bon monoxide, together with an pager 
ciable amount of hydrogen and of hydro- 
carbons. 

In order to avoid the charge of exag- 

eration, the volume of gases produced 

y a blast-furnace per ton of cast iron 
may be estimated at 14,000 cub. ft., and 
the calorific value at 100 B.Th.U. per 
cub. ft. It follows, therefore, that if the 
manufacture of coke and cast iron alone 
be taken into consideration, there is 
duced each year a quantity of combustible 
gases containing potentially the enor- 
mous amount of 458,500, million 
B.Th.U. The ene thus available 
would be completely lost to mankind if 
those gases were still allowed to burn 
freely at the chimneys of the coke-ovens 
and at the top of the blast-furnaces, as 
was done in former times. Happily the 
genius of inventors was early — to 
the recovery of this fuel as completely as 
possible. The history of the economic 
progress realised in the production of 
pig-iron is closely interwoven with that 
of the utilisation of the two kinds of 
gases. I have neither the time nor the 
intention to refer to all that has been 
written thereon, but shall, as a matter 
of fact, limit my references to the lates 
improvements, although by no means 
the least, in the applications of coke- 
oven and blast-furnace gases. 

I may, however, be permitted to recall 
that until quite recent times—in fact, 
until about the year 1895 —the coke-oven 
gases, which were not used to heat the 
coke-ovens themselves, were frequently 
burnt under boilers in order to supply 
with steam the engines which served 
the ovens, and sometimes auxiliary 
motors as well. The blast-furnace gases 
were burned in Cowper or Whitwell 
stoves to heat the blast, the surplus 
being similarly used under the boilers 
supplying the blowing - engines, the 
hoists, and other accessory engines of 
the blast-furnace plant. These different 
= had already effected con- 
siderable economy. 

One of the most striking features of 
our epoch is, however, the continuall 
increasing need of energy. It jameele 
the engineer constantly to devote himself 
to the more economical utilisation of the 
energy available in the coke-oven. and 
blast-furnace particularly in coun- 
tries which, like Belgium have had to, 
contend with special difficalties arising, 
on the one hand, from the high cost of 
fuel and, on the other, from the need of 
exporting the greater part of her pro- 
ducts, and thus competing with countries 
more highly favoured by Nature. The 
first stage in this process was the adop- 
tion of the ao-gecauas recovery coke- 
oven, which enabled the valuable pro- 
ducts formerly wasted to be obtained. 
These included :— 

1. Ammonia, which is required in ever- 
increasing quantities in the alkali and 
other industries ; 

2. Benzol ; and 

3. Tar, from which modern chemistry successfully ex- 
tracts numerous very valuable substances. 

The gases being in this manner deprived of valuable 
constituents, which were, however, inconvenient for the 
production of energy, were more easily adapted for use 
in internal-combustion motors, the efficiency of which is 


pis-ison alone necessi- 
al consumption of over 


Fra, 1. 


* Paper read before the Iron and Steel Institute, 
May 13, 1915. ar 





ani to other uses a very much 


gases 


tion being 8 tons per tonof pig-iron. In 1845 the average 
output of each of the eighteen blast-furnaces in that 
region was 101 tons per week, and in 1877, 260 tons, the 
coal consumption being 520 tons. By 1896 the weekly 
production been raised to 1600 tons, and the coal 
consu oe agen to 14 tons of coke per ton of pig- 
iron. ithin a century the productive capacity of psn. 
furnace had been increased eighty-fold, while the coke 





7000-Horsz-Powrer Four-Cyiinper (1300 Mm. x 1500 Mm.) Doustze Tanpem Eneoine ror Drivine 


Dynamo ; 94 REVOLUTIONS ; FOR THE COCKERILL Company’s CENTRAL STATION. 








Fic. 2. 3600-Horss-Power Tanpem Two-Cytinper (1300 Mm. x 1500 Mu.) Enoinz ror Drivine 
Dynamo ; 94 Revo.utions ; ror THE Provipence Works aT MARCHIENNE. 


gee evolved during the distillation of the coal. In, consumption per ton had been reduced to one-sixth. As 
last-furnace practice the problems involved in the con- | is well known, even these figures have been far su 


struction and management of the furnace have always 
aimed at increasing the daily production of iron and 
reducing the quantity of coke consumed per ton of iron 
made. In his presidential address to the meeting of the 
Iron and Steel Institute in 1897, Mr. E. P. Martin gave 
some very interesting figures relating vo this question, 
which it may, perhaps, be useful to recall. 

In 1791 the weekly output of pig-iron of the blast- 
furnace in Dowlais was only 20 tons, the coal consump- 


since the Duquesne blast-furnaces in the United States 
have actually attained to a production of 4110 tons per 
week, with a coke consumption of but ? ton per ton of 
om This stead progress, arising obviously from 4 

tter utilisation of the coke in the furnace itself for the 
reduction of the ore and the melting of the metal and 
the slag, has naturally, as a result, reduced the amount 
of gases evolved per ton of pig-iron, as well as the tion 
of combustible matter which they contain, and a a 








June 11, 1915-] 


ENGINEERING. 


663 











tion in their heat value. For these reasons, as I have 
already pointed out in earlier papers, the blast-furnace 
themselves became hard! 


gases y more than sufficient for 
the legitimate pu they ought to serve—namely, the 
heating of the t and the supply of steam to the 
blowing 


The time was therefore ripe for the last 6 
namely, the liberation of the metallurgical industry from 
igation of using a large number of low-efficiency 
boilers requiring a considerable area, and to set free 
large amount of energy, which the iron and steel works 
could utilise with ~ economical benefit. T 
stage was the practical utilisation of gases in internal- 
combustion engines. The problem was not an easy one 
to solve. Indeed, blast-furnace gas is the poorest of all 
power gases, and may have a calorific value as low as 
80 B.Th.U. per cub. ft., besides which it always carries 














amount of pride, particularly in existing circumstances, 
in placing on record the fact that it was to one of 
that little nation likewise that the inauguration of the 
era of the practical application of internal-combustion 
engines was due. Although put together by the most 
skilful engineers of the period, the Lenoir engine did not 
realise the hopes of its inventor from the point of view 
of economy. As he did not adopt compression of the 
mixture before firing, his consumed far too much 
illuminating gas, which was the only gas then inable, 
and was very expensive. Further, it required a large 
amount of water and of oil, while it was unable to develop 
more than 3-horse power. In spite of these defects, some 
hundreds were made, and performed such useful services 
in small industries that it was possible to foresee the 
successful future of the internal-combustion engine, 
while the endeavours of inventors to improve the yield 
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a large amount of dust. Finally, blast-furnace engines 
are required to develop an amount of power largely 
exceeding that which it was possible for many years for 
gas-engines to develop, and in this connection it may be 
interesting 
ment of the , 

While the invention of the gas-motor may be referred 
back to the commencement of the nineteenth century 
and attributed to the French engineer Lebon d’Ham 
bursin, it fer eae a ay | that it emerged — the 
experimen stage. e first gas-engine to prac- 
tically and commercially applied was that of Lenoir. 
This engine, which was of the double-acting type, and 
in which the explosive mixture was fired without previous 
compression, bears little resemblance to the present type 
of engine, and its thermal efficiency did not exceed 4 
per cent. I should not have referred to this engine, 
which has so often been described in detail, were it not 
that I wish to point out that, contrary to the statements 
made in many works, Lenoir was a Belgian, who was 
born at Mussy-la-Ville, near Virton, in 1822, and died 
in Paris in 1990. I may be forgiven for pointing out 
that, in addition to the impertant contributions which 
my fellow-countrymen have made to the develop 
ment of the power of gas-engines and of their appli- 
cation in metallurgy, I cannot help feeling a certain 


to recall the principal stages in the develop- 
ne. 


- | the advan’ 





and to increase the power were also stimulated. Fifteen 
years had, however, to elapse before any further defi- 
nite progress was made. In was not, indeed, until 
1876 that the German engineer Otto invented the four- 
cycle engine, in which the explosive mixture underwent 
preliminary compression, although as far back as 1862 
the French engineer Beau de Rochas had pointed out 
with incontestable accuracy the method of working and 
that would be derived from the adoption of 
this type of engine. The views of this reformer were, 
however, neither understood nor carried out, and his 
memoir fell temporarily into oblivion, as had done before 
him the classic work of Sadi Carnot on the motive power 
of heat, and as the a by Tellier of the 
cold-storage ship was desti to do later. ‘ 

The Beau de TRochas-Otto cycle opens a fresh phase in 
the history of the gas-engine. The thermal efficiency of 
this engine rapidly attained to 16 per cent., thus exceed - 
ing that which the steam-engine was at this period 
capable of yielding. The — machine still, however, 
presented a good many imperfections. : A 

1. The motor worked on the four-cycle single-acting 
system, the piston receiving but one impulse for two 
revolutions; the three other strokes of the piston were 
only resistant and absorbed work. On the other hand, in 
the steam-engine euch stroke of the piston produced 


motive work. As # result, and in order to develop the 
same power, it is necessary to increase both the dimen- 
sions and the speed of rotation in the 

2. The motive power —— during a two-revolution 
cycle from a high positive value to a i nega- 
tive value; the turning moment is, therefore, exceed- 
ingly variable, and it is only possible to maintain a’ 
sufficiently uniform speed by employing one or even two 
relatively very heavy fly-wheels. 

3. The starting of the —— S troublesome, because 
it is necessary to turn the w round until one or more 
ex ons occur. 

. The governing is effected on the hit-and-miss } p 
ciple—that is to say, by the complete cutting of 
motive now once the speed exceeds a certain fixed 
rate, and its complete re-establishment when the 
falls below a fixed rate. It is therefore impossible to 
adjust the s and the ex iture of fuel accurately 
and uniformly with the work to be done. 

The steam-engine is exempt from all these defects. It 
is much more adaptable, and lends iteelf to extreme 
variations without its efficiency suffering much. Itallows 
of the development of considerable power, and can be 
made rapidly to reverse by means of simple mechanism. 
The oonee had, fortunately, a high thermal ae. 
and above all it possessed the advantage of being capable 
of being installed wherever illuminating gas was avail- 
able, without having recourse to a boiler, which is cum- 
brous, dangerous, and necessitates the handling of coal 
and ashes. Thus it soon became a serious competitor of 
the steam-engine in the minor industries. It would 
have remained within these bounds, and even been 
limited to towns ing gas works, had not an 
English “om, r. Emerson Dowson, succeeded in 
liberating internal-combustion motor from this restric- 
tion as the pore. which he described at the 
York Meeting of the British Association in 1878. 

Dowson’s invention, as I have often pointed out, pos- 
sesses & value, from one point of view, of the same order 
as that of the steam-engine itself. 

The gas-producer not only liberated the internal-com- 
bustion engine from the obligation of being installed in 
the neighbourhood of a gas works, but it also brought 


into ical use a much less expensive fuel capable of 
dev som greater power. Ib should be noted in 
passing t illuminating gas represents but about one- 


third of the weight of the coal from which it is distilled, 
and requires complicated operations for its purification, 
and the expense of distribution greatly adds to its cost. 
The producer, on the contrary, transforms the whole of 
the combustible portion of the coal into gas, requires 


only the minimum of cleaning, and can be built quite 
close to the engine. Besides this, the producer has, since 
its invention by Dowson, e considerable 


from various points of view. The introduction of the 
suction-gas producer has tly simplified its construc- 
tion, and rendered it a still more practical source for the 
production of motive power. That power, however, has 
only within recent years exceeded 300 horse-power, 
while, on the other hand, and this is still its weak point, 
it can only use certain qualities of coal. Those which 
are too bituminous or too dusty are unsuitable for the 
produetion of the lean gases intended to supply gas- 
engines. Nowadays, however, thanks to Mond, it is 
possible to use in large x ward fairly rich coals, by recover- 
ing, in the form of su yy of ammonia, the nitrogen 
content in the fuel which in other systems is lost. It is 
thanks to this improvement that there has been success- 
fully installed in Staffordshire the first central power 
works for production and distribution in bulk of lean 
—. According to Herbert Humphrey, this works 
istributes within an area of 25 sq. miles a considerable 
quantity of gas for the heating of furnaces and for other 
industrial uses, besides supplying motors developing over 
20,000 horse-power. 
The developments and improvements referred to have, 
however, only been made gradually, so that the p 
of the ines has at times out-distanced that of the 
ucer, and been, so to speak, hampered by the latter. 
p to 1889 it had not been ible to exceed 25 horse- 
wer cylinder. The important Deutz Company, 
‘ounded by Otto, had not so far attempted to ex: this 
power in the 100-horse- power ine, exhibited in that 
year at Paris, which had four cylinders. At the same 
exhibition a pusnee pees , then but little known, Mr. 
Edouard Delamare-Deboutteville, revealed himself as 
being fortunately much more adventurous, Mr, Dela- 
mare had been, to in with, engaged in road auto- 
mobile construction. ving endeavoured to achieve 
his object by means of steam-carriages, he was naturally 
led to substitute for the steam-engine the internal-com- 
bustion ine, which d‘spenses with the use of the 
boiler. Aided by a skilful engineer, Mr. Malandin, he 
built an engine, based, like that of Otto, on the ideas of 
Beau de Rochas, but differing in many aspects from the 
Deutz engine. Mr. Delamare exhibited a i of 
this engine at Paris in 1889, coupled with a Lenepeaben 
ucer, built by the Société de la Buire, near Lyons. 
is engine, like the Deutz engine, de 100 horse- 
power ; but, and this is an exceedingly significant fact, it 
pone but one cylinder. single-acting, and working at 
our cycles. In spite of the contempt with which many 
engineers wel this plucky attempt, a contempt 
which I am glad to remember I did not share, and in 
spite of the difficulties strewn by powerful competitors 
across his path, Mr. Delamare-Deboutteville was not 
discouraged. . He continued boldly to ey mes in the 
direction he had adopted, and, in 1894, he succeeded in 
es into operation at the Pantin Mills, near Paris, a 
our-cycle mono-cylindrical engine, developing 220 horse- 
power with a speed of 100 revolutions only per minute. 
The times were now ripe for the last of 





stage of progress 
which it remains for ys to consider; that is to say, the 
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664 
direct utilisation of the gases from coke-ovens and from 
blast-furnaces in internal bustion motors. Fora 
time past a number of i like Lencauchez 
Liirmann, had propounded the view that blast-furnaces 
were, as a matter of fact, large producers; but no one, 
been made, had 


| eee y the stage to which reference has 
to think of using these exceedingly poor and dusty 
gases in eo delicate an appliance as the gas-engine. When 
an idea has ripened, when the environment becomes 
favourable to its development, it frequently bears fruit 
simul y in many minds, and this is what once 

in now occurred. It was the late Mr. B. H. Thwaite 
who made the first experiments in 1894, at the Glasgow 
Iron Works. This interesting attempt, which was not, 
however, followed up in Great Britain, does not a; 
to have been known to Continental metallurgists. Ib is, 
in any case, extremely remarkable that a short time 
afterwards experiments of the same nature were C) 
aye ny of one another at Seraing, in Belgium, and 
at Hoerde, inGermany. Belgium played in the practical 


Fig. 4. 








this he appealed to Mr. Delamare - Deboutteville for 
collaboration, and soon after, on April 11, 1898, this 
engine was put into ion and subj to severe 
po me —_— — Professor Aimé ng wo and I ascer- 
i at the gas consumption per horse-power 
hour was only 3.329 cub. metres, the calorific power belor 
981 calories per cub. metre. It was upon these results, 
which assigned to the gas-engine an efficiency of 20 per 
cent., and showed incontestably the enormous amount of 
energy which could, by its means, be rendered available, 
od Mr. bayer Ayo to build the yy single- 
cy er four-cyc jorse-power engine, % was 60 
marked a feature at the Paris Exhibition of 1900, and 
gained for the Cockerill Company the Grand Prize, 
which was the highest of the awards available. ; 
At a period when the writers of a certain other nation 
are unjustly challenging the part played by Belgium in 
the direct utilisation of gas-furnaces, it is well to repeat 
the facts I have referred to. Although the Hoerde 
Works carried out tests on the same lines shortly after 





























large horizontal gas-engines. They have produced, as 
may be plainly seen, an excellent type, working with 
surety and with great adaptability. Thanks to the 
latest precautions which have been taken to avoid the 
accidents met with by all designers of large i 
such as fractures of the cylinder-heads, es, 
rods, connecting - rods and valves, and the 
and occasional breakage of crank-shafts, the latest 
type of Cockerill engine is rn gray of sustaining with 
vantage any comparison with its foreign competitors, 
The =~ and elevations which are i 
as well as the photographs which Mr. 
has kindly authorised me to reprod 
accurate notion of the characteristic features of this 
remarkable type. One of these, which is assuredly the 
most striking to engineers accustomed to the building of 
large gas-engines on the Continent, is the abandonment 
of the f crank-shaft and the reversion to the simple 
built-up crank, which had been employed by Lenoir, and 
likewise by Otto, in their earlier machines. The latter 
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development of this new application an exceedingly 
remarkable, if not preponderating, part. It was, as a 
matter of fact, the erill Company at Seraing which 
ventured to build, in 1897, the first large blast-furnace 

ine, developing 200 horse-power. This under- 
taking was decided upon after experiments carried out 
on a small 8-horse-power engine, in which I myself took 
part with Mr. Bailly, anc with which I dealt, in 1897, in 
the paper published in the Annales des Mines de Belgique, 
where the question was first scientifi -ally discussed, with 
a clear appreciation of its future. : 

The importance of the Cockerill Company is well known 
to the members of this Institute, many of whom visited 
the works at their meeting in Belgium in 1913. I may 
in this connection remind you also of one who, for over 
a quarter of a century, has presided over its destinies, 
and who, in carrying on the work of his lecessors, 
had brought it to so high a degree of prosperity before 
the terrible scourge of war came to ravage the country. 
Tt is he, too, who at this crisis bas braved the storm, and 
even at the risk of his life refused to yield to the threats 
of the invader, and at the preseat moment is still bravel. 
ati ling to maintain his works in activity and to food 
th enenae of workmen who look to him for their 
livelihood. You will all, I feel sure, join me in payi 
fresh homage to him, to whom your Institute award 
the Beesemer Medal, and to whom you have paid the 
higbest honour of all by electing him as your President, 

r. Adolphe Greiner. It was he who, foreseeing a 
future awaiting the fresh application of blast-furnace 

, decided, on the suggestion of two of his engineers, 
Seenara. A. Bailly and F. Kraft de la Saulx, one of whom 
is still managing the wor of the company, to build 
the 200-horse-power engine of which I have spoken. For 
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those at the Cockerill Company, and put into operation 
a two-cycle Oechelhaiiser engine of 120 horse-power, in 
1896, and, two years later, a 600-horse-power engine of the 
same type but with two cylinders, the Deutz Company 
had built for the Paris Exhibition, in 1900, a 500-horse- 
power engine which preserved the four-cylinder type, so 
that in reality each of the cylinders only dev 

125 horse-power. 

For a long time the Deutz Company only followed the 
bold designers of the Cockerill Company from afar. 
Their manager even maintained in the columns of the 
technical Press that it was not reasonable to expect to 
exceed 350 horse-power in a single- acting four-cycle 
cylinder. I drew attention in different papers, , in 
particular, in the note to which I have already referred, 
to the successive stages in the progress made by the 
Cockerill Company in this subject up to 1906. I wil not 
therefore again refer to these here, but will confine 
myself to pointing out in the sequel the latest im- 
provements which this company has introduced in 








| builder soon reverted to the bent crank-shaft and keyed 
the fly-wheel on the overhung end of the shaft. By a senti- 
ment of conservatism which may be encountered at every 
- in the domain of engineering, as in many others, 
and which is, indeed, really explicable in the case 
of gas-engines, all builders have since adopted the 
| forged crank-shaft. When the fly-wheel required to 
| be made very heavy, as was the case in the earlier 
|engines intended for the generation of electricity, its 
weight was distributed by placing two wheels, one at 
|either extremity of the shaft. Subsequently in large 
a a third outer bearing was introduced, so as to 
give the fiy-wheel the support of two bearings. With 
this method of construction it is evidently necessary that 
the three bearings should be fixed as rigid as possible 
and in perfect alignment if abnormal stress, rapid wear, 
| and even fracture or bending of different parts of the 
—_ are 0 be a. 

ow, the bearings which support the cranked part of 
a shaft are subjected to alternating stresses, the hori- 
zontal component of which is by far most important. 
| The bearings which support the fly-wheel are, on the 
| contrary. subjected to an exceedingly heavy vertical 
stress. It follows that the three bearings wear in dif- 
ferent directions and by unequal amounts. Of the two 
outer ings, one wears vertically and the otber 
horizontally ; the centre ing wears obliquely. At 
the end, therefore, of a given period, the shaft no 
lopger works in the original conditions for which it was 
calculated. It is quite easy to provide against slight 
wear, but it ultimately becomes impossible to readjust 
the shaft completely level, for it would be necessary to 
remove it together with the fly-wheel and the dynamo to 
which it is coupled and to turn up and true the brasses, 
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subsidences caused by the working of coal-mines. It is 
in order to avoid these serious inconveniences that in its 
latest type the Cockerill Com: ng Save ehanaunad the 
Le cecal, Hos beens Seta nasty oe Coeines 
built-up cran’ tter, resting on wo 
poseortes = save eighty the qumeash piheoatante of as 
axis, 80 that it always works under the theoretical con- 
ditions oy eg . i a in the pr its 
dimensions (Figs. 1, 2, 3, on pages 662 an: 4 

It is to be noted that in America, which is less conser- 
vative, the same arrangement had already been for some 
time past adopted. The celebrated firm of Allis 
Chalmers, in particular, who built the important instal- 
lation of the Indiana Steel Company at Gary, which 
comprises seventeen twin-tandem dou engines, 
capable of developing an aggregate of 51,000 horse-power, 
has ado’ the b oe Sm. It may here be 
noted that, although embarking later than had the engi- 
neers on the Continent in the business of building large gas- 
engines, American practice did nor fail s y to make 
rapid progress. Besides the firm referred to, the American 
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distribution of the longitudinal stresses, has been aban- 
doned. 


It will be seen likewise that the shape of the cylinders 
has been improved (see Figs. 7 and 8). While the longiva- 
dinal section of the older type shows clearly the projecting 
seat of the valve-boxes, that of the existing type presents a 
continuous line, thus no showing projections where 
havin vg nimpliied the pany wn T oapibat 
ving simpli pe i 8 
the cylinders, it has increased size of the water- 
cham and conferred on the cylinder walls greater 
elasticity to withstand the stresses arising from the differ- 
ences in temperature between the outer casing and the 
interior cylinder. This advantage is not, of course, as is 
plainly evident, peculiar to the Cockerill Company’s 
engines, but I believe that these engines are y ones 
which possess steel tie-rods, which, while hot, are in- 
serted parallel to the axis of the cylinder in the water- 
chamber, and withstand the expansion stresses, thus 
causing the casting to work under compressive stresses 
only (Figs 6 and 7). 

In order to diminish the likelihood of fracture owing to 
the unequal dilatation of the outside and inside surfaces, 
and also to minimise the size of the parts to be replaced 
in case of accident, some engi like Ehrhard and 
Sehmer, tried building up their cylinders in several 
sections. I believe, however, that they have themselves 





valves at the upper J 
lower end, of the vertical axis of the cylinder. All the 
engines described in 1906, sketches of which were given 
in the papers by Mr. Reinhardt and myself, show this 
arrangement, which has its justification in the necessity 
for uniformly distributing the stresses in the metal of the 
cylinder. Besides this, all the builders had 
adjustable admission by means of a governor, by i 
the latter act on the composition of the mixture, or on 
the weight of the mixture admitted on each stroke of 
the piston, and sometimes even on the two factors 
simultaneously. F : 

The different systems are characterised chiefly by the 
number and arrangement of the inlet-valves the 
method of governing. Even at this period the Cockerill 
Com had adopted a trip-gear method of distributi 
in which the three inlet-valves for the gas, the air, an 
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abandoned this complicated construction. Others, such 
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Westinghouse Company, the William Tod (Ohio) Com- 
Dany, beve delgned appa which aivarge exneidesalhy in 

y, have desi types w. verge considerably in 
detail from the Continental types. The last-named frm, 
which has built twin-tandem, double-acting units de- 
veloping as much as 5400 brake horse-power each, has 
abandoned the symmetrical arrangement of the inlet and 
outlet-valves at the two ends of the vertical axis of the 
cylinder. This firm places them in lateral chambers, 
situated with a view to adopting a single foundation and 
bed-plate, and of allowing the cams of the distributing 
shaft to act directly on the valves by simple levers, and 
without having recourse to the long connecting-rods 
necessitated by the arrangement preferred by European 
engineers. In this, I think, the latter are right, as the 
—— in the oe are better distributed. be ee 

verting to the kerill engines, it may be poin' 

out that the abandonment of the bent crank-shaft, and 
the reduction in the number of to two, has led 
the engineers of this com = design a new form of 
bed-plate, which is exceedingly strong, not much raised, 


and presents a satisfac appearance, as may be seen 
7 = photographs ~ nn is Figs. 1, 2, 8. For 


more powerful types, and, in particular, for the 7000- 
effective-horse-power engine recently installed in the 

C 1 Company’s power-house, the bed-plate, which 
weighs 75 tons, is in two parts, the heavier of which 
waore © tom, If > sea Menge J the aga 

compared with those shown in the pu 

Hehed in the Journal of the Iron and Steel Institute, 
1906, No. IIL, we find that the girder-frame system, 
shown in Figs. 4 and 5), which possessed the advantage of 
elating Se overhauling of the cylinders, but was less 
effective the cylindrical bed-plate in securing the 





as Thyssen, have adhered to the single-piece cylinder, 
but have furnished it with an interior jacket of cast iron, 
which can be replaced after wear. i think, however, 
that this question is not one which requires to be con- 
sidered in practice, as long as the lubrication of the 
cylinder is properly secured. 

e cylinder-covers and stuffing-boxes have at present 
very nearly the same arrangement in all the systems. 
ae kerill Compeng’s ey renee i 2 cast-iron 

ing-rings are in tened u @ spri 
S the form of a band, Which Silene of their ao 
renewed without uncoupling the piston-rods and cross- 
head. The coe of the differs, on the other 
hand, considerably, acco ing to the engines. In the 

cipal German the hollow pistons are in one 
on a tapered shoulder on the rod 


piece, which is fit 
and is htened up at the back by a nut on s conical 
thread. It follows that, in one direction of working, the 


pressure 

other direction, it acts upon the screw. In the system 
adopted by the Cockerill Company (Fig. 7) the piston is 
built up of two parts bolted to a ring f on the 
———. oe en pe Ge oo of hp « 
ma piston always acts direct by pressure on 

nr the two inside walls form cham which secure 
double circulation and perfect cooling of the piston. In 
the event of an accident, there is, generally ing, 
only s — —— to ace. Finally, the system pos- 
sesses t vantage of not presenting any v great 
mass of metal to the action of the gas flame, and of 
therefore avoiding all overheating, which might lead to 
premature explosions, which always constitute one of the 





Most serious inconveniences in the working of large 
| engines. Tt follows that whereas many engines tfenis 





In| pure air, which followed the piston, 


on the piston acts on the rod, whereas, in the | ad 


the mixture were vertically superimposed. The two 
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latter, mounted on the same spindle, opened simultane- 
ously a little before the commencement of the suction 
stro) whereas the outlet-valve still remained open. 
There was thus a thorough scavenging of the combustion- 
chamber. The gas-valve o fully at a point of the 
stroke which was regula the governor, so that 
cylinder contained, to begin with, a certain volume of 
and, later on, a 
mixture which, by diffusion, became richer and richer 
until it ignition-chamber placed at the end 
of the cylinder. Advantage was taken of this stratifica- 
tion to obtain ignition even with the smallest ch 

and to profit economically from the latter. It often 
happened, however, that misfires occurred with weak 
charges, and the Cockerill Company therefore reverted, 
im engines intended for the generation of electrical 
power, to quantity-governing, so as to allow of varying 
volumes of constant composition, and so sacrificing the 


vantages arising from high com in weak 
charges, as nearly all engine-builders do. 
They pom aoe nevertheless, the arrangement of the 


three superimposed valves, which possesses the advan 

of simplicity, and the trip-gear, actuated by an adjus 

connecting-li with an interposed air-cylinder, 
ect safety in governing, comparable 

with that obtained in steam-engines. _ 

In the new system (Figs. 7 and 8) the mixture-valve alone 
opens at the commencement of the piston stroke, so that a 
eee increasing vacuum is produced in the cylinder. 

ta period determined by the governor, the lever which 
controls the opening of the two air and [peso 
and which is held motionless by a stop, while pressed 
upon by the driving-lever of the mixture-valve, is freed 





by means of a special cam. It is then brought into 
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motion by the action of the vacuum which has been p 
duced in a little cylinder interposed in the rod, which 
connects the two val and it suddenly opens the two 
air and valves, the spindles of which are tra- 
versed by the spindle of the mixture-valve. The air 
and the gas into 
the lower the - and ensures at atmo- 

ic pressure its com ing. 
ther builders who had, some years adopted 

te boxes for the mixture, air, and gas-valves, gene- 

employ the type of combined valves used by the 
Cockerill Company. In order, however, to reduce the 
cost 80 as to com successfully with rivals, many 
builders have simplified the distribution, either by dis- 
pensing with the air-valve and making the governor 
act upon a th placed in the inflowing current of 
gas (Ebrhard and Sehmer), or by regulating the gas- 
valve re — = = ~ =~ act on pe 
ignition sen), Or, y, by y governing tl 
wieenes delivered by the mixture-valve and the air- 
valve (Nuremberg). I believe, however, that the 
Cockerill Company is the only one emplo the trip- 
valve gear, which works ectly, and adapts itself to 
wide variations in rate of speed. When engines driving 
dynamos are , the governing allows for a varia- 
Se 2 aS Se ae A special 
mechanism allows, however, of this rate being varied b 
hand during the running from 10 to 15 per cent. 


(To be continued.) 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few data on several engineering pro- 
jects, taken from the Board of Trade Journal. Further 
information on these projects can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 


Australia: H M. Trade Commissioner further reports 
that tenders will be received by the Commissioner, Queens- 
land Government Railways, Brisbane, as follow :—(1) 
Up to 2 p.m. on June 22, for the supply and delivery of 
the superstructure for a bridge over Rocky Western 
Railway. (2) Up to 2 p.m. on July 6, for the supply and 
delivery of main | ag “A” and “*B” for widening 
Glenelg-Street Bridge. It will be observed that the time 
for the receipt of tenders is limited, and owing to forms 
having to be obtained from Australia, this intimation 
will be of use only to firms having ts in the Common- 
wealth who can be instructed by cable. 


British India: The Secretary of State for India in 
Council invites tenders for the supply of a road bridge 
of three spans of 100 ft. over the Ngaleik Choung, 
Pyinmana. The conditions of contract —= obtained 
on application to the Director-General of Stores, India 
Office, Whitehall, London, S.W., and tenders are to be 
delivered at that office by 2 p.m. on June 15. The 
directors of the Madras and Southern Mabhratta Railway 
Company, Limited, are prepared to receive tenders for 
the supply of 420 tons of structural steel-work, in accord- 
ance with the specifications, which may be consulted at 
the offices of the company, 91, York-street, Westminster, 
London, 8S.W. The charge for each specification will be 
ll. 1s.. which will not be returned. Tenders, marked 
** Tender for steel-work,” must be sent to the secretary, 
at the above address, not later than 2 p.m. on June 22. 
The directors of the Bombay, Baroda, and Central India 
Railway Company are pared to receive tenders, in 
London, up to noon on June 22, for the supply of struc- 
tural steel-work. Tenders must be made on forms, copies 
of which, with specification, may be obtained at the 
offices of the company, 110, Bishopsgate, London, E.C., 
on payment of 1/., which will not be returned. 


South Africa: The office of H.M. Trade Commissioner 
in South Africa has forwarded a copy of the estimates of 
expenditure of the South African railways and harbours 
for the year ending March 31, 1916. Railways: The total 
estimated expenditure on railways is put at 12,454,217/., 
which includes a supplementary estimate of 124,727/. The 
following expenses are assi under the heading *‘ Per- 
manent-way structures” : — Bridges, 31,061.; crossings, 
overhead brid ae rege = yi 
ep! ; water supply, 4 
Hatcoee: The total estimated expenditure on ce vied 
-" po oy 1,077,410., inc'uding a supplementary estimate 


Spain: The Gaceta notifies that tenders will be received 
at the Registro de la Direccién General de Tel 
Madrid, up to noon on June 19, for the construction an 
working, for a maximum period of twenty years, of a 
central telephone exch at Monforte de Lemus, Pro- 
vince of Lugo. Although this contract will probably be 
awarded to a Spanish firm, nevertheless the carrying out 
of the works may involve the purchase of some material 
outside Spain, he Gaceta contains a notice, issued by 
the Mimisterio de Foment), granting ission to 
Sefiores D. Manuel and D. Luis Lezama jizamon to 
utilise os Re - wag? mg bene ter at oe rate oy! ~~ 
litres or action power for 

Lan of mineral properties in the district of 
Echevarri. The necessary works must be commenced 
within a period of three months from the date of the 
concession and completed within three years. 


ro MT By ey Bam Fy 
authorisi ecutive Power arrangements 
for the completion of the Canal del Roque works, and 
making provision for the inclusion in the annual esti- 
mates, during four consecutive years, of a sum of 500,000 
pesos (about 102,800/.) for that purpose. 
contains a law authorising the expenditure of a sum of 


the cylinder with a speed which | ing 





85,000 pesos (about 17,470/.) on sanitary and other im- 
provement works in the workmen’s quarter in the district 
of Marianao, near Havana. This sum is to be allotted for 
the following : system, reservoir and water- 
distributing system, 50,000 pesos (about 10,270/.) ; build- 
ing of a school, fire-station, &c., 25,000 pesos (about 
51401.) ; street-paving and improvement works, 10,000 
pesos (about .). Tenders will be invited for the 
_ yi out of these works. It further announces that 

wing persons gran’ mission to 
instal electric power and lighting plant in Saba :—Sejfior 
Antonio Nistal Martinez, at Jatibonico; Sefior José 
Inda Lasarte, at San Diego del Valle; Sefior Francisco 
Arredondo, at Moréna. 


Siam: The Acting British Consul-General at Beaghel 
reports that tenders are invited by the Siamese ~ 
evry yy am me Broad Gauge (the name unde 
which the Administration of the Siamese Northern Rail- 
way is now known), for the supply of three steel viaducts, 
Sealed tenders, marked “‘ Tenders for Viaducts,” giving 
ice per ton, ci.f., delivered on railway wharf at 
kok, will be received, up to 10 a.m. on October 29, 
by” the Director-General, Royal Railway Department 
(Broad Gauge), Bangkok. 





CATALOGUES. 

Electrical Machinery.—The latest booklet from Messrs. 
Bruce Peebles and Co., Limited, of Edinburgh, gives 
an illustrated account of their works and manufactures. 
The latter include continuous-current dynamos and 
motors, alternators and synchronous motors, polyphase 
induction motors, turbo-generators, and La Cour motor- 
converters, several examples of all of which are illustrated. 


Portable Electric Drilis.—The latest bulletin from the 
Chicago Pneumatic Tool amy of Fisher Building, 
Chicago, Ills., U.S.A., gives full particulars of their 
heavy-duty side-spindle drills for direct-current or single- 
phase alternating current. These drills are made in six 
sizes, the smallest of which weighs 47 1lb., and will drill 
holes up to ,';in. in diameter in metal, while the largest 
weighs 54 lb., and will drill 1}-in. holes. The London 
address of the firm is the lidated Pneumatic Tool 
Company, Limited, 9, Bridge-street, Westminster, S.W. 


Dynamos and Motors.—The latest publication from the 
India-Rubber, Gutta-Percha, and Telegraph Works 
Company, Limited, of 106, Cannon-street, E.C., gives 
specifications, prices, and other particulars of ‘‘Silver- 
town” dynamos and motors for continuous currents. 
The machines are made in the open-protected, totally- 
enclosed, enclosed-ventilated, and pipe-ventilated types, 
in sixteen frame sizes, giving outputs ranging from 75 
watts to 66 kilowatts in the case of dynamos, and from 
0.22 to 90 horse-power in the case of motors. ices are 
also stated for spare armatures and slide-rails. 


Steam-Enyines.—Messrs. Davey, Paxman and Co., 
Limited, of Colchester, have issued a catalogue illustrat- 
ing and describing the various types of stationary steam- 
engines manufactured by them for electric lighting, 
factory driving, and general industrial work. The list 
includessimple and compound engines of the underty 
ordinary single cylinder and compound engines, coup! 
and tandem compound engines, drop-valve engines with 
trip- engines with tz positive-valve gear, and 
oma vertical engines. Tables giving the capacities and 
principal dimensions of standard sizes in the above- 
mentioned types are included in the catalogue. 


Double-Helical Gears.—The Citroén Gear Company, 
Limited, of 27, Queen Victoria-street, E.C., have sent 
us a copy of their latest catalogue of ‘‘ Citroéa” 

The catalogue first gives a brief history of the firm and 
ms ee —- of the —— of neil gears, 

en points out the many advantages y 
these A brief account of the firm’s works in 
Paris is then given, and their method of cutting the 
gears is illustrated and described. The bulk of the 
catalogue is, however, occupied with numerous illustra- 
tions, reproduced from photugraphs, showing the gears 
at work. This part of the catalogue is divided into sec- 
tions relating to mining machinery, pumping-plant, 
electrical machinery, rolling - mills, marine auxilia 
machinery, textile-plant, machine-tools, rubber machi- 
nery, air-compressors, turbines, motor-cars, and electric- 
traction work, several examples of the applications of the 
gears being illustrated in each section. In conclusion, a 
number of pages of useful information are given. The 
a is most tastefully designed and is beautifully 
printed and illustrated, and the firm must certainly be 
congratulated on its production. 

Electric Motors.—A woagy men price-list of alternating- 
current motors specially designed for the individual 
driving of looms has come to hand from the British 
Thomson-Houston Company, Limited, of by. The 
motors are of the squirrel-cage ty fi -phase 


circuits at 220 or 440 volts and 50 cycles, and are totally 

and dust-proof. They are hinged to the base- 
plate at one side, and at the other side a spring is pro- 
vided to maintain a constant tension on the driving- belt. 
The base-plate is also provided with slots i 
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to the motor-shaft, so that the motor can 
take up the stretch of the belt. 
may be mentioned, is mounted on ball- 
attention has been given to the starting 
with these —-. =" having to 
stopped requently, uire a ing-switc 
pela copy sang someday provided with 
able contacts of drawn ; , and giving two 
breaks on each phase. It is compact in 

suitable for mounting on the frame of the loom. 
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are stated for six sizes, ranging from 4 to 14 horse-power; 
ote hh mee pe ep ke ng ” 


complete plants i 
cae Shae See a Siaais for Segreeaing beuns dy meee of 
benzine. Other ee deal with plants 


ag: and — peat-moss litter, flour-mills and 
our-dressing més » corn-grinding and kibbling- 
mills, malt-crashing mills, rice-shellers and decorticators, 


boilers and accessories, and portable and semi-portable 
steam-engines. The boilers made by the firm include 
portable and semi-portable boilers of locomotive type, 
marine return-tube boilers, vertical boilers of the cross- 
tube and Field-tube dy pes, Cornish and Lancashire boilers, 
multitubular and lonial boilers, as well as high- 
pressure sectional boilers designed for porterage in 


mountainous countries and other where 
is exceptionally difficult. The firm also manufacture 
agricultural machinery, such as hay- ing machinery, 


cultivators, harrows, rollers, root-cutters and pulpers, and 
one of the catulogues is devoted to these appliances. The 
catalogues are all fastened in a strong-paper binding- 
case, which also includes price-lists. 

Automatic _ R-Fr n Siemens Brothers and 
Co., Limited, of Woolwich, 8.E., have sent us a copy of 
cy pamphlet illustrating and describing their ‘‘ Bato- 
phone” system of int nication telephones for use 
in business houses, factories, institutions. The 
pamphlet points out that —s int ication 
telephones all suffer from some of the following draw- 
backs :—Lack of secrecy, possibility of a third oparty 
cutting in on to a line already engaged, ue of multiple 
cables, impracticability of making systems for more than 
thirty lines, and es extending the system. The 
** Autophone” system, which has desi with a 
view to eliminating these and other drawba is worked 
on the central-battery system, and comprises the users’ 
instruments and a central automatic switching apparatus 
to which all the instruments are connected by twin wires 
only. The equipments are made in 25 and 50-line unite, 
and if extensions bey ond A lines are expected at a future 
date, similar apparatus, with additional selective devices, 
can be supplied. The instruments are of the standard Post- 
Office design, and are made in the table and wall patterns. 
Each instrument is provided with a dial having ten holes, 
numbered 0 to 9, and to make a call the user p his 
finger in the hole numbered with the first digit of the 
number he requires and turns the dial round to a stop, 
afterwards repeating the operation for the second digit. 
If the required number is disengaged, its bell rings for 
one second, and if the call is not answered, the ring is 
repeated at intervals of five reconds. When the call is 
answered, by lifting the receiver, conversation can take 
place without the possibility of interruption. The 

ments are such that the person ing up can 
hear if the number required is being rung up, and, failing 
to get a reply, he can disconnect by replacing the receiver, 
but if the number is , the ler is acquainted of 
the fact by hearing a ‘“‘ busy tone” in his receiver. The 
central switching apparatus, which is the most interesting 
part of the installation, is illustrated and described in 
the pamphlet. It is, however, too complicated to deecribe 
without the aid of illustrations, but the fact that some 
100,000 of these pre-selectors, as they are called, are now 
in satisfactory use in different of the world is 
sufficient evidence of their reliability. The system is in 
use at the firm’s Woolwich works and may be inspected 
there by interested parties. 











THe Propvuction or Pic-Iron 1n Germuany.—The 
Union of German Iron and Steel Industries 1eports that 


the production of pig-iron within the German Customs 
Union in the month of April (30 wns See amounted 
to 938,679 tons, against 438 tons in March (31 work- 
try |ing days). The daily production for April averaged 
31,289 tons against 
A it, 1014 ines 
ugus' - 
September, 1914 19,336 
October, 1914 .. 23,543 
November, 1914 26,299 
December, 1914 27,645 
seer se 
March, i915 t 


The production during April comprised :—Foundry pig, 
210,488 tons; Bessemer pig, 14,426 tons; Thomas pig, 

;_ steel, be 023 tons; puddle pig, 
24,361 tons. The Rhenish- Westphalian district produced 
410,054 tons ; Lorraine, 143,510 tons; Luxemburg, 125,432 
tons. The production during the war has for month 
amounted to the following percentege of the normal peace 
production :— 


Aague, 8 Pere 
a ve z 
September, 1914 is 37.42 
October, 1914 .. e ee 47.08 
November, 1914 om 4 50.90 
December, 1914 ; 66.11 
ears. c% ° as me 
bruary, 191 ie? 61. 
March, 1915 oto 60.54 
April, 1915 ae 60.55 
This steady increase in the production has been broug 
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RECENT THAMES BRIDGE AND 
TUNNEL CONSTRUCTION. 
(Continued from page 618.) | 

Tue cross-girders, referred to in our last article 
as having been used for steadying the face-rib of 
Blackfriars Bridge during its outward movement, 
were afterwards firmly fixed to the face-rib and to 
the nearest existing rib of the old bridge, and used 
as temporary staging for the erection of the three 
new ribs required to bridge the intervening —_ ; 
the views, Figs. 51 and 52, on page 678, clearly 
illustrate this part of the work. 

The new ribs were built up one at a time, the one 
nearest the existing ribs being first taken in hand. 
This was done in order to limit the load on 
the face rib now in position at the outer end of the 





6 ft. 5g in. deep at the springing, and that the 
depth gradually diminishes to 4 ft. 7,4 in. at the 
crown. Each rib is composed of a {-in. web-plate, 
two flange-plates 24 in. wide and { in. thick top 
and bottom, connected by 44-in. by 44-in. by }-in. 
angles. The webs are stiffened at intervals of 
about 5 ft. 6 in. with 6-in. by 4-in. by }-in. tees, 
cranked round at their ends to support the flanges 
as shown in the cross-sections, Figs. 56 to 58. e 
ribs were made in segments each about 28 ft. in 
length, the web-plate, angles, and inner flange 
plates being completely severed at the joints. After 
the segments had been built and riveted up, and 
the ends machined over their whole surfaces, 
each rib was laid out complete in the contractor's 
yard, the ends of the segments being butted 
together, and the covers marked off and Srilled to 





ribs. For this purpose the new ribs were made 
with a camber of 14 in. to allow for the shortening 
and consequent sinking of the rib as the weight 
was added to it. The horizontal thrust on the 
most heavily loaded rib of the centre span amounts 
to 725 tons, including temperature stresses, when 
the bridge is fully loaded. 

As shown in Fig. 55, the weight of the floors is 
transmitted to the ribs by latticed spandrels, the 
construction of which can easily be followed in the 
drawing. The spandrels, which are similar for all 
the inner ribs of all spans, have webs formed of 
close-latticed 5-in. by 3-in. by 4-in. angles, which 
are arranged to form 30-in. diamond spaces between 
the parallel sides. The top flange is formed of a 
vertical plate 24 in. deep and # in. thick, and a 
horizontal flange-plate 4 in. thick and 9 in. wide, 
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widened pier, without a corresponding rib in the 
adjacent span to balance the thrust. Work on 
the intermediate ribs was therefore limited to 
the one adjoining the old bridge until all the old 
face-ribs had been got into their new positions, 
and, when this had been done, work on the other 
new ribs was commenced at all points, and carried 
on continuously day and night. The question of 
unbalanced thrust on the piers from the face-ribs 
was carefully considered in eich operation, care 
being taken that no tension tufficiently great to 
open the joints should come upon the masonry. 
Details of one of the ribs for the centre span 
are illustrated in Figs. 54 to 58, on Plate XLIII. 
Fig. 54 is a longitudinal section through the centre 
line of the rib, and Fig. 55 is an elevation of the 
rib, also showing the latticed spandrel, cross- 
girders, and flooring. Figs. 56, 57, and 58 are 
cross-sections of the rib near the springing, at the 
frst joint, and near the crown respectively. The 
ribs, which are flat-ended, have a clear span of 
186 ft. + 4 between the masonry piers, and a 
rise of 17 ft, It will be seen that the ribs are 











// 
suit the holes in the joint. The outer flange-plates 
were kept 18 in. short of the main pmo to allow a 
cover-plate 3 ft in length to be fitted tightly on 
to the joint of the inner flange-plate in the ep 
between the ends of the outer flange-plate. e 
angles were covered with vertical and horizontal 
flange-plates, as shown in Figs. 54 and 55. Special 
care was, of course, taken in the construction of 
the ends abutting on to the skewbacks. The end 
section of the rib was riveted up with the 6-in. by 
6-in. by 1l-in. end-angles in place, and the whole 
end was surfaced in the lathe before the end-plates 
were fitted ; the ends were again surfaced after the 
end-plates had been riveted on. Before making 
the new ribs a careful survey of the existing ribs 
was made, the exact positions of all stiffeners, &c., 
being determined to ensure that the new work 
should correspond with the old. It waa, of course, 
especially important to make the new cross-bracings 
between the old and the new work correspond 
exactly. Special attention had also to be given to 
the form of the new rib, so that, when loaded, its 
shape should be exactly similar to that of the old 


connected ther by two 4-in. by 4-in. by 4-in. 
angles. The bottom flange, which follows the line 
of the extrados of the rib, is composed of a vertical 
web-plate 9in. deep and 4 in. thick, and two 44-in. 
by 44-in. by 4-in. angles, which are riveted tu the 
top flange of the rib. The joints in the lower 
flange of the spandrel were arranged to come 16 in. 
beyond each end of the cover-plate of the rib 
flange. At intervals of about 7 ft. the spandrels 
are stiffened by latticed cross-frames, uf the same 
depth as the spandrel at the point of attachment, 
constructed of 4-in. by 4-in. by #-in. angles, as 
shown in Fig. 61. The ribs are also braced by 
vertical latticed frames spaced at intervals uf about 
16 ft. The construction of this bracing is illustrated 
in Fig. 59. 
Three typical cross-sections at difterent parts of 
the span are given in Figs. 59, 60, and61. Fig. 59, 
as above mentioned, shows the braced cross frames 
between the ribs at the centre of the «pau, where 
they also serve as cross-girders to carry the road- 
way, as well as to stiffen the ribs. Fig. 60 is a 





m at the crown of the arch, showing 
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plate cross-girders placed between the arch-ribs in 
order to reduce the depth. Fig. 61 is a cross- 
section taken through the spandrels, showing the 
cross-bracing between the spandrels and the cross- 
girders carrying the floor. The ordinary cross- 
girders are spaced about 4 ft. apart, and under the 
roadway they are formed of g-in. web-plates, 18 in. 
deep, with two 3-in. by 3-in. by 4-in. angles top 
and bottom. Under the tramway tracks the cross- 
girders are lowered below the level of the adjoining 
cross-girders to make room for the tramway con- 
duits, as is clearly shown in Fig. 61. The web- 
plates of these cross-girders are of the same depth as 
those under the roadway, but the thickness is 
?in. Longitudinal stringers are placed at about 
4-ft. 104-in. centres in the roadway section, with 
their top flanges level with the tops of the cross- 
girders, thus forming a level surface, to which the 
#-in. buckled floor-plates are riveted. The buckled 
plates under the tramway tracks are 4 in. thick, and 
are attached to the under sides of the stringers, as 
shown in the drawings, so as to give additional 
depth for the conduits. The construction of the 
roadway is also clearly shown in these figures. It 
is formed of granite sets laid on a bed of concrete 
carried by the buckled plates. The granite curb is 

rotected by a steel plate 9 in. deep and } in. thick, 
Polted through the stone with bolts having counter- 
sunk heads. The footpath is paved with York stone 
slabs laid upon a concrete bed. 

Although the widening of the abutments was 
necessarily carried out simultaneously with the 
widening of the piers, we have found it convenient 
to omit reference to this part of the work until 
the present article, in order to include it with our 
description of the special steel-work required for 
the northern end of the bridge. The work on the 
southern abutment presen no special difficulty, 
and, generally speaking, it was carried out in a 
similar manner to the work on the piers. Fig. 73, 
on Plate XLIII., is an elevation of this abutment 
as widened, and Figs. 74 and 75 are sectional plans 
taken through the planes marked on Fig. 73. The 
existing stones of the western face were taken 
down and rebuilt in their new positions 30 ft. 
farther west, and the intervening space was filled 
in with new masonry and brickwork in cement 
mortar, as shown in the figures. 

The northern abutment, however, required 
special treatment, owing to the proximity of the 
District Railway tunnel, which only just cleared 
the old abutment, as will be seen on reference to 
the plan, Fig. 21, on page 566 ante. The widened 
abutment had therefore to be decreased in thick- 
ness, and a considerable part of it had to be built 
up of cast-iron blocks, instead of masonry, in order 
to increase the stability. The foundations consist 
of steel caissons, shaped to suit the plan of the old 
abutment. They were sunk under compressed air, 
and, after filling with concrete, were tested by 
loading with steel rails. Nearly 3000 tons of rails 
were piled on to these caissons, and the load was 
left in position for seven days after all settlement 
had ceased. The maximum settlement was about 
? in. under a load of 5 tons per sq. ft. The 
masonry and iron blocks were then built up on 
the caissons, and a heavy steel distributing girder, 
to which the skewbacks were fixed, was placed 
in position, in order to distribute the thrust from 
the ribs uniformly over the whole width of the 
extended abutment. Details of this distributing 
girder are illustrated in Figs. 62 to 65, on Plate 
XLII. This girder was made with great care 
on account of the very heavy horizontal pressure 
carried ; the total load amounts to 2574 tons, and is 
distributed as shown in Fig. 63. In constructing 
the girder, the web-plates were made to project 
jy in. beyond the horizontal angles, so that the 
webs, and not theangles, would bear on the back 

late, and also take the thrust of the skewbacks. 
The stiffeners behind the skewbacks were fitted 
tightly between the main angles. The abutting 
faces of the skewbacks were machined after they 
were riveted, and every care was taken to ensure 
the best possible work. The interior of the girder 
was filled in with masonry, which was grouted up 
solid as each space was filled. The girder itself 
was built into the masonry of the abutment and 
seeurely anchored to the foundation by eleven long 
bolts. Five of the bolts were secured at their 
lower ends to diaphragms inside the caissons, and 
the remainder were attached by means of cotters 
at the bottom to short girders, shown in Figs. 66 
and 67, which project under the masonry courses 
and extend back into the abutment. The upper ends 





of all the bolts pass through forged-steel saddles 
placed on ut the girder so as to bridge over from 
the back wehs to vertical angle brackets in front, 
as shown in Figs. 65 and 66. Before screwing up 
the bolts an initial tension of 42 tons was applied 
to each to ensure that all the bolts should properly 
perform their function of anchoring the girder and 
engaging with the masonry. The method of apply- 
ing this initial tension to the bolts is illustrated 
in Figs. 68 and 69. A short length of bolt, with a 
female end, was screwed on to the thread of the 
anchor-bolt. A cross-head girder, about 4 ft. long, 
was then passed over the extended bolt, and the 
nut screwed down on to the girder. Two 94-in. 
hydraulic jacks, resting on timber blocks straddling 
over the distributing girder, were placed under 
the ends of the cross-head girder, as shown in 
the figures, and the pressure pumped up until the 
load on each jack was 21 tons. The nut on the 
holding-down bolt was then screwed up tightly on 
to the forged-steel bridge-piece. 

As previously mentioned, a new steel face-rib 
was used for the north shore span, on account of 
the extra load of the curved approach. This ap- 
proach, which is best seen in the photograph repro- 
duced in Fig. 53, on page 678, was rendered neces- 
sary by the fact that the bridge meets the Emhank- 
ment as the latter curves round towards Queen 
Victoria-street, the angle between the Embank- 
ment wall and the face of the bridge as widened 
being about 55 deg.; the tram-cars have therefore 
to turn through an angle of about 125 deg. in 
passing from the bridge to the Embankment, and 
vice versd. The tracks are connected by curves of 
varying radii, and the curved tracks and foot- 
path are carried by steel flooring supported between 
the face-rib of the north shore span and the 
Embankment wall ; some of the load is also carried 
by a cantilever girder, which we shall deal with 
later. 

Fig. 70. on Plate XLTII., is a plan of the steel- 
work of the curved approach, and of the flooring of 
the bridge at this point, the buckled floor-plates hav- 
ing been omitted for the sake of clearness ; sections 
through the curved approach are given in Figs. 71 
and 72. A detailed description of these drawings, 
which would be extremely tedious, is fortunately un- 
necessary, as they are practically self-explanatory ; 
dimensions and particulars of all the sections em- 
ployed are given on the drawings reproduced. It 
will therefore suffice to say that the construction 
of the floor-girders over the ribs is practically the 
same as that described above for the other part of 
the bridge, and diagonal girders, shown in Fig. 70, 
were placed so as to span the triangular space 
between the face-rib and the Embankment wall. 
Ourved girders for the tramway tracks were worked 
in over the floor girders as shown. 

As already stated, a considerable part of the 
weight of the curved approach is carried by a canti- 
lever girder, thus relieving the load on the face-rib, 
and, to some extent, equalising the thrust on this 
rib. The position of the cantilever is indicated by 
chain lines on the plan, Fig. 70, and drawings of 
it are reproduced in Figs. 76 and 77, on page 667. 
The over-all length of the girder is about 61 ft. 6in., 
and the overhanging part has a length of about 
32 ft. ; the depth at the fulcrum is 9 ft. The web- 
plate is 4 in. thick, and the flanges, which are com- 
posed of 20-in. by §-in. plates, are connected to the 
web by 6-in. by 6in. by §-in. aneles. Stiffeners 
composed of 6-in. by 4-in. by §-in. tees were 
spaced about 5 ft. 6 in. apart from centre to centre. 
The rear end of the cantilever is built into the 
masonry of the abutment, and is anchored down 
to the back caisson in the foundation by means of 
a pair of 6-in. by 6-in. by §-in. angles, as shown. 

To complete our description of the work, we may 
mention that the reconstruction of the bridge 
afforded a convenient opportunity for the construc- 
tion of a subway for pedestrians at the north end 
of the bridge. The position of this snbway is indi- 
cated in the plan, Fig. 21, on 566 ante. The 
subway, which is reached by flights of stairs seen 
in the foreground of Fig. 53, on page 678, enables 
passengers to pass between the Embankment and 
Queen Victoria-street without negotiating the dense 
vehicular traffic which usually exists at this part. 
People, however, seem largely to fer the risk 
of the traffic to the exertion of descending and 
ascending two short flights of stairs, and conse- 
quently the subway is not used as much as it might 
well be. The subway was constructed by Messrs. 
Perry and Co., Limited, of Bow. 

(To be continued.) 





GRINDING-MACHINES.—No. VII. 
By JosrrH Horner. 


One of the ial designs among surface-grinders 
is that named the ‘‘single-stroke,” which term 
signifies a machine that has no reciprocating or 
traverse motion between the wheel and the work. 
As in the non. traverse grinding of crank-pins, accu. 
rate results depend largely in this type of machine 
on maintaining the accuracy of the wheel, so that a 
tool for truing is a necessary part of its equipment. 
This is one of the numerous innovations which would 
have been deemed impracticable a few years ago 
The purpose of the design of the single-stroke 
grinder is to avoid the time lost in traversing with 
cup-wheels. Itis clear that when a cup-wheel is sur- 
facing, only the areas covered by the wheel are being 
ground.. Overthe remainder the action, as turners 
say, is only that of ‘‘ cutting wind.” The larger 
the diameter of the work on the chuck the smaller 
relatively is the area in contact with the wheel. 
So that if regarded from this aspect alone, only 
work of small diameter is done really economically, 
and some of the advantage of arranging a great, 
many pieces near the periphery of the chuck is 
sacrificed. Here the advantage of the single- 
stroke design comes in. The of the wheel 
extends to just beyond the centre of the chuck, 
and the work rotating under it is ground without 
a traverse movement. To avoid the time lost in 
grinding work which occupies a large diameter on 
a rotary chuck, the Pratt and Whitney Com- 
pany duplicate and quadruple the chucks. Each, 
whether two or four, is rotated from a common 
shaft through worm-gears. The cup-wheel then 
grinds at the same time two or four pieces, each 
on its own chuck. 

The machine illustrated by Figs. 79 to 81, on 

e 669, by the Walker Grinder Company, of 
eccodien Massachusetts, U.S.A., is self-contained, 
having the countershaft A in the base, so that a 
motor-drive can be readily substituted. The fast 
and loose pulleys and striking-gear are seen, and 
adjacent is the large pulley B, whence the belt- 
drive over the idler pulleys to the drum © 
which is keyed on the wheel-svindle, a guard-casing 
D tly surrounding it. The spindle has ball- 
thrust collars a. a on both sides of its lower hear- 
ing. The belt-drive to the work-table comes from 
a vertical shaft E stepped in a lower bearing. It 
is driven from the countershaft A by a belt from 
the pulley F passing over idlers 6 to the pulley G. 
The shaft E is connected by gears, one of which is 
seen at H, witha vertical shaft carrying the drum J 
belted to the pulley K that drives the spindle of 
the work-table, passing over an idler pulley. The 
drum J is long enough to permit of the vertical 
movements of the work-slide through its maximum 
range. The pulley C for the wheel-head is also 
long enough to permit of the vertical adjustments 
of the wheel. A claw-clutch at L disconnects the 
drum J automatically, and so stops the rotation of 
the work-table. This coincides with the raising of 
the wheel off the work, and is effected by the system 
of levers M which are operated directly by the 
wheel-slide at c as it moves upwards. The slide is 
moved vertically by the lever N actuating the 
pinion O and its rack. The slide is over-counter- 
balanced by its weight P, so that when the handle 
is released the slide returns to its upper position, 
leaving room for setting work under the wheel. 
The slide of the wheel-spindle is brought down 
against a stop Q which ensures repetitive work, 
except for the wear and correction of the wheel. 
Compensation for this is made by raising the work- 
table slides. Provision is made for various thick- 
nesses of work in the same way, bya hand-wheel It, 
and elevating-screw S, passing through the bush T. 

The magnetising current for the chuck is switched 
on and off automatically. Electric contacts are 
provided on an arm U, Fig. 81, screwed to the 
wheel-slide. These slide over corresponding con- 
tacts in the switch-box V. When the wheel is in 
the lowermost position operating on the work, the 
direct current is passing through the chuck. When 
the wheel is withdrawn, the contact is broken, and 
@ new one made, which sends a demagnetising 
current through the coils of the chuck; as the slide 
‘me a to its final upper position there is no contact. 
eaving the chuck disconnected from the current 
and allowing the work to be removed. The con- 
nections to the table are indicated. The machine 
is arranged for wet or dry grinding, the tank for 
wet work being seen at W, Fig. 81, and the nump 
pulley at X. The supply-pipe is seen at Y, the 
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is apparent from a glance at the 
photographs, Figs. 82 and 83, above, 
taken from opposite sides of the 
machine, and the full details are 
shown in the various drawings. The 
main novel feature is the provision 
for accelerating both the speed of the 
development of this firm, and using edge wheels, | work as the wheel is fed towards the centre, and of 
is illustrated by the group of Figs. 82 to 95, annexed. | accelerating the horizontal feed of the wheel at 
In several of its details it has no points of resem-/thesametime. Conversely both are retarded as the 
blance in common with other designs. This fact| wheel moves away from the centre. This special 


















feature is one 
that is also 
possessed b 

some t¢ of bar cutting-off machines and sur 

facing-lathes, where the speed of the rotation 
gradually increases as the tool travels towards the 
centre. 

The whole of the driving originates from the shaft 
A, Fig. 84, which is enclosed by the main framing 
of the machine and driven by the fast pulley B. 
with its loose pulley adjacent. These are com- 
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pletely covered by a casing C save for the necessary 
opening left for the belt, and this is protected by a 
cover which is in one with the slide D that shifts 
the belt. This slide is held down by a bolt, seen 
above, with a spring to prevent it from rattling. 
The belt is shifted by the treadle located on the 
right-hand side of the machine, seen in the photo- 
graph, Fig. 82. From the shaft A, the motions of 
the machine are derived as follows :— 

Beginning with the wheel-spindle drive, this is 
belted from the shaft A, which drives directly 
from the pulley E to the spindle-pulley F, Fig. 85. 
The latter, it will be noted, is made of sufficient 
length to carry the belt over the full stroke of the 
ram G. An unusual shape is imparted to the 
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design of the ram, as will be seen in the longitu- 
dinal view, Fig. 85, and in the various sections, 
Figs. 86 to 89; the bearings of the spindle are 
bol.ed to a mamta on the underside of the 
ram, and the upper part of the ram is completely 
covered in by the arched shape given to the cast- 
ing. The vees by which the ram is guided are seen 
in Fig. 86. Its reciprocations are rack-driven, either 
by power or by a pilot-wheel by hand, on the shaft 
of the rack-pinion. Provision is incorporated for 
the accelerated feed, as stated, and for automatic 
reversals. 

Taking the horizontal wheel feed first : The rack- 
pinion shaft H carries the pinion a which engages 
with the rack b (compare Figs. 84, 86, and 90) ; it 
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derives its motion primarily from the pulley 
H’ on the main shaft A, Fig. 84, and thence 
through its belt and the train of gears seen 
in Fig. 92 to the pinion a in Fig. 90, which 
meshes with the rack. The mechanism pro- 
vides for an average feed across of # in. per 
revolution of the work, accelerated as the 
wheel approaches the centre, and retarded as 
it recedes from the centre, and each is in 
exact proportion to the wheel speed. When 
feeding towards the centre, the speed of the 
work increases by 100 7 cent. in the travel 
of 5 in. of the ram, and the grinding is done 
at the rate of 400 sq. in. per minute. This 
is effected by the insertion of Evans friction 
cones L, Fig. 84, in the mechanism thus: 
The pinion-shaft carries a gear c driving a 
gear d (compare Figs. 84 and 90), the latter 
having its shaft bearing in a swinging-arm J, 
which pivots around the shaft H of the rack- 
pinion a. A stud ¢ in the lower end of this 
arm passes through a slot in the frame of the 
machine, and the arm is provided with a lever f, 
by means of which the arm may be swung round 
to raise or lower the position of the pulley K, 
Fig. 84, which is mounted on the shaft of the 
pinta d. A belt goes from K to another pulley 

‘on a short shaft below, seen aleo in the photo- 
graph, Fig. 82, and within the frame this short 
shaft is made to move by suitable mechanism 
(not indicated) the friction-belt h between the 
variable-speed cones L, the lower one of which 
is driven by the belt coming up from the pulley 
H’ on the main shaft below. e swinging arm J 
controls by ite setting the tightness of the belt, 
and by this means also the belt can be made 





to slip altogether when the hand-feed has to be 
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used. This arrangement of mechanism is self- 
corrective—that is, any definite position of the ram 
will always force the friction-belt h to assume its 
correct lateral position, even though the timing of 
the gears be done wrongly by the operator when he 
puts the automatic feed into action. The rack- 
pinion a and the gear c are both of double width, 
so that they are always engaged whether the shaft 
is imparting hand or power-feed to the ram. The 
hand-feed is by the pilot-wheel, seen in the photo- 
graph, Fig. 83. This is attached directly to the 
shaft of the rack pinion. This shaft has a trans- 
verse motion slightly in excess of the width of the 
feed gears, with the result that when the pilot- 
wheel is pushed over it slides the shaft along and 
throws the automatic feed gears out of engage- 
ment. 

The reversal of the ram by the dogs j, j, Fig. 92 
(compare with the photograph, Fig. 83), is shown in 
the former figure clearly. A scale k is laid out in 
‘**hole diameters” and ‘‘ disc diameters,’’ by means 
of which one dog is set to reverse the ram when the 
wheel reaches the hole at the centre of the disc, 
while the other dog is set to reverse the ram when 
the wheel has reached the periphery of the work. 
The dogs strike one end of a pivoted lever M, the 
other end of which is forked, and provided with 
adjustable screws, the points of which knock a bar 
lLwhich shifts the clutch N in the centre of the 
reversing set of bevel-gears. The bevel pinions, 
according to the direction of movement of the 
clutch, rotate the bevel-gear U in one or other 
direction. The variable speed derived from the 
Evans cones L, in Fig. 84, is transmitted through 
the belt pulleys L’, L’ seen outside the frame to the 
left in this Fig. 84, and the upper pulley of the two 
to the right of Fig. 92, and also in the photograph 
Fig. 82. As the pinion-shaft in Fig. 92 is driven 
ptimarily from the pulley on the variable cone- 
shaft it partakes of the variations imposed on it, 
as well as receiving the reversals. he spring 
plunger m holds the lever over in either of its posi- 
tions until it is struck over by the approaching dog. 
But an automatic stop is also provided to bring the 
machine to rest when a finished piece has to be 
removed and a new one substituted. The knurled 
sleeve n, Fig. 92, strikes the upper end of the bell- 
crank lever N, and so presses down a spring on the 
sliding-bar P that shifts the clutch, holding the 
clutch centrally against the tendency of its lever to 
be pushed over by its spring-plunger. Then the 
operator throws out the clutch of the work spindle 
by means of the lever in front of the machine below 
the worktable. 

The work spindle Q, Fig. 93, is supported on a 
hardened shank batten p held in a solid nut which is 
filled with oil. It is rotated at a variable speed 
from the Evans cones L through the universal 
jointed shaft R, Fig. 84. The shaft drives the 

vel pinion 8, Fig. 93, and thence the gear T on 
the work spindle Q. The vertical feed is im 
through the feed-screw U, Fig. 84, and is actuated 
by dogs q, q, on the edge of the ram. There is 
also hand - elevating feed actuated as follows: 
The dogs q, q, Fig. 84 (compare with the photo- 
graph, Fig. 82) are located on the opposite side of 
the ram from those which actuate the ram feed. 
They run under a roller r on a rocker arm V, the 
lower arm of which swings between a spring-plunger 
son one side and a knurled screw ¢ on the other 
(compare with Fig. 90). The latter has a graduated 
head which enters a recess and is secured with a 
check-nut. There is also a set-screw above the 
spring-plunger s. When the rocker arm is in con- 
tact with s on one side, with the screw ¢ tightened 
against the other, the roller r clears the dogs, and 
no feed movement can take place. But by turn- 
ing the screw ¢ back by one graduation, a feed 
motion is imparted co’ nding with one tooth 
on the ratchet-wheel W below, Figs. 90 and 91, 
two graduations correspond with two teeth, and 
soon. This movement from the ratchet is trans- 
mitted toa horizontal shaft u, on which it is carried, 
and which passes through the sleeve on which 
the knee X, Fig. 93, is pivoted for doing concave 
work, This horizontal shaft transmits through 
mitre-gears v the feed movement to the feed-screw 
U behind the work spindle. 

The knee is pivoted around the axis of the 
horizontal shaft uw in order to permit of concave 
and convex grinding. The tilting is done by means 
of the adjusting screw w, Figs. 84, 94, and 95, 
tapped into a boss at the lower part of the knee, 
with a check-nut, The amount of angularity is 
read on ascale x. The screw y and the button < 





are used in conjunction with w. Flat work is 
ground when the screw y is in contact with the 
steel button z. Convex work is done when the 
button z is swung to one side by means of its handle, 
and the screw y is allowed to swing nearer the 
vertical slide when the adjusting screw w is loosened. 
Concave work is done by loosening the check-nut 
and turning the screw w until the required angu- 
larity has been obtained, as indicated on the scale x. 

Some other details of this machine are of suffi- 
cient interest to merit special notice. The bearings 
for the wheel-spindle, Fig. 85, are of bronze, are 
split, and adjustable delicately. The splitting, 
together with the tapered expansion-plug, forced 
in by a grub-screw, is shown in Fig. 88, the 
tightening-screw above being seen. The oil is fed 
through tubes, over which are set removable covers 
aa, Fig. 86, seen also in Fig. 83. It flows round 
the journals and passes into a well, whence it is 
lifted by the ring, Fig. 87, seen in each bearing, 
Fig. 85. End thrust is taken by a collar, which 
is held against the shouldcr of the spindle by 
means of a cap-nut bb encircling a hardened-steel 
button, which nut is screwed to the interior of 
the bearing-casing with a fine thread, locked with 
a small grub-screw and pad. It will be noticed 
that the long pulley F also serves as a protection 


to the bearings, extending over them to right and | & 


left. Escape of oil from the ends is prevented by 
the grooving-out of the bearing-ends, where they 
are protected by the extended of the pulley 
to the right and by a separate ring at the left, 
these portions being turned with a shallow groove 
to defeat the efforts of the oil to creep along. The 
grinding-wheel is mounted on an iron centre with 
a tapered hole to fit the spindle-nose. An inserted 
steel nut at the end forms a durable thread, and 
serves to tighten the centre on the spindle ; a left- 
hand thread is employed so as not to loosen when 
working. Each iron centre carries a wheel, which 
is thus ready for instant fixing on the spindle with- 
out the necessity for truing up, as would be essen- 
tial if the wheel-bore fitted direct upon the spindle, 
with inevitable and necessary play. 

The complete system of guarding the wheel may 
be noticed by comparing Fig. 85 with the photo- 
graph, Fig. 83. A casting cc is bolted to the face 
of the hood of the ram, and to it are hinged the 
water-supply shute in front, and the water-guard 
d d pivoted and coming down nearly to the work. 

The work-spindle Q, Fig. 93, not being subjected 
to lateral thrust, is carried in split babbited bearings. 
The knee X is mounted ina vertical slide. The 
gears already mentioned and bearings are completely 
enclosed (compare with Fig. 82). The magnetic 
work-table is screwed to the spindle-nose, and 
ample protection is afforded by the circular flange 
standing upwards and partly surrounded by the 
annular flange coming downwards. The table is 
thrown into and out of action by the clutch mecha- 
nism Y, seen in Figs. 84 and 93. The lever- 
handle Z which operates it is conveniently placed 
under the knee at the front. When a piece of 
finished work has been removed and a rough piece 
set in its place, the clutch is thrown in automatic- 
ally. by the spring-plunger ee, Fig. 93. 








INDUSTRIAL NOTES. 

Tue Director of the Department of Labour Statistics, 
in an article on the state of the labour market in May, 
given in the Board of Trade Labour Gazette, says that 
the high level of employment iu April was fully main- 
tained in May, and a scarcity of male labour was 
reported by nearly all trades, owing to the previously 
existing surplus in some having been absorbed by 
others or drawn off by enlistments. This shortage is 
now extending to female and boy labour in many 
occupations. 

The coal-mining industry was well employed, but 
was working under great difficulties owing to the large 
number of enlistments. Employment was good in 
iron, shale, and lead-mining. At tin-mines in Corn- 
wall it was only moderate, and at slate quarries it 
continued depressed ; at other quarries it was fair. 

The pig-iron and iron and steel industries were 
active, while the engineering and shipbuilding trades 
continued to work at high pressure, with night-shifts, 
Sunday work, and much overtime. The tin-plate 
trade showed some improvement, due to an increased 
demand in the home market. The other metal trades 
continued very busy, especially those engaged on 
Government orders. 

The textile trades showed little change, on the 
whole, com with the previous month. The 
woollen and hosiery trades continued to be fully 
employed, largely on work for the Allied Forces, In 





the worsted industry the ordinary home trade was 

good, and there was a further improvement in the 

cotton, silk, lace, and dyeing trades. Employment 

in the linen trade was still only moderate, but in the 

~ trade it was good, with a shortage of female 
ur. 

The heavy-boot trade was working at full pressure 
on Government contracts during the month, and the 
leather trades were also very active. 

The ready-made clothing trade continued very busy, 
and employment was on mantles, costumer, 
blouses, and corsets. There was a seasonal improve- 
ment in the bespoke tailoring, dressmaking, and mil- 
linery trades. 

Men in the building trades have enlisted in large 
numbers, with the result that, although building opera- 
tions have been much restricted, there was very 
little unemployment among those remaining in these 
trades. In the brickmaking trades there was a slight 
decline. There was an improvement in the furnish- 
ing trades, and the coachbuilding industry continued 
good, with some overtime ; in the other woodworking 
trades there was little change. 

Employment continued quiet with letter - press 
printers, but showed an improvement among litho- 
graphers. The paper trades continued to be fairly well 
employed. 

There was a general improvement in the pottery 
trades, and employment in the glass trades was fairly 

‘ood 


The food preparation trades were very active, but 
the fishing industry continued to be seriously affected 
by the war. In agriculture there was a general 
scarcity of labour, but the good weather during the 
month put the work forward, and the shortage was 
not so acutely felt as might have been anticipated. 

Employment with dock labourers continued good, 
except on the East Coast, and there was a general 
shortage of seamen for merchant vessels. 

Comparisons with a year ago are much affected by 
enlistments, the transfers from one trade to another, 
and, to some extent, the substitution of female for 
male labour. In the iron and steel, engineering, ship- 
building, woollen, hosiery, boot, saddlery, ready-made 
clothing, and food preparation trades, employment 
was very much better, owing to war contracts. There 
was also an improvement in employment among those 
now engaged in the coal-mining, building, and wood- 
working trades. On the other hand, there was a 
decline in the linen, lace, printing, pottery, and brick 
trades. Owing to the sharing of work, ue was no 
total unemployment in the ay op trade, but the 
whole position was much worse than a year ago. 

The increases in wages coming into operation in 
May amounted to 188,000/. per week, distributed over 
nearly 970,000 workpeople, by far the largest increase 
ever recorded in any month. These high figures are 
almost entirely due to the war bonuses granted early 
in the month to miners in the principal coalfields, 
which are estimated to be equivalent to a rise of 
169,000/. per week. In other trades the largest in- 
creases were recorded in the engineering and shipbuild- 
ing and clothing groups. 

he number of disputes beginning in May was 63, 
and the total number of en. eer 5 involved in all 
disputes in progress was 51,575, as compared with 
10,222 in the previous month and 76,779 in May, 1914. 
The estimated number of working days lost by all dis- 
putes during the month was 246,700, as compared with 
67,200 in April, 1915, and 1,040,900 in May, 1914. 

Conciliation and arbitration cases dealt with during 
the month include steam, electrical, and hydraulic 
service, gasmen and certain other workers, and brick- 
layers employed in steel works in the West of Scot- 
land; light castings iron-founders, England and 
Scotland ; hosiery workers and scourers, Leicester ; 
electrical workers, London County Council; black- 
smiths, Dundee ; boot and shoe operatives, Desborough ; 
painters, Manchester; building trade operatives, 
Bournemouth ; navvies, Birmingham and district ; 
plumbers, Paisley and district ; carpenters and joiners, 
Cheltenham ; tugboatmen, River Clyde; coachmakers, 
Luton ; saddlers, Birmingham, Walsall, and district ; 
and joiners, Inverkeithing. 

The average weekly number of vacancies notified 
to all Labour Exchanges for the four weeks ended 
May 14 was 36,055, as compared with 34,418 in the 
previous five weeks, and with 28,320 in the four weeks 
ended May 15, 1914. The average weekly number of 
vacancies filled for the same periods were 25,016, 
25,131, and 20,700. 





A statement was issued by the Press Bureau on 
the 10th inst., saying that Mr. Lloyd George had 
received on that day representatives of the following 
trade-union organisations at the Ministry of Munitions : 
—National Amalgamated Union of Labour, the 
Workers’ Union, National Union of Boot and Shoe 
Operatives, Trades Union Con , Amalgamated 
Toolmakers, United Brassfounders and Finishers, 
Boilermakers and Iron and Steel Ship-Builders, 
Northern Engineers’ Association, United Pattern- 
Makers, Sheet-Iron Workers and Light Platers, West 
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of Scotland Brass-Finishers and Engineers, United 
Kingdom Society of Smiths and Strikers, Ship Con- 
structors and Shipwrights’ Association, Parliamentary 
Committee of Amalgamated Cotton-Spinners, Amalga- 
mated Society of Carpenters and Joiners, United 
Kingdom Society of Coachmakers, General Union of 
Ironworkers, General Federation of Trade Unions, 
Iron and Steel Federation, National Transport 
Workers’ Federation, and the London and Provincial 
Coachmakers. We understand that Mr. Lloyd George 
pointed out the urgent need of increasing by every 
means possible the output of munitions of war, 
and discussed with the representatives the methods 
which might be adopted for extending the labour 
available for such work, for the better organisation of 
work requiring to be done, and for the prevention of 
loss of time and efficiency through industrial disputes 
and similar causes. 





In their sixteenth annual report, recently issued, 
the General Federation of Trade Unions state that 
the economic consequences of the situation which the 
war will create cannot be expected to develop before 
1917 ; they are, however, certain to be disastrous, and 
to involve this country, as well as others, in serious 
difficulty. The needs of the crisis cannot be met out 
of current income, and Britain will be ——— both 
to draw upon existing resources, and to pledge those 
of coming generations. Any diversion of capital from 
reproductive to unreproductive enterprises involves 
sooner or later commercial dislocation and tends to 
reduce standards of living and comfort, and it is 
certain that the siguing of — will be followed by 
readjustments in trade and commerce. During the 

eriod over which these readjustments are spread 
abour will be hard pressed to maintain its position. 
Countries now fighting for political and military 
supremacy will shortly be fighting for bread. 





The following is taken from the same annual report 
of the General Dedentien of Trade unions :-— 

‘The question of demobilisation and the effect it 
will have upon the labour market has engaged the 
serious attention of the management committee. When 
the war is over there will be, or at least we ho 
there will be, hundreds of thousands of soldier work- 
men seeking employment at old or new occupations. 
Many of these are trade unionists—it is said that in 
the 10th Welsh Battalion the percentage of trade 
unionists is 95. The unions will undoubtedly be 
anxious to help to secure their own men’s reinstate- 
ment, but there will be an army of others, who, on 
account of age or occupation, or inclination, were 
outside the trade unions, and these will be crowding 
the labour market and accentuating the difficulties 
of those who desire to regulate it. It will be bad 
policy to ignore the problem created by the com- 
petitive presence of these men. The greater the 
number unorganised and unprovided for the greater 
the risks to standards of wages, hours, and condi- 
tions. This is pre-eminently a trade-union question, 
and on any national authority created to deal with it 
trade unionists should be adequately represented, and 
should assume their fair share of responsibility and 
do their fair share of work. It is no use leaving the 
settlement of this question until the crisis arises, or 
until a Government department has presented the 
world with a crystallised and cast-ironscheme. Those 
who succeed best are those who initiate, and every 
trade union and every trades council should have this 
aspect of the situation under consideration if they 
would save the labour market from control by labour 
exchanges, plus Lord-Lieutenants of Counties.” 


The total income of the General Federation of Trade 
Unions for the year 1914-15 amounted, from all 
sources, to 70,845/. 5s. 8d., or an increase of 5756/. 
193. 5d. compared with the year 1913-14. The total 
expenditure for the year 1914-15 was 23,986/. 5s. 6d., 
or lower than at any time since 1909-10. For the 
year 1913-14, the total expenditure amounted to 
51,969/. 6s. 5d. The total funds of the Federation 
on March 31, 1913, were 29,159/. 17s. 3d.; this reserve 
now stands at 76,018/. 17s. 5d. The gross member- 
ship of the Federation continues to grow. Last year 
it was 967,257; on March 31, 1915, it was 1,086,391. 


The monthly report, dated the 8th inst., of the 
Steam-Engine-Makers’ Society gives the following 
agreement which has been arrived at with the repre- 
sentatives of the Society and Messrs. Cammell Laird 
and Co., Limited, Birkenhead, on the subject of allow- 
ance for work on board submarines. The agreement 
is dated May 26, 1915 :— 


1. Shop trial of engines: On the completion of the 
trials of the engines in the shops, 16s. to be paid to the 
men on the final trial. 

; Dock trials: On the completion of tuning-up—that 
is, preliminary trials—a final trial will be run, either in 
the dock or outside, each man to be paid 2is. Payment 
to be made for one trial only. 

_, 3: Ontside surface trials: Outside surface official trials, 
if unsuccessful, 10s.; if successful, 30s. to be paid. 

4. Diving trials in dock : 10s. per boat per day. 





3 r submersion. 

paid if diviag and engiee (ais beid same 

: Dock trials with main 

— 6d. per trial, whether the boat is running or 
8. Workmen on board while batteries are being charged : 


5s. per day. 
9. Workmen on board after batteries are charged or 


5. Subi ing trials in dock ; 5s. 
6. Divi tials 
bonuses to 


after gasolene has been put in tanks: 6d. per day or 
portion of day. 

a .@) men to receive 5s. extra in Nos. 1, 2, 3, 4, 
and 6. 


11. When working in tanks on submarines, engineers 
to receive an additional 124 per cent. on the actual time 
whilst so a 

12. Inswrance.—The provisions of the Workmen’s 
yr ery Act, 1897, so far as relating to death and 
disablement, to be extended by the firms to all trials of 
submarine boats. 





The Steam-Engine-Makers’ Society have a member- 
ship of 18,000 and a capital of 1£0,000/., equal to 
8l. 5s. per member. They have expended in benefits 
840,000/. Their unemployed number eight, equal to 
0.04 per cent. Trade with them, says their June 
monthly report, continues remarkably good, much 
overtime being worked, especially on munitions and 
equipment ; the demand for skilled workmen is such 
that the society cannot meet it. Many of the veteran 
superannuated members of the society have resumed 
work to help in furthering the supply of war material. 


According to Reuter, a statement issued by the 
French Ministry of Labour gives results of an official 
inquiry into the activity of commercial and industrial 
businesses in France after eight monthsof war. The 
investigations dealt with 22,610 businesses, employing 
in normal times 1,097,670 persons. In August, on 
account of mobilisation, only 43 per cent. of these 
establishments remained open, but the proportion 
rose to 58 per cent. in October, to 69 per cent. in 
January, and to 77 percent. on April 1. Similarly, 
the number of men employed was 34 per cent. of the 


normal in Avgust; it then rose to 44 per cent. in|; 


October, to 59 per sent. in January, and to 65 per 
cent. on April l. On April 1, 21,209 establishments 
were working, employing 713,166 men. 


At the Jarrow Police Court, on the 14th inst., an 
action of considerable interest to employers and work- 
men engaged on war work was heard, when three 
workmen employed by Palmers’ Shipbuilding and Iron 
Compavy, Limited, Jarrow, were ordered to pay 
damages for breach of contract. The charge by the 
company was against four men employed in the sheet 
mill, two of them being engaged at the furnaces, and 
the other two ut the rolls. Owing to three of the 
men being under the influence of drink it was impos- 
sible to work the mill, which had to be stopped, the 
company thereby incurring a loss of upwards of 100/., 
while, in addition, eleven other men were thrown idle 
for that shift by the defendants’ action. In the case 
of one of the men the plea of illness for absence was 
accepted, but in the case of the other three the chair- 
man of the magistrates said he was satisfied that they 
had rendered themselves unable to do their work ; he 
added that the Palmer Company had been most reason- 
able, because they could have claimed any amount up 
to 10/1. from each man. The Bench wanted to point 
out that it was a serious matter in ordinary times for 
workmen to act as the defendants had done ; but it 
was a much more serious matter at a time when war 
material was necessary, and men neglected their work 
owing to indulgence in drink. It was a serious reflec- 
tion upon workmen. It was the first case of the 
kind. The Bench hoped it would be a warning to the 
defendants and others, and that men would stick to 
their work, and do their duty as British citizens. 
The Pslmer Company had not been vindictive, and 
the magistrates baeed the defendants would appreciate 
the fact, and so act that in future they would be 
considered among the best menin the works. The 
three defendants were each fined 1/. and costs. 


The daily Press reports that Sheriff Thomson, 
sitting at the Glasgow Courts on Tuesday, the 15th 
inst., decided to impose the heaviest sentence in his 
power, of three months’ hard labour, on a munitions 
worker named James Marshall for assaulting another 
workman named Nathaniel Austin. Both men were 
employed at the same works, and, according to the 
complainant, the assault was committed because 
he was producing more shells than the other men. 
The Sheriff ssid he did not think a like occurrence 
would have happened in Germany, France, the 
United States, or anywhere else. The defendant was 
earning lid. an hour and working constantly, yet 
he found fault with a fellow-workman because the 
latter was doing his duty to his country in the hour of 
its agony. The assault was committed in order to 
intimidate him from doing his work likea man. Had 
it happened in Germany the defendant would have 





been taken out, put against a wall, and shot, The! will be made 





Sheriff expressed regret that that could not be done 
in this country. 


The United States Bureau of Labour Statistics has 
issued a bulletin dealing with w and hours of 
labour for 1913 in nine departments of the iron and 
steel industry of the United States. The Jron Age 
gives an abstract of the bulletin, from which we find 
that jad nage of seven-day workers in the prin- 
cipal productive occupations of blast-furnaces fell from 
97.2 per cent. in 1907 to 79.8 per cent. in 1913. In 
the Bessemer converting department, the reduction of 
seven-day workers was from 24.1 per cent. in 1907 to 
10.8 per cent. in 1913. At the open-hearth furnaces, 
the proportion of seven-day work varies according to 
the volume of business, and in this one department 
there was a slight increase of 2.1 per cent. in 1913 as 
compared with 1910. In the blooming-mills there was 
a reduction of 5.5 per cent. between 1910 and 1913. 
In other departments the proportion of seven-day work 
was any small, The following are the weekly earnings 
quoted :— 





Blast- Furnaces. Blooming-Mills. Bar-Mills, 
Is. Dols. Dols. 
Labourers 12.438 Bottom-mak- Bandlers .. 14.06 
Keepers 19.18 ers’ helpers 19.88 Roughers .. 26.00 
Blowers 26.84 Manipulators 27.60 Holders . 60.71 
Heaters .. 44.18 
Bessemer Converters. Plate-Mills. Sheet-Mills. 
Dols. Dols. 
Mould - cap- Shearmen’s Openers 12.66 
pers .. 20.28 helpers .. 17.47 Doublers .. 19.21 
Steel-pourers 33.94 Tablemen, Sheet-heaters 42.60 
Vessel men.. 41.09 sheared .. 21.35 
Screwmen, 
sheared .. 83.36 
Geta Standard Rail- Tin-Plate Mille. 
rnaces. Mills. 
Dols. Dols. 
Stockers 15.30 Hot-bedmen 15.01 Screw-boys.. 16.91 
Stopper - set- Table - lever Catchers .. 18.28 
re os men 27.61 Shearmen .. 80.66 
Melters’ help- Rollers . 60.18 
ers, first .. 338.89 
It is stated that ao similarity in mm by no 
means indicates a similarity in full-time weekly hours ; 


for example, it will be noticed that blast-furnace 
eepers and sheet-mill doublers have almost identical 
full-time weekly earnings, but the working time for 
these earnings differs greatly in the two occupations, 
the ave ll-time hours per week of keepers being 
81.9, whilst that of doublers is only 42.7. 





A meeting of the North and North-East Lancashire 
Cotton-Spinners and Manufacturers’ Association was 
held at Manchester on Tuesday last, the 15th inst., 
when it was decided to accept arbitration by the 
Government Productions Committee in the wages 
dispute in the cotton trade. The Federation of 
Master Cotton-Spinners aleo held a meeting on the 
same day, at Manchester, and decided to t Mr. 
Rur.ciman’s suggestion, and to consent to a reference 
of the dispute between them and their employees on 
the wages question to the same Committee. The 
operative spintiers and cardroom workers had not, 
down to the time of our going to press, announced 
what would be their decision. 





PerrsonaL.—For the convenience of clients in the Kast 
of Scotland, Mr. John M. M. Munro bas opened a con- 
sulting office in Edinburgh, at 11, Randolph-place (second 
floor).—The Wailes-Dove Bitumastic, Limited, 49, Black- 
friars-street, Manchester, state that, Mr. Lawson havin 
joined His Majesty’s Forces, Mrs. Lawson, who has had 
— commercial experience, has voluntarily offered 

er services, which they have cordially accepted. 





Tue Gaver ConTroversy In AUSTRALIA: ERRaToM. 
—In our article of last week on this subject (see 655) 
a slight error crept into a quotation we made from Mr. F. 
Lavis’s paper, read last a zens before the American Society 
of Civil Heinesen. r. Lavis, referring to passenger 
coaches, stated that three passengers on one side and two 
on the other ‘‘ would not be comportable, and therefore is 
out of the question.” A printer’s error turned the word 
**comportable” into ‘‘comfortable,” both in the quota- 
tion and the subsequent comment. The original word is, 
of course, the better of the two, and we apologise to 
a Lavis for an apparent attempt to improve on his 
selection. 





INVENTIONS AND THE WaAR.—A meeting was held last 
week in London with the object of forming a National 
Inventions Development Association. The meeting was 
presided over by Admiral Lord Charles Beresford, and 
the motion proposing the formation of the Association 
was entrusted to Admiral the Hon. Sir E. R. Fremantle. 
The formation of the Association having been approved, 
Messrs. Jackson, Pixley and Co., auditors and accoun- 
tants, 58, Coleman-street, E.C., were appointed hon. 
treasurers, and Mr. E. J. Dyer, Alderman’s House, 
Alderman’s Walk, London, was appointed as hon. 
secretary. It is stated that scientific institutions will be 
invited to nominate representatives to serve on the general 
committee. The idea is to scrutinise inventions, and to 
submit those that pass a preliminary inati 
practical staff to ex 

i if possi 


examination by a 
t consultants, after which tests 
and the Government approached. 
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LOCOMOTIVES FOR THE NASHVILLE, CHATTANOOGA AND ST. LOUIS RAILWAY. 
CONSTRUCTED BY THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA, PA., U.S.A. 












Fie. 1. 


2-8-2 Type 


la 


Locomotive. 


mh. — 











Tue Baldwin Locomotive Works have a wy 
— ten 2-8-2 and six 4-6-2-type locomotives fo 


Fa sil et 
Ha ( 
—\ ‘ 
i a 





Fic, 2. 4-6-2 Type Locomorive. 


ashville, Chattanooga and St. Louis Railway. These | rigging is cross-equalised 


engines, although not particularly large for 


their | wheels. 


com- | force exerted is 32,000 lb., with a ratio of adhesion of 
r the | 1'to4.48. Asin the tae locomotives, the spring- 


The boiler centre line is placed 9 ft. 6 in. 


respective types, are interesting examples of modern | above the rail, and this allows room for a furnace- 
, : | throat sheet as deep as that applied to the engines 

The 2-8-2 type locomotives, illustrated in Fig. 1 | already described. With a superheater and brick 
above, exert a tractive force of 49,500 lb., and are the | arch, and a boiler having ample furnace volume and 
first of their type to be built for this road by the | heating surface, these locomotives should prove free 


American practice. 


Baldwin Locomotive Works. 


Schmidt superheaters and ‘‘Seourity” sectional 


They are equipped with | steamers. 
The tenders of both types are of the Vanderbilt 


arches, and are so designed that ‘‘ Standard” stokers | pattern, in which the water is contained in a cylin- 


can be subsequently applied if desired. The furnace 
throat sheet has a depth of 244} in., measured from 


| 


drical tank mounted on a comparatively narrow frame. 
The coal-bunker is a space of triangular section at the 


the under side of the barrel to the bottom of the | front of the tank. The tender-trucks are carried on 


mud-ring. The tubes are electrically welded into the | ** Standard” forged and rolled-steel wheels. 
back tube sheet. The cylinders are 25 in. in dia-| engine truck-wheels are steel-tyred, of the same make. 


meter by 30 in. stroke, and are arranged with outside 
steam-pipes. The steam distribution is controlled 
by 15-in. piston-valves, which are set with a lead of 
7 in. Neither relief nor by-pass valves are used. 
The valve-gear is of the Walschaert type, controlled 
by the mnet power mechanism. Mention should 
be made of the pistons, which have cast-steel dished 
bodies with iron bearing-shoes cast on. The width of 
the piston-head is 5} in. 

These locomotives are equipped with the latest 
design of Hodges’ trailing truck. The spring-riggin 
is oross- lised between t..e rear driving-wheels 
back truck. This is done by pinning together, on the 
centre line of the locomotive, two transverse beams, 
one of which is connected by links with the rear 
driving-springs, while the other is connected with the 
rear truck-equalisers. This construction assists in 
maintaining & correct weight distribution on the two 
sides of the locomotive when g over uneven 
places in the track, and also uces, stresses on the 
frames and equalising-gear. 

The 4-6-2-type locomotives, illustrated in Fig. 2, 
are generally similar to the 2-8-2-type engines, 
although they have smaller cylinders and boilers and 
the wheel-loads are somewhat lighter. The tractive 





The leading dimensions of both classes are given in 


the following table :— 
Loc motive : 


Oylinders ... pon 
Valves (piston), diameter 
Wheels, diameter, driving 
Wheels, diameter, front 
truck... - on 
Wheels, diameter, trailing 
truck... mer le 
Wheel-base, driving 
oe engine 
Boiler diameter ... 
Thickness of sheets 


Fire-box—length ... 
width 


” 


- depth, front ... 
‘a mm ck ... 
ae sheets, thick- 


ness, sides, back, and 
crown... ma ie 
Fire - box tube - sheets, 
thickness iu sia 
Water spaces, front... 
- k and 

sides oa wae os 











Tubes 52*in. and 58 in. and 
2 in. 2 in. 
ck of the rear driving- pm number, 52 in. ”... 34 24 
” ”» ae “241 186 
“ length ... 29ft. Gin 20 ft. 6 in 
Heating surface—tubes ... 3553 sq. ft. 2678 sq. ft 
- fire-box ... 224 ,, 186 ,, 
as arch tubes ” ss mm te 
- total 3804 ,, 2891 ,. 
Superheating surface 840 sq. ft. F92 sq. ft. 
Grate area... a 66.6 .. 62.4 ,, 
Working pressure 180 Ib. 185 Ib. 
Weight on drivers . 205,000 Ib. 143 50 lb. 
i front truck ... 700 ,, 37,400 ,, 
os trailing truck 38,600 ,, 38,650 ,, 
= totalengine... 264,300 ,, 219,550 ,, 
The | Tender : 
Wheels, diameter... 36 in. 36 in. 
Tank capacity 8500 gals. 8500 gals. 
Coal " ms sas 14 tons 14 tons 
2-8-2 type 4-6-2type | Locomotive and Tender : ; 
... 23in. x30in. 23 in. x 28 in. Total wheel-base ... 69 ft. 7in. 69 ft. 4 in. 
15 in. 13 in. » weight 420,000 lb. 375,000 1b. 
58 ,, 69 ,, 
33 ,, 36 ,, Canapian Rattwayrs.—The Jength of railway in opera- 
: tion in Canada at the close of June, 1914, was 30,795 
36 ,, 44 ., miles, as compared with 29,304 miles at the close of June, 
15 ft. 9 in 13 ft. 1913, and 25,400 miles at the close of June, 1911. The 
» 455 34 ft. lin. | number of passengers carried in 1913-14 was 46 702.280, 
_76 in. 66 in. as compared with 46,230,765 in 1912-13, and 37,097,718 
i} im., ffin., YY; in., §in. | in 1910-11. The earnings from the passenger service in 
and # in. j 1913-14 amounted to 72.564,203 dols., as com with 
1148 in. 1143 in. 74,431,994 dols. in 1912-13. and 58,317,998 dols. in 1910-11. 
at a 66 ,, The quantity of freight hauled over Canadian railways 
852 ,, 74 vs in 1913-14 was 101.393,989 téme, as compared with 
724 ,, 63 ,, 106,992,710 tons in 1912-13 and 79,884,282 tonsin 1910-11. 
The revenue derived from freight traffic in 1913 14 was 
: 163,663,744 dols.. as compared -with 174,684,640 dols. in 
8 8 wo 1912-13 and 124,743,015 dols. in 1910-11. The gros earn- 
ings for the year ended June. 1914, were 243,083,539 dols., 
4, H » as compared with 256,702,703 dols. in 1912-13, showing ® 
5,, * decrease of 13,619,164 dols., or 5 60 per cent. The work- 
ing expenses last } a were 178.975, 259 dols., as compared 
5,, 4» with 182,011,690 dols, in 1912-13. 
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TICKET-PRINTING WEIGHING-MACHINE. 


CONSTRUCTED BY MESSRS. W. AND T. AVERY, 








Fig.1. 








HERE 
FOR 
TARE & BALANCE ADJUSTMENT 


& 





moncene See Bees oooeqeece 
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A WEIGHING-MACHINE of au intsresting type is illus- 
trated in the three figures above. The example 
shown has a capacity up to 20 cwt. in 1-lb. divisions, 
and has a tare slide covering from zero to 5 cwt. in 
7-lb. divisions. The tare slide allows of the net weight 
of material in packages beirg taken exclusive of the 
weight of the packing. The machine prints the weight 
of each item dealt with on a ticket, which serves as 
a record in case of dispute. Inaccuracy in case of 
carelessness or fraud is prevented by the fact that a 
ticket cannot be printed until perfect balance has been 
obtained. A further refinement is designed to cover 
cases of repetition weighing of a number of similar 
packages. The machine may be set to the required 
weight, and to allow a variation of, say, 4 lb. on either 
side of the mean. It may then be locked up, and the 
actual work of weighing left to unskilled labour. It 
is clear that under such conditions a lazy operative 
might attempt to weigh one package over and over 
again without removing it from the machine, and 
thus obtain a number ms tickets corresponding to the 
number of packages. If a workman could do this, it 
would save him a great deal of handling of the 
packages. It is prevented, however, by the fact that 
& second ticket cannot be inserted into the machine 
for printing until the weight which has been recorded 
on the former has been removed from the platform. 
If the operative attempts to save work by weighing 
one package, —- it from the platform, and imme- 
diately putting it back again and re-weighing, and so 
on, he will obtain a batch of tickets each recording 
exactly the same weight, so that his procedure will be 
clear. The machine, which is patented, is known as 
the “‘Stopfraud,” and is built by Messrs. W. and T. 
Avery, Limited, of Soho Foundry, Birmingham. 





LIMITED, ENGINEERS, BIRMINGHAM. 


ween mle, 


Turning to the details of the mechanism and opera- 
tion of the machine, it will be seen from the figures 
that it consists of a rectangular case carried by two 
pedestals, and having a smaller rectangular case 
attached to its left-hand side. . This smaller case con- 
tains the tare and balance adjustment. The weighing- 
platform is not shown in the figures, but is connected 
up to the rod a, shown in Fig. 1, in the usual way. 
This rod connects through knife-edges to the steel- 
yard b, which is in turn pivoted on knife-edges, as 
shown in Figs. 1 and 3. The steelyard has a pointer 
at its right-hand end, which, when the steelyard is in 
balance, registers with a fixed pointer screwed into 
the case. The pointers are a through the 
sinall window shown in Fig. 1. hen setting up the 
machine, the steelyard is adjusted to zero by means 
of the small adjusting weight carried on the left-hand 
extension. This weight is adjusted by means of a 
special key, and, in the absence of the key, cannot be 
tampered with after it is set. The tare adjustment, if 
required, is made by means of the sliding tare-weight, 
which can be seen in the left-hand case in Fig. 1. 
When this weight is set, the case is locked up, and 
cannot be opened by the man operating the machine. 
. The steelyard i : a ropes — the — 

carrying & smaller c for of its length. is 
bar is carried on studs, and ibe some 2 in. ay. of 
the main bar, as shown in section in Fig. 2. Sliding 
on these bars there are three poises or jockeys, two on 
barc and one on bar}. They are indicated at d, ¢, 
aud fin Fig. 1. In Fig. 2, d and ¢ alone can be seen, 
J lying behind ¢ in this view. The poises are moved 
along the steelyard as may be required to obtain a 
balance. The bars on which the poises slide are 
notched on the top side, and the poises are furnished 


with detents, so that they may be moved along in 
a et paca steps. The detent on poise ¢ can 
clearly seen at g in Fig. 1. The notches on the 
steelyard are so spaced that the large poise d in its 
various positions balances weights of from 0 to 20 cwt. 
on the platform, and works in 1 owt. divisions. The 
middle poise ¢ corresponds to weights of from 0 to 
3 quarters in l-quarter divisions, and the small 
poise / to weights of 0 to 27 lb. in 1 1b. divisions. 

The steelyard and the poises, which we have so far 
described, are entirely enclosed during the working of 
the machine, and cannot be got at without taking off 
the front cover. Fig. 1 is drawn with this cover 
| removed, in order more clearly to show the inside 
mechanism. The cover is indicated in Fig. 2. The 
poises d, e, and fare moved along the steelyard by 
the double handles A, j, and k. The brackets ij 
these handles slide along fixed rectangular bars, whic 
can be seen in cross-section in Fig. 2. A plate /, with 
slots in it, shuts off the poises and steelyard from these 
handles, so that they cannot be tampered with from 
above. The main case is furnished with a hinged 
lid, which is best shown in Fig. 2. When the 
handles h, j, and k have to be moved to set the poises, 
this lid is opened by means of the handle on its front 
side, shown at m in Fig. 2. The double handles h, j, 
and k each ccnsist of a vertical handle fixed to the 
bracket and an inclined pivoted handle. To move a 
| bracket, and with it the corresponding poise on the 
_ steelyard, the two handles are grasped together. This 
| causes the hinged handle to depress a link carrying a 
| weight, which is normally held up by a helical spring, 

as shown. At the bottom of the link there is 6 
pin which engages with a slot formed on the side of 
the co ing poise. The arrangement will bert 
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be followed in reference to handle j and poise ¢ in the 
figures. It will be seen that the slot on the poise is 
wider at the top than at the bottom. This allows the 
poise, and with it the steelyard, to move freely, and 
out of contact with the link-pia when the link is in its 
upper position, as shown in Fig. 1. This is the state 
of affairs while weighing is actually being carried out. 
When the poises are being set the pin is in the narrow 
part of the slot, so that any lateral movement of the 
handle is communicated to the poise. 

The depression of the link, owing to the movement 
of the pivoted handle, serves a further purpose. As 
we have already pointed out, the poises are held in 
position on the steelyard by detents, that of poise ¢ 
being shown at g. Before the poises can be moved by 
the double handles it is necessary that these detents 
should be raised. This is carried out by means of 
weights fastened to the vertical links. The weight 
belonging to the link operated by the handle j is indi- 
cated at n in Figs. land 2. The detents are pivoted 
to the poises at such a point that their weight normally 
tends to keep them in contact with the steelyard, and 
the weights carried by the links are so situated that 
when the links are lowered the weights rest on the 
tail ends of the detents, and so lift their front ends 
out of contact with the steelyard. The poises are 
thus freed and can be moved along the steelyard to 
the proper position to balance the material being 
weighed. A graduated index plate is fixed alongside 
the sliding brackets carrying the double handles, so 
that the weight correspoading to the position of the 
poises | be read off. In this way the machine can, 
if desired, be used without employing its ticket- 
printing mechanism. If a ticket is to be printed, there 
is no need to read these indexes. Naturally, however, 
they must be read if the machine is to be set fora 
fixed weight and then locked up for repetition weigh- 
ing of the kind mentioned in our first paragraph. 

for ticket-printing, the case-lid must be closed, 
as shown in Fig. 2, after the poises have been correctly 
set, The handle p, which slides on a square bar at 
the back of the case, must then be moved along into 
its extreme position to the right in Fig.1. This locks 
the steelyard in position while the ticket is printed. 
The gear is so arranged that the ticket cannot be 
printed until the handle p has been so moved, and as 
this handle cannot be put into its extreme right-hand 

ition unless the steelyard is correctly balanced, it 
follows that a ticket cannot be prin incorrectly. 
At the same time, since these operations have to 
carried out with the lid closed, it is not possible 
that the poises should be moved while the actual 
ticket-printing is taking place. The detail arrange- 
ments by which these various functions are carried 
out by the movement of the handle p can be seen in 
the figures. As shown in Fig. 2, the sliding bracket 
carrying the handle p has a vertical link suspended 
from it. At its bottom end this link carries a hori- 
zontal fork, which, when the handle is in its right- 
hand position, locks on to a hinged ~_— projecting 
from the back of the steelyard. The steelyard is 
accordingly locked, and, as will be clear, the fork 
cannot be moved into position until the steelyard is 
in its central position. The hinged piece can be seen 
in Fiz. 2, while the fork is shown by dotted lines 
behind the steelyard at about the centre of bar c in 
Fig. 1. The hinged lever, indicated by q in Figs. 1 
and 2, is thrown over by the movement of the handle p 
to the right, and locks the lid of the case by means 
of a pin carried at the end of the long arm. 

The arrangement of the printing mechanism can be 
seen in Figs. 1 and 3. There are three printing-discs, 
as shown atr. These carry the various types around 
their circumferences, and are each attached to a pinion. 
The pinions are driven by racks attached to the brackets 
which carry the handles h, j, and k. Owing to the com- 

ratively small scale of our figures, these racks can 
hardly be seen in them, but the operation of the 
arrangement will be quite clear. As the handles h,j, and 
k, and with them the poises d, ¢, and /, are moved, the 
racks slide along and rotate the printing-discs, and at 
any position of any poise a corresponding type will lie 
at the top of the corresponding disc. As a uence, 
when any weight is set on the three poises, that weight 
will appear in figures at the top of the three discs. 
Printing is carried out by a roller actuated by the 
handle s. A ticket is inserted through a slot in the 
front of the case and lies above the discs. The handle s 
is then pulled forward and passes over the back of 
the ticket, causing the type on the discs below to 
print-off on to the ticket. We have said that printing 
cannot be carried out until the handle p has been 
moved toits right-hand position. This is arranged for 
by meansof a bolt attached to the bracket ing the 
handle p, and which locks the handle s until the handle 
p is moved into the —s. position. The bolt is 
shown black in section at ¢ in Figs. 2 and 3. The outer 
end of the bolt is kept in — ty a roller pivoted 
on the case, as shown in Fig. 3. he bolt ¢ carries a 

in at its outer end, which actuates a pivoted lever u, 

‘xcept when the handle p is in its right-hand position. 
this lever prevents the movement of the lever s by 
blocking the bolt attached to it, as shown in Fig. 3. 


The only other detail of the mechanism we need refer to 
is the arrangement by which the insertion of a second 
ticket into the machine is prevented, after one has 
been printed off, until the weight has been removed 
from the platform. We refe to the purpose of this 
arrangement in our first paragraph. This part of the 
mechanism can hardly be seen in our figures, but it 
consists of a simple lever carrying a shutter which is 
thrown over by the act of printing, and is only restored 
to its first position when the platform level is restored 
to its greatest height. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 2. 

STEEL-MILLs in all sections of the country report 
large additions to orders from both home and foreign 
sources. One order was for 25,000 tons of barbed 
wire, one for 10,000 tons. During the month of May 
European orders for wire were 85,000 tons ; the high 
cost of freight, 20 dols. a ton, is prohibitive of much 
business. But for this the country would be swamped 
with orders ; as it is, its estimated capacity is em- 


ployed to nearly 85 per cent., of which nearly 20 per | K: 


cent. are engaged in filling foreiga orders. he 
Bethlehem Steel Company is obliged to withdraw 
partly from the market. Rail orders this week 
amounted to 75,000 tons, of which 20,000 tons were 
for Southern Pacific, and 15,000 tons for New York 
Central, lines. The Chesapeake and Ohio ordered 
twenty-four locomotives. Large deposits of money 
are being made to pay for munitions. Domestic 
demands improve steadily, but not as hoped for. 
Prices harden in certain lines, for Archangel delivery 
of 20,000 tons of rails. Pipe-makers are liberal buyers. 

Pig is fairly active. Spelter is now 23 cents. Coke- 
makers are sorely apprehensive of a shortage of labour 
because of an a Italian exodus. Only about 
10 per cent. of steel capacity remains to be absorbed ; 
notwithstanding this prospective users hold back. 
Tin-plate mills continue busy. Crude steel is neglected 
just now. Mexican domestic affairs are engaging 
Seneediens attention. Car-builders are rushing work 
through rapidly. New bridge-building orders are in 
sight. The Pan-American Congress has adjourned 
without impressive results. Late crop reports show 
up well. No concern is felt as to the usual abundance 
of breadstuffs. The 160,000 tons of steel for the Penn- 
sylvania cars will probably be made at Pittsburg ; 
a great deal of business is still withheld, awaiting 
various contingencies. Mill capacity in many localities 
is being enlarged, especially in powder plants. 





CANADIAN PeTroLEuM.—The output of petroleum in 
Victoria and New Brunswick in 1914 was 214.418 barrels, 
or 7,504,619 gallons, on which a bounty of 340,924 dols. 
was paid. The average monthly price per barrel of 
Canadian petroleum last year was 1.59 dols., as compared 
with 1.78 dols. per barrel in 1913. 





Tue Recent Patace Hore, Lonpon.—This hotel has 
accommodation for 1500 guests, besides a large restaurant 
business. It is therefore not remarkable that the engi- 
neering plant should present several unique features. 
The heating, ventilating, and general engineering plant 
was designed by, and installed under the direct super- 
vision of, Mr. A. H. Barker, B.A, B.Sc., Wh. Sc., 
consulting engineer, and oe in heating and venti- 
lating engineering at the London University. The elec- 
trical eqaipment, lighting and power. wiring, &c., was 
carried out by the company’s own staff, under the direc- 
tion of the chief electrical engineer, Mr. Cushion. 
The warming is effected by three systems. The whole 
of the reception rooms on the basement, mezzanine, and 
ground floors are fitted with low-pressure hot-water 
radiators ; the bed-rooms with electric heaters, and the 
bed-room corridors with radiators on the vacuum steam 
principle. In order to avoid the stuffy feeling of heated 
air, the systems of ventilation and heating are in all cases 
distinct. The ventilation of the principal reception-rooms 
is on what is known as the “balanced system.” The 
kitchen is also well ventilated. The whole of the ceiling 
is false, and is perforated by numerous holes cast in 
removable panels for cleaning purposes, with a ventilating 

over its entire area. From this false ceiling = 

e air is drawn along ducts to the extracting fan. is 
fan is said to be of sufficient power to change the whole 
of the air in the kitchen and surrounding rooms every 
14 minutes. The hot-water supply to the hotel is fur- 
nished by three large ‘ calorifiers,” fixed in the sub- 
basement. The temperature of the water is automatically 
—— by ee eben are also on & om 
two large storage tanks of 20, ions capacity. in the 
heart of the building is situated the control-room, which 
is not yet completed, through the difficulty of getting 
instruments, owing to the war. There will be fixed elec- 
trical instruments enabling the engineer-in-charge to 
determine the temperature at any one of about 250 points 
in the building; also the volume and temperature of the 
air being supplied to each of the reception-rooms. The 
room also contains indicators, showing the water-level in 
each one of the sixteen large water- fixed in all parts 
of the building, the boiler pressure, the temperature of 
the hot-water supply, and the portion of CO, in the 
flue gases. The whole of the electric current for power 
and lighting purposes is supplied at 220 volts by the 
St. James’s and Pall Mall Supply Company, Carnaby- 





street, W. 





WORKMAN’S COMPENSATION CASE. 

A NrEW and interesting point has just been decided in 
the case of J. and U. Harrison, Limited, v. wling, 
referring to the position of a man drawing compensation 
under the Workmen’s Compensation Act who joins the 
army and ie ordered ab . John Henry Dowling had 
formerly been a seagoing engineer on board the steamer 
Harlow, on which he met with an accident, for which he 
was awarded compensation of 1/. a week. This con- 
tinued until February 4, 1913, when the rate was reduced 
to 15s. a week. Some time after that Dowling enlisted 
in the East Surrey Territorial Regiment, and eventually 
that regiment was ordered to Indix. His employers then 
stopped the payment of the compensation, whereupon 
the workman applied to issue execution for money. 
The employers then began proceedings to obtain the 
review or termination of the existing award in favour of 
the workman. They asked for a medical examination, 
but found that the man, as already stated, was out of the 
country. The employers then obtained leave to amend 
their claim, so as to ask that the compensaticn should be 
suspended on two grounds: first, that the workman had 
obstructed the holding of a medical examination ; and, 
secondly, that he ceased to reside in the United 
ingdom, so that under Schedule 1, paragraph 18, of 
the Act he was not entitled to receive compensation 
unless the medical referee certified that the in- 
capacity resulting from the injury was likely to be 
of a permanent nature. The County Court Judge 
dismissed the application, whereupon the employers 
carried the case to the Court of Appeal, which also 
dismissed the case. It was tried betore the Master 
of the Rolls, Lord Justice Pickford. and Lord Justice 
Warrington. The former, in his judgment, stated that 
there had been no obstruction on the part of the work- 
man of the —_ of the employers to have him medically 
examined. e was in India under military control, and 
quite likely the a ogy Se could have obtained a medical 
examination in India. Further, Schedule I., paragraph 18, 
of the Act did not say that the mere fact that a man was 
away from the United Kingdom deprived him of com- 
pensation unless he complied with the provisions of the 
paragraph. That schedule evidently referred to the case 
of a workman intending to reside permanently abroad. 
Sub-Rule 1 of Rule 66 provided that ‘‘where a man re- 
ceiving a weekly payment intends to cease to reside in 
the United Kingdom,” the workman might apply to the 

istrar to refer to a medical referee the question 
whether his incapacity from the injury was likely to be 
of a permanent nature. Sub-Rule 6 provided that ‘on 
the hearing of the ee, the istrar, on being 
satisfied that the spp cant has a bond-jfide intention of 
ceasing to reside in the United Kingdom, shall make an 
order referring the question to a medical referee.” The 
Court held that this had no application to the case of a 
soldier, who might be ordered from place to place with- 
out any intention on his part of changing his residence. 
he man was clearly acting in obedience to military 
orders in following his regiment about, and was not in- 
tending to cease to reside in the United Kingdom. The 
appeal must be dismissed with costs. The other two 
Judges concurred with this judgment. 





Copper Deposits IN THE TyRoL.—Professor Doelter, 
according to recent reports, has discovered extensive 
copper-ore deposits in the Tyrol. Working will 
proceeded with at a rate which should result in the 
production during the first few months of 8000 tons of 
copper, unless the war should interfere with operations. 





TASMANIAN MininG.—The first payable gold in Tas- 
mania was discovered at Mangana in 1852, and tin was 
found at Mount Bischoff in 1871; later on it was dis- 
covered in the north-eastern part of the island. Silver- 
lead mining on the west coast commenced in 1882, and 
last year the ore obtained was valued at 247,576/. In 
1882 discoveries of gold were also made at Mount Lyell, 
and this led to the eventual development of the vast 
copper deposits now worked by the Mount Lyell Mining 
and Railway Company. Mineral lands are worked under 
leasehold from the Crown, the rentals ranging from 2s. 6d. 
_ acre per annum for coal, shale, slate, limestone, and 
reestone, 5s. per acre per annum for other leases, and 10s. 
per acre per annum for gold-mining leases. About 6000 
persons are now engaged in Tasmanian mining, the annual 
value of the output per man employed being about 248/. 
The western area of Tasmania contains the richest and 
most important mining districts in the island. Near the 
coast-line on the north-east coast there are extensive 
deposits of iron ore and also cupriferous lodes, but work 
on the latter has not at present passed the prospecting 
stage. Further inland, 48 miles from the port of Burnie, 
are the Mount Bischoff tin mines. Among mining towns 
developed may be mentioned Rosebery, Williamsford, 
Zeeban, Denies Gormanston, Queenstown, &c. At 
Zeeban the Tasmanian Smelting Company has erected 
extensive works, and smelters are about to be provided 
at Rosebery. Besides numerous lodes of argentiferous 
galena, which occur at Zeeban and neighbouring mining 
centres, deposits of tin ore are being worked at North 
Dundas, Heemskirk, Renison Bell, and in the Stanley 
River district. Zeeban has a population of about 500v. 
It is connected over a distance of 18 miles with the 
mineral deposits of Mount Read, the ore being brought 
to Zeeban for treatment. The Emu Bay Railway, from 
Burnie, taps zinc-lead sulphide deposits at Mount Black. 
Mining centres on and near Mount Dundas are connected 
with Secben by a railway, 74 miles in length. The Com- 
stock group of mines is reached by a narrow-gauge rail- 
way from Zeeban, and a Government railway, 29 miles in 
length, connects Zeeban with the port of Straban. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Exceptional activity 
prevails in house coal for this time of the year, and prices 
remain very firm. Contracts are being freely entered 
into at an advance of from 5s. upwards on last year’s 

rices. This will mean an advance on retail prices on 
caly 1. There is a good demand for steam fuel. Local 
manufacturers are taking maximum quantities, and there 
is a fairinquiry from the ports. Gas companies are fixing 
up their requirements at an advance of from 5s. to 6s. per 
ton on prices in operation in June last year. Cokes are 
an active market at unaltered rates. The position with 
regard to slacks is maintained both as to demand and 
prices. Quotations :—Best branch hand-picked, 20s. to 
21s. ; Barnsley best Silkstone, 17s. to 18s. ; ‘byshire best 
brights, 17s. to 18s. ; Derbyshire house, 15s. to 163.; best 
Jarge nuts, 14s. to 15s.; small nuts, 13s. 6d. to 14s. 6d.; 
Yorkshire hards, 17s. 6d. to 20s.; Derbyshire hards, 
17s. 6d. to 20s.; best slacks, 11s. to 12s.; seconds, 9s. 6d. 
to 10s. 6d. ; smalls, 8s. to 9s. 


Iron and Steel.—The iron market appears to have 


settled down to quieter conditions. Except where abso- | 


lutely necessary, steel-makers are placing very few 
orders, the general expectation —_ that with better 
supplies of ore and lower freights, producers will shortly 
be in @ position to offer more attractive rates. Hast 
Coast hematite mixed numbers are distinctly easier, the 
current quotation being 106s, 3d. per ton delivered. West 
Coast sorts are also a shade lower, except in special 


which are firm at 133s. 6d. per ton delivered. The quota- | th 


tion for West Coast ordinary brands is 120s. delivered. 
There is little alteration in either forge or foundry sorts. 
Derbyshire No. 3 foundry is steady at 71s. to 72s., and 
there is a fair market for fo at 70s. Lincolnshire 
masters are putting practically the whole of their output 
into contracts and are not officially quoting in the prompt 
market. The nominal figures are 753. for foundry No. 3 
and 73s. 8d. for forge. A brisk business is passing in 
‘“‘crown” bars at the advanced rate of 11/. per ton. 
Sheets have been marked up to 13/. Big tonnages of stee 
scrap have arrived in the district, but owing to the 
abnormal rate of consumption, the lus available is 
only small, and prices rule yey y high. Heavy 
steel scrap makes upwards of per ton, and special 
scrap of guaranteed quality is quoted as high as 115s. 
Sales have been registered at 110s. The engineering 
branches could not well be busier, though further exten- 
sions to works are in hand, and when the machinery ordere 
has been delivered, production will be established on a still 
wider basis. By mutual arrangement much has been done 
to assist working by suppressing unne transference 
of labour from one engineering establishment to another, a 
matter which in the past has been responsible for con- 
siderable delay and dislocation. Workmen do not like 
these restrictions, but, for the’ most part, are silently 
accepting them as unavoidable in the present crisis. The 
high-speed steel trade is still badly in need of tungsten 
supplies. Ferro-tungsten is now marketed as high as 
5s. 9d. per Ib., while the pure alloy is quoted at7s. A 
good many orders for renewals of wagon parts are on 
hand, and the tyre, axle, and spring plants, generally 
speaking, are well employed. Saws, twist-d shoes 
and dies for mining, and sheep-shears are prominently 
mentioned in the latest booki Further advances in 
billet prices are notified. ers are now quoting 
11/. 15s. for Siemens acid, and 11/. 5s. for Bessemer. 
Prices of basic sorts are unchanged. 


Hull Coal Traffic.—Last month’s coal traffic by way 
of Hull aggregated 434,134 tons, compared with 700,381 
tons for the corresponding period of 1914. Up to the end 
of May the gross tonnage received was 1,997, tons, 
against 2,511,705 tons in 1914. Foreign exports during 
the month (291,152 tons) were only 6058 tons below shi 
ments in June, 1914. Exports for the five mon 
reached 983,116 tons, against 1,132,428 tonsin 1914. These 
figures do not include coal shi for Admiralty pur- 
poses or for the use of the Allies’ Governments. Exports 
to Russia declined as compared with May, 1914, but 
France, Denmark, and Sweden took bigger supplies. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Trade.—Traders in Cleveland pig- 
iron have this week shown more disposition to operate, 
and a fair amount of business has been put through at 
higher rates than have ruled for two months past, but 
there is now a lull in buyi 
little. Even at the higher rates that have been realised, 
however, producers complain that present cost of make 
leaves little or no profit to manufacturers. Since shortly 
after the outbreak of war, deliveries to Scotland have 
been almost entirely by rail instead of, as previously, by 
sea, and consequently interest is felt in the announce- 
ment that, on and after August 1 next, the special rail- 
way rate of pig-iron from Tees-side to Scotland will be 
advanced by 10d.—viz., from 7s. 6d. to 8s. 4d.—so that 
heavy deliveries will probably be made over the next six 
weeks to customers north of the Tw now 
seems little likelihood of any —_ reduction in the 
number of blastfurnaces running. One is to be changed 
from Cleveland on to other iron, and a hematite 
furnace that has been out for irs may be restarted 
next week. For No. 3 g.m.b. Cleveland pig 683. has 
been — rather freely, but the poe quotation now is 
67s. 6d. Buyers are holding off again, and hesitate to 

y the latter figure. No. 1 is 70s.; No. 4 foundry, 67s.; 
No. 4 forge, 66s. 6d.; and mottled and white iron, each 
66e.; but in the early part of the week 3d. to 6d. above 


, and values have eased off a | ton, 





these rates ruled. Users of Cleveland ironstone report 
very supplies coming to hand. Little new can be 
stated concerning the East Coast hematite branch of the 
staple industry. The position is undoubtedly easier, due 
largely to the very plentiful supply of ore ; but makers are 
loath to acknowledge any actual reductionin value. Both 
producers and merchants are prepared to accept 100s. for 
Nos. 1, 2, and 3, and no doubt offers to buy at a trifle 
below that price would receive favourable consideration. 
Business in foreign ore is practically at a standstill. A 
few spot cargoes have been dis of under exceptional 
conditions at low rates, but sellers do not recognise such 
transactions as ruling ordinary quotations. Market rates 
are based on 26s. ex-ship Tees for Rubio of 50 per cent. 
quality. Coke keeps scarce and stiff. Deliveries to local 
consumers are hardly adequate, and as a consequence 
sellers are able to takea firm stand. The minimum quota- 
tion for Durham bee-hive blast-furnace coke of average 
quality, delivered at Tees-side works, is now 31s. 


Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
are not heavy. Those at oan are practically 
stationary, and slight withdrawals from the warrant 
stores have this month been reported. The stock held in 
the public warrant stores is 152,600 tons, all of which is 
No. 3Cleveland. Some improvement in shipments can be 
reported, and clearances for June promise to be fairly 

Scandinavian customers are coming forward, and 
there are inquiries in the market on Italian account. To 
date this month shipments of pig-iron from the Tees 
average 861 tons per working day, the total loadings 
amounting to 12,060 tons. To the same date last month 
e clearances were returned at only 5948 tons, or a daily 
av of 424 tons ; but for the corresponding part of 
June last year the despatches reached 35,559 tons, or an 
average of 2539 tons per working day. 


Manufactured Iron and Steel. — Manufacturers of 
finished iron and steel are turning out a greal deal of 
work, mostly for the Government. A few ordinary 
inquiries are reported. Quotations all round are very 
strong, and further advances for several descriptions have 


j | been made. Iron bars, packing-iron, iron ship-angles, and 


ship-rivets have each been put up 10s., and a further rise 
of 503. in corrugated sheets is announced, the advance 
being due to the high price of spelter, which is now 115i. 
The following are the princi: market quotations :— 
Common iron bars, 10/. 10s.; best bars, 101, 17s. 6d.; best 
best bars, 11/. 5s. ; packing-iron, 8/.; iron ship-plates, 100. ; 
iron ship-angles, 10/. 10s.; ship-rivets, 13/.; steel bars, 


ered | 10-5 steel ship-angles, 9/. 15s.; steel joists, 9. 10s.; heavy 
steel rails, 8/ i 


. to 81. 5s. ; steel railway sleepers, 10/.; and 
galvanised corrugated sheets, 24-gauge, in bundles, 
22/. 10s.—sheets less 4 per cent. f.o.b., railway material 
net, and all other descriptions less 24 per cent. 


An Electric Furnace.—Councillor Joseph Calvert, pre- 
siding at this week’s meeting of the Electricity Committee 
of the Middlesbrough Corporation, announced progress 
with the negotiations for the supply of electric current to 
certain firms engaged upon the manufacture of munitions 
of war, and intimated that at one works it was proposed 
to install an electric furnace. Whilst the furnace was to 
be put down solely for the manufacture of war munitions, 
it was not at all improbable that it would remain in 
operation after the war. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Little or no improvement has taken place in 
the South Wales coal trade, the difficulties or by the 
refusal of licenses for neutral countries being still very 
considerable. The effect of the difficulties raised is to 
restrict markets almost entirely to the requirements of 
the British Government and British Possessions abroad, 
or those of allied countries. Stocks of secondary and 
lower qualities are stated to be accumulating, and for 
prompt shipment some sellers are prepared to make con- 
cessions, particularly for cheaper grades of large. There 
are fears of pit A notwithstanding the fact that 
the requirements of allied countries have increased very 
materially. Smalls have shown continued firmness, 
supplies not being very heavy in consequence of a lower 
output, while there are substantial current requirements. 
House-coal, patent fuel, and coke have shown scarcely 
any change. Prices for the best Admiralty large steam 
have been to some extent nominal ; secondary qualities 
ay a 33s. to 34s. ; best bunker smalls, 21s. 6d. to 

-3 an 


The latest quotation for 
Special foundry co 
foundry coke, 36s. to 40s. ; and furnace coke, 

ton. As regards iron ore, Rubio has been quoted at 
Bis. to 288. per ton, upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 

Works to Re-Start.—The Caerleon. Engineering and 
Tinplate Works, which have been closed for two years, 
will re-s' on Monday as tinplate works only. 
Mr. J. Paton, of Pontypool, who has similar works in the 
eastern valleys of Monmouthshire, is the new proprietor. 
Two mills of the Ely Works, Pontyclun, are to be started 
next week by Messrs. Richard Thomas and Co. 


uy Iron and Coal Company.—The profits realised 
by the Tredegar Iron and 1 Company, Limited, in 


its financial year 1915 were 157.253/., as compared with 
155,384/. in 1914, 127,169/. in 1913, 68,3697. in 1912, and 
127,349. in 1911. Thedividend proposed to be paid upon 
the ordinary shares is at the rate of 124 per cent. 

annum, as compared with a similar rate for 1914; in 1913 
and 1911 dividends were paid at the rate of 10 per cent. 





per annum ; for 1912 shareholders received 6 per cent. per 
annum. The company, in common with other colliery 
firms in South Wales and in the Midlands, obtained little 
advan from the high prices quoted in the market 
lists. While the output of coal from the older Tredegar 
collieries showed last year a moderate decrease, there was 
@ satisfactory development at both the Oakdale and 
the Markham pits; and the company obtained a fair 
return on the capital in the two last-named collieries. 
The total output from all sources was 2,318,601 tons. 
The Tredegar collieries aiso produced 76,421 tons of 
coke. The regular output of the omen SS main- 
tained owing to the large demand of the British Admi- 
ralty and of the French and Italian Governments, which 
relieved the position caused by the inability of numerous 

ts and others to fulfil their contract obligations. 
A complete new duplicate ventilating plant has been put 
down at the McLaren Colliery, which is now equipped 
with both electrical and steam-driven ventilating appli- 
ances. Steel arched-roof support has been extended, 
with a considerable saving in pitwood, the cust of which 
has been much higher. 


Newport.—A return presented to the Newport Harbour 
Commissioners shows that during the five months ended 
May 243,572 tons of iron ore were imported, as against 
220,487 tons during the corresponding period of 1914. 
Imports of pitwood totalled 23,918 loads, as compared 
with 133,906 loads. 





Leap IN GeRMany.—A Silesian report states that 
whilst the metal market generally has shown a fairly 
pronounced rise in prices since the jn ae gp the 
present year—tin, for instance, has advanced from 540 
to 610 marks, and zinc from 50.50 to 58 marke per 100 kg. 
—the price for lead, after a short rise in February, has 
been on the downward move. The quotation in Jan 
was 54 marks ; in February, 55.50 marks; and at the end 
of May, 52.53 marks per 100 This shows that the 
home production is quite capable of covering the home 
consumption. Germany is no longer in need of imports, 
which formerly amounted to some 8000 tons per annum, 
and the fact that Belgian lead is again forthcoming 
is likely to help to keep Ge eee at a reasonable level. 
Offers are fairly abundant, and deliveries prompt ; allow- 
ances are made in the price for contracts extending over 
some time. Rolled po pressed-lead products are offered 
at 63 to 65 marks per 100 kg. at the works, according to 
quantity ; of lead tubes and cable lead the consumption 
is limited. The production of raw lead in Germany 
amounts at present to some 13,000 tons per month, 
which, as the stocks show, is sufficient for the present 
requirements. 

Tue AvusTRaAuiAN Navy.—The stre of the naval 
force of. the Australian Commonwealth: this year is 
returned as follows :—Permanent (cee-going), 3700; naval 
reserve (marines), 493; naval reserve and cadets, 5024; 
Royal Australian naval reserve (sea-going), 750; making 
an te of 9367. In consequence of the Kuropean 
war, the naval estimates of the Australian Commonwealth 
for 1914-15 showed a considerable expansion, amounting 
to 2,370,130/.; this included 1,220,000/. for the mainten- 
ance of ships. The construction of the cruiser Brisbane 
and the destroyers Torrens, Swan, and Derwent has 
been proceeding at the Commonwealth dockyard and 
building-slips at Cockatoo Island, ae hese de- 
stroyers have a displacement of 700 tons each; they 
are to fitted with turbine engines, working three 
screws, and they are to steam at the rate of knots, 
They are each 245 ft. in length by 24 ft. 3 in. beam. 
Orders for an oil-supply steamer and a submarine 
dépét ship have been placed in Great Britain. Pro- 
= has been made with the establishment of naval 

at Cockburn Sound, Western Australia, and Port 
Western, Victoria. The Komet, a German despatch 
vessel, he during recent operations, has been 
mag under the name of the Una, to the Royal Austra- 
ian Navy. 





Tue Pease “ SimpLex” Parer-SEnsiTisinc Macuing.— 
Whilst the need of fresh blue-print paper is felt in works 
where the output of prints is variable or large stocks can- 
not be kept, it is particularly troublesome in moist 
climates, where careful sto as to be resorted to. To 
obviate these difficulties, and so that the supply of 
in the best condition should be available, the O. F. Pease 
Somenes. of 166, W. Adams-street, Chicago, have intro- 
duced the ‘‘ Simplex ” sensitising-machine, thus enabling 
the blue-printer to provide as much sensitised paper as 
he requires for his day’s work. A choice of papers and 
linens is arranged for, and the selected blank reel is 
placed on a spindle near the base of the machine; the 
paper is drawn upwards over the coating-roller, which is 
fed with a solution made up from dry chemicals packed 
in air-tight cans and sent out by the above firm with 
the machine; after coating, the paper is led up over 
a roller in the top of a gas or electrically-heated drying- 
oven, and down again to a winding-up device. The 
width of = coated on the standard machine 
is 42 in., it is operated by a small electric 
motor under such control as will be needed for the 
climatic or other conditions; the ———- does not 
need a dark-room, it being sufficient if the direct rays of 
the sun are kept from it. The output of the “ Sim . 
is from 150 to 200 lineal yards per hour; any length of 
paper may be sensitised at one time, taken from the 
machine without copying ie working, and used within 
an hour of starting up. chemical solutions keep if 
stored away from the light, and whilst cleanliness is 
eesential for the efficient working of the apparatus, there 
is nothing about the “Simplex” which the average blue- 
printer will not master in a few minutes. 
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We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing some- 
what similar titles. 
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NOTICES OF MEETINGS. 


Tux Norta or Eneuanp InstirvTs or MINING AND MECHANICAL 
ENGINEERS.—Saturday, June 19, at 2 p.m., in the Wood Memorial 
Hall, Newcastle-upon-Tyne. The tollowing papers will be open 
for discussion :—‘‘The Killingworth Colliery (New South Wales) 
Explosion,” by Mr. James Ashworth. “ Coal-Miaing in the State 
of Pennsylvania, U.S.A.,” by Mr. Samuel Dean. ‘The Lateral 
Friction of Ato ey mal y Mr. H. W. G. Halbaum. 
ing-Engine Signals,” by Mr. Wilfrid H. Davis. ‘‘ The Prevention of 
Ove ding and Overspeeding in Shafts,” by Mr. G. G. T. Poole. 
“*Coal-Mining in Mexico,” by Mr. E. O. Forster Brown. The 
following papers will be read or taken as read :—‘‘ The Winding- 
Drums of Practice and of Theory; with Notes on Factors of 
Safety and Economy of Winding-Ropes,” by Mr. H. W. G. 
Halbaum. “ Mining in Burma,” by Mr. C. W. Chater. 

Tue LystiTvTIoN oF Municipal AND County Enoingers, —Thurs- 
day, June 24, at 12 noon. An informal discussion on ‘‘ Town- 
Planning” will be held at the Institution of Civil Engineers. 
Mr. Raymond Unwin (Town-Planning Assistant, Local Govern- 
ment Board) will be present. This discussion will not be reported. 
A selection of ym plans, &c., will be exhibited in the room. 

Tue PuysicaL 1sTy OF Lonpon.—Friday, June 25, at 5 p.m., 
a‘ the Imperial College of Science, Imperial Institute-road, South 
Kensington, 8.W. Agenda:—1l. “‘A Theory of the Electrical 
Resistance of Metals,” by the President, Sir J. J. Thomson. 2. 
“On an Unbroken Alternating Ourrent for Cable Telegraphy,” 
by a Squier, Military Attaché to the American 

mbasey. 


“ Wind- 


DEATH. 
ANDERSON.—Aceidentally drowned, at Buenos Aires, on the 


30th ult. Charles Cameron Anderson, C.E., elder son of Robert 
Anderson, C.M.G. 
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THE VALUE OF YOUTH AS 
NATIONAL ASSET. 


Ar the commencement of the war Lord Kitchener 
asked for an army such as the most militant 
Englishman had never deemed possible of attain- 
ment in this country. The nation, however, 
responded nobly to the call, and hundreds of 
thousands joined the ranks. The cry of the news- 
papers and the posters was for men and more 
men. We were never told how many had joined, 
but it was officially stated once or twice that the 
recruiting was satisfactory. Then rumours began to 
pass from mouth to mouth—first, to the effect that 
there were more recruits than rifles for them, and, 
later, that the trained seldiers were short of ammu- 
nition. Before this, however, pressure had been 
quietly put on certain manufacturers to increase the 
size of their works and to install more machinery, 
and then it was found that many of the men under 
training, or actually in the trenches, were needed 
to work the machines or to control operations. It 
was thus brought home to the authorities that it 
would have been better if the enthusiasm of the 
young men of the country had been directed into 
appropriate channels, and if they had not been 
invited wholesale to serve in one capacity only. At 
the present moment the public attention is largely 
concentrated on munitions, but the recruiting ser- 
geant is still at work, and, quite naturally, in the 
absence of definite instructions from his superiors, 
he endeavours to get as many men as he can, 
irrespective of their individual qualities. After 
having made two blunders, it would be well if those 
responsible could now take a wider view than they 
have done in the peat, and give some attention to 
the consequences of the war, which will inevitably 
make themselves felt when peace is proclaimed, if 
we continue to allow ourselves to be obsessed by 
one idea at a time. 

If we urge that consideration must be given to 


A 


633 | the post bellum conditions, it must not be thought 


that, even for a moment, we encourage in the 
slightest degree any interference whatever with 
the dominant duty of the State to fulfil aoe 

iddle- 


European States in August last. All the resources 


_| of the nation must be concentrated upon the over- 


throw of the enemy, and, naturally, a great part 
of the burden of service and sacrifice must fall upon 
youth. At the same time it is wise that each unit 


ese | Of the public should be chosen for that function for 


which he (or she) is best suited, not only by reason 
of physical qualities, but also by mental capability. 


687 | Quite recently (page 629 ante) we contended for 


co-ordination of the effort of everyone towards the 


g90|common object, a condition which, there is a 


steadily growing belief, involves the fusion of the 
industrial and the fighting armies. Breadth and 
depth have been given to this growing belief by 
the speeches made by the Minister of Munitions 
since we wrote our article, and it is to be earnestly 
hoped that Mr. Lloyd George will be able to carry 





out his aspirations to the fullest possible extent, 
notwithstanding the murmurs of disapproval heard 
in the House from a few members who seem to have 
failed to realise that the extremity of the task 
imposed upon the Allies demands the imposition of 


|| extreme measures during the progress of the war. 


In giving effect to the required national organi- 
sation, in order to utilise to the fullest extent the 
whole of the resources of the nation—mechanical, 
mental, and muscular—it is of the greatest im- 
a that the qualities of each individual should 

taken into consideration. Our authorities began 
by urging every man to be a soldier. Now there is 
danger of the recruiting sergeant and the manufac- 
turer competing against each other, without any 
consideration of the aptitudes of the individuals 
they address. Such a course is likely to end in 
many men going to the trenches who would do 
infinitely better work in the shops, and of some 
= likely soldiers staying at home. We do not 
seek to make any comparison between the two ; we 
only plead for the energies of the individuals con- 
cerned to be guided in the direction most useful 
to the country, both now and in the future. 

And here we may point out that the differentia: 
tion which we are shvention should not be con- 
fined to men of the artisan class. The extension 
of our factories, the adoption of night work—and 
in many cases of Sunday work also—has thrown 
exceptionally severe stress upon works managers 
and their assistants, as well as on the shop fore- 
men and inspectors of various grades, and there 
can be no doubt that in many instances the out- 

ut, both as regards quantity and quality, has 
allen below that which could have been secured 
by an adequate supervising staff. In any regula- 
tions for controlling the character of our recruiting, 
therefore, and in correcting errors already com- 
mitted, attention should be given not only to the 
rank and file of our army, but also to the qualifica- 
tions of the young officers who have been, and are 
being, enrolled in such large numbers. 

In the new Army there is, undoubtedly, an enor- 
mous _ rtion of youths of the finest quality— 
mental and physical. A sharp contrast, indeed, might 
be drawn between our new Army and that which did 
so magnificently in the Peninsula a hundred odd 
years ago with men of whom Wellington him- 
self said that they were bad in every conceivable 
way except in respect of fighting. Those imme- 
diately respovsible for the conduct of the war 
may be quite justified in rejoicing over the excel- 
lence of our Army’s personnel, but we hold firmly 
that a wider interpretation of the needs of the 
nation in respect of fighting and manufacturing 
calls for a greater discrimination in the allocation 
of men for the achievement of victory in the pre- 
sent war. In other words, those whose minds have 
been trained, and whose knowledge and experience 
have been built up, to enable them to lead the nation 
in scientific pursuits, are an asset which loses a 

t part of ite value when it is wrongly applied. 
hon scarcely be contended that these mental 
qualities are essential to the valiant soldier, 
although they are certainly no detriment to him. 
They are not necessarily associated with the robust 
physique and steady nerves, almost amounting to 
callousness, which recommend a man to the enlist- 
ing officer. This is a phase of the national service 
movement which has not been considered ade- 

uately, notwithstanding that it constitutes one of 
the strongest arguments in favour of the right of 
the Government so to dispose of the young men 
of the nation as to achieve not only immediate, but 
future results. 

No one who has visited our great centres of learn- 
ing, whether in England, in Scotland, or in Ireland, 
can have failed to have been impressed with the 
enormous depletion in the ranks of those students 
who, in most cases, by natural selection, or by the 
operation of the natural law of the survival of the 
fittest, have passed to the universities in order to 
complete that mental training which constitutes one 
of the most valuable of national assets. Similarly, 
the roll of honour of our great public schools pore 
lishes the fact that a great proportion of the young 
men who have passed through these establishments 
have answered the ‘‘ bugle call.” It is true that 
a considerable proportion of such highly trained 

ouths are needed to lead the men at the 
ront, and nobly the university-trained and public- 
school men have served, and are serving, this 
function, even with little military training. Their 
faculty of quick thinking, of ready decision, of 
physical endurance and courage, imbibed no 
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less on the playing fields and gymnasium than 
in the class-room, have done much to impress 
those whom they have led, while that spirit of 
camaraderie which goes with public-school training 
has infused a high moral and patriotic strain in 
the character of the roughest as well as the most 
refined of the recruits in the ranks. These young 
men are by no means all of the middle and upper 
classes. We should scorr to plead for any class 
distinctions ; what we aim at is the utilisation of 
brains in this national emergency. In all our uni- 
versities there is a fair proportion of the sons of 
really poor men. Even in the most aristocratic of 
them all—Oxford—the School-Board youth is in 
constant evidence, while it is not long ago that 
the Senior Wranglership at Cambridge was won 
by a youth from Whitechapel. In recent years 
a ladder has been erected with its foot in the 
Board School and its summit high in the public 
service, and the sons of the working classes climb 
it in large numbers to fill the places which once 
were the preserve of their fellows reared in more 
fortunate circumetances. 

A great number—indeed, the great majority—of 
university-trained youths have, in their enthu- 
siasm, entered the ranks, and play the part of the 
private, the corporal, or the sergeant. Could not 
their services have been more efficiently utilised in 
our factories at the present moment ? Could their 
place in the fighting rank not be filled practicall 
as efficiently by many of the slackers who sti 
parade our streets, by unemployables whose only 
concern is to get through life with the greatest 
ease, trusting to the benevolent, and in the last 
resource to the workhouse, for their sustenance ? 

The fighting line, by reason of the military system, 
or, rather, of the system we have been pursuing, 
has too large a proportion of the mentality of the 
nation, and the place of many of our youths of high 
training should be taken by others equally fitted 
from the physical standpoint. The factories now 
engaged on the production of war munitions should 
have their staffs as well filled as formerly by such 
youths. Their presence there would be a guarantee 
of the industrial efficiency of the nation in the future 
being more certainly ensured. There is no necessity 
to labour the necessity for the war-munitions factory 
having as large a proportion as possible of techni- 
cally-trained youths on the staffs; indeed, many have 
already been Soon ht back from the front to return 
to their position. It is also almost self-evident that, 
in the future, if the enormous economical strain is 
to be successfully met, we must have increased brain- 

wer behind the manufactures of this country. 

his applies to all industries, in none more so than 
to chemical manufacture. Whatever the result of 
the war may be, there will be a heavy financial 
burden to carry. This can only be met by nur- 
turing our markets, and so ensuring the test 
measure of employment. There will be little spare 
cash in the world when the whole of the war bills 
are paid, so that only by increasing the efficiency of 
manufacturing methods, and consequently reducing 
the cost of production in order to stimulate 
demand, will it be possible to keep the factories 
and the workers in profitable employment. This 
result, again, is largely dependent upon the brain- 
power behind the manufacturer. There will be 
need of new invention, of greater adaptability of 
machine-tools, and of greater output from the 
mechanical appliances for a given cost either in 
capital or in wages. All this calls for high 
scientific ability, for technical knowledge, for 
mechanical ingenuity ; indeed, for a larger measure 
of mental capacity and activity than in the past. 

As we have mentioned above, some men pos- 
sessing special technical training and experience 
in works management have already been brought 
back from military service, but these are compara- 
tively few in number. We believe that there is— 
and very naturally—a strong disinclination on the 
part of the War Office authorities to part with 
young officers who have already been trained in 
their military duties, and who will, it is hoped, 
eventually join the army permanently. Moreover, 
some of these young men are themselves undesirous 
of doing anything which would interfere with their 
advancement in their military career. It is, we 
think, worth consideration whether such cases 


‘ could not be met by these officers being allowed to 


retain their military rank while in civil employ- 
ment, being regarded as officers detailed for special 
service. @ presence of such officers in our fac- 
tories would undoubtedly serve to emphasise the 
character of the work which is being carried on. 





In any case, under present circumstances it is 
dangerous to allow ourselves to lose our sense of 
perspective. The enemy faces our armies like a wall, 
and the nation concentrates its aspirations on break- 
ing down the barrier. For the moment the tempta- 
tion is to think of nothing else ; but when the line 
has been swept back to its appropriate place, and 
we have to fight a pathedioer's gs to regain our 
place in the world, a battle in which we shall start 
with heavy disabilities, due to loss of capital, it will 
be a galling reflection to feel that for sheer lack of 
thought and consideration, or from want of moral 
courage on the part of our statesmen, we applied 
our material in a wrong way. Mr. Lloyd George 
said we should conquer by silver bullets; but 
we do not serve these out to the troops. A 
well-placed lead bullet is just as effectual on the 
battlefield, while the silver bullets fall each week 
in the manufacturing districts at home and across 
the Atlantic, and produce motor transport-lorries, 
machine-tools, guns, and shells. Each item is sent 
to the place where it will be most useful ; it is only 
in the case of men that we exercise no discrimina- 
tion, and leave it to their selection as to what they 
shall do. Possibly we shall win through without 
conscription, but there certainly ought to be 
firm guidance brought to bear on all — 
recruits to decide in what capacity they sha 
serve, and this control should not only be regu- 
lated by the needs of the moment, but should 
also take account of the future. Many of our 
needs can be met by transferring our liabilities to 
posterity, but knowledge, skill, and enthusiasm 
cannot be gained in that way. These we must 
supply ourselves, and it is an ill-judged proceeding 
to be unnecessarily prodigal of them at the pre- 
sent time. In this respect we owe it to posterity 
to conserve our youth as far as possible, so that 
when the present generation passes away, fitting 
successors may be available to take their places 
and to carry on the traditions of this great country. 








FRENCH PATENT LAW AMENDMENT. 

On August 14, 1914, there was promulgated in 
France a decree, the purpose of which was to 
suspend, during hostilities, the necessity of payin 
Government fees on applications for patents onl 
the annual taxes on patents, and of effecting the 
working of patents. A Bill has just passed the 
French Senate, and came into force on the 31st ult., 
from which it appears that a serious situation has 
arisen as regards foreign holders of French patents. 

Article 5 of the new law provides that the pro- 
visions of the decree of August 14 only benefit the 
subjects or citizens of foreign countries in so far as 
their country grants, or shall grant by way of reci- 
procity, the equivalent advantages to French 
citizens or French protégés. This Article gave 
rise to an exchange of views on the part of certain 
members of the Gpper House, which allows of a 
favourable interpretation. It would seem that 
applications for patents upon which the Govern- 
ment fee was not paid at the time of filing, but 
has been paid before the projected Bill became 
law—+t.e., before May 31, 1915—are in order and 
perfectly valid. 

As regards applications for patents upon which 
the Government fee was not paid at the time of 
filing, and has not yet been paid, payment effected 
up to the end of the war will be validly made, pro- 
vided reciprocity is granted to French citizens in 
the country to which the applicant belongs. Fail- 
ing such reciprocity, it is feared that these appli- 
cations are forfeited and became void on May 31, 
1915, even should the Government fee be paid 
now. 

As regards annual taxes the payment of which 
has been postponed, but has been made before the 
projected Bill became law, such payment has been 
validly effected and the patents are in order. 

As regards annual taxes the payment of which 
has been tponed and was not made before 
May 31, 1915, this date of May 31, 1915, is, in the 
absence of reciprocity, to be considered as the last 
day upon which the payments could be effected 
without fine. From May 31, 1915, payments may 
be made within one, two, or three months, with the 
usual fine. In the case of patents owned by sub- 
jects or citizens of countries where reciprocity is, 
or will be, granted to French citizens, such pay- 
ment can be postponed until after the war. 

As regards workings which have been postponed, 
the period of time during which the decree of 
August 14, 1914, remained in force—that is to say, 





the ten months comprised between August 1, 1914, 
to May 31, 1915—need not be reckoned in the 
period of two years within which working is 
required, so that the time within which a patent 
must be worked or re-worked is automatically ex- 
tended by ten months. For example, if the working 
or re-working of a patent fell due, say, on October 30, 
1914—that is to say, three months after the decree 
of August 14, 1914, came into force—and was not 
effected within that time, such working becomes 
due before August 30, 1915—that is to say, within 
three months from the date of the revocation of the 
said decree, unless, of course, the patentee belongs 
to a country which grants reciprocity to French 
citizens, in which case the working can be post- 
poned until after the war. 

The law also contains an Article which provides 
for an extension of the twelve months’ priority 
under the International Convention of 1883. That 
Article is worded as follows :— 

‘** Article 7. The delays of priority provided 
for by the modified Article 4 of the International 
Convention of 1883 are suspended as and from 
August 1, 1914, for the duration of the hostilities, 
and until such dates as will be determined later by a 
Decree. The benefits of this suspension can only 
be claimed by subjects or citizens of countries be- 
longing to the union whose country has granted, 
or will grant, the same advantages to Frenchmen 
or to French protégés.” 

The importance of this Article will be readily 
grasped. In cases where, on August 1, 1914, the 
twelve months of the Convention had not already 
expired within which an alien could claim a right 
of priority when applying for a French patent, the 
benefit of the Convention can still ~ validly 
claimed, although the twelve months may at the 
present day have gone by, on condition that the 
foreign country to which such alien belongs 
grants, or will grant, equivalent rights to French 
citizens. 

The danger arising from this law is two-fold. 
It will withdraw from applicants and patentees 
who are citizens or subjects of countries which do 
not grant the same advantages to Frenchmen, the 
benefits of the Decree of August 14, 1914. The 
object of the law is obvious. What the French 
Government wants is that foreign governments 
should confer upon French citizens the same rights 
as were conferred to aliens in France. Hence 
the reason for making the provisions of the 
Decree of August 14, 1914, conditional upon reci- 
procal treatment of French citizens in other 
countries. Therefore the interests of foreign in- 
ventors will cease to be endangered if the foreign 
countries enact laws which will confer upon French 
citizens the same rights as those conferred to aliens 
by the French Decree, so that Frenchmen who 
are at the Front, or are otherwise prevented from 
attending to their interests, may not see their 
patent rights jeopardised in foreign countries. Let 
us, for instance, consider the situation as far as it 
concerns British patentees. 

In Great Britain a patentee, on application to 
the Comptroller, may, it is true, obtain an exten- 
sion of time in which to pay his annual taxes. 
This is no doubt reciprocity to a certain extent, 
but in France it is questioned whether it is suf- 
ficient, considering that, in England, formalities 
have to be complied with, and that the Comp- 
troller has discretionary power to grant or refuse 
the application, whilst in France the patentee 
enjoys an absolute right. Again, no reciprocity 
exists in Great Britain as to filing applications 
without prepayment of the Government fee, nor 
does any exist as regards the non-working of 
patents. 








A LOCOMOTIVE TESTING-PLANT 
PRODUCT. 

Some time ago we referred in these columns to 
the influence which the company’s testing plant 
at Altoona had had on the design of the Pennsy)- 
vania Railroad’s locomotives. When writing at 
that time the railway in question had just produced 
a 4-4-2 type engine which embodied the teachin 
of along series of testing-plant investigations. We 
are now in a position to draw some conclusions as 
to the effect of the changes adopted, since the 
locomotive has recently been subjected to exhaus- 
tive tests on the Altoona plant. 

The engine in question is a very remarkable one 
in many respects. It is the outcome of very care- 
ful study, and is the result, as we have previously 
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shown, of a long development advanced slowly 
step by step, with the purpose, if possible, of pro- 
ducing a 4-4-2-type engine capable of accomplish- 
ing much of the work generally allotted on this 
road to locomotives of the 4-6-2 type. It is the 
most powerful 4-4-2 ‘* Atlantic” type engine so far 
produced, having the largest boiler put on an 
engine of this description. It is replete with 
remarkable features. or instance, the load on the 
leading driving-axle is no less than 67,500 lb. 
while the reciprocating parts are extraordinary for 
their lightness. To this end special steels and 
steels subjected to special heat treatment have been 
employed wherever they might be utilised advan- 
tageously. 

Earlier investigations pointed to the desirability 
of introducing two important changes in the pattern 
of locomotive which had then been evolved. In 
that type the boiler tube length was comparatively 
short, being 13 ft. 9 in. While this gave a free- 
steaming engine, with a comparatively low smoke- 
box vacuum, the smoke-box temperatures were 
high, and the efficiency relatively low, though the 
evaporation per square foot was good. It was 
thought that some additional tube-length would 
be advantageous, and in order to standardise 
with other classes, a length of tube of 15 ft. 
was decided upon, raising the ratio of length 
to internal diameter from 94 to 103. Although 
this addition may not seem very striking, it has 
had a material effect upon the boiler. It has 
been secured at the expense of combustion-chamber 
space, which is well known to be valuable, and the 
case is a good example of the nicety with which 
locomotive-boiler proportions have to be balanced 
to obtain good results with reasonable draught. 
The extra tube length has given 230 additional 
square feet of heating surface to the tubes, but has 
reduced the fire-box and combustion - chamber 
surface by 22 sq. ft. The total heating surface 
of the new class (including superheater surface) is 
3677.8 sq. ft., compared with 3348 sq. ft. in the 
old, giving a boiler of a greater capacity than any 
hitherto applied anywhere to this type of engine. 
The general boiler dimensions remain unaltered, 
and the grate area of 53} sq. ft. has only been 
increased by 4 sq. ft. by the re-design of a centre 
grate-bearer. 

It has been found that this boiler has a maxi- 
mum output about 15 per cent. greater than the 
earlier design with shorter tubes, while the efficiency 
is also higher. For equal output the vacuum 
required at the front tube-plate is slightly lower, 
but the draught needed to draw the gases through 
the tubes from the fire-box now amounts at the 
maximum rate of combustion obtained to 40 per 
cent. of the total, compared with only 29.5 per cent. 
at the maximum rate of the short-tubed engine. 
There was little difference in the rapidity of evapo- 
ration until a draught of 5 in. was reached in front of 
the tube-plate, after which the evaporation per 
square foot was better for the short-tubed boiler. 

Another important change in this locomotive, 
compared with previous types, is in the s‘zo of the 
cylinders. The earlier saturated-steam engines 
had cylinders 22 in. by 26 in., which became a 
standard. These were at first retained fur the 
superheated-steam class, but it was found that with 
superheated steam the higher maximum power 
obtained was developed with a much later cut-off 
than with the saturated-steain engines. An earlier 
report therefore recommended that the super- 
heated-steam cylinders should he enlarged so as 
to develop maximum power at 30 per cent. cut-vtf. 
The new engine has cylinders 23.5 in. by 26-in. stroke, 
and at 75 miles per hour the locomotive works with 
35 per cent. cut-off, developing power equal to that 
produced by the earlier type at 40 per cent. cut-off. 
The later engine, however, seems to develop its 
maximum power at a somewhat longer cut-off and 
slower speed, whereas the short-boilered engine pro- 
duced its greatest power at its highest speeds. This 
is, perhaps, due to the slight decrease in boiler 
activity, but has doubtless been affected by an 
alteration in the piston valves. The size of piston 
valves has ranged on the Pennsylvania Railroad up 
to about 16 in. in diameter. The number of types 
proving inconvenient, a long series of tests was 
made with valves varying between 16 in. and 7 in. 
in diameter. From these it was concluded that, 
with superheated steam, no appreciable advantage 
accrued from the use of the larger valves. 

_ This series of tests was quite an interesting one as 
regards its results. The different sized valves were 
accommodated in the steam-chests by mean; of 





cages or bushes of different thicknesses. Four sizes 
of valves were tried in a 4-6-2-type engine, three 
in a 4-4-2 locomotive, and two in an engine of the 
2-8-0 type. The 16-in. piston valve weighed 263 lb., 
and consisted of a plate shell 10 in. in diameter, 
with cast-iron ends riveted to it, and followers, &c. 
As a result of the tests, a standard 12-in. valve was 
evolved for all engines with cylinders between 
20 in. and 27 in. in diameter—i.e., for no less than 
fourteen different classes. This valve weighs no 
more than 120 1b. It consists of a body of 5}-in. 
seamless steel tubing, to each end of which is 
welded a bell of boiler-plate. The valve-heads are 
of drop-forged steel. Hach end of the valve has two 
L packing-rings, held apart by a cast-iron spacer- 
ring. The use of this standard valve does not 
affect the maximum horse-power, but involves with 
the larger cylinders a slightly lengthened cut-off. 
With a valveso much reduced in weight the valve- 
stem stresses are decreased appreciably. The 
investigation went into this point, making use of a 
rather neat arrangement for determining the actual 
stresses in the stem ‘I'hese stresses were measured 
by means of a ball-imark on an impression-plate in- 
serted in the stem. The latter was cut in two and 
fitted with an indicator consisting of two yokes 
and two spiral springs. One yoke was fitted to 
each length of the valve-stem, and the two were 
held together by the springs, which could be 
tightened up to any predetermined compression. 
The ball and impression-plate were inserted between 
the two yokes, and the springs drawn up toa certain 
load. The locomotive, on being run, made a deeper 
impression on the plate which gave the stress on 
comparison with a check impression made under 
known load conditions. 

The valve-stem stresses for a heavy 16 in. valve, 
weighing 244 lb., ranged from 1350 |b. to 5825 Ib. 
at different speeds and cut-offs, while for the 12-in. 
valve the stresses ranged between 1165 lb. and 
4600 lb. The difference in the valve events, 
with increase of speed, was less with the lighter 
valve than with the heavier, although used with 
a much lighter valve-gear. Cut-off and speed both 
affect the valve-stem stress, and the advantages of 
the lighter valve were made clear. 

This refinement of design has been carried all 
through this last type of 4-4-2 locomotive. The 
engine has 234-in. cylinders, drivers 80 in. in 
diameter, and works at 205 lb. pressure. Each 
set of piston, piston-rod, and cotter weighs only 
4024 lb., though a tail-rod is used. The rod 
is 8 ft. 72 in. long, and hollow throughout. It is 
thickened internally at the piston and cross-head 
fits, this thickening being secured by drilling toa 
uniform 2}-in. diameter, a bar varying in external 
diameter at different places from 3} in. to 5.12 in., 
and then swaging down the larger diameters. 
These rods, the main and side rods and valve- 
motion, are of steel containing 0.5 per cent. carbon, 
0.55 per cent. manganese, and 0.2 per cent. 
silicon. All these parts are heat-treated. The 

istons are conical and are rolled of special open- 

earth steel. The cross-heads are of electric- 
furnace steel, and their design is striking. Each 
weighs 312 1b. with its hollow waist or gudgeon- 
pin. The cross-heads are of the three-bar ty 
that is, there is one wide top bar, with two others 
of less than half the width, on either side of the 
cross-head below. The slipper slides between the 
top and bottom bars, and the cross-head between 
the bottom bars. The top and bottom bars are 
only lin. apart, making the slipper appear ex- 
tremely light. The top surface of the slipper, how- 
ever, is 11 in. wide by 24 in. long, giving an ample 
area of 264 sq.in. to take the rod pressures in forward 
running. On the bottom bars the slippers only have 
a bearing surface together of 144 sq. in., so that 
the design is not so good for running tender 
first. On an engine of this class thie, of course, is 
not of great moment. The connecting-rods, with 
11-ft. 3f-in. centres, weigh 720 lb. each. They are 
of I-section, the webs being ,‘x in. thick. The 
side-rods have 7-ft. 5-in. centres, and webs ¢ in. 
thick. They weigh 417 lb. each. All these parts, 
except the cross-heads, are specially heat-treated 
by quenching and tempering. 

By careful design and treatment of this character 
throughout it has been possible to produce an 
engine which will have no more destructive effect 
on the track than one with nearly 6 tons less 
weight per axle. The engine is balanced so that 
at 70 miles per hour the variation allowed in pres- 
sure on the rail is less than + 30 per cent. of the 
static load on the drivers. It may be mentioned 





that in the earlier type, not quite so thoroughly 
designed from this point of view, the load on one 
pair of wheels was 68,800 Ib. at first, but had to be 
reduced by an alteration of the equalising gear to 
65,000 lb. With the lighter parts, the new load 
of 67,500 lb. on one axle is considered quite satis- 
factory. The Altoona plant is, of course, fitted 
with a counter-balance testing arrangement of 
the type first used, we believe, at Purdue. 
In this arrangement a wire of known diameter is 
fed between the tyre tread and the rail. Varia- 
tions in the thickness after ing under the wheel 
give a measure of the effect of the balancing 
eg ya vided. It may be remembered 
that by this device it has been shown that the 
wheels of badly-balanced engines do actually leave 
the rails. We have no data of this character 
before us with regard to the latest Pennsylvania 
Railroad locomotive, but the care with which all 
changes of design are watched on this system 
warrants the acceptance of the official opinion that, 
in spite of the heavy axle-load, the engine is 
proving satisfactory on the road. 

Finally, we may draw attention to one further 
innovation on this engine. In American practice 
relating to this type of locomotive it is usual to 
equalise the coupled and trailing-wheels together as 
a group. In this latest design the main drivers and 
the trailing-wheels are equalised, while the front 
pair of coupled wheels are equalised with the bogie, 
the front end of the equalising-beam resting on 
the bogie-bolster, the latter being allowed a con- 
siderable amount of vertical movement in a housing 
which forms a substitute for the usual centre casting 
under the saddle. 





THE LATE SIR NATHANIEL 
BARNABY, K.C.B. 


Tue life of Sir Nathaniel Barnaby, which closed 
peacefully on the 15th inst., compassed the whole 
period of steam navigation in the Navy. He 
was born at Chatham, in 1829, and although the 
first steam craft ordered by the Admiralty—a 
vessel of 210 tons—was built in 1820, it was not 
until some years later that steam was adopted, 
even in sloops of war. He became an Admiralty 
overseer in the year in which Napoleon III. first 
recominended the armouring of ships to form a 
flotte de siége, a proposal which six years later 
developed into a sea-going armoured ship—the 
Gloire, of 1860. From 1870 to 1885 he was head 
of the Designing and Building Department in the 
office of the Controller of the British Navy, 
and in this capacity did good work during a 
period of great activity in invention. It is true 
that greut advances have been made since he retired 
to enjoy a well-earned leisure. Armour has 
increased in its capacity to resist penetration by 
180 per cent. The energy of the 12-in. gun has 
been ‘augmented to the extent of 150 per cent. 
The s of armoured ships has gone up from 
14 to 28 knots. The cost of each armoured ship 
has increased about 150 per cent. The physicist, 
the chemist, and the metallurgist have contributed 
to this result, as well as the naval architect and 
marine engineer. But withal, it can be placed to 
Sir Nathaniel’s credit that, if he did not lay the 
foundation of these advances, he played a progres- 
sive part in his time and generation in enforcing 
the importance of true scientific methods, in 
encouraging invention, and in establishing sound 
principles for advancement. 

He was a shipbuilder by descent, as his forbears 
served in Chatham Dockyard for several generations. 
Not only did he devote all his active life to the ser- 
vice of the nation, but his two brothers, John and 
Robert, were both in the Government service, the 
former as Inspector of Material,and the latter as Civil 
Assistant to the Admiral Superintendent at Chat- 
ham Dockyard, while his eldest sister married Sir 
Edward Reed. Born in 1829, the son of Nathaniel 
Barnaby, of Chatham Dockyard, the subject of our 
memoir was educated and trained to his profession 
at Chatham, Sheerness, and Portsmouth. His 
first important appointment was as Admiralty 
Overseer at the building of H.M.SS. Viper and 
Wrangler on the Thames, in 1854, and in that 
year he was transferred to the designing offices 
of the Admiralty, then at Somerset House, and 
now at Whitehall. Advancing step by step, he 
became head of the department in 1870, becoming 
President of the Council of Construction. Later 
he was designated Chief Naval Architect, then 
Chief Constructor of the Navy, and eventually 
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Director of Naval Construction. He retired, from 
iJl-health, in 1885, when he was succeeded by Mr. 
(afterwards Sir) William H. White. _ 

We do not propose to review in detail the vessels 
designed by the subject of our memoir, but rather 
to refer to the significance of the work done, and 
to its bearing on future progress. One must first 
reflect on the situation as regards naval design when 
Sir Nathaniel became head of the designing depart- 
ment. The late Sir Edward Reed had recently 
retired, after doing good work. The Captain had 
been designed outside the Admiralty Office, by Cap- 
tain Cowper Coles, on 
somewhat novel lines, 
which, to say the 
least, were not uni- 
versally approved, 
and her wreck, with 
its calamitous loss of 
life, resulted in the 
appointment of Lord 
Dafferin’s Commis- 
sion on Design, a 
Commission that laid 
down certain princi- 
ples which influenced 
the work of succeed- 
ing years. The late 
Mr. Childers, who 
was First Lord of the 
Admiralty when 
Barnaby was ap- 

inted Chief of the 

esigning Staff, and 
the late Mr. (after- 
wards Lord) Goschen, 
who occupied the 
same position in 1873, 
considered that the 
then fleet of iron- 
clads — numbering 
about 55, of which 41 
were seagoing, and 
the others coast-de- 
fence ships—was ade- 
quate for our needs, 
and that we could 
afford to proceed 
‘* with judgment and 
calmness.” This view 
was doubtless largely 
responsible for the 
leisurely way in which 
our ships were com- 
leted, most of them 

ing 7 or 8 years in 
process of construc- 
tion. There was a 
tendency to modify 
theirdesign from time 
to time, as changes 
were suggested by 
invention, so that the 
final result was not 
always satisfactory ; 
moreover, the ships 
had often become 
obsolete when com- 
pleted There was 
consequently a wide 
spread feeling of un- 
certainty as to the 
efficiency of our ships, 
anda belief thatdoubt 
and hesitancy were 
responsible for the 
lack of continuity and 
activity in the dock- 
ards. The late Scott 
Russell, and others 
who engaged in the 
controversy, exonerated the professional officers | 
of the Admiralty from any lack of ability and | 
decision, attributing the evils of the situation to 
the parsimony of the Treasury. But notwith-| 
standing this general attitude, there can now be 
no doubt of the progress made in the evolution of | 
scientific methods during Sir Nathaniel Barnaby’s | 
régime. 

The loss of the Captain stimulated research work | 
regarding the stability of our ships. The late Sir | 
Edward Reed had, in 1868, introduced for the| 
first time curves of stability, but they were not | 
then applied practically. There existed no ready | 





| the area of hull exposed to the enemy’s fire, | plating, bulkheads, and the inner bottoms as 


method of calculating the statical and dyna-| and contended that the important points to be 
mical stability of ships. Much original work considered were the range of stability, the position 
was done by Sir Nathaniel, and his friend, Mr. | of the maximum angle, and the position of the 
F. K. Barnes, who was about this time appointed | vanishing angle.* Freeboards were, as a conse- 
Surveyor of Dockyards, an office now known as quence, heightened in the successive ships de- 
the Director of Dockyards. The latter evolved a signed by him—the Shannon, Nelson, North- 
method of making this calculation which proved of umberland, and Inflexible, of steadily increas- 
lasting service to naval architecture. The ships|ing displacement, as well as in the Ajax, 
built at this period were of low freeboard. There| Agamemnon, and others of less tonnage. ut 
may have been some justification for this, because | this increase in freeboard was at the expense of 
the wrought-iron armour then available was proved | the area protected, because of the desirability 
to be ineffective in its resistance to perforation by of increasing the thicknes: of armour in the 
turrets or central 
batteries. Thus in 
the Inflexible two 
thicknesses of 12-in. 
plates, making 24 in., 
wasadopted. Atthe 
same time it was con- 
sidered desirable to 
get a reserve of buoy- 
ancy, especially for- 
ward and aft, by other 
means than armour- 
plating, not only in 
ships of the line, but 
in cruisers. The 
Dufferin Commission 
laid it down that a 
ship might ‘“‘ consist 
of an armoured cen- 
tral citadel, sur- 
rounded and _  sup- 
ported by an unar- 
moured raft con- 
structed on a cellular 
system, or containing 
some buoyant sub- 
stance, such as cork, 
which, without offer- 
ing any material re- 
sistance tothe passage 
of projectiles, would 
not be deprived of 
its buoyancy by pene- 
tration.” India-rub- 
ber bags, thin metallic 
boxes, cork enclosed 
in small water - tight 
chambers, the dis- 
' position of coal in the 
bunkers, and other 
means weretried. But 
it is now matter of 
history that, although 
in the ’nineties the 
area of armour pro- 
tection was consider- 
ably extended, owing 
largely to the intro- 
duction of compound 
armour, giving higher 
resistance for less 
thickness and weight, 
the ends were still un- 
armoured. We have 
,now, by reason of the 
still harder and more 
< efficient armour, re- 
verted to the prac- 
ice of a complete 
rmour-belt on the 
water-line, in com- 
bination, how- 
F ver, with the higher 
reeboard advocated 
y Sir Nathaniel 
arnaby. Thus have 
improvements in 
rmour primarily 
‘affected the design so 

the ogival projectiles introduced in the ‘seventies | far as protection is concerned. . 
by Palliser. Armour of increased thickness, in-| The introduction of steel in warships must be 
volving a greater weight for the protection of a | accredited to the subject of our memoir. As early 
given area, tempted the naval architect to reduce |as 1875 he advoca its use, not only for deck- | 











especially as there was a strong desire not to applied then in the French naval ships, but for the 
increase the cost of each ship by adopting armour | entire hull. ‘That he had a complete grasp of naval 
more extensively. In many of the ships the total | requirements is shown by the very comprehensive 
weight of armour exceeded 20 per cent. of the total | paper he read at the Institution of Naval Architects 
displacement. Sir Nathaniel, soon after taking | in 1876, when there was considerable anxiety re- 
office, entered into investigations regarding the | — : bitin 
influence of breadth of beam and height of free- * See Transactions of the Institution of Naval Archi« 
board in lengthening out the curves of stability, | tects, vol. xii., page 75s 
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garding naval needs, as a consequence of the 
success of the Whitehead torpedo. In this con- 
tribution he reverted to the question of internal 
cellular structure, on the advantages of which 
he lost no opportunity of dilating, and argued 
that this system of protection was not only 
more feasible than broadside armour from the 
point of view. of weight consideration, but was as 
effective a method of overcoming the attack of 
torpedoes. He traversed the idea then prevalent, 
and since periodically urged, that the success of the 
torpedo rendered the battleship obsolete. His 
view was that guns were more effective than the 
torpedo or the ram ; that main actions must be 
fought by ironclads ; and that squadrons of these 
ships must be protected by special ships, which 
have since been recognised as torpedo-hoat de- 
stroyers. The first of this special class of torpedo 
craft was constructed about 1876, for a foreign 
navy. Sir Nathaniel took the view, which he ulti- 
mately modified, that we could find in the hands 
of private owners ships that were every bit as good 
for the discharge of Whitehead torpedoes as the 
ships built specially for the purpose.* 

During his period of office as Director of Naval 
Construction, Sir Nathaniel was responsible for the 
design of sixty-six sea-going fighting-ships of not 
less than 2000 tons, among which were the 
Thunderer, Superb, Alexander, Dreadnought, 
Temeraire, Ajax, Inflexible, Polyphemus, Victoria, 
and Benbow (the latter carrying 164-in. guns), be- 
sides numerous smaller vessels. In a paper read at 
the Institution of Naval Architects in 1874, the 
advance in the design of the Inflexible as compared 
with the most powerful of her predecessors was 
thus described :—‘* The step in advance has there- 
fore been from 14 in. of armour to 24 in., from 
35-ton guns to 80 tons, from two guns ahead to 
four guns ahead, and from a height of 10 ft. for 
working the anchors to 20 ft., and this is done 
without an increase in cost, and with a reduction 
of nearly 3 ft. in draught of water.” 

Not only did Sir Nathaniel exercise a sound 
influence in connection with the design of warships, 
but he was similarly instrumental in improviug the 
ships of the mercantile marine. When the Duke 
of Richmond was President of the Board of Trade 
he urged the compulsory application of subdivision 
of merchant ships by water-tight bulkheads, and 
he also had a creditable part in bringing about the 
subvention of merchant ships in order that they 
might be designed with more regard to their pos- 
sible use in naval warfare. At the same time he 
advocated the construction of gunboats instead of 
coast-defence ironclads, and approved strongly of 
protective decks over machinery and magazines in 
all classes of unarmoured ships. Thus, even in the 
light of modern ideas, which have been considerably 
affected by improvements in the munitions of war, 
Sir Nathaniel’s views in the ’seventies and ’eighties 
must be pronounced orthodox. 

Sir Nathaniel was one of the founders of the Insti- 
tution of Naval Architects, and in the early years 
of the Institution, especially when he became chief 
of the designing department, he contributed papers 
almost every session. Indeed, in view of the keen 
and continuous controversy then waged, Sir Natha- 
niel, as he once said facetiously, annually put him- 
self into a ‘‘sort of pillory.” These contributions 
were careful analyses of each successive step taken, 
with a wealth of information which is not excelled 
in the best of present-day contributions. He 
courted criticism, and his wish was gratified ; but 
his ability and his singleness of purpose were 
universally recognised. In addition to his contri- 
butions to the Institution of Naval Architects, 
the Royal United Service Institution, and other 
similar societies, he published an abridgment of 
patent specifications relating to shipbuilding, &c. 
trom 1618 to 1862, and this is probably the most 
comprehensive review of inventive activity in con- 
nection with shipbuilding in this long period. He 
was also a contributor to the Ninth Edition of the 
Encyclopedia Britannica, his articles being those 
on the ‘‘ Navy” and ‘‘Shipbuilding.” He pub- 
lished the Naval Review in 1886, and in 1904 was 
the author of *‘ Naval Development in the Nine- 
teenth Century.”” He did most of his literary work, 
however, for the Institution of Naval Architects, 
having contributed seventeen or eighteen papers. 
We have mentioned that he was one of the 
founders. He was elected a Member of Council 


* See Transactions of the Institution of Naval Archi- 
tects, vol. xvii., page 12. 





as long ago as 1865. In 1873, soon after becoming 
head of the designing department of the Admi- 
ralty, he was made a vice-president, and has con- 
tinued in that honourable position ever since. In 
1894 he was chosen one of the Trustees. Of his 
wide knowledge and ripe experience he contributed 
freely to discussions, and attended most regularly 
almost up to the end. 

He was made a Companion of the Bath in 1876, 
and on his retirement from the Navy in 1885 
became a Knight Commander of the same distin- 
guished Order. In 1873 he was made Commander 
of the Second Grade of the Danish Order ‘of 
Dannebrog, later Commendador of the Portuguese 
Royal Military Order of Nosso Sefihor Jesus 
Christo, and in 1883 a Commander of the 
Order of the Rose of Brazil. Perhaps, however, 
he esteemed most the respect and admiration 
of his professional colleagues and successors, who 
will associate themselves with us in an expres- 
sion of sympathy with his relatives. The funeral 
will take place to-morrow (Saturday), at Lee, Kent. 
There will be a service at Lee Chapel, at 2.30 p.m., 
followed by the interment, at St. Margaret’s 
Churchyard, Lee, at 3.15 p.m. 





STEEL AND CIVILISATION. 

In delivering two lectures on ‘‘ The Evolution of 
Steel: Influence on Civilisation,” at the Royal 
Institution on the first two Tuesdays of June, Pro- 
fesser J. O. Arnold, F.R.S., took a historical line, 
going back to the stone, bronze, and wrought-iron 
ages, and making special reference to the part taken 
by Sheffield in the development of the steel indus- 
try. Steel, Dr. Arnold emphasised, had become 
the most powerful agent both of civilisation and of 
destruction. 

Having illustrated the significance of the iron and 
steel development, chiefly by referring to bridge 
construction, Dr. Arnold remarked that England 
had been supreme in the metallurgy of iron and 
steel in the early ’eighties, when it had produced 
8,000,000 tons of pig and 2,000,000 tons of steel 
per year, whilst America and Germany had hardly 
counted. At present the annual steel production 
was in round numbers : America, 28,000,000 tons ; 
Germany, 14,000,000 tons; England, 7,000,000tons. 
America had obtained the lead because its 
92,000,000 inhabitants wanted steel for railways 
and works and had all the resources needed, whilst 
Germany owed its success to the appropriation of 
the brains of British inventors, and notably of the 
Thomas-Gilchrist process. There was a brighter 
side to this comparison, however ; for England was 
still leading in the supreme quality of her steel, 
thanks largely to the work of men like Sorby, 
Professor Arnold’s predecessor in the chair of metal- 
lurgy at Sheffield. 

The researches of Gore and Barrett on recales- 
cence, and of Osmond, had unfortunately led to the 
allotropic theory of the hardness of steel, which 
had, the lecturer considered, become a curse to 
the metallurgy of steel, as the old phlogiston 
theory had been to chemistry. The following 
observations of Dr. Arnold were made to show the 
untenability of the theory. The cooling curve of 
the purest electrolytic iron of Hicks and O’Shea 
had given the usual recalescence peak at 900 deg. 
Cent., which seemed to be due to some mole- 
cular change (akin possibly to that which water 
underwent at 4 deg. Cent., when showing its 
greatest density), and two other smaller ks, 
above which iron was not magnetic ; very little was 
known beyond this, but the points had nothing to 
do with a, 8, y iron. 

Further, Professor Arnold stated that he had 
heated a very pure iron (0.07 per cent. of carbon), 
and quenched it in cold brine at 15, 400, and 928deg. 
Cent. That quenching should have preserved the 
allotropic hard modification; but the maximum 
stress had been found to be roughly proportional 
to the absolute temperatures; the reduction in 
area had remained about 76 per cent. throughout, 
and the elongation had gone down from 44 to 30 
and 21 per cent. ; these properties had, hence, 
nothing to do with the critical temperatures. Hard- 
ness, he agreed with Sir Robert Hadfield, depended 
on carbon, and on nothing else. Many of the 
tables which Professor Arnold exhibited illus- 
trated further progress in tool steels and other 
steels, on which he had lectured in the same place 
two years ago. 

Four hard steels should, Professor Arnold con- 
sidered, be distinguished—namely, iron steel, tung- 





sten steel, and vanadium steel, to which he ho 
to add molybdenum steel at the autumn meeting 
of the Mechanical Engineers. These four steels 
formed members of one class, though they had 
their characteristic microstructures and differed 
enormously in properties; thus the range of 
formation of iron hardenite was 32 deg., and that 
of tungsten hardenite’ 250 deg., starting at 
1300 deg. Cent. 
Touching upon testing, Professor Arnold uttered 
a warning against the low factor of safety which 
engineers accepted for nickel steel—2.25. The 
estimate was based upon the elastic limit ; but by 
slow cooling a steel might be annealed to death, 
and have no safety left. The yield-point, on the 
other hand, might be raised by cold work to satisfy 
the engineer, and yet such bolts would break. 





NOTES. 
INVENTIONS AND THE Wark. 

Ar the request of a number of members a special 
meeting of the Institution of Mechanical Engineers 
was held on Friday last, the llth inst. Owing 
to the Institution’s own building not being avail- 
able, the meeting was held in the theatre of the 
Institution of Civil Engineers, kindly placed by 
the Council at the disposal of the members of the 
neighbouring body. The meeting was called to 
consider the following resolution :— 

That in view of paragraph 3 (sub-sections a and +) of 
the Institution’s Mem um of Association, the highly 
technical character of the war, and the dependence of 
the Allied Forces on the products of mechanical engi- 
neering, it is desirable that the Institution should, in its 

te capacity, endeavour to assist the country by 
ing arrangements for receiving from its members 


— of inventions relating to apparatus likely to 
of service in prosecuting the war, improving means of 
production, or otherwise, and considering, inspecting, 
reporting upon, and, where considered desirable, bring- 
ing the same to the notice of the Government. 

The meeting was very well attended and the 
speeches created a good deal of interest.. The pro- 
ceedings were opened by the President, Dr. W. C. 
Unwin, calling upon the Secretary to read the 
notice convening the meeting. Dr. Unwin then 
explained that amendments had been sent in, 
but on taking legal advice he found they would 
not be in order. He expressed sympathy with the 
motives of Mr. E. W. Petter, who was going to 
move the resolution, and said the resolution was 
extremely well expressed with .a view to avoiding 
all possible conflict with the Council. Dr. Unwin 
next read a number of extracts from letters which 
had been received. The resolution was then moved 
by Mr. E. W. Petter, whe reminded the members 
of the large part mechanical engineering was playing 
in the war and the number of new devices con- 
stantly being brought forward by Germany. He 
hos the Institution might do something to 
organise the talent of its members with a view to 
encouraging the development of counter devices 
on our side. The resolution was seconded by Mr. 
W. A. Lelean, at the conclusion of whose remarks 
the President read abstracts from letters received 
from Mr. G. Hughes and Sir J. Wolfe Bar Sub- 
sequent speakers included M. Mathot, Mr. ©. E. 
Stromeyer, Captain H. Riall Sankey, Mr. Leslie 
Robertson, Mr. Henry Davey, Sir J. A. Ewing, 
Mr. Mark Robinson, and others. After a conclud- 
ing speech by Mr. Petter, a vote was taken on the 
resolution, which the President declared lost, about 
sixty-four voting for it and ninety-nine against. 
From the numbers in the hall it would seem that 
several present did not vote, while owing to the 
meeting being held in the afternoon several were 
compelled to leave before the proceedings termi- 
nated, 

A Marn-Line Execrrirication, 


An unusually interesting example of main-line 
electrification is furnished by a recently completed 
piece of work on the Norfolk and Western Rail- 
way in the United States. The example is in- 
teresting not only in view of the novel electrical 
arrangements adopted, but as an illustration of 
the value electrification may be in handling heavy 
loads in difficult country. The electrification 
covers what is known as the Elkhorn Grade on 
the Norfolk and Western main line, and extends 
from Bluefield to Vivian, a distance of about 30 
miles. It is situated in the southern part of West 
Virginia, close to the boundary of Virginia, and is 
some 300 miles west of Norfolk. he section 
includes the Elkhorn Tunnel, which issingle track, 
the remainder of the line being double track. The 
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es are heavy, varying from 1 per cent. at the 
on end to 1.5 to 2 per cent. up to and through 
the tunnel. Fully cent. of the line is 
on curves, the worst Siler of 478 ft. radius. 
The electrification has been. carried out mainly to 
facilitate the heavy coal haulage. The line a 
through the Northern Appalachian coalfield, and 
has numerous branches and sidings connecting to 
the collieries. The wagons are collected and con- 
veyed up-grade over the summit to the marshalling 
yard at Bluefield. They are then taken to their 
various destinations, chiefly east to Norfolk. In 
addition to the coal traffic there is a through freight 
and passenger steam service over the electrified 
line. The main object of the electrification was 
to increase the capacity of the railway by reducing 
the time required to handle the trains, The heavy 
freight trains, which with steam traction had a 
speed up-grade of about 74 miles an hour, are 
handled by electric locomotives at 14 miles an 
hour. The weight of these heavy trains runs up 
to 3250 short tons, and they previously required 
three heavy Mallet steam locomotives, one acting 
as a pusher and being cut off at the summit. The 
same trains, at the higher speeds, are now dealt 
with by a single electric locomotive, with a second 
acting as a pusher up the heavy grades. On a 0.4 
grade the electric locomotives haul the trains at 
28 miles an hour. The effect of the electrification 
is especially marked at the single-track Elkhorn 
Tunnel, which is 3000 ft. long ona 1.5 grade. On 
account of ventilation it was necessary to reduce 
the speed to 6 miles an hour with steam locomo- 
tives. Under these conditions it required about 
7 minutes to clear the block, while with electric 
traction only about 3 minutes are required. The 
through steam-trains are provided with an electric 
locomotive as a pusher on the electrified des. 
An incidental advantage of elec'ritication is that 
delays due to steam locomotives occupying the lines 
when taking in coal and water have been elimi- 
nated. A condition favourable to electrification is 
that the traffic allows of trains being dispatched at 
fairly uniform intervals throughout the day, so 
that desirable loading conditions on the power- 
station are obtained. The electrical plant is 
designed to handle twenty heavy trains a day, of 
a total weight of 65.000 tons. There are twelve 
270-ton Baldwin - Westinghouse electric loco- 
motives, which are fed with single-phase current 


at 11,000 volts from an overhead wire. [Each | per 


locomotive carries converting plant, and the single- 
phase current is converted to three-phase current 
at 750 volts for use on the motors. This system is, 
we believe, unique. Its idea is to utilise the 
special advantages of three-phase induction-motors 
for heavy traction in mountainous districts, while 
retaining the advantages of high-voltage single- 
phase distribution and collection, Three-phase 
current has been used before for somewhat similar 
conditions—notably at the Cascade Tunnel on the 
Great Northern Railway of America—but not in 
conjunction with single-phase collection. A further 
interesting feature of the installation is that regene- 
ration, to which the motors readily lend them- 
selves, is employed. The only other case of regene- 
rative working on a large scale, as far as.we know, 
is on the Giovi line in Italy. The electrification 
work was carried out to the designs, and under the 
supervision, of Messrs. Gibbs and Hill, consulting 
engineers, of New York. 





New Testing Secrion AT -THE CHARLOTTENBURG 
TxeousicaL High Scuoo,t.—On May 18, a new section 
for heating and ventilating tests was opened a» the above 
high school. Towards this improvement the industries 
in ym ys have contributed 120,000 marks. In addition 
to boiler and machinery-rooms there is a testing-hall, 
60 metres loog. The work of the institute is at present 
much reduced, most of the officials being at the front, 
and the number of students has also greatly decreased. 





Sorr Sopa Guiass SuiraBtk vor X-Ray Buiss.—The 
Glass Research Committee of the Institute of Chemistry 
find that a glass such as that made from formula No. 10, 





ety published by them and recommended for X-ray 
bulbs, does not give a green phosphorescent glow if it is | 
made from a gy pure materials. The slight | 
glow given is blue. In view of the fact that a green | 
osphorescence appears to ba preferred by users of | 
X-ray tubes, it seems desirable to determine the condi- 
tions for obtaining this effect. It has been traced to the | 
presence of mai and such a glass as No. 10 will | 
ive this green glow if manganese dioxide is added to the 
tch mixture in the quantities frequently to correct 
the colour due to iron. 


“THE ENGINEER’S UNIT OF MASS.” 
To THe Eprror oF ENGINEERING. ‘ 

S1rx,— Your correspondents of the 11th inst. with 
your correspondent of the 4th inst., that 32.2 is the factor 
in equations evolving mass; but to the former ite re- 
ciprocal is a numerical coefficient, while to the latter it is 
the numerical value of an acceleration. It seems, how- 
ever, that it is more in accordance with simplicity and 
clearness of statement to consider 32.2 as a weight—that 
is to say, a force measured in pounds. The following 
explains why this is so. 

‘0 an engineer, work and the time-rate of done 
work are fundamental conceptions. To measure work, 
the simplest way is to take as unit the work done in 
raising vertically a certain piece of material through a 
certain distance. For unit of distance ‘‘1 ft.” has been 
chosen, and for the standard piece of material a piece of 

latinum, known as the ** imperial stan pound avoir- 
upois,” has been chosen. There can be no doubt but 
that ‘this piece of platinum is the legal standard of 
** quantity of material,” yet the word “pound” is com- 
monly en as the unit of weight—thabt is to say, of the 
result following from the interaction of the piece of plati- 
num and the earth. This interaction constitutes a resist- 
ance to the vertical displacement of the piece of platinum, 
and the work done in raising it 1 ft. against this resist- 
ance is called a ‘‘ foot-pound.” : ; : 

Whenever work is done, it is convenient to consider it 
as corresponding to the vertical displacement of material 
and to measure it in foot-pounds. ‘‘ Force” is the general 
name given to that which when multiplied by its dis- 
placement constitutes work. ‘*‘ Weight,” therefore, is the 
name of a particular kind of force—namely, that due to 
the interaction between bodies and the earth. Force, 
then, to an engineer is fundamental, as Mr. Stelfox stated, 
and the word ‘‘pound” denotes to him a force ; so also 
do multiples of a pound, such as a ton. ‘A hundred tons 
of steel whose ultimate tensile strength is 30 tons per 
sq. in.” is a perfectly clear, though elliptical, statement, 
meaning :—A quantity of steel which weighs 100 tons, 
and which, if subjected to a gradually increasing vertical 
load, breaks when the load weighs 30 tons for each square 
inch of the cross-sectional area. Once an engineer under- 
stands that weight and quantity of material are not the 
same thing, although the ratio of the weight of two bodies 
is numerically the same as the ratio of the quantities of 
material in them—or, more shortly, the ratio of their 
masses—he will have no difficulty in dealing with the 
word ‘‘ pound ” and its multip'es. 

**Force = mass x acceleration” is a statement which 
depends for its truth upon the units of the quantities. 
Unit force acting on unit mass gives it unit acceleration 
is the simplest relationship among these quantities, 
Unit force is 1 1b.; unit acceleration is 1 ft. per second 
per second ; hence unit mass is that mass which, acted 
upon by 1 lb., is accelerated at the rate of 1 ft. per 
second per second. But the weight of 1 lb. acting on 
the mass which gives rise to that force accelerates the 
mass, in London, at the rate of 32.2 ft. per second 
second to the first decimal lace. Hence, if a force 
of 1 lb. acts on a mass weighing 32.2 lb., the mass will 
be accelerated at the rate of 1 tt per second per second. 
In other words, if the piece of platinum ‘* denominated 
the imperial standard pound avvirdupois” is falling 
freely in London, it is being accelerated at the rate of 
32.2 ft. per second per second; but if, on an Atwood 
machine or on a Fletcher trolley and plane, a mass weigh- 
ing 32.2 lb. is moving under the influence of a force of 
1 1b., it is basing accelerated me Yo at the rate of 
1 ft. per second per second. [bt is approximately only, 
because in both pieces of apparatus a pulley has to be 
accelerated and friction to be overcome. Consequently 
for an engineer the unit of mass is a piece of material 
which weighs 32.2 lb., and because, as stated above, the 
ratio of the weights of two bodies is the ratio of their 
masses, the weight of a body in pounds divided by 32.21b., 

ives the mass of the body in engineers’ mass units 
E.M.U.’s). 

It is to be noted that the usual method of weighing a 
body by means of a balance and weights really amounts 
to tinding the weight. of the body in London; for 
wherever it is weighed its weight is in equilibrium with 
the weight of masses (called weights) which have been 
standardised against the standard piece of platinum in 

mdon. or against multiples or submultiples of the 
same. It isaloto be noted that the weight taken as 
unit of force is the weight of the standard piece of 
platinum in London ; the weight of this platinum at the 
equator, or anywhere else not in the latitude of London, 
is not actually 1 1b., although for most engineering pur- 

it can be treated as such. 

It will be gathered from the above that, as far as engi- 
neers are concerned, force, and not mass, is the funda- 
mental conception, and that the unit of mass is not a 
mass which weighs 1 Ib., but one which weighs 32.2 Ib. 
Further, it will be comprehended that the unit of force 
an1 unit of mass are invariable quantities. 


I am, yours faithfully, 
June 15, 1915. 





To tHe Epiror or ENGINgERING. 

Sr,—In his letter in your issue of June 4 Mr. Stelfox 
agrees with my contention that there is often much con- 
fusion in the statement of engineering units, but protests 
against my suggested remedy—the introduction of a name 
for the engineer’s unit of mass (32.2 Ib. ). 

His argument is that the engineer’s vocabulary is 
already overburdened and that there is no need of the 
addition that I pro He contends that the engineer 

chosen as his three fundamental quantities ‘‘ force, 


space, and time,” and has a name for the units of each, | U 


and that though it might please the physicist, it would 


but farther burden the engineer to have a name for the 


agro? unit of mass. 

'o these things I reply that the engineer’s vocabulary 
is overburdened because the engineer refuses, or thinks 
it impracticable, to use the units of the physicist. Is he 
not in this matter like a writer who aoa colloquialisms 
before good English ? The engineer has too many different 
names for quantities of the same nature. The remedy is 
obvious: discard the unnecessary names. The question 
then is, What are the necessary units? If anyone ought to 
be able to answer this question, it is surely the physicist, 
for he alone deals with the essential things —— which all 
engineering is based. The physicist says that the three 
fundamental quantities are mass, length, and time. Would 
not the engineer be wise in saying the same ? 

Tf, indeed, as Mr. Stelfox avers, the engineer hus chosen 
force as one of his three fundamental quantities, it seems 
to me that his choice has been very unwise. First, the 
idea of mere force is a difficult one. A child’s first 
conceptions are not of forces, but of bodies. Soon it 
associates with each body its weight, and failing to 
notice any variation in the weight of a given body, it 
forms the false idea that the weight of a body is an 
uncha: ble attribute of the body, depending on nothing 
ex to the body. 

Thus, I say, the idea of mass (body) comes first, then 
that of force as associated with mass. 

The mass of a body is its one escential and unchange- 
able attribute. The fact that the attempt to attribute 
ordinary mass to an electron leads to the conclusion that 
the mass of the electron varies with velocity in no wise 
affects that most solidly founded of all experimental 
truths—that the mass of a substance made up of atoms or 
molecules is invariable. Does not Newton’s first law 
read: *‘ Every body continues in its state of rest or of 
uniform motion in a straight line, except in so far as it is 
compelled by im forces to change that state’? The 
ideas contained in this definition are set in the natural 
order: ‘‘ body” (mass), “‘continues” (time), ‘straight 
line ” (length), and last, the derived idea, ‘‘ forces.” 

condly, I feel that in choosing ‘* force” as a funda- 
mental quantity the engineer courts trouble and con- 
fusion. t present, unfortunately, engineers are divided 
into mechanical and electrical. A few years ago the 
mechanical engineer knew nothing of electricity. To- 
day matters have improved, but it must be admitted 
that the electrical engineer knows far more of mechanical 
engineering than the mechanical engineer knows of 
electrical engineering. The electrical engineer bas con- 
stantly to go back to dimensional expressions, and it has 
long been universal to write such expressions in terms of 
M, L, and T. Why should the electrical man have to 
endure the confusion of a different fundamental quantit 
when dealing with mechanical problems? The time will 
soon come when the distinction between mechanical and 
electrical engineer must disappear, and then, at any rate, 
mass will come into its own again. 

The only real objection that I can see to the definite 
naming of the engineer’s unit of mass is that the standard 
body at Greenwich ought surely to represent the British 
unit of quantity of matter. This standard piece weighs 


1 Ib. at Greenwich, and it contains only = ; of the engi- 


2.2 
neer’s unit of mass. Logically, therefore, so long as the 
old standard piece remains, the British unit of mass 
should be the ‘ pound,” and the unit of force the 
“*poundal,” no matter what the mecbanical engineer may 
say. Ashe will not agree to use the logical British unit, 
let him at least give a name to the unit which he insists 
on using. Yours faithfully, 
F. M. Denton. 
Northampton Polytechnic Institute, Clerkenwell, 
London, E.C., June 15, 1915. 


P.S.—I note two letters on this subject in your issue 
of Junell. It is interesting to remark that whilst the 
one writer says, ‘mass is a fundamental conception,” 
the other says, “‘nobody knows what mass is, nor can 
anyone have a direct conception of it.” This is interest- 
ing. Fundamentals always prove to be the most difficult 
parts of asubject. Strictly, I suppose, we have no con- 
ception of mass, length, time, force, or work, as separate 
and distinct ideas, though I have heard it plausibly 
ag that some have come close to a conception of 
work. 

We have at any rate some conception of pleasure and 
pain, and these seem usually to be associated with move- 
ments of some sort. The idea of motion is raid to involve 
mass, length, time, force, and work, so that from this 
point of view we arrive at the paradoxical conclusion that 
our only fundamental conceptions are highly complicated. 
_ To deal then with Mr. Thompson’s letter. I think he 
is wrong in saying that the “‘ gravitation unit of force” 
is ‘* the weight of 1 lb.” Is it not rather, as Mr. Stelfox 
says, the weight of a pound at a place where g is 32.2 ft. 
per second per second? It would be altogether too 
illogical to have a unit whose magnitude was “ slightly 
variable.” 

Mr. Thompson speaks cheerful words to the Board of 
Education, maintaining that “there is nothing to cavil 
at in the statement (Circular 894, page 20) that 


g x force = mass x acceleration.” 


Had this statement stood alone it might have been 
excusable, forg might have stood for a numeral, a thing 
having no dimensions. But the context showed that g 


was n»t so regarded. Willany engineer deny that (~ ) 
means ‘‘ mass” as this term is usually understood by engi- 


neers ; or that W means weight, and that weight is force’ 
nless he denies this he must own that g stands for 








“acceleration,” it has dimensions, and is not a mere 
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The circular referred to states first : 
“ Energy am Ww v2 »” 
29 ns 

showing that g is not being used as a mere number. 
Hence the force equation is nonsense. : 

Enthusiasm makes for italics and exclamation marks, 
and is apt to accompany wild statements. Physicists are 
thoughtful people, the last in the world to be “‘ obsessed 
by delusions.” Mr. Thompson’s unkind remark is a very 
wild one. It is not the physicists who have invented the 
engineer's unit of mass, but the engineers themselves. 


They insist on saying (~) shall represent ‘‘ mass.” If 


this expression represents mass, in what units is it? 
Obviously it is in units, each equal to 32.2 lb. This no 
engineer can deny. Hence 32.2 Ib. is the unit of mass 
used by engineers. It may be a “monstrosity ;” the 
term is not inappropriate to a unit 32.2 times as big as 
its father, but it is the engineers themselves who have 
“foisted it upon a long-suffering profession.” Why, I 
wonder, should engineers be so ashamed of it that they 
refuse either to name it or to allow it to be named. 

This letter is becoming long; have you force, space, 
and time for a few lines more ? 

Mr. Gilchrist’s letter seems to me to be full of un- 
wisdom. Perhaps I misread it. It seems to say, for 
instance, that a given force applied to a body resting on a 
smooth table gives to the body an acceleration inversely 

roportional to the weight of the body. This is untrue. 

he acceleration produced would be the same at the 
equator, where the weight of the — would be small, 
as here, where it is greater. Thus the obviously mis- 
leading statement: 


** Acceleration = 


number. 





force 
weight 
is based upon an untruth. 
Perhaps Mr. Gilchrist uses the word ‘“ weight” as 
synonymous with ‘‘ mass.” In this cave he is bound to 
have friction when dealing with men whose use of words 
is more normal. He finds that “‘ students are very much 
like savages.” Can one wonder at it? 
F. M. Denton. 
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THE SPECIAL MEETING OF THE INSTITU- 
TION OF MECHANICAL ENGINEERS. 
To THE EpitTor or ENGINEERING. 
Siz,—Will you kindly allow me the use of your columns 
to thank the large number (over 130) of members of the 
Institution of Mechanical Engineers who have very 
kindly written me regarding last Friday’s special meet- 
ing. Many of these are long letters, containing valuable 
a which it is impossible for me to deal with per- 

sonally. ; 

To those who have expressed disappointment at the 
loss of the resolution, I would say I feel certain that the 
real purpose of those who requisitioned the meeting will 
prove to have been achieved, and that the Council will 
recognise the very generally expressed feeling that the 
Institution should in its corporate capacity endeavour to 
assist the country at the present time. 

Some members have intimated to me their intention of 
resigning from the Institution if no action is taken by 
the Council, but I would beg them to do nothing of the 
kind, as such a course would only lead to the weakening 
of the Institution, the power of which to assist the 
country will most certainly, sooner or later, be demon- 
strated. Yours faithfully, 

E, W. Perrsr. 

73, Queen Victoria-street, London, E.C., 

June 15, 1915. 





‘*THE UNDERCOOLING OF STEAM IN 
NOZZLES.” 
To THe Eprror or ENGINEERING. 

_ Stk,—With reference to the statement in your interest- 
ing article on ‘* The Undercooling of Sveam in Nozzles” 
in your issue of June 11, to the effect that the abnor- 
mally high discharges in the case of air flowing through 
nozzles which have sometimes been recorded are due to 
experimental error, I should like to support that opinion. 

T am at present preparing for publication the results 
of a long-continued series of experiments upon the flow of 
air through nozzles, in which t find that in no case does 
the actual discharge exceed 98 cent. of that calculated 
from the usual theory, and I Catieve that the discharge 
coefficients I have found are correct within 1 per cent. 

Yours sincerely, 
Tomas B. Mortey. 
James Watt Engineering Laboratories, 
The University, Glasgow, June 14, 1915. 





“THEORY OF THE TESLA TURBINE.” 
; To tHE Eprtor oF ENGINEERING. 
Sir,—With reference to your editorial note on my 
letter in your issue of May 28, I would mention that, in 
the equation of motion, 
IS 12 
kw 1 


kw 1 2k 
vr=or+277., +A.7-€ ’ 


the last term represents the “‘difference” between the 
true velocity and the velocity (wr + 2 se 5 


ane which is 
: g r 
the velocity for the equiangular spiral (on the plates) 
type of motion. 
IS 2 
k P —" 
" gets: rapidly smaller as the liquid 


1 
-€ 
r 


Since A. 


goes towards the centre (within the limits with which we 
are concerned), we see that it has a negligible effect 
Sue provided it is small at the outer periphery. 
It is thusseen that this term need ‘‘not” be absolute zero 
for my arguments to hold. 

I did not say that the constant A should be “ made” 
zero, but rather that ‘‘in the case” when it is zero (im- 


plying thereby “‘ when A . 1. gf ris at least negli- 
r 


gibly small”), we have a fluid particle describing an equi- 
angular spiral on the plates, the only supposition toes 
that the inlet velocity practically equals 


kw 1 
i 
wR + of BR 
Although mathematicians are wont to call such con- 
stants ‘‘arbitrary” constants (because they merely care 
about indicating all solutions to equations), it would be 
more suitable to call them ‘‘ constants of condition.” 
gf 
Of course, we cannot use the term A. ~ .¢? k over 


= considerable range of radius unless we know the 
value of the viscosity, &c., with great accuracy. but 
there is no inherent difficulty in determining ¢!-".0 if 
necessary, for we have : 


o= {10 ""*}* we 


=the number whose log is (a log) ¢) in common log 
tables (log, ¢ has been determined with great accuracy). 
Yours faithfully, 
; Watrer O. M. Pettinaiit, B.Sc. 
47, Francis-road, Edgbaston, Birmingham, June 2. 


SHELLS ; STEEL OR CAST IRON? 

To THE Epitor OF ENGINEERING. 
Srr,—May I be permitted strongly to support the 
suggestion thrown out by your correspondent in your 
issue of June 11, regarding the displacement of tensile 
steel by cast iron for shell casi 

Mr. Keith’s pro lis one which I have had in mind 
for some considerable time, and I have never been able to 
find any sound reasons that it should not be entertained 
by the authorities, and more especially in this present 
time of most a need for munitions of war. 
am, Sir, yours faithfully, 

G. Gervais Proctor. 

439, Glossop-road, Sheffield, June 14, 1915. 
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SHELL MANUFACTURE IN A GENERAL 
ENGINEERING PLANT.* 

THe unexpected change of employment of the greater 
number of Canada’s metal-working plants from the pro- 
duction of articles of peaceful commerce to the fabrica- 
tion of munitions of war has been done at more or less 
sacrifice, depending largely upon the character of the 
plant. The methods herein described for the manufac- 
ture of shrapnel shells are those adopted by a plant whose 
regular equipment is unusually well suited to the different 
processes involved. The product for which original 
machines were installed consists of internal-combustion 
engines in large quantities, and it will be interesting to 
note the great similarity in the various operations re- 
quired to those of the more warlike output at present 
being produced. 

The shells are received at the plant from the steel 
works in the form of rough forgings. They are unloaded 
from the cars in a well-equipped shipping department on 
to an auto-car operating on an industrial railway, and by 
means of which they are rted to the depart- 
ment beside the machines which perform the first opera- 
tion—the trimming of the open end. These include a 
cutting-off machine with two tools and variable feed, a 
John Hall and Sons Brantford pipe-machine, and a heavy 
standard lathe. The gauging-point for this, as well as 
— operations, is the bottom of the shell-chamber 
inside. 
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Use of Milling-Machines.—The basing or rough facing 
of the closed ends (see illustrationt) is done most efficiently 
upon an Ingersoll four-spindle milling-machine, using the 
two vertical spindle-heads. The plates of the machine 
carry four fixtures located in pairs near either end. 
fixtures hold twelve shells each, 
six. The shell is simply dro 
pin, and is clamped, two she 
position. 

The milli 


These 
in two rows of 

over a vertical gau 
to a clamp in an upright 


is done by two large, inserted-tooth high- 
— steel facing-cutters, one traversing each fixture. 
ile one pair of fixtures is under the cutters, the 
operator is engaged at the other end of the table in 
emptying and re-loading the otber pair of fixtures, so that 
the milling process is practically continuous. This has 
proved # most satisfactory method of doing this part of 
the work, as the machine is powerful and rigid enough 
to work the high-speed steel cutters to their capacity. 
* From Canadian Machinry, Toronto, and 88, Fleet- 
street, don. 
+ Ma:hinery, 140 vo 148, Lafayette-street, New York ; 


Another machine of this type is being fitted up and will 
ad: ae tee nest the f the 

ter gauging for orgings go to various 
machines utilised for the outside turning. For this pur- 
pose the shells are driven upon mandrels solidly attached 
to the face-plates of the machines. These arbors are 
solid, and are fitted, upon the shank part, with a circular 
nut. When it is desired to remove the work this nut is 
simply tightened against it, and a tap with a hammer 
upon the side serves to release it instantly. 

The turning is done on two Bertram and two Bullard 
vertical turning and boring-mills, one Conradson turret 
lathe, one Gi +tne heavy Steinle turret lathes, and 
one Pratt and | paw Reng — —— —— 
machines are equip with a 6 expanding arbor, 
and are used to turn such shell forgings as come slightly 
large so that they cannot be tightly driven on the solid 
arbors. The gripping points consist of twelve pins in 
four circles of three each, which are moved outwards 
against the shell-chamber by the wedge action of the 
— which is actuated by a nut at the rear end. 

t is interesting to note that in quantity of production 
the competition between the several machines is 
close, the Steinle coming first, the Pratt and Whitney 
second, and the vertical boring-mills third, although the 
difference does not amount to more than from six to a 
dozen per day. 

The series of operations consists of ~~ g turning the 
shell body, finish turning from the band to the 
finish facing the base, and roughing out the groove for 
the band. The work on the groove here consists of 
cutting down the whole width to the top of the vees of 
the wave, and of cutting down the two edges to the 
bottom of the vees. The rough turning of the body is 
carried up to the edge of the part which is nosed in, or, 
= aoe words, it involves the cylindrical part of the 


Bort 
borin "the shell in the bottom to receive the powder-cup 
and also for the seat of the steel diaphragm which sepa- 
rates the powder from the bullets. is is also carried 
out on a number of machines of a widely varying nature. 
These include a Conradson turret lathe, a four-spindle 
Foote-Burt drilling-machine, a Bertram horizontal boring- 
machine, and others. Ab first sight the latter machine 
appears extremely clumsy and heavy for such work, but 
such has not actually proved to be the caee. The rigidity 
of the machine and the abundance of driving power make 
up for a great amount of inconvenience, and what was at 
first a mere attempt to get something out of the machine, 
and to keep it going, has proved it to be one of the best 
single spindles on the job, an output of 90 shells being 
obtained per eleven hours. 

The multiple-spindle drill, while being a very satis- 
factory machine in point of simplicity of operation and 
ae ma of output, cannot ily arranged to do the 

acing of the end; this, however, is done on a small 

machine, not large enough to do the boring. The boring- 
tools used consist of two solid bars, equipped with flat- 
formed cutters, one for roughing and one for finishing. 
These cutters or bits possess the advantage of being 
easily made in numbers, and dull cutters can be quickly 
replaced by sharp ones without materially interfering 
with the progress of the work. Foote-Burt ine 
operates two roughing and two finishing-spindles con- 
tinuously, and is bandled by two men. 

The next operation is that of waving. This consists of 
turning in the bottom of the groove for the copper band 
a pair of inverted vees, to prevent the band from turni 
on the shell as it traverses the length of the gun, so call 
because the vees are cut, not on a flat, but on an undu- 
lating plane. The wavirg is accomplished by a square- 
meet tool with two vees of the correct dimensiens cut in 
the face of it. 

An interesting tool-making question here arises, as, in 
order that the angle of the vee be correct on the sloping 
the wave, the angle of the groove in the tool 
must be greater. The lateral oscillating motion is given 
to the tool by a face-cam fastened to the face-plate of the 
lathe. The work is done on two R. McDougall and two 
Bertram geared-head lathes, equi with special cen- 
tring a, which grip the work by the turned body. 
The cam-roller is fastened rigidly to the free ie ng 
and is held to the face of the cam by a suitable weight. 
After waving, the open ends are turned for heading on a 
small lathe by hand-feed, the purpose being simply to 
true up this part of the shell, and only enough is taken 
off to accomplish this. 

Heat Treatment.—The shells come to this department 

laced on end in large trays, open ends up, each tray 
folding 120. A boy now paints the bases and grooves 
of the shells with a mixture of whiting and alcohol, to 
prevent oxidation of the finished parts during heating, 
and returns them to the tray closed ends up. For heat- 
ing the shells, six lead baths are employed. the warming 
and final heating taking place in <——— baths. These 

ts are heated by oil-burners, and the temperature regu- 
tion is maintained by electric pyrometers. The work is 
heated for about half its length, and to accomplish this 
it is held in a vertical position by the circular cover-plate 
of the bath, which contains four suitable perforations to 
receive the shells, which are held down by a conveniently 
Pic action i plished by dipping in oil, th 
e ening is accom y dipping in oil, three 
tanks, approximately 4 ft. by 24 ty ft., being used. 
The dipping is done with the open of the shell enter- 
ing the oil at an angle of about 45 deg., and then quick] 
reversed, so that the base turns downwards. After chill- 
ing, the shells are inverted upon hooks placed at the back of 
the tank to drain, and are subsequently removed, cleaned, 
and tested for hardness. For this the well-known sclero- 
scope is used. The test must be applied at a specified 


Processes.—The next operation consists in 
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points in its circumference, A feature of the use of the 

for this work is the rapid wear of the bulbs. 
Unless the very best quality is obtained these wear out 
at the rate of about one per day. 

The next step in the process is gatiaties, the 
grooves and the inside or powder-chamber. is is 
accomplished by means of a very simple and most 
ingenious machine, devised and built by the Canadian 
Fairbanks-MorseCompany. The apparatus comprises four 
com ments, each just large enough to accommodate a 
shell, and is closed by a wooden door. The shell rests 
upon a pair of live rollers, so that it rotates continuously. 
One nozzle enters the open end, and directs its flow of 
sand at the internal surfaces to be cleaned, while another, 
in « vertical position, cleans the groove and its under- 
cutting. There are, of course, four pairs of nozzles, and 
the process is completed as fast as one manc n handle 
the shells. 

The forming of the nose is don6 on a heavy geared 
stamping and forming press. The furnaces used here are 
worthy of note. These are the usual oil-heated lead 
baths, covered with circular plates containing four open- 
ings to hold shells in the proper vertical position. The 

lates are connected to vertical spindles provided with 
oe arms at the top, so that, as a hot shell is removed 
and replaced by a cold one, gy ney be rotated 
a quarter turn, to bring a fresh, hot shell into position for 
the pressman. The shells after nosing are allowed to 
cool slowly. 

The final operation on the base of the shell consists of 
cleanivog and polishing on a rag-wheel to remove all signs 
of the heating operations. The machining of the nose 
constitutes another series of operations, the first of which 
is the rough turning of the outside. This is accomplished 
by means of a plate carrying a cam slot and attached 
rigidly to the bed of the machine. This slot effectively 

uides the cam-roller, which is rigidly connected to the 

the cross-slide, and thus restricts the motion of the 
tool, so as to give the correct contour to the shell-nose. 
The roller is held securely to the guiding face by 
vee and the feed of the tool is regulated by stops, a 
solid plate-gauge being used to test for size overall. The 
nose is bored in the same way, after grinding, with an 
ordinary diamond-point tool held in a short, stout boring- 
bar. The lathe-carriage is guided in a crosswise direction 
by means of a cam attached to the rear of the lathe-bed, 
as before. 

The finish facing and tapping are done by turret lathes, 
a solid tap being , which is backed out by reversing 
the lathe spindle. The shellsare now ready for grinding, 
for which three Norton grinders are used. The finishing 
of the shells by grinding is considered a success in every 
way by the management of this oe and they have 
deviated but little in their methods from standard prac- 
tice. 

The shells are centred by chucking at the rear end, and 
by means of a plug carrying the centre at the front end. 
The machine is traversed in the usual way in grinding 
the cylindrical part of the work, and a formed wheel is 
used only to finish the profile of the nose. Two plain 
grinders and one formed wheel grinder handle the output 
of the plant. The diamond problem is overcome by 
avoiding as much as possible wide-formed wheels, and 
the men in charge ex themselves as well satisfied 
with the results. Following the grinding, the inside 
of the nose is turned to size and the shells receive their 
preliminary shop inspection, in which particular atten- 
tion is given to the undercutting and waving in the 
groove for the band. After this the shells receive their 
first Government inspection, which follows somewhat 
similar lines to the shop inspection. 

Banding Operations.—The work in connection with the 
copper rotating band consists of a series of operations. 
The marking is done at this point upon a Holden-Morgan 
marking-machine, and the band is crimped in place by 
means of a hand-lever press, which sets 1t down into the 
groove at four points in the circumference. The banding- 

ress is of the hydraulic six-cylinder type, built by the 

anadian Fairbanks-Morse Company. successful has 
this press been that the company has undertaken its 
manufacture, and has sold a considerable number to other 
people en, in the shell business. The machine is 
operated by a belt-driven pump, and has a number of 
interesting features. The shell is placed, open end upper- 
most, upon a small plate at the centre, with the pistons 
working radially towards it, and the band is pressed 
home in two operations, between which the shell is given 
an eighth of a turn, so that the entire circumference is 
affected. The press is quick-acting, and the entire opera- 
tion requires less than one minute. ; 

The turning of the band is done on small lathes using 
flat formed tools. The main tool is situated on the car- 
riage in the usual place, while a smaller tool located in 
the centre of the carriage, so as to operate on the bottom 
of the work when the cross-feed is reversed, is used to 
turn the flat parts of the band. A brass plate, which 
acts as a rest for a hand tool, is now slipped over the 
main forming tool, and all burrs and ragged edges are 
removed from the turned bendin this way. 

Assembly.—The case of the shrapnel may now be con- 
sidered finished and only requires assembling with the 
interior parts. Those consist of the tin powder-cup, the 
diaphragm, a brass tube leading down through the 
centre and which screws into the diaphragm, the bullets 
and resin matrix, the cap and plug, and several bits of 
muslin, solder, &c. The first operation consistsof placin 
the tin powder-cup beneath the steel diaphragm whic 
was placed in the shell previous to the nosing o tion. 
The tubes are now screwed in place, and a felt plug upon 
the end of a wire is inserted to prevent all particles of 
material or foreign matter from entering the tube or the 
powder-case. This stopper remains in place until the 
completion of the assembly. 





The bullets are stocked above on the ery of the 
shop, and come down to a filling-trough by gravity 
through a tube in the same way that the diapbragm discs 
come down to the nosing-press. This saves a consider- 
able amount of floor-space at points in the plant which 
are of necessity very much ted. The spout delivers 
to a trough, at the end of which is a filling device especi- 
ally designed to deliver the bullets to the shell in a steady 
stream, rather than ina mass. It has been the experi- 
ence of the officials of this plant that this is a most im- 
portant point, as the space cannot dyad filled by 
the bullets if these be dumped in ily. 

To ensure the bullets being thoroughly packed, the 
shell rests during the prccess upon a vibrator-plate, which 
vibrator is very similar to that used on matched-plate 
moulding-machines. Short, rapid motion has been found 
to give better results than a longer and slower motion. 
The correct number of bullets is ascertained by weighing, 
after which the shells go to the resin-pots. The bullets 
are not heated, as is done in many plants, this being 
considered unnecessary if due care exercised in the 
pouring of the resin and in maintaining it at the proper 
gente. Experience and the making of sections of a 
number of finished shells have amply borne out this 
practice in a very satisfactory manner. 

After filling, the shells are again corrected for weight, 
and are ready for screwing in the sockets. For this 


purpose the case is firmly held in an upright position by P 


a ae vice operated by a lever andcam. The threads 
and seating parts of the socket are first luted with shellac, 
and then screwed home by means of a special ball-bearing 
driver and a large single-ended tap-wrench. The plug 
used for this purpose is a very simple and efficient affair. 
It consists of the squared shank, and a straight, threaded 
portion of the same diameter and pitch as the inside 
threaded part of the sockets. Upon the upper part of 
the thread are two hardened steel nuts fitted with grooves 
on their adjacent sides to form the raceway for a ball- 
bearing. The bottom nut seats aguinst the socket to be 
screwed in, and is jammed by the upper nut, on account 
of the much greater friction in the thread-bearing than in 
the ball-bearing. For the same reason, the backing of 
the wrench instantly releases the plug from the socket, 
from which it can be unscrewed by hand. 

The tube is soldered to the socket by means of a special 
copper formed in the shape of a ring of the = size, and 
provided with a groove on one side to allow the escape of 
air. The solder is used in the form of wire, which is first 
coiled and then cut into rings, no acid being permitted 
in the process. 

Finishing the outside of the socket in conformity with 
the genera! contour of the shell-nose is done on four small 
lathes meet with formed tools and steady-rests. 
These lathes remove all surplus solder, and in doing this 
perform the last manufacturing operation upon the shells. 
The latter now receive their final shop inspection, and 
are d on to the officials of the Government for their 
fin uging and inspection. Upon their being passed, 
and the receipt of favourable report from the firing test, 
the shells are painted to prevent deterioration by weather 
conditions, 

Tests.—At the preliminary inspection two shells 
are chosen from each series of 120, one of which is 
prepared and sent to the arsenal for the firing proof, 
= a the —— a — is cut out, ” designated 

y the inspector, for the preparation of a specimen 
for the tensile test of the steel. The shells are painted 
on a& very ingenious machine designed and built by the 
Canadian Fairbanks-Morse Company. This machine, 
like the banding-press, is being constructed in num- 
bers and sold to other shell manufacturers. It con- 
tains six vertical spindles, spaced evenly about a fiat 
circular table. These spindles are kept in constant rota- 
tion atas of about 250 revolutions per minute by a 
motor at the base, which receives its current through 
a lamp-socket from the ceiling. The shells are placed in 
an inverted position -—e the upper ends of the spindles, 
the friction being amply sufficient to drive them with the 
necessary force. The painting is done with a flat pad 
from paint receptacles conveniently attached to the 
machine. The table revolves upon ball-bearings, and the 
whole is on wheels, so that it can be readily moved to 
the work. The time required for the painting is one 
minute per shell for the three coats, as specified by the 
Government. 

The shells are removed from the machine with a special 
holder that grips them by the copper band, and are od gem 
in racks to dry. After the painting is completed, the 
shells are finally inspected and packed in wooden cases 
holding six each. These are loaded upon an industrial 
railway car and taken to the ae department, 
whence, after inspection of the cases, they are loaded into 
railway cars two tiers high, and start upon their long 
journey to France, and after loading with the powder 
charge and primer, to the battle-fields. 

System a Factor.—The most striking point in connec- 
tion with this plant is the evident perfection of the 
ae employed. From the moment the forgings reach 
the plant, not a backward movement is made. The flow 
of shells through the plant is smooth and uninterrupted. 
and at no point do the streams cross over. The result of 
this is evident. Foremen and superintendents are con- 
spicuous by their absence in the shop and are to be found 
in the office attending to business. 

The transfer truck and pyramid system is used almost 
entirely, and the shells are unloaded upon the floor only 
where absolutely necessary. Another striking feature is 
the utilisation of all the machinery of the plant, both 
great and small, the devices to this end being in many 
cases original. 

The company has bought little, if any, outside machi- 
nery. On the contrary, the special machines required 
have been designed and built within the plant, and many 





have been sold to outsiders. The co-operation of Cana- 
dian manufacturers in assisting each other in this and 
in other ways has not only been the surprise of the 
business to foreign companies, but has been, perhaps, the 
greatest factor in the successful handling of this great 
work by Canadian financiers and manufacturers. 





THE ROYAL METEOROLOGICAL SOCIETY. 
AT the meeting of the Royal Meteorological Society on 
Wednesday afternoon, the 16th inst., held at 70, Victoria- 
street, Professor H. H. Turner, F.R.S., gave an account 
of an investigation _ which he has been engaged for 
some years, and which has recently assumed a new 
character, in which it promises results of immediate 
interest to meteorologists. He finds that meteorological 
history is divided into “‘chapters,” averaging 64 years 
long, with abrupt changes (or “discontinuities,” as he 
calls them) between. The dates of changeare apparently 
settled by the movement of the earth’s axis. They 
oscillate about mean positions in a cycle of 40.5 years, 
which appears in Briickner’s collected **cold winters” for 
800 years; in Nile flood records for 1000 years ; and in 
measures of Oalifornian tree-rings for 520 years. The 
chapters are alternately hot and cold, wet and dry, as 
shown by rainfall and temperature records at Greenwich, 
‘adua, and Adelaide. 
Mr. O. Harding, F.R. Met. Soc., also read a paper on 
** Battle Weather in Western Ewrope, Nine Months, August, 
1914, to April, 1915,” in which he briefly described the 
weather conditions bordering on the battle area of the 
Western Front. At the commencement of the war 
generally bright and dry weather prevailed, with occa- 
sional short spells of rain, but from mid-October to the 
end of February rainy and rough weather continued with 
but little cessation. Taking widely-distributed stations 
over the British Isles, it was shown that the rainfall for 
the nine months in the north and west was below the 
average, but in the south and south-east it greatly 
exceeded the normal. With the Western Continental 
stations the rainfall for the same period was everywhere 
excessive. The author says: ‘‘ It is not suggested that 
in the recent wet weather the rainy conditions have 
been generated by gun-firing, but it seems quite possible 
that at times, when the conditions are favourable to 
rain, the rains have been augmented or accelerated by 
the concussion initiated over the battle-grounds,” 





Contracts.—The Manchester Corporation has placed 
an order with Messrs. Ed. Bennis and Co., Limited, 
Little Hulton, Bolton, and 28, Victoria-street, S.W., for 
four complete chain-grate stukeis, each 8 ft. by 14 ft., for 
the new Babcock and Wilcox boilers recently installed in 
the electricity station.—Messrs. Blackstone and Co., 
Limited, of Stamford, and 81, Cannon-street, London, 
E.C., inform us that they have been awarded the con- 
tract for the machinery for the new pumping-station at 
Portishead Dock, Bristol. The plant includes two of 
their 120 - brake - horse-power, type K.C.G.T., crude-oil 
engines, to work on heavy Mexican fuel, two 24-in. 
centrifugal pumps, sluice-valves, piping, &c. 





Coat Suppiigs.—A deputation representing the gas 
and electrical interests attended at the House of Commons 
on the 9th inst., and laid before a meeting consisting of 
about two hundred Members of Parliament the serious 
difficulties which they were experiencing owing to the 
shortage of coal. The speakers were :—Sir Corbet 
Woodall ; Sir John Snell; Alderman Kay, of the Man- 
chester Corporation Gas Committee; Mr. F. Bailey; 
Dr. Charles Carpenter, Chairman of the South Metro- 
— Gas Company; Bailie Irwin, of the Glasgow 

rporation Gas Committee; and Bailie W. B. Smith, 
of the Electricity Committee, Glasgow Corporation. 
Attention was drawn to the seriousness of the shortage 
of coal. This shortage was due to several causes, among 
which was enlistment of a large number of miners, and 
the consequent limitation of output. To meet this, 
further effort was necessary on the part of the miners and 
coalowners, which nine be stimulated by some limita- 
tion of the prices to be charged for coal. In addition, it 
was pointed out that a large proportion of coal was sent 
abroad. The question of the all-round necessity and 
utility of gas and electricity was urged atlength. Various 
means of improving matters were suggested, amongst 
which were mentioned a limitation of further recruiting 
of miners, @ suspension of the operation of the Eight 
Hours Day Act in respect of collieries in order to increase 
the actual output of coal, the fixing of a maximum rate of 
freight for all interned vessels, further facilities generally 
for the transport of coal, and a continued limitation of 
the export of coal. Finally, it was urged that if honour- 
able members representing mining districts could induce 
their constituents to work full time, a large part of the 
difficulty of shortage would be overcome. The matter 
was carried further by a meeting of the Members of 
Parliament concerned, which was held on the 15th inst. 
Asa result, twelve Members were elected to confer on 
the matter and make recommendations, which it is hoped 
may be placed before a further meeting to be held at the 
House of Commons on the 22nd inst. The twelve 
Members elected were as follow :—Representing col- 
liery proprietors—Sir Arthur Markbam, Sir Alexander 
Henderson, and the Hon. H. D. MacLaren ;_represent- 
ing shipowners—Sir Walter Runciman, Mr. R. D. Holt, 
and Mr. R. P. Houston; representing workmen—the 
Right Hon. Charles Fenwick, Mr. T. Richards, and Mr. 
B. Kenyon; representing consumers of coal—Mr. W. 
Joynson Hicks, Sir Daniel .Ford Goddard, and Sir 
Corbet Woodall. 
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BREECH-BOLTS. 
Tue illustration below shows a 


tion, the work being clam 
table and fed up to the drill, three rates 
which is bored to Morse taper No. 2. 

~~ itself runs in ball-bearings of am 


ing arrangement is fitted. 


HORIZONTAL DRILL FOR RIFLE 


special horizontal 
machine for boring rifle breech-bolts and for chamfer- 
ing rifle receivers, &c. It is of very simple construc- 
in special jigs to the 


provided. The drill is fitted in the nose of the spindle, 


of feed being 
The thrust of 











There is a tripping arrangement which comes into 
action when the hole is drilled to the required depth. 
feed out of action, and 
returns the table quickly to its original 
this device one man may operate a batch of machines 
without risk of spoiling the work. Ample lubrication 
pump and piping. 
waste oil is caught in a trough cast in the 
then passed through a sieve to clear it of cuttings and 
dirt. The maximum distance from the centre of the 
ndle to the top of the table is 24 in., 


This throws the self-acting 


is provided by means of a 


spi 

of the bed 54 in. 
table is 10 in., and its workin 
The makers are Messrs. Wi 
Halifax. 
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THE PHYSICAL SOCIETY OF 





on May 28, at King’s College, Strand 
M.A., Vice-President, in the chair, 


It has been pointed out by Jeans tha 


charge. Lewis and Adams have 
batween these quantities of the form 


3 8 4 

ch= S "(4 3e)?. 
/ 16 
This may be written 
Qa et _ (15/n2)8 _ 
he (47)? 

where q is 7.28077 x 10-%. 
constant is £ = 5.30096 x 10-5. 


electron in 
9p x 10-8, 





The 


The occurrence of powers of 10 in these 
units of length, mass, and 
exp in te 


ressed ~~ 
of 10, p and x. e 
af ne pd 10 p. 


simple integers (2, 
“atomic mass of 


curious that the value of ¢ and ¢/m shou! 
lowed more or less directly from them. 


tionships. [¢ was onl 
sought for that it p+ | 
thing bnt coincidental. 


which had to be adopted was p gram. 
_ Professor Zeleny emphasised the im 
ing for the physical significance at 
tionships, 








The longitudinal traverse of the 
surface 10 in. by 8 in. 
iam Asquith, Limited, 


AT the meeting of the Physical Society of London, held 
. Dr. A. Russell, 


Numerical Relationships between Electronic 
Constants ” was read by Dr. H. S. Allen, M. 


Planck’s constant and ¢ is the velocity of light, has the 
same physical dimensions as the square of an electric 


The square of this numerical 


S.U. is found to be, within 0. 
The ratio e/m of the charge to the mass is 
found to be p x 10%, with the same order of accuracy. 


be accidental or may depend on the way in which the 
: time were originally defined. 
Derived quantities, depending on ¢, m, and c, can be 


scussion.—Professor O. W. Richardson said it was 


simple multiples of the quantity p. These two quantities 
were the key to the situation, as the other relations fol- 


Mr. 8. D. Chalmers said it was possible almost with 
any set of quantities to obtain striking numerical rela- 
when a physical significance was 
be seen whether they were any- 


Dr. W. Wilson said that if the units of mass, length, 
temperature difference, &c, were se chosen as to make 
the universal constants such as Planck’s h, the gravita- 
tion constant, &c., each equal to unity, the unit of mass 





ition. By 


The 
, and is 


and to the top 


LONDON. 


a paper ‘ On 
and Atomic 

A. 

thc, where h is 


a relation 


chai 


eé on an 
per cent., 


expressions may 


3, or 4), powers 
an electron” is 


ld happen to be 


of search- 
to these rela- 


C 

= h libera 
rough a gas is to li te 
number of electrons emitted by any atom in a beam of 
ae i 
t 


numbers of atoms of different elements, when subjected 
tosimilar X-ray beams, will liberate amounts of electronic 
; radiation proportional to the fourth powers of the atomic 
the cut is taken on a ball-thrust —— a4 the | wei 
ple size. 

i fast-and-loose pulleys, and a belt-shift- | amounts of electronic radiation liberated, and, therefore, 
—_- iit the absorptions of two elements, when equal numbers of 
atoms are present, will be proportional to the fourth 
powers of their atomic weights. 


element, if it could be obtained as a monatomic vapour at 
76 cm., can be expressed as 1.05 x 10° x (atomic weight)‘, 
taking the corpuscular radiation in air as unity. The 
absorption coefficient of such a vapour would, therefore, 


A paper “‘ Ona Method of Calculating the Absorption 
‘oefficients of Homogeneous X-Radiation” was read by 
. H. Moore. The action of X-radiation when passing 

electrons from the gas. The 
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is proportional to the fourth — of its atomic 
(or possibly its atomic number). (Moore, Pro- 
ings of the Royal Society, May, 1915.) Thus, equal 


hts of the elements. 


The absorption coefficients are proportional to the 


The corpuscular radiation liberated in the vapour of an 


be this number of times the coefficient of absorption of 
air for the same type of X-radiation. The absorption 
of any element is proportional to the number of atoms 
present, and having calculated the absorption in a hypo- 
thetical vapour of this type, the absorption in the same 
element in any condition can be calculated by a simple 
density law. 

This is done in the paper for several elements (metals), 
and also, assuming an additive law, it has been calculated 
for some compounds. The agreement between the calcu- 
lated values and the values obtained by different observers 
by direct experiment is quite close over a considerable 
range of radiations and absorbers. When, however, the 
atomic weight of the absorber is higher than that of the 
radiator, so that the K series is absent from any secondary 
radiation excited in the absorber, the agreement cases. 
A possib’e explanation of this is suggested in the paper. 
Discussion.—Protessor O. W. Richardson thought the 
paper made a considerable sddition to our knowledge of 
the process of ionisation by X rays. The primary rays in 
being absorbed produce some ionisation, and, in addi- 
tion, excite secondary radiation, which in turn produces 
more ions. The paper helps to make clear the part 
played by these two causes in the production of the total 
lonisation 

Dr. S. Rass felt that the paper conveyed the impres- 
sion that one would find in practice the same value for 
the absorption coefficient as obtained by calculation. 
The phenomenon of selective ab:orption must surely set 
severe limits to the range of wave-length over which these 
relations hold. This range should be specified. How 
would the author calculate the absorption coefficients 
for, say, aluminium and water? If there were no selec- 
tive a ption \/p should be constant, but he had 
recently found it to vary over a wide range. 

Professor Nicholson said the results were of interest to 
those engaged in the attempt to construct models of 
atoms and molecules. The phenomena appeared to be 
atomic in nature, thus bearing out the idea brought for- 
ward by Bragg, that the atom rves its identity in the 
molecule. In connection with the law connecting the 
absorption with the fourth power of the atomic weight, it 
would be interesting to know whether it was really the 
atomic weight or the atomic number that should be 
employed. 

The author replied as follows:—The formula should 
only be used where all the types of radiation excited in 
air are also exci in the material. He had had con- 
siderable trouble in getting reliable coefficients, ome to 
the large and uncertain scattering corrections which had 
to be applied. In one cass he believed an observed value 
of 0.42 had to he corrected to 0.2 or less. He had calcu- 
lated some coeffic’ents for gases, and with SO, the agree- 
ment was as good as for solids. It should be possible to 
calculate the true absorption coefficient for water and 
aluminium, but he could not say how near these would 
be to values actually determined, on account of the un- 
certain scattering. He had experiments in progress 
which should determine whether the atomic weight or the 
atomic number was the significant quantity. 

Two ~~ Tilustrating Novel Properties of the 
Electron Currents from Hot Metals were shown by 
Professor O. W. Richardson, M.A., D.Sc., F.RS. The 
first experiment demonstrates the cooling of a tungsten 
filament when an electron current is allowed to flow from 
its surface. This effect is analogous to the cooling due to 
latent heat when a liquid evaporates, or to the similar 
phenomenon due to the heat of reaction when a gas is 
emitted by chemical decomposition of a solid. 

An experimental lamp containing a fine filament of 
double tungsten is placed in one arm of a balanced 
Wheatastone bridge actuated by the current which heats 
the wire. When the electron current is allowed to flow, 
by completing a side circuit from an electrode inside the 
lamp to a point in the adjacent arm of the bridge, the 
galvanometer is deflected in a direction which corresponds 
to a reduction of the resistance (and temperature) of the 
hot filament. The precautions necessary to eliminate 
fully disturbances due to various subsidiary phenomena 
are considered in papers by Mr. H. L. Cooke and the 
sperker in the Philosophical Magazine. vol. xxv., page 624, 
1913, and ibid., vol. xxvi., page 472, 1913. 

The second experiment, in which a similar experi- 
mental lamp is used, demonstrates the flow of electron 
currents from a hot filament to a surrounding cylinder 
against various opposing potential differences up to about 
1 volt. On account of the large currents from tungsten 
this effect can easily be shown on a galvanometer. The 
data can be used to find the velocities of the emitted 
electrons (cf. the Philosovhica’ Maoazine, vol. xvi., 





page 353 ; vol. xvii., page 890; vol. xviii., page 681). 








bility in 
1 


creasing 
— 
netic force might also have a polarising influence u 
exposed iron, and an effort has been onthe to semove 10 
by Placing the specimen in a magnetic shield, and care- 
ully 
to small 
siderab’ 
After 


this case is not shielded, 
force during the time that it is 
the temperature of recalescence. Either with an alter- 
natingt or steady} magnetic force a maximum value of 


A short account of recent experiments on high permea- 

iron was given by Professor Ernest Wilson. 

iron is subjected to a strong tic force 

t has the effect of reducing the permeability and in- 
theh is loss for given values of the magnetic 

effect can be largely removed by careful 


C) etisation. It was thought that the 3 mag- 


tising it.* The eability correspondi' 
alues of the tic induction is thereby com 
ly increased, and the hysteresis loss diminished. 
a long period of rest in the shield the permea- 


bility has somewhat diminished, and on taking the speci- 
men out of the shield it maintains its high value. 


2. Next, as ie J — © specimen in 
ut is subjected to a ss i 
i lowed to cool throug 


the permeability of over 10,000 is obtained. 

In these experiments the material has been tested on 
the form of laminated squares or nS With straight 
strips, 8 cm. long, 1.5 cm. wide, and 0. om. thick, built 
into the form of test-pieces, the effect, though produced, 
could not be maintained, and the specimen with ordinary 
handling was reduced to the normal state. 

An Experiment Showing the Difference in Width of 
the Spectrum Lines of Neon and Hydrogen was shown 
by Mr. T. R. Merton. 

For accurate measurements of the widths of spectrum 
lines an interference method must be employed, in which 
the optical difference of path between the interfering 
beams can be varied, the widths being calculated from the 
limiting difference of path at which interference fri 
can be seen. By “crossing” a Fabry and Perot etalon 
with a single-prism spectroscope, it is possible to dis- 
criminate between lines arising from different elements, 
wy the “‘ visibility of the fringes.” In the experiment 
shown, @ vacuum-tube containing neon and hydrogen is 
pone in  - oe. The acon, a hae narrow, 
show interference fringes, but for the hydrogen lines, 
which are broader, the limiting order at which inter- 
ference can he seen is too low for fringes to be visible. 

Mr. R. 8. byl on expreseed the thanks of the Society 
to Professors Richarde-n and Nicholson for their kind 
invitation to King’s College, and for the interesting and 
instructive pr: gramme which submitted. 

Nore.—On account of the lateness of the hour, the 
Chairman did not invite discussion on the last three 
papers. 





Geeman Katt Inpustry.—At the general meeting of 
the Ronnenberg Alkali Company, a fairly good-sized con- 
cern, the board stated that they hoped the company would 
get satisfactorily through the crisis. The shortage in the 
sales, owing to the war, amounted to two million marks. 
Questioned about the kali monopoly, the opinion was 


expressed that such monopoly could hardly thought 
possible, the potash industry depending u export to all 
countries. At the meetings of the Riedel and Hildesia 


concerns, which belong to the Ronnenberg Company, it 
was stated that whether the export business should be 
made free depended upon the duration of the war. For 
the free coasts of America, the price per wagon had risen 
from 40 dols. to 200 dols. An increased home demand 
was anticipated. The sale of 40 cent. manure pro- 
ducts showed no decrease, whilst that of other products 
had diminished by 800,000,000 kg. 





Trauian INDUSTRIES AND THE War.—The iron and 
metal industry of Italy, as well as several branches of 
the country’s chemi ——- have shown a marked 
progress during recent years, but the Italian industry, 
and none perhaps more so than the one interested in the 
manufacture of ammunition and other war material, is 
still to a considerable extent dependent upon the supply 
from foreign countries, both as regards raw materials and 
half-finished goods. The Italian iron industry does not 
only import iron ore, but is, to a much higher degree, 
bound to rely upon imports from abroad of pig iron and 
steel ; the production of foundry iron has ak recently 
attained to any importance in the country, the increased 
consumption having brought about great improvements 
in old, out-of-date plant and the erection of larger works 
in Piombino, Porto Ferrajo, and Bagnoli, but the home 
production covers only half of the country’s require- 
ments. In the same way Italy’s chemical industry ia 
greatly dependent upon foreign supplies, and that not 

yas is dyes and artificial manure. Her im 
of sulphate of ammonium, sulphate of potash, blue 
vitriol soda are very considerable. manufac- 
ture of nitric acid and sulphuric acid has grown materially 
of late years, as has also that of explosives, but there 
does not appear to be any surplus production of much 
importance. The number of factories which under State 
control are in manufacture of powder and 
explosives, according to the most recent statistics, 
amounts to 711, mostly small concerns, with an aggre- 

te production of 5,350,200 kg. per annum. One of the 
largest factories in this connection is the Societa 
Italiana Prodotti Explosivi, which, however, only has a 
paid-up capital of 2,000,000 lire. 


—eeetings of the Royal Society, A, vol. x0., 1914, 
page 179. 
ue , ape Review, Second Series, April, 1913, vol. i., 
°. 





t Proveedi of the Royal pony Ol A., vol, xe., 
page sem also Proceedings of the Royal Society, vol. xci., 
page 
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LARGE BLAST-FURNACE GAS-ENGINES. 
Recent Progress in the Design of Large Blast-Furnace 
Gas- Engines, with Special Reference to Belgian Practice.* 
By Professor H. Hupzart (Liége University). 
(Concluded from page 666.) 

Browne: Enarnegs have far more difficult and exacting 
conditions to comply with as regards rates of speed, 
and, up to the present, they had not been successfully 
made to vary within the wide limits required in blast- 
furnace and steel works practice. The engineers of the 
Cockerill Company have solved the problem by means of 
a new system of governing, which, owing just to its excep- 
tional application to the engines required in metallurgical 
operations, appears to me to deserve more than passing 
reference (Fig. 9). 





Fig.9 


---2----- 
‘ 


In this method of grains. illustrated diagram- 
matically in Figs. 10 and 11, the governor-ball is fixed at 
the end of the bell-crank lever jointed at the apex of the 
angle, the other end of which acts, by means of a con- 
necting-link, on the sleeve controlling the motion of the 
cam actuating the trip-gear. This sleeve acts upon a 
spring. The point at which the lever is jointed can, how- 
ever, be p . if desired, nearer or f r from the axis. 
To do this the point is carried by two connecting-links, 
one of which is attached to a disc, to which the rotary 
movement of the engine is transmitted by means of bevel 
gearing, while the other is jointed to an upper cross- 
piece carrying the Sa ie bend Steel allows 
this cross-piece to be lowered, :.nd thus to vary the tension 
of the spring, and therefore the distance from the axis to 
the extreme centre of the swing of the ball. Finally. 
the axis of the governor carries two other springs, inside 
the former and shorter than it, which successively come 
into play when the alteration in the shape of the jointed 
polygon exceeds a given limit. Fig. 10 shows the forms 
that the polygon may assume, and, for each of them, the 
extreme positions of the sleeve and of the ball. Fig. 11 
gives a di of the governing, plouted by the well- 

nown method of taking as ordinates the height of the 
sleeve above its lowest position, and, as absci the 
corresponding rate of equilibrium of the governor, re- 


= Paper read before the Iron and Steel Institute, 
May 13, 1915. 





as a tachymeter. The four curves 


garded correspond 
with the four positions shown in Fig. 10. It will be seen | tightened up 
may be adjusted as required to 64, | cased 


that the mean speed 


this telescopic pies is readily accessible, and can be easily 
I uring working. Further, the joints are 
in, so that any leakage of water can be drained off 


101, 136 and 171 revolutions per minute, and that in these | without coming in contact with the bed-plate. Proper 


conditions the speed 


of the mean speed. This system, as applied b 


of the engine may be varied, by | packing becomes im ible when water gets access to the 
governing, within 50, 24, 16 and 11 per cent. respectively eg mer systems pie 
oO 


ed by many builders. In the case 
leakage, piston- unfortunately receive splashes, 


Cockerill Company to its engines, confers upon them a | which interfere with the lubrication. The cooling of the 
jee J remarkable degree of simplicity, and works abso- | exhaust-valves, which is so important in the prevention of 
te! 


y satisfactorily. 
and steady running of the engine, has been t ec 


premature ignition, is carried out by means of a stream 


The ignition, which isso essential to the uae rene | of water, which enters and leaves “4 armoured india- 
e object 
only 


special care. It has been considered advisable, not 


rubber Foe. Gate connected wit 
eans t 


fixed pi B 
this m losses are prevented which foie: place 


to secure ignition, but likewise to avoid unequal stresses | when the movable inlet and outlet nozzles fixed to the 
in different parts of the piston, to effect ignition in large ends of the spindles of the exhaust-valves are connected 


engines using lean 








at two points symmetrically | with fixed piping by means of packing. The cooling by 


gases, 
in relation to the axis of the cylinder. The Cockerill | the circulation of water under pressure has been extended 


/ 



















Company therefore furnishes each of the double-acting 
cylinder covers with two potential high-induction spark- 
igniters, an arrangement which acts better than a low- 
potential contact-breaker. On the other hand, to free 
the engine from all dependence on any outside source of 
electricity, the Oockerill Company, in contradistinc- 
tion with many other builders, employs high-potential 
eee. which are more expensive, but more certain 
in their action, than accumulators. 

Lubrication has also been studied with care. All the 
moving parts—that is to say, the pistons, the cross-heads 
and crank-pins, the guides, and the two main bearings— 
are lubricated under pressure. But, whereas in many other 
systems the oil-pump forces the lubricant into a constant- 
pressure reservoir, from which it =. by vity, on 
to the parts to be lubricated, the kerill Company 
furnishes its 3 with two plunger-piston b peed 
either of which would suffice to ensure service, and which 
force the oil directly on to the parts. Lubrication is 
thus secured in spite of any obstruction in the ducts, 
and becomes increased in proportion as the speed in- 


creases. The excess oil, before returning purified to the | 


pumps, circulates through a little tubular cooler similar 
to a surface condenser. Cooling, which plays so im- 
paeehe oe heen the object of no 
care. The introduction of water into - 
rods is effected by means of a unique form of telescope 
pipe, which does “eS all joints and diminishes 
chance of leakage. packing of the hollow stem of 


in the Cockerill engines to the cross-head guides and to 
the brasses of the bearings, which are cored out. By 
these means the chances of the heating of important parts 
are reduced to a minimum. . 

In conclusion, it may be said that starting is effected 
by means of compressed air, and that a special mecha- 
nism enables the starting valves to be actuated by a single 
hand-wheel during the different phases of the operation, 
that is to say, the adjustment of the engine, its starting 


Fig. tt. 
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Fig. 12. 


proper, and its normal running. This constitutes the 
remarkable group of well-thought-out characteristics 
arrived at by the engineers of the Cockerill Company, 
which render its latest machines models of simplicity and 
steadiness. Whereas in other systems there may be seen, 
whenever the gas supply varies, an engineer uneasily 
manceuvring the air and gas-valves in order to restore 
the mixture and to prevent misfires, the driver 
in the ill engine does not touch the valves. The 
engine takes its full charge or a reduced charge, or even 
works on a vacuum without occasioning any wear; the 
governing and the distribution suffice automatically to 
maintain the best running conditions. a 

I will conclude this description by giving the cipal 
dimensions of the different models from which the latest 
tvpes of the Cockerill Companv’s engine are built :— 





Effective horse-power— 
Two cylinders .. .. | 960 1250) 1600/2000 2400/2825 |3400 | 3200 
Four . 2000 2500/8800| 4130) 5000) 5650|7000/8000 


. =; (9080) | 
Average numberof revo-) | 15) 197) 107| 100 100 94| 94! 90 
1 











lutions per minute 
iameter of pistons— | 


‘ wl we 9001000 1100) 1200) 1802/140¢ 














. li 
In inches .. ee .. | 27.6) 81.5) 85.4) 89.4) 48.3) 47.2) 51.1/ 55.1 
Stroke of pistons— 
In millimetres .. - - |1200) 1800/1800) 1 1400) 1600/1500) 1600 
In inches .. ow es | 47.2) 51.1 51.1) 65.1) 55.1) 69.0) 59.0) 63.0 








ee 
It was the last type but one, of 7000 effective horse- 
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er Sed pcan Meme atk b oa 
cen power- engine, w is 

ably the most powerful gas-engine in the world, weighs, 
without its connections and the electric dynamo, 750 tons, 
or about 109 kg. per effective horse-power. The double 
crank-shaft, which was shown at the Ghent Exhibition, 
weighs 75 tons. Itis in three piecss, the straight central 
portion being 1 metre in diameter, with two cranks f 
together, with their sockets shrunk on while hot to the 
two ends of the shafts. 

The gas consumption guaranteed by the Cockerill 
Company for this of motor corresponds to 7580 
B.Th.U. (1910 calories) per indicated horse-power hour, 
and to 8530 B.Tb.U). (2150 calories) per effective horse- 
power hour. The mechanical efficiency is about 89 per 
cent. 

The consumption of water for cooling and of oil for 
lubrication are ively 50 litres (11 gallons) and 
1.1 gramme (17 grains) ner effective horse-power hour. 
It is interesting to note that in the earlier experiments 
carried out by Mr. Witz and myself on the 200-horse- 
power engine the gas consumption rose to 3260 calories, 
the consumption of water to 100 litres, and that of oil to 
18 grammes per — tee O00 weighed =~ ~ 
horse-power engine of the year tons, 0! 
which 33 tons belonged to the fly-wheel. This gives to 
the engine itself a weight ing to 210 kg. per 
horse-power. These figures us to estimate the 
progress which has been made, both in regard to the 
power of the engines and in economy of construction and 
working. 

Having thus described the progress and development 
of large gas-engines on the Continent, it would be not 
uninteresting briefly to refer to what has been done else- 
where. I have already mentioned that, after having 
hesitated somewhat to follow Kuropean engineering prac- 
tice, American  geoges boldly entered the field, and 
have attained, both as regards numbers and power 
their engines, an honourable position. It is, therefore, 
nov without some surprise that we see Great Britain, 
which was the first country to use blast-furnace gas 
direct, and which possesses numerous highly skilled 
engineers, hesitating to embark on this industry. If part 
of this hesitancy be ascribed to the conservatism of the 
British race, it is probably no less true that the low cost of 
fuel, which enables metallurgists to produce metal cheaply, 
nartially explains this indifference as well. Several large 
firms have. nevertheless, taken up the manufacture of 
Continental types of engines, for which they have 
acquired licenses, and have in some instances introduced 
interestir¢ modifications. I may cite, in this connection, 
Messrs. Richardsons, Westgarth and Co., Limited, who 
build Cockerill engines; Messrs. Galloway, Limited, 
who built Ebrhard and Sehmer engines ; Lilleshall 
Company, Limited, who build Nuremberg engines ; and 
as regards two-cycle engines, Messrs. Mather and Platt, 
Limited, and Messrs. illiam more and be 
Limited, who build Kéerting and Oechelhauser engines. 
So far as the latter are concerned, it may be recalled 
that, in 1906, Mr. Reinhardt, in his paper, discussed 
length the question of the relative advantages of four- 


cycle and two-cycle engines, and declared himself unable 


to come to a final decision respecting them. Although 
large and powerful two-cycle engines are still being built, 
it —_ me that the aes a — four- 
cycle double-acting engines, arra: in single or in 
double tandem. The eminent British ineer, Mr. 
Dugald Clerk, who certainly cannot be taxed with par- 
tiality, seeing that he is, to a certain extent, the father of 
the two-cycle engine, points out, not without surprise, 
in his recent treatise, published in 1913, that two-cycle 
engines are somewhat heavier than four-cycle double- 
acting engines. 

To revert-to the gas-engines built in Great Britain, it 


may be pointed out that of recent years the principal | th 


firms who adopt their own special type—such as Messrs. 
Crossley Brothers, Limited, the Premier Gas-Engine 
Company, Limited, the National Gas- Engine Com- 
pany, Limited, the Campbell Gas-Engine Company, 
Limited. Messrs. Richard Hornshy and Son, Limited, 
Messrs. Tangyes, Limited, Messrs. Fielding and Platt, 
Limited, Messrs. Willans and Robinson, Limited, and 
others—have built engines of ever-increasing power, 
although never apparently equal in size to those of the 
Cockerill Company, and adhering for the most part to 
engines supplied with producer-gas. 
_ Reference should, however, he made to an original and 
interesting attempt to solve the problem of the building 


of Jarge on lines ot than those followed 
by Continental engineers. I refer to the vertical multi- | hb 
cylinder high-s engines built more 


especially by the 
ritish Westinghouse and by the National Gas-Engine 
Companies. These engines are composed of units com- 
pounded together and comprising each two vertical 
single-acting four-cycle cylinders, the pistons of which 
are mounted on the same rod. Each of the units drives 
a crank of the engine-shaft. The development of power 
is obtained by increasing the number of units, each of 
which usually develops 250 horse-power. The National 
Gas-Engine Company have attained by this system an 
output of 1500 horse-power, by employing six units, and 
consequently twelve cylinders. engines make 
200 to 300 revolutions per minute. It follows from 
this, and from the multiplication of the cylinders, that 
the dimensions of the latter have been able to be 
considerably diminished, so that it has been possible to 
ispense with the water-cooled piston, and to diminish 
the weight of the engines, and also, to a noticeable pro- 
portion, the area required. According to Mr. 
Clerk, the weight per effective horse- of 
engines is but about one-half that of Lacge boriscntal 
d uble-acting two.cylinder tandem engines. They there- 
fore constitute serious competitors of the latter so long as 
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the power does not exceed 2000 horse- 
would need twelve 26-in. cylinders, and 
would be extreme. 


, as this 
complication 


of these vertical engines allows of their bei 
drive rotary pectin (turbo-blowers) direct, and 
and exceedingly compact groups. 

I may mention an interesting attempt of this yg 
which was made by Mr. Hill on the furnaces the 
Midland Coal, Coke, and Iron be near New- 
castle-under-Lyme. A vertical -—_ of 375 kilowatts, 
comprising three sets of two cylinders, built by the 
National Gas-Engine Company, drives direct a 
blowing-engine developing a pressure of 6 Ib. to 8 Ib. 
square inch. : 
Another eres of interest to note, as the appli- 
cation of t-furnace gases in large engines, is that of 
the cleaning of the gases. 


surmountable. At the present day, however, the problem 
The use of scrubbers of 
fans, of water injection, 
and, in 4 a e has — 
time past of the proportion of dust in gas 
as to 0.005 gramme per cubic metre. I should 
not have had to refer to this subject had I not wished 
to refer to a remarkable attempt to supply an alternative 
solution to the problem of the purification of the gee, 
which may, in some instances, prove queediog’y useful. 
I refer to the dry cleaning of the Halberg-Beth process. 
The British High-Power Company, Limited, who built 
this cleaner, have installed one at the works at New- 
castle-under-Lyme mentioned above. The process is too 
well known to need detailed description here. It may, 
however, be interesting to note that the plant, which 
is capable of cleaning 200,000 cub. ft. of gas per hour, 
only occupies an area of 550 eq. ft., and the power re- 
quired is only 20 ag oye : 
According to Mr. Hill’s estimates the cost of purifica- 
tion only amounts to 10/. weekly. The method is limited 
to cases in which the gas does not contain any con- 
densable tar. This is just the condition which blast- 
furnace gases 
find that dry cleaning will render valua 
iron and steel industries in many i 


economic utilisation of blast-furnace 
works. In —_ of the intense cold obtained by the circu- 
lation of cold water in the casing of the 


emerge from the cylinder at a high temperature, 
attains, and sometimes even exceeds, 500 di 
(930 deg. Fahr.). 1f the specific heat of this gas 


cub. m. of gas, requiring for further com 


the escaping gases may 
horse-power hour (2600 B.Th U.). . 

I think about three years ago this heat was entirely 
wasted. In : : 
intense vibrations which the gas, issuing violently into 


the main in the immediate neighbourhood of the outlet- 
valve. This water formed at the outlet of the chimney 
a cloud of steam, which was of a nature to deceive an 


to think of using the heat of this system, 


some experiments, commenced in 1909, they settled on 
arrangement shown in Fig. 12. Now this plant con- 
sists of the addition, to Decnginn, of boilers, each com- 
prising a horizontal tubular iler, surmounted by a 
vertical economiser, likewise tubular. The gas, on leaving 
the ine at 230 deg. Cent., enters the , and is 
bow Then g in the economiser to 110 deg. Cent., while the 
water is heated up from 8 deg. to 170 deg. Cent. The 
coil can be removed without stopping the working of the 
engine or of the boiler. The water finally passes into 
the latter, where it is converted into steam, to a pressure 
of 8 atmospheres (114 Ib. per sq. in.). 
At the present moment, four similar boilers have 
already been installed by the Cockerill Company for the 
utilisation of the heat of the gases esca from 
four engines, developing an te of brake 
orse- team is raised in the proportion of 0.875 kg. 
(1.93 lb.) per electrical horse-power of the engine, and 
supplies a turbine developing about 650 horse-power. 
These boilers recover 55 per cent. of the heat of the gases, 
and increase the thermal efficiency of the engines by 
about 13 per cent. These figures have been supplied by 
Mr. Leon Greiner, in a paper read by him before the 
Association des Ingenieurs de Liége. author calcu- 
lates that, with an installation of four blast-furnace gas- 
engines, developing 10.000 horse-power, and costing 
76,000/., the cost of installing these recovery appliances 
(boilers and turbine) would be 92001. Allowing that 
interest and annual redemption of capital should be taken 
at 13 per cent., and allowing 400/. as the annual cost for 
wages and maintenance, . Leon Greiner has shown 
that the saving effected by recovery would amount to 
about 3880/. per annum. 

If we assume that a thermal efficiency of 30 per cent. 
can be obtained in the gas-engine without difficulty, we 
find that the latest improvement which has just been de- 
scribed raises this efficiency to 35 per cent.; that is to say, 
just double that of a group consisting of high-class boilers 
and high-class steam-engines. ; 

Can any further progress be made? Let us consider 







be possible to extend the total efficiency to within 
neighbourhood of 50 
pressure, which, at she. 


feet =: hy periments of Prof H 

in connection the ex ts rofessor Hopkin- 
sop, of Cambridge. He, b 
water into the cylinder 
ceeded in rend 


neving 


comply with, and we may justly expect to 
e services to the 


nstances. 
In conclusion, I have only to refer to the most recent 
improvement which has been introduced as regards the 
ili It has been 
in use for some little time at several Belgian and British 


are. in the 
piston and its rod, and in the exhaust valves, the maces 
Cont 

. 


taken 
at about 0.25 and the horse-power consumption at 2.2 
tion 1.80 
cub. m. of air, the amount of heat which is carried off in 
i be estimated at 650 calories per 





order to reduce the strident noise of the 
the escapement fiue, produced. water was injected into 


un a as to the nature of the engine. It was 
na' erefore, 


instead of letting it escape into the atmosphere. This 
final stage was achieved by the Cockerill Company. After 





Se een, an dioonennd, in met vy and most p< 
t-book by an engineer greatly con- 
tributed to the of the tupevachcomvertion waotar 


—Mr. Dugald Clerk. He enunciates the view that ao 
cent. by raising the average 
present day, cannot, without 
ing inconveniences, exceed 70 lb. per sq. in. to 


occasion 
95 1b. or 100 lb. per sq. in., by the method of super-com- 
pressing 


the escaped gases. 
Mr. Dugald Clerk notes likewise the possibility of con- 
heat losses in the walls, and cites 


means of carefully injecting 

uring the com ion, suc- 

, ring unnecessary the oi ion of cold 

water in the cylinder and the piston, and of obviating, 

therefore, difficulties and inconveniences in the construc- 
gas-engines. 

improvements, and possibly ry 


the use of the combustion-turbine, will be 
the morrow. 


such as 
tasks of 
One of them I may, however, refer to as 
already been realised. In most of the ming 
blast-furnaces even where the improvements descri 

have been introduced, of the energy contained in 
the gases is still wasted. On Sundays and during holi- 
days, and sometimes even on ordinary week ni the 
works associated with blast-furnaces and coke-ovens, which 
ordinarily consume the energy obtained by the utilisation 
of the gases, either are not working or require but a 
small proportion of the energy availa It is therefore 
necessary to cease its production and allow the to 
escape partly into the as was formerly done. 
During this period steam-engines work in the central 
power-stations, and su current to certain works and 
to the tramways an ical railwa ucing 

0 at a greatly increased cost. To avoid is waste, 
district power-centres are being linked up. 

Such an installation already exists in Durham and 
Northumberland, and distributes over an area of 1370 
square miles the produced by thirty-one steam- 
engines, developing 11,600 horse-power, and twenty-three 
engines, using the waste gases from coke-ovens and blast- 
furnaces and developing 46,760 horse-power, making an 
aggregate of 162,760 horse-power. 

A similar power area has been edtablished in West- 
phalia, wer an aggregate of 200,000 kw. Only the 
outbreak of the war prevented the installation in the 

ay eaten pay a similar system developing 83, 200 kw. 
future will see more and more of these developments, 
which are so valuable from the point of view of ti 
economical utilisation a of the power formerly 
lost, and it is not wi t some little pride and some 
little emotion that in the domain of economics, as in that 
of politics, I may quote the noble motto of my beloved 
country: “‘ Union is Strength.” 

The conclusion of my address leads me to invoke 
recollections of my country, and I cannot terminate my 
discourse without warmly thanking the President, the 
Council, and the members of the Iron and Steel Insti- 
tute who have so generously afforded me an opportunity 
of describing before so competent and learned an assembly 
the work of Belgian engineers in regard to a subject 
which possesses so high a degree of interest to the in- 
dustry to which we are all devoted. I may likewise be 
allowed, as president of an association of Belgian engi- 
neers in Great Britain, to thank you on their Pehalf for 
having so kindly invited them to attend your present 
meeting, and thus giving them a fresh proof of the 
sympathy of which we have all been so greatly the re- 
cipients tince our arrival in your country. 


most 





Tuer Gauician Perroteum Inpustry.—About 80 per 
cent. of the a ate production of petroleum in Galicia 
comes from the Droboby:z Boryslav, and Tustanowice 
concerns, and, perhaps owing to the fact that a great 
deal of English, French, and Belgian capital is in- 
vested in these undertakings, they have not suffered 
much during the Russian occupation. Considerable 
stocks, stated to amount to about 70,000,000 poods, which 
were intended for railway fuel, were found in the stores 
of the naphtha companies. Some of the petroleum 
refineries, which, all told, number about sixty, situated 
in Central Galicia and on the slopes of the Carpathians, 
notably Limanova and Mariam belonging to the 
Galician Carpathian Petroleum Company, have been 
entirely or partly destroyed by fire. The mining depart- 
ment of Pe . recently despatched a commission 
of experts to Galicia in order to investigate and report 
on the country’s petroleum industry, its value for Russia, 
and its position, as against the Baku petroleum industry. 
Fears had been entertained that more especially Southern 
Russia might expecta keen competition from the Galician 
petroleum industry, on account of which protests were 
already raised against Galician F eee gy being imported 
into Russia free of duty. Although the Galician petro- 
leum industry shows a decreasing yield since the year 
1909, the production during the year 1913, the last year 
of normal working, amounted to 1,063,283 tons, and the 
exports that year of the different petroleum products 
were as under :— 


Tons. Value. 
kr. 
Lighting oil 244,072 24,168,158 
Benzine 49,772 10,999,780 
Light oils 41,378 8,438,967 
Heavy oils 154,697 20,884,122 
42,655 19,152,320 


Whilst formerly only part of the export went to Germany, 
this country now reckons upon being able to control the 
entire quantity available after the home demand has been 
supplied. 
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CATALOGUES. 


Dynamos and Motors.—The Millns Electrical Com- 
pany, of 37 and 38, Strand, W.C., have issued a list giving 
prices and particulars of their continuous current dynamos 
and motors. These machines, which are of British manu- 
facture, are made in sizes ranging from 4 to 300 horse- 
power and are fitted with interpoles. 

Electric-Light Fittings.—From the Gilbert Arc-Lamp 
Company, Limited, of Sphere Works, St. Albans, Herts., 
we have received a price-list of fittings for use with h :If- 
watt lamps for lighting streets, works, shop-windows, &c. 
Some of the fittings are made to take internal cut-outs 
and substitutional resistances, so that they can be used to 
replace arc-lamp installations without alteration to the 
wiring. 

Structural Steelwork.—Messrs. Drew-Bear, Perks and 
Co., Limited, of Wellington-road, Battersea, S.W., have 
sent us a copy of the latest edition of their hand-book 
on steel construction. The hand-book gives tables and 
formule for the design of beams, compound girders, 
stanchions, and grillage foundations, together with tables 
of weights of eections, &c. Numerous examples of build- 
ings, bridges, roofs, &c., constructed by the firm are 
illustrated and briefly described. 


Electric Fans.—The British Thomson-Houston Com- 
pany, Limited, of Rugby, have issued a price-list of elec- 
tric fans, including 12-in. and 16-in. four-bladed fans with 
universal joints for desk or wall mounting. and either 
with or without oscillating mechanism. Similar fans, 
fitted with a tripod and ring for use as exhaust fans, are 
also listed. All types are made for direct or alternating 
current. 

Drawing-Office Requisites.—A copy of their latest cata- 
logue of ak pee requisites has come to hand from 

essrs. J. Halden and Uo., Limited, of 8, Aibert-square, 
Manchester. e catalogue, which is larger and more 
comprehensive than Sega issued by the firm, is 
divided into sections dealing, respectively, with drawing 
instruments, surveying instruments, drawing-office sun- 
dries, drawing-office furniture, and engineering photo- 
graphy. These sections are also issued separately. 


Single-Phase Motors.—Mesers. Bergtheil and Sonne, 
Limited, of Finsbury-court, Finsbury Pavement, E.C., 
have issued a booklet illustrating numerous examples of 
the applications of their ‘‘ Bandy ” single-phase motors. 
These motors, which are of British manufacture, are 
shown driving cranes, Pamps, lift-gears, biscuit-making 
machinery, fans, &c., all the illustrations being repro- 
duced from photographs of actual installations. Examples 
of the machines themselves are also illustrated. 


Dynamos and Motors.—A cony of their ca e of 
continuous-current dynamos and motors has reached us 
from Messrs. Higgs Brothers, of Sherbourne-road, 

Heath, Birmingham. Full particulars, with prices, are 
given of shunt or series-wound motors of the protected 
and ventilated types, with capacities ranging from y, to 
25 horse-power ; compound-wound and totally-enclosed 
machines can, however, be supplied at an extra charge. 


Prices are also stated for shunt-wound generators, motor- MI 


starting switches and panels, shunt-regulators, and all 
other accessories and spares. 


Hydraulic Machi .—Messrs. Hollings and Guest, 
Limited, of Thimble Mill-lane, Birmingham, have issued 
a small catalogue illustrating some examples of hydraulic 
presses and an hydraulic machinery manufactured by 
them. Among the presses we noticed some suitable for 
baling all kinds of materials, bending-presses for steel 
plates, presses for bundling scrap metal, briquetting 
presses for metal turnings, forging presses, shell-band- 
ing presses, tyre-presses, rubber-presses, presses with 
steam-heated plates for making mica-sheets. &c., ex- 
tracting-presses, and many other presses for special 

urposes. The catalogue also illustrates examples of 
asealle shearing-machines, hydraulic pumps, accumu- 
lators, &o. 


Portable and Semi-Portable Steam- Engines. — Messrs. 
Clayton and Shuttleworth, Limited, of Stamp- End 
Works, Lincoln, have recently issued a catalogue of 

table and semi-portable steam-engi manufactured 
ythem. A very full description of the engines is given, 
the various details being illustrated and explained. 
Single and double-cylinder angines are made in two series 
for working res of 120 Ib. and 150 Ib. per sq. in., 
respectively, in both portable and semi-portable types ; the 
sizes listed vary from 6 to 118 brake horse-power. m- 
pound engines are also listed, but in the portable tyne 
only. The working pressure for these engines is 150 Ib. 
sq. in., and they are made in sizes ranging from 16 

to 60 brake horse-power non-condensing, and from 19 to 
72 horse-power condensing. The catalogue illustrates and 
describes a special-type of engine for a 
work, arranged for burning logs, and also d with 
straw-burning apparatus, liquid-fuél burners, and spark- 


cate 
Industrial Uses Oxygen —A copy of their \ eerie 
les has come to hand from the British 


catalogue and price- : 

Oxygen Company, Limited, whose head office is at 
Elverton-street, Westminster, S.W. As is well known, 
the company have works in many different parts of the 
country, as well as in India and Australia, from which 
works they supply compressed oxygen and other gases in 
cylinders. The first section of the catalogue gives among 
of cylinders, and general ~ and other informa- 
tion relating to their use and trans; Cylinder fittings 
and accessories are dealt with in next ion. while 
later ~~) are devoted to the ond and age be 
metals, burning. brazing, ight apparatus, 
medical appliances. Blow-pipes and accessories 


for the work are illustrated and described, and prices are 
stated in all cases. Many interesting examples of cut- 
ting and welding work are illustrated in the catalogue, 
and much useful information will be found between its 
covers. 


Concrete Floors.—We have received from the Fawcett 
Construction Company, Limited, of 47, Victoria-street, 
Westminster, S.W., a pamphlet giving particulars of 
their system of concrete floor construction, which is 
known as > ee end a Rn: floors ye 
composed of ordinary rolled-s joists having part o 
the web cut away, so that they resemble a lattioe girder 
with tension bars only. Strips of twisted steel are threaded 
ae ah spaces in the webs of the joists, and the 
8 ween the joists is then filled in with concrete. 

t will be seen that the system, which can be used for 


floors, is not reinforced concrete, except in so far as the 
concrete hetween the beams is reinforced by the twisted 
strips ; the main object of the strips is, however, to tie 
the whole construction together. The pamphlet illus- 
trates several examples of floors, roofs, and foundations 
constructed on the above-described system, and gives all 
necessary data for designing these floors. It also illus- 
trates and describes the firm’s method of using ‘“*‘ Mon 
’lithcrete ” girders in conjunction with their well-known 
earthenware tubular lintels for the construction of fire- 
proof floors and roofs. Prices are stated for both systems. 


Torsion-Meters.—Mr. F. T. Edgecombe, of Kirklea, 
Cardross-road, Dumbarton, has sent us a copy of a pam- 


phlet illustrating and describing the Denny mbe 
torsion-meters, which can be used for indicating and re- 
cording the power transmitted through shafts driven by 


any type of engine or motor. Three types of torsion- 
meter are made, two of which employ purely mechanical 
means to give the uired ings. One of these is 
most suitable for turbines, or other motors having an 
a ximately uniform turning-moment, and indicates 
the mean torsion, or it may be fitted to give a continuous 
diagram of mean torsion and revolutions per minute. 
The other purely mechanical torsion-meter is suitable 
for investigating the turning-moments of reciprocating 
steam-engines or oil-engines, and is designed to give a 
diagram of the variation of torsion during a revolution. 
The one other torsion-meter dealt with is operated by 
electro-mechanical means, the torsion being magnified 
mechanically, and transmitted electrically to a distant 
indicator, which gives a steady reading of the mean 


any engine, and is especially convenient for use on ships 
with multip’e shafts, the indicators for all the shafts then 
being centralised on one board, which can be placed in 
the most convenient position. We understand that 
upwards of 100 of these torsion-meters have been made 
and fitted on naval and merchant ships propelled by 
direct-acting turbines, geared turbines, reciprocating 
steam-engines, and oil-engines. 


Electric Cables.—Messrs. W. T. Glover and Oo., 
Limited, of Trafford Park, Manchester, have sent us a 
copy of a pamphlet entitled ‘“‘ Hints on Electric Cables 
for Collieries.” by Mr. W. T. Anderson, M.I.E.E., 

-I. Mech. E. In it the writer, who is connected with 
the firm, sets out the reasons which have led them to 
advocate the use of vulcanised-bitumen cables for mining 
work. A non-hygroscopic material must, it is pointed 
out, be regarded as the ideal insulation, and of these the 
choice usually lies between rubber and bitumen; the 
former is, however, seldom feasible for large sizes on 
account of its high cost. The prejudices which formerly 
existed against bitumen cables, on account of the possi- 
bility of decentralisation, have now overcome, and 
bitumen cables can now be made to be perfectly safe at 
temperatures up to 120 deg. Fahr., and, although it is 
unsafe to bend or instal these cables immediately after 
exposure to frost or very cold winds, they are quite 
uninjured , A lowest temperatures after installation. 
It has now been found possible to avoid the use of fibrous, 
tapes and wrappings. which were formerly necessary in 
multicore bitumen cables to provide the insulation of the 
various cores with mechanical strength. That their 
strength has been in no way impaired by this improve- 
ment may be inferred from the results of an accident 
which happened to a cable of this type. Owing to the 
breakage of the lowering tackle, a cable weighing 5 tons 
fell down a shaft for a distance of 150 yards, and, after 


of the worst kinks were cut out and tested. In no case 
were the cores found to be short-circuited, and the break- 
down pressures varied from 1000 to 9600 volts. The 
cable, which was designed for a working pressure of 3000 
volts, had been lying about for some five years before 
installation was attempted. The pamphlet concludes 
with some notes and illustrations on bonding and earth- 
ing the armouring of cables, armouring, of course, being 
compulsory for all except low-tension cables. 





Our Ratts ABRoap.—By reason of the war, our rail 
export trade is still subject to extreme depression, the 
total shipments in May only amounting to 21,776 tons, as 
comvared with 56,881 tons in May, 1914, and 45,025 tons 
in May, 1913. In the five months ended Mav 31, this 
vear, rails were despatched from the shores of the United 
Kingdom to the aggregate extent of 100,238 tons, as com- 
pared with 221,158 tons and 202,542 tons in the corre- 
sponding periods of 1914 and 1913 respectively. It will 
be observed that the shipments fell in the first five 
months of this year to something less than one-half, and 
the decline extended, it may be noted, to British India, 
as well as to South Africa, Australia, and New Zealand. 
The value of the rails to May 31, this year, was 





678,2471., as compared with 1,496,481/, and 1,362,472. 


roofs, bridges, lintels and raft foundations as well as for | Sh’ 


torsion. This type of torsion-meter can be used with| 4 


the tangled cable had been brought to the surface, several | coal used 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 
‘ WE give below a few data on several Sag and 
Trade. Journal, FE ny bh concernin: eee, 
projects can be obtained from the Commercial Tntelli. 
— 4 re Board of Trade,. 73, Basinghall-street, 
ion, 4 


Australia: The Commonwealth Engineer. Melbourne, 
notifies that the municipal authorities at Glenelg (Vic- 
toria), in view of a proposal to locate, by boring, a supply 
of 100,000 gallons of pure water daily for that town, have 
asked a local neer to quote a price for proving water 
at the surface. @ question of the construction scheme 
and supply works will be considered later. The Hampden 
ire Council has instructed its engineer to report on the 
most suitable means of securing an adequate water 
supply for Tismore (Victoria). e ratepayers of Picola 
(Victoria) have decided to ask the Numurkah Shire Council 
to take the steps for the formation of a water 
trust, in order to obtain a permanent water supply for 
the town from the Broken Creek. The Commonwealth 
Engineer also publishes the following particulars : 
ing projected electric lighting installations in Victoria :— 
The Kyneton Shire Council proposes to carry out an 
electric lighting scheme, the cost to be defrayed by utilis- 
ing a portion of a loan of 17,0001. The Tictune and 
Jeetho Shire Council has received several reports on the 
electric lighting system of Korumburra, with a view to 
effecting improvements and brin ing the plant up to 
date. Application has been made by the Queenscliff 
Municipal Council for powers to instal electric light in 
that town, and a site for the power-house has been 
selected. An electric lighting scheme has been pre 
by the Upper Yarra Shire Council for an installation at 

arburton atan estimated cost of 4000/. The Warragul 
Local Council is also considering the question of installing 
electric light, and has taken steps to secure the site for a 
power-station. 

Argentina: The Boletin Oficial, Buenos Aires, publishes 
a decree approving the expenditure of 145,708 pesos 
currency (about 12,7501.) on the construction of a bridge 
over the Rio Perico, in the province of Jujuy. The 
Direccién General de Irrigacién will invite public tenders 
for the metal parts of the bridge. 


Portuguese East Africa: Tha acting British Consular 
agent at Quilimane reports that a firm at that place 
esires to get into touch with United Kingdom manufac- 
turers of railway material, the trade in which was pre- 
viously in German hands. United Kingdom manufac- 
turers of railway material should apply, in the first 
instance, to the Commercial Intelligence Branch of the 
Board of Trade. Further communications ing the 
inquiry should be addressed to the British Consular 
Agency, Quilimane. 





Forrien STUDENTS AT THE GERMAN TECHNICAL HicH 
Scuoots.—German technical colleges have enjoyed a 
reputation which has attracted a very large number of 
foreign students from almost every part of the globe. 
This fact has viewed with some dissatisfaction or 
disapproval by many Germans, who questioned the advis- 
ability of opening the German polytechnical high schools 
to all comers, who attend in great number. Last year 
no a ce 204 per a of all the — at German 
technical colleges were foreigners, and in the aggregate 
they reached the large total of 2505. At Karlsruhe 
34 ar cent. were foreigners; at Munich, 28 per cent.; 
in rlin, 26 per cent., &c. Of the 2505 foreign 
students, as many as 2400 were from Europe; there 
were 65 Americans and 33 Japanese. Of the European 
countries Russia heads the list with 641 students, Austria- 
Hungary comes next with 481, then Bulgaria with 339, 
Roumania with 201, Switzerland with 166, Sweden and 
Norway with 160, Luxembourg with 90, Servia with 68, 
&c. From England there were 29, and only seven from 
France. The mechanical branch attracted 757 students ; 
constructive engineering, 521 students; architecture, 
392 students; chemistry, &c., 372 students; and elec- 
tricity, 286 students. 





_ Canapian Coat.—The production of marketable coal 
in Cunada last year, including colliery consumption and 
in making coke or otherwise used by colliery 
managers, was 13,594,984 tons, valued at 33.433,108 dols. 
The mere pny production in 1913 was 15,012,178 tons, 
valued at 37,334,940 dols., showing a decrease of 94 per 
cent. in quantity and 10} per cent, in value. The coal 
production of Nova Scotia last year was 7,338,790 tons, 
showing a falling off of 641,283 tons, or 8 per cent., as 
compared with 1913. Alberta uced last year 3,667,816 
tons, showing a decrease of 346,939 tons, or 84 per cent. ; 
while the production of British Columbia was 2,238,329 
tons, showing a decrease of 476,081 tons, or 21} per cent., 
Saskatchewan produced 232,541 tons last year, showin 
an increase of 19,644 tons, or 9} percent. The value o 
last year’s production by provinces was :—Nova Scotia, 
16,381,228 dola; British Columbia, 6,994.810 dols. ; 
Alberta, 9,367,602 dols.; and Saskatchewan, 375,438 dols. 
Further. small quantities of coal were raised last year in 
New Brunswick and the Yukon. The exports of 

from Canada last year were 1,423,126 tons, valued at 
3,880,175 dols. The corresponding ex in 1913 were 
1,562,020 tons, valued at 3,961,351 do! Coal was im- 
ported into Canada last year to the extent of 14,721,057 
tons, valued at 39,801,498 dols. After allowing for exports 
it was estimated that the nmap of coal in Canada, 
last year, was 26,809,778 tons; of this consumption 45} 





cent. was supplied from Canadian mines and 
Sina, can cagunaliitel te bv bngests —_— 
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‘*ENGINEERING” ILLUSTRATED PATENT 


RECORD circuit. An alternating-current generator 1 furnishes current to 

~ . mo a ——— it is — by the eee! —— the 

ED ABSTRAOTS OF RECENT PUBLISHED SPEOIFT- | locomotive the trolley is connected primary 4 of the trans- 
former, and the other side of this primary is connected to 

CATIONS UNDER THE ACT OF 1907. —— tn a _—— 


The number u iven in the Y is stated | y 
hocunt of views given in the Specification Drawings 


case ; none is the Specification is not 
illustrated, 
Where inventions are communicated from abroad, the Names, éc., 
of the Communicators are given in italics. 
ies of obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
rip nt gi Scecmant oy ts emptaes of « Comet 
°, of a 
i y a: Goan cneiaaeme abstract, wnless the 
‘atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 


‘atent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


3596/14. The British Thomson-Houston Company, 
Limited, London, and F. P. Whitaker, f° 
t-Co Devices. (3 Figs.) February 11, 1914. 
—rhis invention relates to current-collecting devices for —_ 
electric hi A ding to this invention, a collecti 
device for a dynamo-electric machine has a spring arranged 
to exert pas on the brush in a radial and tangential direction, 
so that the brush is pressed by the spring against the rear side of 
the pocket at the top and the front side of the pocket at the 
bottom and thus held steady in its natural position. A rigid su 
rt @ is fitted with » box or pocket b in which the brush g 
ocated loosely, a little clearance being allowed for movement of 
the brush between the front and rear faces of the pocket b. The 
support is provided with a fixed projection c through which an 
adjusting stud d for varying the pressure on the brush passes. 








A spring ¢ is carried by a substantially (J-shaped support f adapted 
to alide on the projection above velered to. The stud d passes 
through the —— imb of this J-shaped support, and after pass- 
ing through a threaded aperture on the jection, engages the 
inner side of the lower limb of the (J-shaped support. The 

ing ¢ is secured to this lower limb, and normally projects in a 
direction substantially tangential to the commutator, but is bent 
downwards so as to engage py em on the upper side of the 
brush. This causes it to exert a tangential pressure on the brush 
in a direction opposite to that of the moving surface on which’ 
the brush bears, the direction of movement of the commutator 
or collector-ring being shown by the arrow. The s also 
exerts pressure on the brush in a radial direction, this pressure 
being capable of adjustment by means of the screw d. (Sealed 
April 29, 1915.) 

2959/14. The British Thomson-Houston Company, 
iamieee, London. (General Electric Company, Schenec- 
tady, U.S.A.) Electric Traction System. [1 Fig.) 
February 4, 1914.—This invention relates to control systems for 
series motors supplied with pulsating current, and is especially 
applicable to the control of series motors on electrically-propelled 
vehicles, such as electric locomotives, which carry a rectifier for 
converting the alternating current supplied to the vehicle into 
direct current for operating the series motors. The invention 
consists in the use of a non-inductive resistance connected across 
the field-winding. This non-inductive resistance acte as a diverter 




















a. 

















z359) 


for the alternating-current component of the a current 
supplied by the rectifier to the motor. The object of this inven- 
tion is to produce an arrang tt which will enable the use of a 
series motor with a pulsating supply, and at the same time 
prevent heating of the field-core and transformer action in the 
armature. The patentees do this by connecting a resistance in 
shunt with the motor field of such construction that ite time 
constant shall be much smaller than that of the motor field. 
Preferably this shunt will be non-inductive, and have an ohmic 
resistance larger than that of the motor field. Another object of 
this invention is to protect the motor against current rushes 
when the voltage is momentarily interrupted. The patentees 





accomplish this by means of a quick ning, slow-closing rela: 
switch energised froni the source [— close ry 4 





motors may be supplied with a direct current, a mercury arc 


terminals of the secondary winding 5. Oathode 12 of the rectifier 
is connected directl, i of the 


central tap of the secondary 5. 14 is the customary - 
switch for the rectifier. It will be understood that the motor 20, 
which is shown, is a diagrammatic representation of the motor 
pe which in general comprises several motors which 
be properly interconnected and controlled by the usual 
controller. 8 motor is of the series type, such as is common in 
railroad work. Around the series field-winding 21 is a shunt 
circuit containing a preferably non-inductive resistance 22. This 
circuit is closed by means of a relay-switch 23 whose solenoid ia 
connected across the terminals of the secondary 5. The switch 
= pees with a dashpot 24 having a fixed plunger 25 and a 
ve 26, the construction being su: 
opened quickly by gravity, but close slowly when the solenoid is 
energised. (Sealed April 29, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


6594/14. D. Napier and Son, Limi and A. J. 
Rowledge, London. Carburettors. [5 Figs.) March 16, 
1914.—This invention relates to carburevtors for internal-combus- 
tion engines, and relates particularly to carburettors of the type 
in which the main air-supply and the fuel mingling therewith 
are controlled by a floating piston or the like, to which move- 
ment is imparted by the suction of the engine. In one known 
construction of carburettor a floating-piston member is disposed 
with ite axis approximately at right angles to the axis of the 
main apne. and carries a tapered needle which engages a 
fuel-jet in the wall of the air-passage. When the engine 
is at rest the piston obstructs the air- , and the tapered 
needle nearly closes the jet orifice; but when the engine is 
running the suction therefrom lifts the piston and allows air and 
fuel in definite proportions to be drawn into the induction tube. 
The present invention is particularly concerned with this form 
of carburettor, its object being to enable the pro jons of air 
and fuel in the explosive mixture to be varied while the engine 
is runn This is accomplished, according to this invention, 
by providing the floating piston with a rotatable sleeve which 
wholly or partly surrounds it, and is formed with ports or other- 
wise shaped so that the area controlled by the piston can be 
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varied as to one dimension by the movement of the piston, and 
independently as to the other dimension by the rotation of the 
sleeve. The dimension controlled by the sleeve rotation deter- 
mines the proportion of air to fuel in the mixture over the range 
of variation effected by the engine suction. In the carburettor 
shown, the fuel passing to a jet A from the float-chamber is 
controlled by a tapered needle © carried by a piston D. The 
piston D is moved up and down within the casing E, according 
to the amount of engine suction which is transmitted from the 
chamber F, through a G and the hollow piston-rod H, 
to the inside of a suction or bellows-chamber J. The special 
feature of construction, according to this invention, is the 
vision ot a sleeve K which surrounds the piston D, and is ied 
with ports K! and K2. This sleeve is rotatable independently of 
the piston D by means of a handle or arm L, which may be 
0} ted by a linkage, a wire, or other suitable device. The 

ieeve is shown in its normal position in Fig. 2, the two porte K! 
and K* being in line with the forming the conduit for 
the main -stream. In Fig. 3 the sleeve is shown partially 
rotated so as to diminish the area of the air-passage at each side 
of the piston. The sleeve would be moved into some such posi- 
tion for running at slow speed or for hill-climbing, &. (Sealed 
April 29, 1915.) 


GUNS AND EXPLOSIVES. 
5068/14. Small-Arms eampany, 


Limi and G. Norman, 
{20 Figs.) February 27, 1914.—This invention relates to im- 
nae in ae ss fire-arms of the kind 
rated by a portion of the ex ve gases acting u @ piston 
Aer within a cylinder or delve mounted eontenteeali on the 
wand aud thagugh © esmnestingeeh atbeates © cuaignegeal 
@ con s actuates a t- 
breech aasheutal. The inven n= 
with a cylinder mounted concentrically on the barrel, forming 
space in which is slidably mounted a piston, of a 
attached to the piston, and detachably connected at 


and 
formed on the sliding breech-bolt, a return 
breech 


between a lug on the front end of the and a lug 
or su on the sliding frame or piston. In out the 
inven’ , a8 shown in the dra a barrel is pro which is 


fixed or secured to a breech a 
shoulders adapted to en with rear ice lugs formed on 
a sliding and part rotative bolt 1 mounted in the breech body 2. 
The forward end of the sliding breech-bolt 1 is provided with 
screw-threads 3 which engage with a nut or sleeve part 4 secured 
to or formed in one with a sliding cover 5 of semi-circular forma- 
tion which is mounted over the breech body 2, and has formed 
thereon a handle part 6 to permit, when desired, of ite movement 
by hand. When in its closed position, as shown in Fig. 1, the 
cover completely overspreads the loading aperture or mouth of 
the breech body 2, and effectively keeps out all dust or dirt from 
the bolt-way and breech mechanism. The screwed nut or sleeve 

4, which is formed on or attached to the sliding breech or 
ieee 6, is provided with side lugs or projections 7, whieh 
engage with longitudinal guide-grooves or slots formed in the 





rectifier 10 is provided whose anodes 11 are connected to the | and 


that the switch will be | rifle 


side of the breech body 2, whereby the nut 4 is from 
turning, and the cover 5 is secu r re eae 
the breech bod. the 


adapted to e: with grooves formed in the outer sides of the 
breech roe ~3 ee SS om 

y means of a or frame 11 into the forw 
end of which latter the is screwed or ~ 


th 

front end of which slidably e: 
lug 15 formed at the front end 
shown in Fig. 2, while its rear end e: 
16 formed on the front of the breech body 2. Near the rear 


against the outer face of a lug 16 formed on the breech bod. 
and provided with a hole to receive the end of the mo 
The gas-operated piston 10 is preferably of tubular for- 
to slidably embrace the barrel of thé 
> secured at its rear end by the screw-threaded 
part 18, or otherwise, to the w socket part 19 at the front 
end of the coupling-rod or fr: 11, which latter is detachably 
connected at its rear end by the coupling piece 12 to the sliding 
breech cover 5, which latter is in operative engagement with the 
breech bolt. e tubular piston 10 is provided with longitudinal 
slote 20, which are engaged by the ribs of a washer or sleeve 
part 22, mounted on the barrel and adapted to form an internal 
support for same. The washer 22 butts against a shoulder 23 
formed on the barrel, and is arranged to act as a register or 
support for the end of the cylinder 24. It also serves to prevent 





the explosive gases which may escape round the piston from 
passing rearward under the fore-end stock 25 to the breech 
mechanism. A portion of the explosive gases behind the pro- 
—> in known manner, passes th ‘h outlets 26 formed in the 

1 into the front end of the cylinder 24, and force backward 
the piston 10. Motion is transmitted from the piston through 
the coupling - rod or frame 11 to the breech cover 5 and tne 
screwed nut or sleeve 4 at thereto, and engaging with 
the screwed end of the breech-bolt 1, imparts a part-rotative 
movement to the latter, thus disengaging is rearward resistance 
lugs from resistance shoulders 28 in the breech body 2. The 
breech-bolt 1 and cover 5 continue their rearward travel during 
which the spent cartridge is extracted and ejected, and the 
return spring 13 is compressed. When the breech-bolt has 
reached the outward end of ite travel, the re-action of the return 
spring 13 now causes it to be moved forward, and during such 
forward or return stroke a fresh cartridge, which has been raised 
into the bolt-way from the ne 29, is forced into the barrel, 
of th trigger mechanism nad the seria maine tbe ade 
of the » er com: lo 
When the sliding-bolt 1 has reached the eud of ita travel, having 
forecd the f cartridge into the chambered end 34 of the 
barrel, the pressure of the return spring 13, augmented by the 
momentum of the sliding-b cover 5, carries the latter to the 
end of its forward travel, and the nut 4 thereon, which is in en- 
gagement with the screw-threaded end 3 of the bolt 1, imparts 
& part rotative movement to the latter, which bri ts resist- 
ance lugs into engagement with their resistance shoulders 28 
in the breech body 2, thus locking the breech mechanism ready 
for the next discharge. By erat the sliding-breech cover 
5 from the coupling-rod or frame 11 of the gas-operated piston 10, 
by means of the coupling piece 12, the weapon is then adapted 
for operation by band as a single or magazine loader, during 
which the coueen ste 11 is locked by the coupling device 12 to 
the end of the breech body 2, thus holding the piston 10 and the 
return opring 13 inoperative, and also preventing any movement 
ot the parts due to recoil after firing. Sealed ay 18, 1915.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


14. Albion Motor-Car Company, Limited, 

iT. B. Murray, Flexible Couplings. 

{4 s.) June 8, 1914.—This invention relates to that type of 
coupling for shafte in which on each shaft are ers or equi- 
valents, and between the and attached to them are 
flexible members, such as annular discs of thin steel or leather, 
or of other flexible material laminated or in single thickness. 
These flexible members are in turn intercon by a floating 
rigid member or members. ype A this invention, oe 





at four points, two of which are at right “= to the two others), 
so that freedom of movement of the a is con- 
strained by the flexible members to it. Each of 
shafte A, B to be connected bears a spider O, D having diametrically- 
arms to the extremities of which are secured by bolts 
annular discs E, F of leather or other suitable flexible material. 
At points at right to where they are attached to the r 
arms, the discs E, Ff are similarly attached to floating jer- 
rings G, H, which in turn are similarly interconnected by an 
annular disc J. Thus, in the example shown, there are three flexible 





members (the discs E, F, J) giving three times the shaft angu- 




























































— 


692 ENGINEERING. {June 18, 1915. 








wil same flexure that a coupling with a single disc | coiled a of rope, so that by the free end of the | or similar packings, presen their concave or recessed forma- 
—- * tive hie there are two } Te ayy teed En ~ het ihe tabene to ati meen ken tion towards the ! Suid pees of cen eae eet Sarena. 
G, H. Obviously, for where less larity is to be| f Means for disconnecting this third drum from the shaft in Fig. 2 (¢ April 29, 1915.) 
accommodated, one of the hexible members, endo ly | are provided. fit the shatt, having keyed to it the usual hoist- 
one of the floating spiders, may be dispensed with. shafts | ing worm-wheel b ; ¢ is a worm which can be put into and out of TEXTILE MACHINERY. 
A, B are articulated together by a spherical joint K vo prevent gear with the worm-wheel }; d isa fall-drum loose on the shaft 3245/14. E. H. Firth, 5: 8 " 
endwise displacement of the parts of the coupling. (Sealed May|a, and ¢ is the other fall-drum which is — to the sleeve /, | wachines. {4 Figs.) February 7, 1914.-Thi Spinning 
14, 1915.) which is loose upon the shaft a, and has fixed to it a worm-wheel of lubricating devices ow 
Jf}; gis brake-drum keyed to the shaft a, and having fixed to robeny of machines knows a0 exp opin net 
RAILWAYS AND TRAMWAYS. it a bracket g! carrying » worm g? gearing with the worm-wheel frames, wherein the tubes and bebe eee 
1; @, el are bevel-wheels fixed to the drums d and ¢ ; a! is a ne af dear ae 
10,503/14. E. 8. Luard, London, and G. H. Willans, | joss keyed to the shaft @, and having fixed to it stads a2 carryin ot fit + 4 — wherein 
Gloucester. Train-Pipe [4 Figs.) April 28, | hevel- a’ which gear with the wheels dl, el; his a thi washers > absorbent substances, 
1914.—This invention has for ite object vements in or re- | drum upon the shaft a, but connected to it by the pin Al g same, are employed for re the 
lating to couplings for flexible pipes, such as are employed in | (Sealed Apri 1, 1915.) in the combination, with 
connection with train- of vacuum-brake apparatus. The cover to fit within the vessel, 
invention consiste essentially in the combination in a half. 3095/14. J. Stone and Co. Limited, ord, F. J. ted upon the cover for su the 
coupling of a tubular or bored body portion, about one end of Beckenham, and Neville, t Bill the lifter-rail of spinning. 
which the flexible pipe is secured, an annular outstanding lip or Doors. (2 Figs.) February 16, 1914.—This invention and E a tube and driving-pulley or 
flange at the other end of the body portion, a continuous and | relates to improvements in fluid-pressure apparatus for fixed spindle. In the inven- 
solid collar or clamping member, provided with coupling horns or | bulkhead and other doors. In certain door-opening closing ls or receptacles a@ are so formed that 
projections, and adapted to be into position on the body | systems heretofore devised and in use, there have been two 4 
portion from that end thereof on which the flexible pipe is se- mains, one of which was a normal pressure main and the other a 
cured, the collar or clamping member being independent of the | normal exhaust main, and these mains served the ram devices of 
means for securing the flexible pi on the body portion, a washer | the various doors in the ship. Usually the doors were normally : 
of rubber or other suitable join -making material, a portion of | retained in oe position and were under a dual control— Fig. 2. 
which is adapted to lie between that face of the lip or mage namely, a gen control performed by a valve at a central 2 
which faces towards the flexible pipe and that face of the col . & local control performed by local valves, there 3 
or “Fr member which faces away from the flexible pipe, and | having been generally a local valve for each respective door. To 
to be held in such tion by the portion being clam or | close a door, the respective local valve was reversed or operated 
gripped between the , and means for holding the co! or | 80 as to reverse the ram or piston device belonging to that door. 
a2 





peep orf member firmly in the ony my position. 1 is that por-| To close all doors as were standi Open at any moment, the 
tion of the half-coupling on which the usual coupling horns or | central station valve was reversed, thereby converting the normal 
projections 2, 3 are provided, and such part 1 is made as a sepa- Pressure main into an exhaust main, and the normal exhaust | each of them may have an inner flange b surrounding the spindle 
rate part adapted to be moved axially on the main tubular por-| main into a pressure main. According to this invention, the | D; in this manner the felt or absorbent material c placed within 
tion or body 4 of the half-coupling on which the usual flexible | central station valve is dispensed with, anda main is provided | the receptacle a is enabled to retain the lubricant. To enable 
brake-pipe 5 is secured, the portion 1 having the coupling horns | which is constantly a pressure main, and is adapted to serve all | the felt ¢ to pay out or permit the lubricant to flow from it into 
being in the form of a detachable collar, adapted to be moved | the doors of the system with fluid pressure for the workin contact with the D, asmall opening d is made through 
into close contact with the washer 6. An internal projection, | thereof, and the pressure is so distributed by the local valves that | the flange b. Taking over the felt c and rest; ng upon the flanges 2 
which may be in the form of an annular shoulder 7, may pro- | all doors are normally closed, the local valves, which may be of | within the receptacle a is a metal disc f, which acts as a cover 
vided in the collar 1, and a suitable projection or annular | the flat-faced slide variety, being adapted so that they are con- | for the felt c, 80 as to protect it from the action of foreign 
shoulder 8 may also be formed or provided on the tubular or main stantly forced into or towards a position in which they distri- | matter. Upon the upper surface of this disc are mounted sup- 
bute the re fluid and exhaust in the manner required for portes Pieces fi g', which are secured in tion by the clamp- 
maintaining the doors in the closed condition. a is the pressure | ing devices h, hl, which are fixed to the d i These supporting 
, and ¢ are the cylinders for opening and closing doorsd. This ao 9, 7! are preferably of hardened steel. When in use the 
arrangement is shown purely diagrammatically, as the doors ma ubricant may be supplied to the felt c through an opening m in 
= —— by the pistons se rods e Ay the — ec through the t, po — ? receptacle a = be held against 
medium of gearing, or they may ° rams, or in | rotation by a projecting piece in manner well known. Sealed 

~ py! manner. The pressure fiuid is distributed to the | May 7, 1915.) . : 

valvi - 
— rs c by local alves f, and each door may have its respec MISCELLANEOUS. 


ve valve, as shown, or one valve may control the distribution “ 4 Sir r 
660/14. Vickers, Limited, an A. T. Dawso: 
London. Airships. [4 Figs.) January 9, 1914. —This — 








l ‘it tion selaace to ee oy of slosh of the non-rigid and 
+, semi- ypes, the chief object o nvention. being to com- 
+c f a bine bi the recognised features of the non-ri id airships some 


of the advantages hitherto confined to the ri ty Accord- 
~---fige -— ing to this invention, within an outer envelope or cer is placed 

@ series of se gas-com ments or bags which lie side by 
side so as to divide the interior of the hull into separate trans- 
verse compartments, each of which is provided with a discharge- 














k oO valve or valves. A is the outer envelope or cover. B, B are the 
body portion 4 of the half-coupling adjacent to the recess or € gas- with valves } at the top. is the retaining netting 
groove 9, in which the inner edge or periphery of the washer 6 u placed between the adjacent air-bags, and shown in Fig. 2, as of 
engages. This ve 9, which is immediately behind the lip or type, connected to the envelope around its circumference. 


flange 10 forming the face of the half-coupling, is preferably 
V.s8 in cross-section, and the inner face or k of the lip 
or flange 10 may be undercut or formed with a recess 11 80 that 
when the washer 6 is clamped on the coupling, the inner edge or 
periphery of the washer will be more or forced into the 
recess 11. The collar 1 on which the wou ecs or projec- 
tions are formed constitutes the clamping member, which e 
and holds the washer 6, and the collar 1, in the constrostion 
shown, is pressed and held in tight nqigemens with the washer 6 
by means of an internally- co) or nut 12, adapted to 
be screwed up on an “wr yo portion 13 of the tubul 
or bored y portion 4 of ternally- 
threaded collar or nut 12 may be provided with a number of radial 
notches or recesses 14 in its periphery with which a claw spanner 
may be engaged for screwing up the collar or nut so as to force 
the above-mentioned collar 1 into tight engagement with the 
washer 6. The usual spring clip or clamping device 15 which 
surrounds that portion of the flexible brake-pipe 5 which is 
on to the tubular or ey preen 4 of the half-coupling is pro- 
proj adapted to 





D, D are the suspended cars. The air-filled space between the 
fas, bage and the env acts as a substitute for the customary 
lonets, a blower or blowers maintaining a suitable air-pressure 
in the envelope itself through the pipe e. As the air is heavier 
than the hydrogen in the bags, it lies mostly in the bottom of the 
envelope at a, and thus forms a separating cushion which 


[] [] . vents danger of fire from the cars the hydrogen, and 
a 





Presses the upper portions of the bags into contact with the 
envelope. Any hydrogen which may leak into the air-space a 


Fig.7. A 68 f f 28 b 



































vided with a suitable lat ection or e 1 

engage in one or other of the above-mentioned radial notches or 
recesses 14 in the periphery of the threaded collar or nut 12 so 
that when the spring-clamping device 15 is adjusted so as to 
seourely hold the flexible brake-pipe 5 on the tu body por- 
tion 4 of the half-coupling the radial ot aon or tongue 16 
engaging in the notches or recesses acts to lock the collar or nut 
12. ¢ spring-clamping device may, as usual, be provites at 


the split or opening with offset or outstanding portions V i 
which the usual tightening bolt 18 extends. (Sealed April 1, 1918.) cae b oe Ay ty ay 
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ition by the re fluid entering by the branches a), the : > 
SHIPS AND NAUTICAL APPLIANCES. yy ph Fy 9 affording an effective ram ares for the funk ; o.4 
19,019/14. The Martin Patent Davit »| Pressure present in the upper ee of the valve chest to act fig. ° 
Limited, and E. 8. Gladstone, Liverpool. upon. The pregsure fluid is admitted from a valve to the top of 
and Lowering Ships’ Boats. [1 Fig.) August 24, 1914.— | the respective cylinder c by a port j Se a ek . 
According to this invention, the falls are wound upon two drums | which is connected with a pipe l leading the top the 
— tw an — their =, but are yey to | de = Ye The lower part — ae = eatonsted by way of 
together by epicycle gear, each drum carrying one mem a m, nm, valve cavity o, valve Pp, and a 
tubalar davies ¢ promed e rear face of valve by 





necti 
yng adage) ear wana by, dotted anes, or mag be yo to 
bilge or elsewhere as desired. It erefore be seen that 
the valves g, 80 long as the source of pressure is effective, are | Can be cleared by blowing air through the air-space, provision 











al forced into the lower ition in which the pressure is | being made for this purpose. The air-pipe ¢ leading from the 

a. admitted to the upper sides —_ pistons on the rods ¢ in order | blower or blowers passes along the bottom of the poem above 

, Y | to force the latter down and hold the doors in the closed x the cars, and extends almost to the ends of the airship, r-valves 

KA 7 4 | tion. Whenever a person desires to open a door, the ing | ¢} being F peng at suitable positions and controlled from the cars, 

mH Vem: | of the valve g, which is convenient] brought about by pulling | 80 that the air may be driven through from end to end of the air- 

Miaw) | down the lever handle ¢, reverses the distribution, and the rod e is | Space a. The gas-bags B are made of any light bydrogen-tight 

om | toreed upwards and opens the door. Immediate] upon releasing | material, preferably gold-beater’s skin, and since the outer enve- 

7 Jar the le t, the re on the area of the rod Aforees the valve lope A need not be hydrogen-tight, it may be made with only a 

.* down again, and the conditions for closing the door are small amount of proofing material, making a saving of weight 

at If desired, the cavity o in the valve may be long enough to con- | Which, together with the weight saved by dispensing wi.h the 

nect the passage k with passage n, and thereby establish a | usual ballonets, largel compenenane for the weight of the gas- 

by-pass or short circuit when the valve is moved to a midway | bags. The latter, as they take very little tensional strain, can be 

tion. Thus, when it is desired to open by hand any door | made of thin material, which, since it is protected from wear by 

- tted with a hand , this can be readily done by moving the | the outer envelope, keeps its hydrogen-tight qualities well, 80 

valve g to mid position when pressure is not present in the chest | that a good life is ensured to the bags under normal condi- 

(a0) of that vaive. pention when beaut tot pret inte shew tions. "Should the envelope A be badiy ripped, and the contiguous 

spring devices, such as plungers u, and these spring | as- injured, in most cases the gas-bag as it empties would be 

devices may be of such that whenever pressure in the up to the hole in the envelope by the pressure of air, by 

the epicycle train, whilst the shaft carries the third member. | main a fails, or is cut off, the will move the lever ¢ and | Which meang the hole would be covered and the internal pressure 

One of the drums is further connected to the shaft by a worm | valve g to the mid position in Trice the by-pass is effected. As | maintained, so that the normal shape of the hull would be pre 

and worm-wheel, so that it can be turned relatively to shaft, | soon as pressure is restored in the valves g are de- | served, the n oes dplennt faces of the adjacent bags 

the other drum being then turned in the opposite direction by Polow.” “ks the presection, of, the respective springs immediately and them lacement. Should injury be too 

the epicycle gear. In order to hoist more quickly than can be 7 the pressure is always in the same in the goons Ser action, the enve eer cot an 
done through the werm gear usually employed for hoisting in a hollow bows oo Leaning, the tabular device 9, which may be » emptied bag, and a safe ing could stil 

boat, a third drum is mounted on the shaft, upon which drum is | hollow boss on the ported plate, may be packed by cup-leathers | (Sealed April 8, 1915.) 
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TANS OF NEW STEEL-WORK AND SOUTH ABUTMENT. 


ENGINggRS; SIR WILLIAM ARROL AND O0O., LIMITED, GLASGOW, CONTRACTORS. 
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RECENT THAMES BRIDGE AND 
TUNNEL CONSTRUCTION. 
(Concluded from page 668.) 

PRoceeDIne up the river in a westerly direction, 
the next bridge requiring attention is that at 
Lambeth. The present Lambeth Bridge, which is 
of the stiffened-suspension type, has for many 
years been considered rather weak for the heavy 
traffic passing over it. It has now been condemned 
on the ground of weakness, and is closed to 
vehicular traffic, though still used by pedestrians. 
Two or three schemes for reconstructing it have 
been brought forward, but all have been rejected, 
and the matter is in abeyance for the meantime. 

We next come to Vauxhall Bridge, which was 
reconstructed a few years ago from designs by and 
under the supervision of Sir Maurice Fitzmaurice, 
then Chief Engineer to the London County Council, 
and now a partner of Sir William Matthews, 
K.O0.M.G. The present bridge, general particulars 
of which are given in Table III., on page 479 ante, 
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this was opened for traffic in 1898. In September 
of that year the work of demolishing the old bridge 
was commenced, and the whole of the superstruc- 
ture had been removed by April of the following 
year. Work on the abutments and piers for the 
new bridge was commenced in the same year. The 
existing structure has a total length between the 
abutments of 760 ft. This is divided into five 
spans, of which the centre one has a length of 
149 ft. 7 in., the two intermediate spans being 
144 ft. 4? in. long, and the two shore spans 
130 ft. 5f in. long. The two centre piere are each 
15 ft 8 in. wide, and the two intermediate piers 
14 ft. 8 in. wide, at Trinity high-water level. The 
openings are spanned by steel arches, each com- 
— of thirteen ribs of the two-hinged type, which 

r on steel skewbacks built into the abutments or 
resting on the piers. One of the main features of 
the design of the bridge is that the masonry of the 
piers is not carried up above the level of the 
skewbacks, their upper portions being simply steel 
frames faced at either end with plates, in which 
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for the increased traffic. The County Council, we 
understand, are now considering a widening scheme 
by which its present width of 44 ft. will be increased 
to 74 ft. Hammersmith Bridge also needs widen- 
ing and strengthening, so that it will probably 
be reconstructed eventually, particularly as the 
headroom under it is considerably less than that 
of the adjoining bridges. The headroom under 
Hammersmith Bridge is only 15 ft. lin. over 
Trinity high water, whereas the clearance under 
the Wandsworth and Albert Bridges, which are the 
next lowest, is 19 ft. 9in. The new Kew Bridge, 
which was illustrated and fully described on pages 
662 and 739 of our seventy-fifth volume, is certainly 
the finest structure of its kind in Greater London, 
and serves as an example of what is required at 
Richmond. Richmond Bridge, which was opened 
in 1777, has a roadway only 16 ft. 9 in. wide, and 
footpaths only 4 ft. 3in. wide. These are quite 
inadequate for present-day requirements, the traffic 
over the bridge being very heavy on holidays and 
race days, and quite considerable at ordinary times. 
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replaces an old bridge, opened in 1816. The old 
structure consisted of nine openings, each 78 ft. 
wide, with eight piers, all of which were 13 ft. 
wide. The openings were spanned by cast-iron 
ribs, each made in three sections, which were cast 
in one piece with the spandrel framing. Each rib 
rested on cast-metal skewbacks, which extended 
right through the piers, so that the thrust of the 
arches was taken on metal throughout the whole 
length of the bridge. The whole structure was quite 
satisfactory from the architectural point of view, 
and was found to be in very good order when re- 
moved in 1899. One of the reasons which led to 
its replacement was that, ever since the removal 
of old London Bridge in 1831, trouble had been 
experienced due to scour round the piers. This 
was remedied at intervals by filling up with heavy 
material, such as iron ore or slag, but the trouble 
could not be permanently cured. More important 
on were that the width of the bridge 
(36 ft.), and the steep approach gradients, were not 
suitable for the road traffic, and that the narrow- 
ness of the arches and the width of the piers 
greatly impeded traffic on the river. 

In 1895 an Act authorising the rebuilding of the 
bridge, and the construction of a temporary bridge 
to accommodate the traffic during the progress of 
the work, was obtained. The construction of the 
temporary bridge was at once proceeded with, and 
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panels are sunk for the reception of bronze statues. 
This arrangement gives a continuous steel super- 
structure from one end of the bridge to the other, 
and is also considered to be better from the sesthetic 
point of view than the usual practice of separating 
the steel arches by carrying up the masonry piers 
to the parapet level. The steel-plate decking, 
where it does not rest directly on the ribs, or on 
the steel framing of the piers, is carried by longi- 
tudinal joists, which are supported by stanchions 
formed of rolled-joist sections. The bridge has a 
width of 80 ft. between the parapets, made up of 
two footpaths, each 15 ft. wide, and a 50-ft. road- 
way, in which there are two tramway tracks. It 
was opened for traffic on May 26, 1906, and the 
total cost of the work, including the temporary 
bridge and the purchase of property, amounted to 
about 480,000/. A full description of the work is 

iven in a paper read before the Institution of 

ivil Engineers by Mr. W. OC. Copperthwaite, 
M. Inst. C.E., and published in vol. clxix. of the 
Proceedings on page 268. The contractors for the 
work were Messrs. Pethick Brothers and Mr. C. 
Wall, the former undertaking the removal of the 
old bridge and the construction of some of the 
masonry, and the latter completing the masonry and 
superstructure. 

Another bridge which calls for improvement 





is_Putney Bridge, which has become insufficient 


The gradients on the Surrey side, 
where the road from the bridge 
meets Hill - street, are also very 
severe, and any scheme for widen- 
ing or reconstruction will necessarily 
involve improvement in this respect; 
possibly a new bridge on a different 
site will be constructed in the future. 

Kingston Bridge, which may be 
voperted as the last within the limits 
of Greater London, has recently been 
widened, and it will therefore be 
appropriate if we conclude this series 
of articles with an account of the 
work at Kingston. 

Until the recent widening works 
were put in hand in 1912 the bridge, 
which was first opened for traffic in 
1828, carried a roadway 17 ft. wide 
and two footpaths, each 4 ft. wide. 
These had long been found insufficient for the 
traffic, and the need for reconstructing or widen- 
ing the bridge became acute when the Tramway 
Company obtained powers to lay a double line 
of track over the bridge. Eventually it was 
decided to widen the existing structure on the 
south or up-stream side, using the same class 
of materials as were employed in the original 
bridge, so as to make the new, work correspond 
exactly with the old. This has now been done so 
effectively that, except for the obvidus newness of 
the stonework, the southern aspect of the bridge 
could hardly be distinguished from the old struc- 
ture. The only other noticeable feature is that 
the brick facing on the Middlesex approach has 
been replaced by stonework, the appearance of the 
whole structure having beeh tly improved in 
consequence. The new work, which occupied about 
two years, was opened to the public on October 29 
last, without any of the usual formalities, which 
were di with owing to the war. 

In 1911 the County Councils of Middlesex and 
Surrey obtained an Act of Parliament empowering 
them to increase the width of the bridge from 26 ft. 
to 55 ft. between the parapets. Figs. 78 and 79 are 
respectively an elevation and plan of the bridge as 
it now existe, and Fig. 80 is oleate eleyation 
| of the Middlesex half of the bridge as seen from the 
‘south side, this giving a good idea of its general 
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a nce. From Fig. 78 it will be seen that 
ime are five arches, of which the centre one has a 
span of 60 ft., with a rise of 19 ft., which makes the 
head-room over ordinary summer water-level about 
24 ft. The two intermediate arches have spans of 
56 ft., with a rise of 18 ft. 3 in. in each case, and 
the corresponding figures for the shore spans are 
52 ft. and 16 ft.6in. The plan, Fig. 79, shows 
that the width of 55 ft. between the parapets is 
divided up into a 35-ft. roadway and two footpaths, 
each 10 ft. wide, paved with patent ‘‘non-slip” 
stone. The two tramway tracks — a width of 
about 16 ft. 7 in. in the centre part of the roadway, 
the road surface between the rails being formed of 
wood paving-blocks, which are also used in the 
space sa the tracks and the footpaths. The 
arrangement is best shown in Fig. 81, subjoined, 


Fig.81. 


New Stonework in Section shewn Gus 
New Brickwork a? da? 






































that small caissons were sunk next to the existing 


work, the ter part of the new foundation being 
constru in a cofferdam composed of interlocking 
steel piles. Figs, 83 and 84 illustrate the design of 


the extended part of the Middlesex abutment. The 
arch rings, which are clearly shown in Fig. 83, are 
composed of brickwork, with Portland stone vous- 
soirs at intervals to correspond with the original 
arches. Steel ribs were used as centering in con- 
structing the three arches in the middle of the river 
in order to impede the river traffic as little as pos- 
sible ; timber centering was employed for the two 
shore spans. The balustrading, which is of Port- 
land stone, is an exact reproduction of the original 
design, as shown in Fig. 83. 

The work was carried out to the designs of 
Messrs. Mott and Hay, MM. Inst. C.E., the con- 
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which is a transverse section of the bridge taken 
through one of the centre piers. 

The first step of the widening work was to 
remove the cut-waters from the up-stream ends 
of the piers, and drive a row of interlocking steel 
piling, shown on the centre line of Fig. 81, to isolate 
the old foundations, and so avoid disturbing 
them by the excavation for the new foundations. 
Steel caissons, 39 ft. long, 22 ft. 6in. wide, and 
8 ft. 6 in. were then sunk under compressed 
air until their sy were about level with the 
bottoms of the old foundations. These caissons, 
the construction of which calls for ro special 
comment, are best shown in Figs. 81 and 83 ; they 
have semi-circular ends, as shown in Fig. 84, 
page 695. After filling the caissons with concrete 
the foundations were consolidated by loading them 
with a test load of old rails, and, after all settle- 
ment had ceased, the extensions of the piers were 
built up and bonded into the old work, as shown 
in Fig. 81. This figure is a section through the 
centre piers numbered 2 and 3 in Fig. 78; the 
other piers are similar in general construction, and 
only differ in width and in the height above the 
springing line. The piers are com of brick- 
work and masonry, which can be disti ed in 
Figs. 81 to 84 by the type of cross - hatching 
adopted ; in all cases the construction corresponds 
7 eee. 

The abutments were similarly dealt with, except 


tractors being Messrs. Walter Scott and Middleton, 
Limited, of Westminster. The cost of the work, 
which amounted to about 66,9001., was jointly 
borne by the Middlesex and Surrey unty 
Councils. 
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The Panama Canal. By R. E. Baxennus, H. S. Knapp, 
and E. R. Jonson. New York: Messrs. John Wiley 
and Sons, Inc. [Price 10s. 6d. net. } 

ALREADY there have appeared quite a large number 

of volumes on the Panama Canal, most of them, 

however, hardly worthy of the subject. Some are 
merely impressionist ; others are devoted to some 
particular phase;of the work, as affected by matters 
which for some time aroused keen controversy. 
The volume under notice does not fall into either 
of these categories, yet it is scarcely more satis- 
factory for this reason. We are still looking for 
an adequate history of this Great work. It is quite 
worthy of the best efforts. e modern method of 
treating history lends itself well to such a subject. 

We want a truthful history, lightened by so much 

of the more or less romantic trivialities as will 

enable the reader to live the scenes again. We 
would like, if possible, to make closer acquaintance 
with some of the personalities of the work, not in 





character sketches, but just by glimpses of them 





hard at it. We have yet to find any book 
which honestly deals with the national questions 
which arose before and during the construction of 
the Canal, and we still look in vain for the work 
which, while imparting the personal flavour, can 
avoid either unpleasing personalities or fulsome 
flattery. When shall we see a faithful story of the 
early struggles on the great enterprise of J. F. 
Wallace and J. F. Stephens? 

The work now under notice is a composite pro- 
duction, divided into six parts among three authors. 
The first three are by Mr. R. E. Bakenhus, and 
deal with the historical aspect of the work, its 
route, sanitation, costs, &c. The two subsequent 
sections, dealing with the effect of the Canal on 
the strength of the United States Navy, and the 
Canal and international law, are by Captain H. S. 
Knapp, U.S.N. The remaining section, on the 
commercial importance of the Canal, is by Profes- 
sor E. R. Johnson. The set consists of articles re- 
printed in book form from the Proceedings of the 
United States Naval Institute. For the most part 
they are quite impersonal and colourless. is 
doubtless is due to the fact that they were written 
mostly by men of a disciplined school for their 
fellows about work conducted by officers also in the 
services. Individual characters are absorbed in the 
whole, and pass without notice. Only in one or 
two cases have we a human touch. For instance: 
‘*The French company were at our mercy, and 
capitulated,” or, ‘‘during the succeeding moves the 
American side of the case was handled with great 
skill and acumen.” Except for a few references 
which show that the Americans know now that 
they drove a pretty hard bargain with the New 
Panama Company, the record is a plain and un- 
varnished recital of facts. The section on the effect 
of the Canal on the United States Navy is not likely 
to be one of wide interest, though it has doubtless 
had its influence in its own country. Again, the 
section on the commercial aspects of the Canal, 
ably handled as it is by Professor Johnson, is 
probably too dry for the average reader, while the 
student will prefer the Professor’s full reports, 
— by the Commission in 1911 and 1912. 

resent conditions have made the commercial 
promise of the Canal problematical for some time 
ahead. It is unfortunate, too, that world affairs 
should put a stop to any really representative 
celebration of the completion of the great work. 
The unexpected situation has to be faced, however. 
Instead of securing immediately traffic of consider- 
able dimensions, the Canal wil] have to be satisfied 
for a time with a fraction of what it would other- 
wise have possibly enjoyed. It is estimated that 
an income of 20} million dollars per annum is 
needed to make the Canal self-sustaining. In 
eight months’ operations the total earnings have 
amounted to only 2} millions. This is no criterion, 
of course, of the ultimate traffic of the Canal, but 
operating expenses and maintenance are not yet 
being met, to say nothing of interest on bonds, 
amortisation, &c., so that the Government is 
getting behindhand with its finances, the cumula- 
tive effect of which will be heavy on the people of 
the United States. 
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UNDERFRAME OF 200-H:-P. PETROL-ELECTRIC COACH WITH THOMAS TRANSMISSION. 
CONSTRUCTED BY..THE MIDLAND RAILWAY CARRIAGE AND WAGON COMPANY, LIMITED, BIRMINGHAM. 








Fic. 1. 











ALTHOUGH. we still seem to be a long way from the 
day of the internal-combustion-engine locomotive, 


progress is gradually being made in its direction. 
Very naturally the simpler aspects of the problem are 
being dealt with first, and a good deal has been done 
in the construction of internal-combustion-engine rail- 
cars, or motor-coaches, or whatever one cares to call 
them. Some of these have mechanical drives and some 
electrical, and they have achieved quite a fair measure 
of success. In the present article we have to deal 
ae new example which has just been turned out 
fromthe works of the Midland 

Wagon Company, Limited, of Washwood Heath, Bir- 
mitgham. It has been constructed for the New Zealand 
Governmest Railways. The-chief interest of the car 
lies in the fact that it is fitted with the Thomas trans- 
mission. This js a form of combined mechanical and 
_ electrical gearing, for which many good qualities are 
claimed. It is constructed by Thomas Transmission, 
a of 14, Leonard-place, High-street, Kensing- 
ton, W. 


ilway Carriage and | and 








38 0° Bogie Centres “ 


The rail-car as it will be shipped from Birmingham 
is illustrated in Fig. 1, above. The body is not 
being made in this country, but will be manufactured 
and fitted in the New Zealand Government Railway 
shops at Wellington. The car, as will be seen, is 
fitted with two four-wheel bogies. The total length 
over all is 62 ft. 6 in., and the width 7 ft. The bogies 
are of 5-ft. 10-in. wheel-base, the distance between 

ie centres is 38 ft., and the gaugeis3 ft.6in. The 
weight of the complete vehicle, exclusive of the body, 
is approximately 18 tons, the engine, transmission 
radiators weighing about 7 tons. We understand 
that the car is to be used for suburban work, and that 
it is to be fitted with a body having seating capacit: 
for about fifty passengers. Da ordinary service it wi 
haul two 25-ton trailers, ard the total number of pas- 
sengers carried will be about 150. The specified 
itions of service are that the loaded coach is to 
be able to haul one loaded 25-ton trailer up a e 
of 1 in 40 at 15 miles an hour, the gross load being 
about 60 tons. The maximum spzed on the leve; will 


58.0 Length over Headstocks —-----------------~----------~---- 
~--------------- 62°6° Length over Al 








be just over 40 miles an hour, and it is estimated that 
| the vehicle will haul a gross load of 85 tons up a 1 in 
| 40 grade at 10 miles an hour. The coach alone will 
take the specified grade at 28 miles an hour. 

The engine, which was manufactured by Messrs. J. 
Tylor and Sons, Limited, of London, is of the eight- 
cylinder Y type, and develops 200 horse-power. It 
is shown on the test-bed in Fig. 6, on page 697. The 
cylinders are 7-in. bore by 8-in. stroke, and are set so 
that opposite cylinders act on the same crank. One 
cylinder of each pair has a forked connecting-rod, 
which has bearings on the outside of the brasses of 
the straight rod of the other cylinder. The idea of 
the arrangement is to decrease the length of the 
engine. he main induction-pipe lies in the Y 
between the cylinders, and has a Claudel-Hobson 
carburettor at each end. These carburettors work 
in parallel. Two magnetos are fitted, one for each 
set of cylinders.. The valves are situated on the 
outside of the Y, which is a somewhat unusual 
arrangement, but in this case increases their aoceg- 
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INDUSTRIAL NOTES. 

Tue statement made on Wednesday last in the 
House of Commons by Mr. Lloyd George nee 
the Ministry of Munitions is the subject of our leading 
article and need not be referred to further here. 





The London Gazette for the 18th inst. reproduces an 
Order in Council concerning the Ministry of Munitions 
Act. It states the following :— 

1. It shall be the duty of the Minister of Munitions 
to examine into and organise the sources of supply 
and the labour available for the supply of any kind of 
munitions of war the supply of which is in whole or 
in part undertaken by him, and by that means as far 
as possible to ensure such supply of munitions for the 
present war as may be required by the Army Council 
or the Admiralty, or may otherwise be found n \ 

2. There shall be transferred to the Minister of 
Munitions, as from a date to be ame upon in each 
case between the Minister of Munitions and the 
Department or Authority concerned, (a) from the Army 
Council the functions of the Department of the Master- 
General of Ordnance in relation to contracts, supply 
of explosives, and inspection of munitions, subject, 
however, in each case to any exceptions and limitations 
which may be agreed upon between the Army Council 
and the Minister ; (b) such functions (1) in relation to 
work carried on at Woolwich Arsenal, the Entield 
Small Arms Fastory, and Waltham Powder Factory, 
as may be a upon between the Minister of 
Munitions and the Army Council ; and (2) in relation 
to work carried on at any other Government estab- 
lishment used for the purpose of the manufacture or 
supply of munitions of war, as may be u 
between the Minister of Munitions and the Depart- 
ment or Authority — control of that establish- 
ment ; (c) any other work of the Secretary of State 
for War or the Army Council, or of the Admiralty, or 
any other Government Department or Authority, the 
transfer of which ap expedient to the Minister of 
Munitions and to the Department or Authority con- 
cerned. 

The Minister is to have concurrent powers under the 
Defence of the Realm Act, and will have power to 
make such contracts and institute such inquiries on 
behalf of His Majesty, and do all things as he may 
consider necessary or expedient for the effective per- 
formance of his duties. 

The Minister of Munitions is given the following 

wers :—(1) Power to make regulations as to the 

fence of the Realm ; (2) interference with contracts ; 
(3) power to requisition the output of factories manu- 
facturing arms, ammunition, &c. ; (4) power to take 
sion of factories manufacturing arms, ammuni- 
tion, &c.; (5) power to regulate work at factories, 
with a view to the manufacture of arms, ammunition, 
&o.; (6) power to close licensed premises ; (7) trial of 
offences ; (8) power to take unoccupied premises for 
the housing of workmen. 





A Reuter telegram from the United States says that 
the manufacture of shrapnel has grown up as a result 
of the large orders placed by European Governments. 
This new industry is already at work on an estimated 
total of twenty-five million shells for the European 
armies. When business was first offered it was dis- 
covered that there was no —_ manufacturing plant 
in the United States that could turn out a complete 
shrapnel shell. Steps were immediately taken syste- 
matically to organise the productive capacities of a 
number of large industrial plants in order that deliveries 
aggregating anywhere from ten to fifty thousand com- 
pleted shells could be made per month. Under this 
arrangement the shell parts are being made at various 
plants in record quantities. These are taken to a 
central plant, where they are assembled and prepared 
for shipment. As a result of this o isation it is 
claimed that the United States Government could rely 
on @ very efficient explosive-shell-producing industry 
should occasion arise. 





The same question of manufacture of all classes of 
munitions of war in the United States is dealt with by 
Mr. Henry Clews, the New York banker, in his weekly 
financial review, which is reproduced in part in the 
Birmingham Daily Post. Mr. Clews reports that, in 
view of the unprecedented extent of the struggle, the 
disturbance is much less than might have ex- 
pected. It is estimated that the foreign trade of 
the belligerents tes about 40,000,000,000 dols, a 
year, of which about 2,500,000,000 dols. has been com- 
pletely shut off. Of course, this is a vast disturb- 
ance; yet, in proportion to the whole, it has not 
thus far senvell as serious a matter as might have 
been anticipated. America’s foreign trade, as is 
well known, has been much deranged. With Ger- 
many, Austria, France, South America, China, and 
Japan her exports have much decreased. Fortunately 
the losses have been more than made up by shipments 
of breadstuffs and war materials to the belligerents. 
American exports, particularly to Great Britain, show 
& handsome gain, which did much to offset the loss of 


te 
ing | seems destined to be fulfilied, if not exceeded. That 


pon | well as it thus far has done.” 


shipments to Germany. The prediction that America’s 
excess of exports over imports for the twelve months 
of the fiscal year would 1,000,000,000 dols. 














































executive committee, with a view to preventing a 
serious diminution in the standard of living of railway - 
men, sought and obtained a war bonus from the Rail- 
way Executive Committee, to which the Government, 
as the virtual controllers of railways, made a sub- 
stantial contribution. This ent, which at first 
was for three months only, recently been renewed, 
and had been extended to youths under eighteen years 
of age. This was the largest and widest agreement 
ever negotiated by any union for the benefit of ite 
members in the history of the United Kingdom, if not 


Id. 

to female labour, Mr. Bellamy stated that 
the withdrawal of so many men from the ranks of the 
industrial workers, both on the railways and else- 
where, had had the result of bringing into greater 

inence than ever the question of female labour. 

e would - say that they viewed the employment 
of women at less rates than men, in positions where 
these rates had been the subject of agreements, as 
highly prejudicial, and the protection of the standard 
wages in these positions was 4 — to which, he 
h , they would tenaciously cling. 

‘owards the close of the meeting a discussion arose 
on # resolution from the Southampton No. 2 Branch, 
brought up by Driver J. T. White, in the following 
terms :—‘‘ That all public resolutions be left over 
until the whole of the business of the union and other 
business bas been di of.” 

Mr. J. H. Thomas, M.P., strongly opposed the sug- 

d ure from the custom followed hitherto 
of taking public resolutions each forenoon in the pre- 
sence of the representatives of the Press, and apply- 
ing the remaining time daily to purely domestic 
matters. 

The President intervened for the purpose of making 
it quite clear that under such a resolution it was by 
no means certain that any ‘‘ public business” would 
be reached at the end of week, or would even be 
taken at all. Therefore, if the Congress approved the 
motion, it practically meant the absence of the Press 
from their future sittings. 

Several supporters of the resolution declared they 

cared nothing for the public Press, and did not want 
it represented at their deliberations. 
One of the delegates pointed to the assembled 
Pressmen as resenting capitalistic interests, and 
another declared that the Press only supported the 
workers in any dispute when it found the men were 
on the winning side. 

The resolution was carried by 44 votes against 7. 
Thereupon, the President said he was obliged to ask 
the reporters to retire. They left the hall in a body. 


With reference to our paragraph on page 673 ante 
concerning the cotton-trade difficulty, we are able to 
add that the Board of Trade made, on the 18th inst., 
the following statement in regard to the matter :— 

‘* After prolonged negotiations with a view to 
securing a settlement for the whole cotton trade, the 
associations of saree and workpeople immediately 
concerned in the dispute which has arisen in the cotton 
trade—namely, the Master Cotton-Spinners’ Federa- 
tion, the Cotton-Spinners’ and Manufacturers’ Associa- 
tion, the Cotton-Waste Spinners’ and Manufacturers’ 
Association, the Operative Cotton-Spinners’ Associa- 
tion, and the Ai ted Association of Card and 
Blowing-Room Operatives—have now intimated their 
acceptance of the suggestions made to them by Mr. 
Runciman, the President of the Board of Trade, with a 
view to a settlement of the matter. Mr. Runciman’s 
proposals were that work should be resumed at mills 
where a stop’ has already taken place, and that 
all notices on both sides stould be withdrawn, the 
matters in dispute being dealt with under the follow- 
ing reference—namely :—‘ That it be referred to the 
Committee on Production to decide whether any, and, 
if so, what, alteration should be made in spinners’ 
wages and in the wages of the classes of operatives 
recogn covered by the Card and Blowing-Room Operatives’ 
interests, and fighting for national and international |-Association, any alteration made by the award to 
justice. Railwaymen so far had played no insignificant | come into force as from the first settling day follow- 
part. It was admitted that the transport of troops | ing the tance of this reference, and to continue 
and supplies, so far as railways were concerned, had | for such period as the Committee on Production shall 
Seshedl smoothly and efficiently. Thousands of railway | determine.’ : , 
men had joined the Colours—nearly 50,C00 of them| ‘ Arrangements will be made for the Committee to 
members of the National Union of Railwaymen. It | hear the parties at an early date.” 
was recognised at the very outset that the war would 
raise many problems, both of administration and legis- 
lation, in which the workers were vitally interested, 
and a War Emergency Committee was formed on the 
widest possible basis immediately the war broke out. 
He was elected a member of this Committee, and he 
would like to say that it had done great service in 
securing representation on all kinds of committees 
prema | with important duties, in safeguarding the 
interests of the workers in a variety of ways, and 

jally in collecting information and influencing 
public opinion on the question of prices, contracts, and 
inflated profits. It early sought to influence the 
Government in the direction of controlling prices, with 


total has already almost been reached, the returns for 
three weeks remaining to be added. Of late, America’s 
imports have recovered somewhat, but are still con- 
siderably below normal. 

During the latter half of the current year America’s 
exports promise to be exceedingly heavy, and pos- 
sibly they may surpass all According to the 
best calculations, the country has thus far received 
orders for war materials to the extent of nearly 
1,009,000,000 dols. Official statistics indicate that 
since the war began they have exported to the belli- 
— munitions amounting to about 200,000,000 

lols. Evidently the next six months will witness 
some very heavy shipments of ammunition and food- 
stuffs—Europe’s ability to raise the usual quote of 
the latter being sadly impaired. The steel ind 
of the United States is already feeling the impetus of 
war orders, which have not been confined to ammuni- 
tion and shrapnel, but extend to machinery, barbed 
wire, and even cars and locomotives, for taking the 
place of those destroyed in the war. Exports of auto- 
mobiles will continue heavy for months to come ; 
likewise clothing, boots and shoes, horses, copper, 
and other supplies. The urgency abroad is so great 
that already a very considerable amount of American 
skilled labour, especially machinists, has gone to 
Europe to labour in foreign workshops. ‘‘ The violent 
disturbances which the war is causing are a marvel,” 
concludes Mr. Clews, ‘‘ but the greatest marvel of all 
is the ability of the world to meet such a cataclysm as 


The annual congress of the National Union of Rail- 
waymen opened on Monday last, in the Mechanics’ 
Hall, Nottingham. 

Mr. A. Bellamy, in the course of his presidential 
address, stated that when they met in June last year 
their executive council had decided to open up nego- 
tiations with the railway companies, with two objects 
in view—to seek improved machinery in which the 
union, as such, should play a greater part, and to 
—- by this machinery the task of securing an 
eight-hours day and an all-round increase of wages. 
He was glad to be able to say that since that date 
the relations between employers and employed had 
been greatly improved. Their request for inter- 
views to discuss the conciliation machinery was 
granted. At these interviews they were met in 
@ reasonable and friendly spirit, and had prac- 
tically reached an agreement as to the new form 
which the Sane ae oe take when 
great war broke out and compe! &@ postponement o' 
their plans. He desired to emphasise that it was a 

tponement only, for whatever elee the future may 
old, he did not think there was either a likelihood or 
@ possibility of the union retreating from its claim to 
be the medium by which national agreements shall be 
reached. Another matter which had to be postponed 
for the same reason was the consummation of the 
alliance between miners, railwaymen, and the Trans- 
port Workers’ Federation. Here in the negotia- 
tions, which were well advanced, had to be held over, 
but would, he hoped, be resumed later. 

In his opinion, the trade unions and the Labour 
Party had only done their obvious duty in this 
war by throwing their whole weight on the side 
of this country, by encouraging and stimulatin 
recruiting, by attempting to minimise disputes, an 
y _—— their experience at the ie > of 

e Government. They could do no other. bour’s 
influence had, in the main, always been thrown on the 
side of peace between the nations. But it was nota 
pegs © rice Pen A its whole existence was 

d up with the fight against tyranny and injustice, 
and, however international its outlook and character, 
it ised the necessity for defending national 








In the Court of Conciliation and Arbitration in 
Melbourne recently, Mr. Justice Powers made known 
his final award in the plaint of the Australian Letter- 
Carriers’ Association against the Public Service Com- 
missioner and the Postmaster-General. ‘It appears 
ni ,»” said His Honour, ‘‘to provide specially 
for the wi of those who join as letter-carriers or 
assistants (mail branch), or mail drivers at the ages of 
17, 18, and 19 years respectively. I have fixed the 
wage of 78/. for all who are appointed as letter- 
carriers or assistants under 20 years of “ee 
adhere to the minimum adult wage of 130). for 
letter-carriers and assistants of the age of 21 years. 
At the request of both parties, I omit the p 





& view to keeping down the cost of living, and it was roposal 
not until it had failed in this direction that their|to increase the maximum salary of a letter-carrier 
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to 168/. if engaged in final sorting of first-class 
matter, on the understanding that letter-carriers will 
not be asked to do the work in any part of their ordi- 
nary duty. I have fixed 168/. as a maximum for all 
letter-carriers and assistants who have been ten years 
in the service, and who as letter-carriers have become 
entitled under the regulations to the annual increment 
for satisfactory service, or who as assistants have been 
ten years in the service. The efficiency test for assis- 
tants not at present receiving 150/. or more I also 
retain, but I du not make it applicable to those trans- 
ferred to the position of assistant (mail branch) after 
having received 150/. This test 1s to prevent any 
assistant at present receiving 150/. or 156/. from 
receiving the increase of 6/. granted by this award or 
any annual increment not exceeding the maximum 
wage, if otherwise entitled to that. In regard to 
letter-carriers in charge of city groups, as they have 
responsibility, but not to the same extent, as letter- 
carriers in charge of suburban offices, I award a sum 
of 3. a year extra. As to the hours fixed by the 
award, 1 alter the hours of letter-carriers only by 
making the hours of duty 44 hours a week.” 





Earlier in the war the New South Wales Govern- 
ment decided that no increments would be granted to 
officers in the public service during the currency of 
the war. It has since been decided wo pay all increases 
due to officers up to 200/. per annum. In making 
this announcement, the Premier stated that the 
Government were justified in paying increases to 
junior officers in view of the improved position of the 
State. 





THE LATE MR. CHARLES COLSON, C.B., 
M., INST. C.E. 

Ir is with regret that we record the death of Mr. 
Charles Colson, U.B., M. Inst. C.E., late Deputy Civil 
Engineer-in-Chief of the Admiralty, who died at 
St. mards on June 8, 1915, at the of seventy-six. 
Mr. Colson was the son of the late Henry Colson, of 
Ringwood, Hants, and was educated privately. In 
early life he was connected with the War Depart- 
ment, but joined the Admiralty in 1866, and was for 
many years Assistant Engineer on the Portsmouth 
Dockyard extension. 

After the completion of that work, he became Civil 
Engineer of Portsmouth Dockyard, a post that he 
retained from 1881 to 1883, when he was selected to 
go to Malta to design a new graving-dook for the Navy 
at that port. On his return his designs were accepted, 


and he was promoted to the post of Superintending | need 


Civil Engineer. He was then again sent to Malta to 
construct the dock by departmental labour, a duty 
which was very successfully carried out, under great 
difficulties, in a most economical manner. 

While Mr. Colson was at Malta, he was sent to 
Gibraltar to design a large extension of the dockyard, 
which was afterwards carried out under his super- 
intendence. Leaving Malta, in 1892, he was appointed 
Superintending Civil Engineer of Devonport Dock- 
yard, a post which he retained until 1894, when he 
was appointed Assistant Director of Civil Engineer- 
ge Be Lng — the yy , 

uring the next year the very large extensions of 
naval dockyards which were projected necessitated 
the formation of a special department to carry them 
out, and Mr. Colson was appointed to the new depart- 
ment (named the Naval en Works Department) as 





Deputy Civil Engineer-in-Chief, in which capacity he 
was responsible for many years, under Sir Henry 
Pilkington, for the design and construction of large 
dock works and extensions of naval dockyards at 
Portsmouth, Keyham, Gibraltar, Hong Kong, and the 
Cape of Good Hope, for the Admiralty supervision of 
the breakwaters at Peterhead and Dover, and for 
work at other naval ports. 

On the completion of Keyham Dockyard Mr. Colson 
was made a Companion of the Bath in recognition of 
his services to the country, and he retired from the 
Admiralty in 1905. He was the author of a book on 
docks and dock construction, which has been widely 
used, and he contributed several rs to the Pro- 
ceedings of the Institution of Civil Engineers, for one 
of which he was awarded a Telford Premium. He 
was devoted to his family and his profession, and had 
few other interests. He was respected and liked 
by all who knew him. 





PELTON WHEELS FOR HIGH 
PRESSURES. 

Tue illustration above shows a high-grade Pelton 
water-wheel, manufactured by Mr. Percy Pitman, 
25, Victoria-street, Westminster, London, S.W., 
and designed in the first instance as a 60-horse- 

wer wheel for Messrs. Bainbridge, Seymour and 

., Salisbury House, London all, E.C. The 
new design, as illustrated, contains several novel 
features. The shape of the bucket has been im- 
proved so as to attain the utmost efficiency in its 
passage through the stream ; each bucket has the jaws 
milled out, a tight press fit on the runner, and the 
bolt-holes are reamered out so that the bolts are a 
tight fit, and are forced into place by hydraulic pres- 
sure. Between each pair of buckets a steel taper pin 
is driven, and locked, to further strengthen the wheel. 
The inside surfaces of the bucket are accurately 
ground to template, and afterwards polished, and 
every bucket is brought to exactly the same weight, 
so that the wheel shall be in perfect static and 
dynamic balance. 

The needle-regulator is operated by Pitman’s patent 
oil-pressure governor, as shown in Fig. 2. It will be 
noticed that the connection between the hydraulic 
piston of the governor and the needle is by means of 
a steel rack and a segment of a steel pinion. To 
enable the governor to operate the needle with free- 
dom a compensating spring is fitted on the end of the 
needle-rod, so as almost entirely to balance the un- 
equal and opposite pressures which are exerted on the 
le-end during its various positions, 

This particular wheel is to operate a mining plant 
in India, and if the first unit is satisfactory, several 
others will be ordered. The wheel is of brake 
horse-power, working under an effective head of 850 ft. 
[he pitch diameter of the wheel is 7 ft. 1 in., and 
the speed 275 revolutions per minute. The nozzle 
when full open gives a jet of water approximately 
54 in. in diameter, and the stream is of exceptional 
transparency, issuing almost like a glass rod. 

In Mr. Pitman’s latest type of oil-pressure governor 
the floating lever is entirely dispensed with, and the 
compensating device is separated from the governor- 
head, and produces very tine speed regulation. The 
er contains no air vessel, nor is ~ | required 
or the most severe or continuous changes of load. 

This Pelton wheel will be used not only for driving 
mining machinery, but also for supplying electric 
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wer to several small works in the district, and for 
electric lighting purposes, &c. 

Mr. Pitman intorms us that he has now supplied to 
the Science Museum at South Kensington a full-sized 
example of this patent governor, a fact which may be 
of interest to engineers. 





WORKMAN’S COMPENSATION CASK. 

Jurisdiction to Arbitrate.—In the case of Cooper v. 
Wales, Limited, recently brought before the Court of 
Appeal, the applicant, a circular sawyer, was incapa- 
citated by an accident arising out of and during the 
course of his employment with the respondents. The 
employers’ insurance company agreed to pay compen- 
sation during the cogent, total incapacity, and to 
consider any further developments as they arose. The 
applicant, however, was not prepared to accept an admis- 
sion of liability limited to toval incapacity only. He 
therefore applied to the Court for an award, and the 
case was heard before the Judge of the Birmingham 
County Court sitting as arbitrator under the Workmen’s 
Compensation Act, 1906. The question was whether, in 
view of the admissions made by the insurance company 
on behalf of the employers, the applicant had any right 
to bring the proceedings. ‘The County Court Judge held 
that a question for arbitration bad arisen under Section 1, 
Sub-Section 3 of the Act, and made an award in favour 
of the applicant. : 

The employers appealed against this decision, and the 
appeal was heard by the Master of the Rolls, Lord Justice 
Pickford, and Lord Justice Warrii In ae judg- 
ment dismissi the appeal, the 
said that the only point in the appeal was whether there 
was any jurisdiction to make an award in favour of the 
csumeren. Arbitration proceedings could only be begun 
if a question had arisen between a workman and his em- 
ployer. It seemed to his Lordship that a question had 
arisen between the parties which sufficed to give juris- 
diction to the Court. The employers had declined to 
admit liability to pay compensation, except during total 
incapacity, and the workman said he was entitled to an 
admussion of liability to Pay compensation to the extent 
of his statutory rights. The ditference was important, 
and not oes matter of form. It —_ affect the onus 
of proof if total incapacity ceased an: ial incapacity 
still existed. His Lordship therefore thought that the 
view of the County Court Judge was correct, and, after 
dealing with the cases cited by the appellants, said that 
in his opinion the appeal must be dismissed with costs. 
Lords Justices Pickford and Warrington gave judgment 
to the same effect. 





Postat Matrers in AusTRALIA.—The ffices of 
the Australian States earned in 1912-13 4,243,292v., 
while the working expenses of the year were 4,263,373/., 
leaving a deficit ot 20,081/. to be provided for. This deficit 


was, however, increased to 407,102/. when account was 


taken of interest on oon and pensions and retiring 
allowances. New South Wales figured in the final loss for 


190,332. Postal work properly so-called was attended 
with a profit of 6086/., but.a loss of 61,072. was experienced 
in the telegraph department, another loss of 124,549/. in the 
telephone department, and a third loss of 1943. in con- 
nection with wireless telegraphy. The post-office work- 
ing resulted in a profit in the same year of 8426. South 
Australia was also enabled to report a profit of 4687/. 
On the other hand, losses of 100,480/., 104,132/., and 
25,271/. were sustained in Queensland, Western Australia, 
and Tasmania. The losses were principally experienced 
in the telegraph and telephone services. 
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LOCOMOTIVE WITH TRAILING-TRUCK; PENNSYLVANIA RAILROAD TYPE. 





PENNSYLVANIA 


Aa est hs Segall 





AMERICAN LOCOMOTIVE TRAILING- 
TRUCKS.—No. III. 


One of the most interesting forms of trailing-trucks 
in use in America at the present time is the pattern 
developed on the Pennsylvania Railroad. e dis- 
tinctive features of most trailing-trucks, as will be 
gathered from our previous articles, have regard to 
the provision for the spring gear and equalising rig- 
ging. The Pennsylvania is radically different from 
other types in that the functions of the truck and 
equalising gear are combined in one unit. This truck 
is illustrated on the present page, on page 704, and 
on Plate XLIV., on which we reproduce photographs 
and drawings kindly supplied to us by Mr. J. T. 
Wallis, General Superintendent of Motive Power, 
Altoona. The reproductions of photographs in Figs. 44 
to 48, on the present page and page 704, give a very 
good idea of this truck and its appearance under the 
trailing end of a Pennsylvania locomotive. The truck 
consists of a steel-frame casting, which is virtually a 
stiff equalising-beam. At one end this beam carries 
the trailing-wheels ; at the other end it is coupled to 
the spring rigging of the drivers, while between the 
two are ball-and-cup fulcrum pointe. The general 
arrangements of the truck and suspension are shown 
in Figs. 49 to 54, Plate XLIV. 

The truck-frame is shown in detail in Figs. 55 to 
66, Plate XLIV. A side elevation of the frame is 
shown in Fig. 56, and a plan in Fig. 58. Fig. 57 is an 
elevation of the back end, and Fig. 63 one of the 
front end. Various sections are given in the other 
drawings. The frame comprises the equalising radius- 
bars, horns, and a rear cross-stay. All these are 
embodied in one casting, which is in places of box 
section, while at other parts it is of web and flange 
design. The equalising radius-bars extending from 
the front end of the truck to the horns are of box 
section, as shown by Fig. 60, giving a section at E E, 
Fig. 56. At the front end, just back of the pivot, 
the casting is also of box section (see Fig. 62). At the 
horns the casting takes the form shown in Fig. 59, 
which gives the section at CC, Fig. 56. Over the 
axle-boxes the frame takes the form of two deep 
channels, as shown by Fig. 55, which is a section 
through B B, Fig. 56. 

_ The detail, Fig. 64, showing a section through A A, 
is taken through the pivot socket at the front end of 
the frame. At the back end the frame is of channel 
section. It will be noted that at the front end the 
limbs of the radius-frame combine in a cross box-sha 
member, from the front of which the pivot socket 
extends in the form of a large lug at & somewhat 
higher level,~as seen in Fig. 56. At the same time 
the limbs of the radius-frame are continued to the front 
to form inverted knife-edge bearings, which rest on 
the gibs of the driver-spring rigging on both sides of 
the engine. 

_ The truck is fitted with axle-boxes of the type shown 
in Figs. 67 to 70, Plate XLIV., working in lined 
horns. The horn-stays are shown in Figs. 71 to 74. 
The tapered lugs on to which they fit are shown in 
Figs. 61, 65 and 66. Directly over the axle-boxes are 
laminated springs housed between the two channel-seo- 
tion portions of the frame at this point. Details of the 
spring-links and gibs, by which the frame is suspended 
from the springs, are given in Figs. 75 to 82. The 
Suspension is arranged with links of similar pattern, 
but different lengths for the two ends of the sprin, 
These links are shown in Figs. 75 and 76. upled 
to these by } oy at the lower ends are stirrups (Figs. 77 
and 78). e gibs fitted in the frame and suspending 
the frame from these stirrups are shown in Figs 79 


and 80, while those at the upper end of the links, on | 


the spring ends, are shown in Figs. 81 and 82. At the 
front end of the truck there are two pairs of suspen- 
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sion-links (see Figs. 49, 51, and 53). One of a pair is 
shown in Figs. 83and 84. Its mate is similar, but its 
complement, with bosses on the inside, and offset on 
the outside. The gibs for the bottom end, engaging 
with the hook-shaped ends of the radius-frame, are 
shown in Figs. 85 and 86. At the upper ends of each 
pair of links there is a pin-joint connection with the 
short link shown in Figs. 87 and 88. A stirrup or 
spring shoe, with a knife-edge, Figs. 89 and 90, 
couples this link with the spring end. At the front 
end of the rear driver the spring stirrups and links are 
similar. The links, however, are shorter, as will be 
seen in Figs. 49 and 54, and end below the under side 
of the upper bar of the frame, where a seat of the type 
shown in Figs 91 to 93 is provided for the gib. 

At the front end of the truck-frame is a socket for 
the pivot. The pivot or radius-pin is held in a strong 
steel stay casting extending between the engine main 
frames. This casting is shown in Figs. 94, 95, and 
96. The pivot end of the truck frame is held in the 
henchasdlll opening under this stay by s long, 39-in. pin, 
which is illustrated in Figs. 97 to 99. In this pin 
special provision is made for lubricating the outside 
of the shank, which through a ball socket in 
the truck-frame. This ball socket is made up of a 
ball (Figs. 100 and 101) held in the frame by an upper 
and lower cup (Figs. 102 to 105). These are held in 
place by bolts. The lug portion of the frame, in 
which this ball socket is fitted has a depth of 3 in. 
The pivot-pin holds this in an opening having a clear 
inside depth of 94in. The front end of the truck is 
thus allowed vertical movement up or down on 
the pivot or radius-pin of about 3in. This move- 
ment takes place about a pair of spherical-shaped 
fulcrum-points on either side of the engine. 

Outside the main engine-frames are fitted, as will be 
clear from Figs. 49 to 51, brackets, shown in Figs. 
106 to 109. On the under side of these is a flat 
wearing surface. On the upper side of the truck 
frame, on each side, at a point shown in the various 
drawings, and also clearly in the photographs, is 
fitted a cup, of which details are given in Figs. 110 
and 111. In this cup is a part of a sphere, the flat 
7 side of which is in contact with the under side 
of the fulcrum bracket on the main frame. While 
this equalised truck frame is able to rock in  longi- 
tudinal direction to an extent which will result in an 
extreme vertical movement of the ball on the pivot- 
pin of about 6 in., the whole frame can swing horizon- 
tally round the pivot-pin, the fulcrum points moving 
with it in their cups at the same time. 

The fact that this rear truck is braked adds some- 
what to the complication, but the brake arrangement 
will be clear from our photographs and drawings. 
some locomotives this truck is fitted with spring 
control. This control takes the form of an arrange- 
ment fixed above the truck frame at the rear. It con- 
sists of a spring box containing two hollow horizontal 
pistons pressed outwards by helical springs. The outer 
ends of the pistons press against vertical lubricated 
rubbing-plates on the inside of the engine-frames. 
This arrangement allows of vertical movement at 
the back end corresponding to rocking about the 
fulcrum points, and provides a controlled return after 
lateral displacement of the back end. 

From this description it will be seen that the 
Pennsylvania. Railroad trailing-truck is quite distinct 
from other t The side members of the frame 


. | casting act as equalising-beams, while the front cross- 


member replaces the usual cross-beam at the rear end 
of the driving-spring rigging. In Fig. 44 we give 
an illustration of one of the excellent 4-4-2 type of 
locomotives developed on this system and fitted with 
this type of truck. We have referred on other occa- 
sions to this class of engine, which has cylinders 23} in. 
by 26 in., and a total heating surface of 3937 sq. ft., 








including superheater surface. The load on the two 
driving-axles is no less than 133,100 lb., while the 
weight on the trailing-truck is 51,900 lb. The same 
type of truck is used on this company’s engines of the 
4-6-2 and 2-8-2 types. 





PrrsonaL.—The Institution of Mechanical Engineers 
announce that the Government having required the 
temporary use of their building at Storey’s Gate, the 
Institution has taken offices at 11, Great George-street 
for the time being.—Messrs. Walter D. Fair and Oo., 
automobile and marine engineers, state that, owing to the 
considerable extension in their business, they have taken 
new offices at 43, Leicester-square, London, W.C,— 
Messrs. J. Dampney and Co., Limited, Cardiff, inform 
us that they have opened a branch office at 45, Black- 
friars-street, Manchester, for the sale of their ‘‘Apexior” 
compound for steam boilers, turbines, &c., ‘“‘Asphaltene” 
bituminous paint, ‘‘Miraculum” graphite paint, and 
other spécialities, paints, distempers, &c.—Mesaers. 
William Jacks and Co., of 5, East India Avenue, London, 
E.C., and 111, New-street, Birmingham, ask us to state 
that they are not connected with the Glasgow firm of 
the same name which has been ted in Edinburgh 
by the Government under the Trading with the Enemy 
Acts ; that no member of their firm has any interest in 
such Glasgow firm, and that no member of such Glasgow 
firm has any interest in their firm. 





Tue 250-Ton Fioatine Crane “ Ayax” FOR THE 
PanaMA CANAL.—The material for the new jib for the 
250-ton floating crane “‘ Ajax” for the Panama Canal 
was due to arrive at the Isthmus about ten daysago. It 
will be remembered that this jib failed when the crane 


was undergoing the acce’ ce testa. ure was de- 
scribed in our issue of February 26 last (see 255 ante), 
while on 646 and 647 ante we illustrated this crane 


and the ‘‘ Hercules,” which is like the “* Ajax” in all 
respects. The material for the new jib has been shipped 
from Germany to New York, having left Rotterdam in 
the Holland-America steamship Cornelius on May 8. It 
was agreed by the nations of Europe that there should be 
no interference with thé manufacture and shipment of 
this jib if the shi t+. were made from the port of a 
neutral country. e inquiry on the failure showed that 
the strut at the heel of the jib, extending from the pivot 
to the back end of the upper member of the jib, failed 
from insufficient lattice-bracing, batten. pote, &. The 
material was satisfactory, but this strut was composed 
of two halves of plate and angles, insufficiently tied 
together. Extra stiffening has now been inserted. 


Boy ARTIFICERS IN THE Roya Navy.—It is probable 
that the London County Council will be authorised by 
the Admiralty to nominate six boys for entry in January, 
1916, as hoy artificers in the Royal Navy, and the Council 
is accordingly ed to consider applications for nomi- 
nation. (a) idates must be between the aged of 
fifteen and sixteen years on January 1, 1916—i.¢., their 
date of birth must fall either on January 2, 1900, or 
January 1, 1901, or between these dates. (b) Candidates 
must be the sons of British subjects. (c) Candidates must 
be in good health and of sound constitution, and be free, 
as far as can be ascertained, from any disease or defect 
that would unfit them for the duties of an artificer in the 
Royal Navy. Their hearing must be unimpaired, and 
they must possess full normal vision as Gctotnined by 
Snellen’s test, each eye being separately exami 
(ad) Candidates must, as a rule, be not less than 5 ft. 1 in. 
in height, with a chest measurement of at least 31 in. 
(e) Candidates must have attended a London secondary, 
central, or higher-grade elementary school, W ccfpearezoe 
or technical institute, for at least one year. is require- 
ment may in certain cases be waived if the candidate 
possesses the necessary educational attainments as a 
result of attendance at evening classes in higher subjects. 





(f) The nts (or ians) of candidates must, as a 
a) veae within PA roe of the Administrative County 
London. 


sy ee forms (T. 2/249) may be ob- 
tained from the Education Officer, London County Coun- 
cil Education Offices, Victoria Embankment, W.O., and 
must be returned not later than September 7, 1915. 
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NOTES FROM THE UNITED STATES. 
PuHILaDELpHia, Pa., June 9. 

EXTRAORDINARY war orders placed in 
the United States have been the feature of the past 
week. The Canadian Northern Railway Company, 
basing ite recent report on statements from over 
business men and firms, state the value of orders for 
war requirements in the Dominions at 156,000,000 dols. 
from Great Britain alone. The output of shells will 
soon be increased from 10,000 a day to 50,000 a day ; 
over 20 per cent. of the business men report 
improvement ; orders for 20,000 tons of bars for 
projectiles are about being placed in an Eastern mill. 
Inquiries from abroad for ship construction are 
demanding earnest and urgent attention. The 
are all crowded, and it does not appear to what extent 
European shipbuilding requirements can be taken care 
of. Domestic plate demand is growing. Implement 
manufacturers are not as urgent in covering as the 
facts appear to warrant. The Steel Corporation is at 
80 per cent. ingot capacity. Galvanised pipe is up 
10 dols. a ton in all; after all, domesticdemand drags ; 
all contributory influences are favourable to expansion 
in steel industry. Capital is over-abundant. Causes 
not apparent on the surface hinder business. The 
favourable court decision affecting the United States 
Steel Company has imparted a tone of confidence 
tempered by a purpose of the Government to appeal, 
which action, if taken, will postpone the fuli return of 
confidence. 

All influences contribute to conservative action 
among domestic steel buyers. Most of the increased 
sualbebestan capacity is in the contributory indus- 
tries outside of steel-mills. Every sort of factory that 
can be sey ry to munition production is being 
utilised for that purpose, 





Tue Royat Soorery or Arts: Specira, Wak LEcTuREs. 
—The Council of the Royal Society of Arts have arranged 
with Professor Vivian B. Lewes to give a short course of 
eee lectures during the recess on “‘ Modern Munitions 
of War.” Three lectures will be given at 4.30 p.m. on 
Wednesday afternoons, July 7, 14, and 21. The first 
lecture will deal with ‘‘Guns and Propellants,” the 
second with ‘‘ Mines, Shells, and ~ Explosives,” and 
the third with ‘‘ Poison Gases and seondieny Bombs.” 
The course will be under the Foth Trust. The 
lectures will be open to all Fellows of Society, who 
can admit their friends y or by the usual tickets. 
Any Fellows requiring further tickets can apply to the 
Secretary, who will furnish them with any num a= 
may desire for distribution. Tickets will also be issu 
gratuitously to any persons interested in the subject, who 
may apply to the Secretary, Sir Henry Trueman Wood, 
at the offices of the Society. 


AUSTRALIAN InpDvUsTRIES.— After having inspected 
various works in New South Wales connected with the 
iron, oil, and timber industries, the Commonwealth 
Minister of Customs returned to Melbourne recently fully 
convinced that if resourcefulness and enterprise were 
associated with the u i there should be no 
doubt as to their future. Mr. 's visit chiefly con- 
cerned the iron industry, for at no distant date the 
Government will have to consider whether the iron and 
steel manufacturing business in Australia is sufficiently 
established to warrant the withdrawal of the bounty. 
The period for which the iron bonus operates expires at 
the end of the preeent year, and since another large com- 
pany, the Broken Hill Proprietary Company, has entered 
the field of iron and steel manufacturers, there is a possi- 
bility that the ment of the bounty will cease, and 
the industry will granted such protection, th 
the tariff, 4 Ay Aya -, Le Mr. Tu 
states that he was greatly impressed with the progress 
made at Lithgow. He witnessed the rolling of steel rails 
for the Commonwealth and Victorian railways, and the 
treatment generally of iron-ore ucts, Whilst in New 
South Wales, Mr. Tudor also visited the Commonwealth 
pdb at Newnes. — my 7 a = 
emplo where, six years ago, w 1) visi 
works, 2000 found employment. It seemed to him (the 


Minister) that the industry would not prove successful 
until methods were adopted to treat the shale in Australia 
right from the beginning to the end of the process. He 


had discovered that best of the shale had been 
ex to Germany for the extraction of oil and the other 
by-products. At the present time the shale which had 
been cast aside was being treated with satisfactory results. 
As a matter of fact, residual oil from the works at Newnes 
was at ae. 
This showed that there was scope for expansion, he 
hoped that some means would devised which would 


render it unnecessary to send the best shale away. If it | attack 


could be treated snocessfully in German 


. was no 
reason why it should not be treated with equal success 
in Australia. The increasing use which is being made of 


Australian and New Zealand timbers in New South 
Wales was also » matter which attracted the attention of 
~ b “Balt poopy ny LE, into 
to him why © pine was & ng im into 
Victoria and not into New South Wales. The latter 
State was now importing large quantities of New Zealand 
pine in the roug doing the dressing | ee ° 
great deal of employment was now found in New th 
Wales by reason of the fact that numbers of timber 
millers had installed dressing plants of modern design. 


yards | the lam 
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NOTES FROM THE NORTH. 


Glasgow Pig-Iron Market Ait pte a 
ow Pig-Iron Market.— ough steady, ig- 
iron market was rx last Thursday, Sad in the cone, 
only 2000 tons of Cleveland warrants were dealt in, at 
= tically the same as those ruling the previous 
ay. For cash, 67s. per ton was asked, 67s. 1d. four days, 
and 67s. 6d. one month, and at the close sellers were 
quoted 67s. 2d. cash and 67s. 7d. one month. In the after- 


On the suburban section of the Pennsylvania Rail- 
road Company’s main line between Philadelphia and 
Paoli, Pa., which is being electrified, a new form of 
senating is being installed. The section is 20 miles 
long, there are nineteen stops. The signalling is 
automatic, and is carried out entirely by means of 


lamps. Esch signal consists of two sets of lamps | noon still smaller amount (1000 tons) hands, 
capable of giving four distinct signals, as indicated in | #* 676. eight days, with closing sellers 4d. to 1d. per ton 
the rood. | di . There are no mechanical con- 


down from the morning. A sharp fall in the pri 
Cleveland warrants took place on Friday, in the Seeing 


nections to the si and no — the four a drop of 4d. per ton to 66s. 8d. cash | on es 


different combinations being obtained by switching in 


different lamps. Colour plays no part in the scheme, Sy ene ye of 

all being white. ey are mounted t | for sellers were 6d. per ton down from the morning, thus 

a black background of the shape shown ° = wi representing a loss of 11d. per ton on the day. In the 
n the day- 


and are used both by day and at night. 
time, to make the lamps clearly visible, they are in- 
creased in brilliancy, presumably by increasing the 
voltage. It is stated that the lights are easily seen, 
even in the brightest sunshine, at a distance of 
4000 ft., and that when at their maximum power at 


/ 2 
f 4 


merning the turnover was 3000 tons and in the afternoon 
2500 tons. Businesscontinued rather depressing on Mon- 
day, and in the forenoon 2000 tons of Cleveland warrants 
were dealt in at 66s. 14d. per ton cash and 66s. 6d. one 
month, closing sellers being quoted at 66s. 2d. cash and 
66s. 7d. one month. Complete stagnation characterised 
the afternoon’s market, and at the close sellers’ quotations 
were practically 24d. per ton dearer than in the morning, 
standing at 66s. A. cash and 663.94d. one month. A 
poy | forenoon, and a lot of 
1000 tons of Cleveland iron changed hands at 66s. 5d. 
cash, with closing sellers at 66s. 64d. per ton, being 2d. up 
over the previous day's price; but in the afternoon 
ain no was done, the closing sellers’ prices 
being 66s. 64d. per ton cash and 66s. 114d. one month. 
This unsatisfactory condition of affairs continued this 
(Wednesday) morning, and the price of Cleveland war- 
rants remained practically unchanged. No change took 
place at the afternoon session, business was still dull, 
and prices remained steady at the morning’s figures. At 
the close, sellers were quoted at 66s. 64d. per ton cash, 
and 66s. 10d. one month. 


Sulphate of Ammonia.—Sulphate of ammonia is still in 
steady demand, and the price remains firm. For prompt 
delivery, Glasgow, 14/. per ton is still quoted, while for 
—- delivery, Leith, the price has risen, and good 

usiness is done at from 14/. 7s. 6d. to 14/. 10s. per ton. 


Scotch Steel Trade.—The utmost activity prevails in 
the local steel trade, the preponderance of the output 
ving some definite connection with war munitions, 
and in some works it would almost seem as if nothing 
were being turned out but shells, which, naturally, are 


: - in ever-increasing demand. Although the price of 1 
night they enable large type to be read at a distance | has eased off a trifle, other emulations the cmdiy 


of 1000 ft. The signals are mounted on steel struc-| and the high rates of labour, the difficulty of transport, 
tures, which span the tracks and serve the additional | and similar obstacles—combine to run up prices and 
pu - of anchoring ew) trolle = m : — eam - - py pe ae. —_s. the 
ich have been mos 
twaien, leh aaa sesteets & block Rowe 3500 fe six months are the steadily increasing Pressure upon’ the 
long. The arrangement gives the driver informa- ——_ a of the West of Scotland for material re- 
tion about the three blocks ahead of him. The first | 176d for the prosecution of the war, and theheavy advance 
ition shown in the figure, with both lines of lights | the cost of all finished products. The effortsmade by the 
cae Golan Sinan” andl ok chat “th Armaments Committee so to organise the available labour 
orizontal, indicates ‘ , and shows | ©) that it may satisfactorily cope with the necessary work 
block ahead is occupied. he second position corre- required, both by our own and the Allies’ Governments 
sponds with ‘‘ Caution,” and indicates that one block | have been eminently successful; and while many men 
ahead is clear, but that there is a train in the second | have already been released from military duty on home 
block. The third position implies ‘‘ Proceed, prepared | stations to enable them to return to the more urgent work 
te poss nent signal at yo yp ond canes = of preparing shells and other munitions, it is fully ex- 
wo blocks are clear, bu e third is occupied. 
The fourth position indicates ‘‘ Proceed,” and shows 


pected that ere long not a few of the highly-skilled 
workers at present in the trenches will be recalled, in 

that three or more blocks ahead are clear. It will be 

noted that a driver always receives notice of a pos- 


order further to increase the production. So far as labour 
sible stop at least 7000 ft. in advance, and always 


conditions permit, therefore, every available mill is runmin 
on full time, despite which fact the supply is much behind 

receives two cautionary signals before approaching a 

** Stop ” signal. 





the demand. Unfortunately, some of the furnaces in the 
bar and sheet mills have been damped down owing to 
the scarcity of labour. At the present high prices it is 
conceivably hard for steel-makers that they cannot further 
increase their output. At the moment plates are not 
in such urgent demand, but sectional material is in great 
request, even at the present advanced rates. At the 
meeting of the Steel-Makers’ Association yesterday 
(Tuesday), some of the prices were fixed, but notwith- 
standing this, higher rates are being sought and paid. 
a for G w or equal delivery are going well 
av 97. 15s. to 10/.; boiler-plates from about 10/. 5s. to 
102, 10s., and angles from 9/. 15s. upwards, all, of course, 
less the usual 5 per cent. discount. 


Malieable-Iron Trade.—The trade in malleable iron 
would be phenomenal just now were it possible to pro- 
cure a sufficiency of labour, both skilled and unskilled. 
Good puddlers are not to be had, in consequence of which 
makers are not in a ition to book the orders which 
keep pouring in. Indeed, the scarcity of labour amounts 
practically to a famine, and is proving a serious back-set 
to business. This, of course, helps to keep up prices, 
and for ‘“‘crown” bars the home quotation for prompt 





Tae Unirep Srates Sregst Corporation.—Dealing 
with the Se Canes by 2 —— States a 
against this ration, the Jron Age reports that a 
decision was handed down at Trenton, N.J., on June 8, 
in the United States District Court for the district of 
New Jersey, refusing the petition of the United States 
Government to dissolve the United States Steel Corpora- 
tion. decision was unanimous, but Judge Buffington, 
who wrote the — 


said in its opening sentence that 
the members of 


ion, 
Aya ee Pht ey 
concerning every step by whi o result was reac ~ 
Besides refusing to dissolve the Steel Corporation, the 
Court refused to grant an injunction, as asked for by the 
Government, nst any of the Corporation’s operations 
or practices. It said, however, that if the Government 
so moved, it would retain the bill of complaint for the pur- 
pose of restraining anything like the ‘‘Gary movement” 
which might be contemplated by the defendants hereafter. 
The decision was received with marked approval through- 
out the country. Comments of the Press were to the effect 


4 ‘ . a ee delivery, Glasgow, is 10/. per ton, less the usual 5 per cent. 
that it — oto , . ee eae discount, although cline this figure are a. For 
fiews esinens nage pe - - bowen No export trade the current price is likewise round about 10. 


uncertainty 

may lawfully do, and that it did much in emphasising 
the principle that mere size is not the test of monopoly 
and trade restraint. Heads of steel companies = — 
manufacturing corporations representatives of finan- 
cial and trade interests united in saying that the decision 
oe See, in putting cheer into business and 
in aiding in the forward movement which has so long been 
awaited in domestic trade. Chairman E. H. Gary, of the 

teal ion, in expressing his gratification, said : 
“T feel pe Soe, ees SS ones ae 
of the Steel Corporation. It Id have a great good 
effect upon business conditions throughout the country.” 


Scotch Pig-Iron Trade.—There is a continued demand 
for Scotch pig-iron, owing chiefly, of course, to the 
constantly increasing output of finished material, and 
prices are, if anything, slightly easier, although this 
may not continue to any appreciable extent. Natu- 
rally, the increasing demand for the finished mate- 
rial has furthered the sales of the raw material. 
Hematite is still much in request, and the slightly better 
conditions of transport which now prevail are having 
a beneficial effect, and the blast-furnaces are as busy 
as can be expected. The current market quotations for 
makers’ (No. 1) iron are still much on the same level as 
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those ruling during the past two or three weeks, and are 


as follow :—Clyde, Calder, ie, Summerlee, and 
Langloan, 85s. ton (all shi: at Glasgow); Eglin- 
ton, 80s., and Glengarnock, (beth at Ardrossan) ; 
Dalmelli 8ls. (at Ayr); Shotts, 85s., and Carron, 
86s. (both at Leith). 


Scotch Iron and Steel Imports.—The registered imports 
of certain kinds of iron and steel manufactures into the 

orts of Glasgow, Greenock, Grangemouth, Leith, 

undee, and Aberdeen during the month of May last 
were as follow :— 


Ex U.S.A. 
Ex Continent. ond Cansda. 
Tons. hor a Tons. —— 
Wrought-iron bars, angles, &. 2 23 7 38 
Wrought-steel bars, angles, &c. _ _— 1935 12,836 
Iron and steel hoops and strips 3 34 7398 63,529 
Iron and steel plates and sheets, 
not under 3 in. ee ae 4 26 526 8,420 
Iron and steel plates and sheets, 
under } in. thick on ua 2 36 _ _ 
Total oe ee ll 119 9866 69,823 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—There is an easier ten- 
dency in steam-coal due to the restricting effect of export 
regulations. In one way these restrictions help to pre- 
serve the balance of the market, collieries os in a better 
position to meet the enormous demands of home indus- 
trial users. Consumption in the engineering trades in 
the Sheffield district is on a scale which far surpasses 
any previous record. There are still a considerable 
number of contract renewals outstanding. The latest 
forward bookings are at an advance of 5s. 6d. on last 
year’s rates, but are oy Be from 50 to 75 cent. 
of last year’s tonnage. The leading works in South 
Yorkshire have accumulated small stocks. Slacks are 
a good market. The favourable trend of the Lanca- 
shire dispute has given a fillip to forward business. 
Conditions in the house-coal section are quite as brisk as 
a week Householders are anxious to place orders 
before July 1. Dépédts are working under pressure, and 
have difficulty in obtaining adequatesupplies. Collieries 
are busy working off arrears on gas-fuel contracts. A 
heavy tonnage is going to inland works. Coke is a firm 
market. Steel coke is quoted at 30s. delivered at works, 
and blast-furnace coke at 23s. to 25s. on rail at the 
ovens. Quotations:—Best branch hand-picked, 20s. to 
2ls. ; Barnsley best Silkstone, 17s. to 18s. ; byshire best 
brights, 17s. to 18¢. ; Derbyshire house, 15s. to 16s.; best 
large nuts, 14s. to 15s.; small nuts, 13s. 6d. to 14s. 6d.; 
Yorkshire hards, 17s. 6d. to 20s.; Derbyshire hards, 
17s. 6d. to 20s.; best slacks, 11s. to 12s.; seconds, 9s. 6d. 
to 10s. 6d. ; smalls, 8s. to 9s. 


Iron and Steel.—The tone of the raw-material market 
is fairly steady, the decline in new business being attri- 
buted to the approach of midsummer stocktaking. East 
Coast hematite is a shade easier, but West Coast sorts are 
firmly held at the level of the last two months. Very 
high prices are obtainable for special qualities, which are 
in wider demand now that vernment requirements 
have been so tly increased. Forge iron is a quieter 
market, but there is a moderate amount of business 
passing, and there is still a strong inquiry for foundry 
sorts on Government account. © current quotations 
are :—West Coast hematites, 120s. ; West Coast i 
hematites, 133s. 6d. ; East Coast hematites, 106s. 3d. ; 
Derbyshire No. 3 foundry, 71s. to 72s.; Derbyshire 
forge, 70s. Lincolnshire makers are not quoting. 
Steel-makers are availing themselves of more favour- 
able conditions in the scrap market. Ordinary sorts 
can be bought at several shillings reduction on last 
week’s prices, but the downward movement has not 
so far spread to the best qualities of steel scrap, which 
still realise exceptionally high prices. All the engineer- 
ing works are at the very highest pressure. If 
there has been any labour unrest in consequence of the 
suspension of trade-union limitations and the transference 
of workers from one department to another, it has not 
been manifest on the surface. Most of the additional 
low-grade labour required has been supplied. Some of 
the smaller works which have lately adapted part of their 
facilities to war output still require some scores of men ; 
but at the big concerns, where the large wages earned 
have been the subject of general comment, applicants 
have been so numerous that they have been tu away. 
Further evidence has been forthcoming this week of the 
way in which engineering masters are co-operating to 
prevent skilled workmen transferring their services from 
one works to another without reasonable cause, and 
thereby hampering output. Overseas inquiries are of an 
encouraging character, but, as Seo y 
houses to secure special steel have disclosed, local 
manufacturers have been warned to be on their guard. 
Shoes and dies are wanted for South Africa, and big 
quantities of tools for India. 


Messrs. John Brown and Co.—In their report for the 
year ended March 31 the directors state that, owing 
to the large amount of home and foreign orders on 
the books of the company previous to the outbreak 
of war, operations at the Atlas Works, Sheffield, were 
not affected by the falling - off in demand 
which occu subsequent to that date. The ship- 
yard and engine-works at Clydebank have been amply 
employed during the year, and various British and 
fo’ orders have been completed and delivered. 
Wor without much interruption at the 

, ey seam of mm y been tg at 
Rossington at depth antici appears to be a 
fair section. The net profit for year is 521,0071., 





which, with the balance of 97,4191. brought forward from 
last year, gives a total undivided profit of 618,426/. The 
directors recommend that, in addition to the dividend on 
preference shares, a further dividend be paid on the 
and 1s. 6d yd nd = call den mnaion 
. 6d. per share on > 

with the amount paid in Peed wre fast, a total dividend 
for the year of 124 per cent., less tax; that there be 
i 100,000/. in reduction of capital expenditure, 


and that 75,000/. be added to the reserve fund. The 1914 | ha 


dividend was 10 per cent. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron market is 
steady, with a fair amount of business passing. There 
is possibility of reduction in make of Cleveland kinds by 
the putting out of a furnace or two. Shou!d such a 
step be taken production will fall below current require- 
ments, and stocks will have to be drawn upon to meet 
needs. Makers still complain that market quotations for 
Cleveland pig do not cover cost of production. Home 
consumers are taking heavy deliveries of all kinds of aie: 
and there is more doing with customers abroad. - 
siderable inquiries on Scandinavian account are re 
and fairly good sales of hematite to Italy have been 
made. Licenses for shipment of se thousand tons of 
hematite to Italy have been obtained. Sales of No. 3 
g-m.b. Cleveland pig have been put through at 67s., 
and there are merchant sellers who refuse to accept 
less; whilst many makers are demanding a — 
figure. At the same time, however, pure ve 
been made from second hands at 66s. 9d., and there 
are buyers who endeavour to fix the price of the 
eae | quality at 66s. 6d. No. 1 is so scarce as to 
be almost unobtainable, with the result that it com- 
mands high prices. Up to 7ls. has been realised for 
No. 1, whereas it is usually about half-a-crewn above 
No. 3. A good deal of No. 4 foundry pig is on offer at 
66s. 3d. to 66s.6d. No.4 forge is 66s., and mottled and 
white iron, each 65s. 9d. Little that is new can be 
reported of the East Coast hematite trade. Values 
are, if anything, rather firmer, but Nos. 1, 2, and 3 are 
still obtainable from both makers and merchants at 100s. 
There are producers, however, who ask above the fore- 

jing quotations, and, as a matter of fact, a contract has 
— arral at 101s. 6d., but the sale was under rather 
excepti circumstances. Inactivity continues to charac- 
terise the foreign ore trade. With rather large and 
still steadily accumulating stocks at consumers’ yards, 
sellers realise that it is useless to attempt business on 
a large scale, and they are holding off. Beyond the 
sale of odd car, at comparatively low rates, business 
is ata standstill. Sellers still base market rates on 26s. 
ex-ship Tees for Rubio of 50 per cent. quality. Imports 
of foreign ore to the Tees to date this month amount to 
190,356 tons. Freights ge are easier, 
fixtures having been made at 10s. 6d. Coke keeps very 
scarce and stiff. Local needs are not easily met. Durham 
bee-hive blast-furnace coke of average quality is 31s. to 
32s. 6d. delivered at Tees-side works. 


Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
alter very little. The quantity of No. 3 Cleveland at 
present in the public warrant stores stands at 153,435 
tons, or 437 tons more than at the beginning of the 
month. Shipments of pig show improvement, but are 
still on only a small scale. To date this month they 
average 1006 tons _ working day, the total despatches 
amounting to 20,120 tons. To the same date last month 
the — - were — ~ 6673 aa ad a — 
average 0 tons ; and for the corresponding part 
June last year the loadings totalled 55,165 tons, or an 
average of 2758 tons per working day. 


Manufactured Iron and Steel. — Manufacturers of 
finished iron and steel keep very busily employed, mostly 
on Government work, but a few ordipary orders are also 
being executed. Messrs. Bolckow, Vaughan and Oo. 
have booked an order for 1000 tons of steel rails for the 
Metropolitan and Great Central Joint Railways, and 
there are rail inquiries in the market for tons 
for the Osledonian Railway, and 10,000 tons for 
Russia. Quotations all round are very firm, and a further 
advance in steel joists has been ipal marke 
quotations stand :—Common iron bars, 102. 10s.; best bars, 
102. 178. 6d.; best best bars, 11/. 5s. tg xr: 81.; iron 
ship-plates, 10/.; iron ship-angles, 10/. 10s.; ship-rivets, 
132.; steel bars, 10/.; steel ship-plates, 10/.; steel shi 
angles, 91. 15s. ; — ja, 91. 17s. 6d.; heav cipal velit, 
81. to 81. 5s. ; steel railway sleepers, 104. ; ond galvanised 
corrugated sheets, 22/. 10s.—sheets less 4 per cent. f.o.b. 
railway material net, and all other descriptions less % 


per cent. 

Mininc Macurinery.—The value of the mining machi- 
nery exported in the first five months of this year showed 
a decline, but the exports ap to have been somewhat 
better maintained than micht perhaps have been ex- 
pected. The value of the shipments in May was 54,951/., 
as compared with 55,248/. in May, 1914, and 86,1362. in 
May, 1913; and in the five months ending May 31, 
233,155/., as compared with 393,813. and 438,745/. The 
ine in the exports is observable all along the 
European countries figuring for 29,357/., 
with 86,588/.; South America, for 
with 20,936/.; British South Africa, for 94,2771., as com- 
pared with 125,065/.; British India, for 23,439/., as com- 
pared with 38,442/.; Australia, for 12,289/., as compared 
with 22,901/.; and New Zealand, for 4972/., as compared 
with 64932. It will be observed that the largest business 
has been done with South Africa. 





; receive tariff 


5940/., as compared | growth 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has ruled quiet, the 
conditions showing little ch e best 
Admiralty qualities are still mon i by the British, 
French, and Italian Governments, and the limited 
number of licenses granted for business with neutral 
countries has prevented a large businees being done in 
the lower grades. On the other hand, colliery owners, 
sving regard to uncertain labour conditions, are un- 
willing to reduce quotations for July loading. Smails 
have shown some ness. House-coal, patent fuel, 
and coke have remained without variation. The best 
Admiralty large steam-cnal has been, to some extent, 
nominal ; secondary qualities have realised 29s. to 31s. ; 
best bunker smalls, 20s. 6d. to 21s. ; and cargo smalls. 18s. 
to 18s. 6d. ton. The best household coal has been 


Swansea Harbour Trust.—Sir Griffith Thomas presided 
at the last meeting of the Swansea Harbour Trust. Mr. 
R. Beck stated that business had shown a shrinkage in 
May of 80,000 tons as compared with May, 1914. The 
imports exhibited, however, a slight improvement. The 
exports of coal and coke declined 77,000 tons, and tin- 
plates and galvanised sheets also exhibited a falling off 
of 14,000 tons. The exports of patent fuel were larger by 
6000 tons. In connection with the tin-plate trade it was 
stated that France and Norway had nearly doubled their 
requirements. 

Welsh Trade Movements.—More activity has prevailed 
in the Swansea bey except at the tin-plate works, 
where production has decreased. The coal trade has been 
fairly active, but there has been a shortage of labour at 
some collieries. A substantial inerease has been noted 
in the production of pig, and the steel works have been 
active. The various departments of the Dowlais works 
have been fully employed. The Goat Mill has turned 
out a good tonnage of heavy sveel rails, steel eapene, 
cogging billets, tin bars, &c,; and the Big Mill has 
making sole-plates, fish-plates, tram-rails, &. The loco- 
motive department at Dowlais has been well employed. 





CoMPETITION WITH GERMANY AND AvstTrRIA.—The 
Commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, E.O., have now issued their 25th 
and 26th lists of inquiries for sources of supply of goods. 





Tue AvusTRALIAN Tarirr.—The Interstate Commis- 
sion, which was appointed by the Australian Common- 
wealth Government to investigate questions concerning 
the industries and trade of Australia, has furnished its 
first report. This deals with investigations concerning 
the Commonwealth tsriff, and the following is a summary 
of the report :—On the whole, the manufacturing indus- 
tries of Australia afford not a few examples of keen 
business enterprise. There are many instances in which 
the tariff has not stimulated progressive methods. In five 

ears the tariff has been increased three times. There 

as been a great increase in the value of the output of 
factories, but a portion of this is due to world-wide increase 
in prices. As far as the incidence of the tariff is eoncerned, 
this increase has o to keep goods from abroad at 
about the same level as buying prices in Australia. 
Under existing conditions the great increases during this 
pees have been successfully on to the consumer. 
© average rate of omar ecreased in five years from 
31.4 to 28.9 per cent. This may be partially accounted 
for by the large quantity of low-rate goods imported as 
raw material. It is an advantage at times to withdraw 
tariff encouragement from subordinate industries when 
the effect is to hinder the total industrial development. 
Generally speaking, manufacturers have im 
recent years. The aver ies and wages paid te 
employees is not so satisfactory. Those industries em- 
ploying wage-earners at fair and reasonable rates should 
gag The average rate to male 

workers gn oF - oS be 8 —_ that the pr 
portion of unski poorly pai our is much in 
excess of what might sessonatly have been expected. 
Any sudden alteration, owing to vested interests created 
by earlier tariffs, is inadvisable, but there should be a 
gradual development in the encouragement of industries 
employing the most skilled labour. An increase of 63.32 
per cent. in the output of Australian factories answers 
the complaint that prejudice exercises an adverse 
effect on Australian industries. ile there are wide- 
spread complaints as to the decreased efficiency of work- 
men, the Commission cannot definitely as to 
the varying contentions. Applicants for inc duties 
were very ‘‘shy” of producing balance-sheets. Many 
manufacturers promised to give an undertaking that they 
would not increase prices as a result of an increase of 
duty. Tariff legislation, however, furnishes no example 
of a duty being conditioned by such guarantees. Pro- 
hibitive duties, without some form of control of prices, 
would lead to combinations and a probable incresse in 
cost to the consumer. There is already in Australia a 
of monopoly in various industries. Improve- 
ment in the labour-saving mechinery is slowly lessening 
the proportionate demand for workers in manufacturing 
industries. While the yearly increase of persons em- 


ployed in pri uction is only 1 cent., in 
manufacturing i uuies 0 ts Gently ale Gude that 
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before the war he was strongly opposed to any form 
of compulsory military service; but he had seen 
sufficient to convince him that there was no other 
system that would supply the men in such numbers, 
and the munitions in such quantities, as shall be 
needed before the war can be ended. It has become 
a war of attrition, at least.so far as munitions (in- 
cluding finance) are concerned, and the sooner we 
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THE MINISTRY OF MUNITIONS. 


** Wuar shall it profit a man if he shall gain the 
whole world and lose his own soul?” This ques- 
tion, which is of universal application, especially 
at the present moment, might worthily have been 
the theme of Mr. Lloyd George’s statement in the 
House of Commons on Wednesday night explana- 
tory of the work of the new Ministry of Munitions. 
Originally the question was addressed to the in- 
dividual, but it affects a nation as well. We 
are fighting for all that influences civilisation, 
from the foundation upwards ; for the dominant 
principles of humanity ; for the basal realities of 
individual and national liberty. What, then, can 
it profit anyone—worker, employer, capitalist, 
commercialist—in fighting for individual liberty of 
action if the freedom of the nation or the Empire 
be lost? We shall soon have completed eleven 
months of war; many have taken too long to 
realise that the task is as great as our cause is just. 
ple realise that 
there is but one duty, which obliterates all selfish 
or personal interests, and that is the concentration 
of all effort, individual and collective, on the 
achievement of national liberty and the re-estab- 
lishment of the principles of humanity. 

Mr. Lloyd George’s speech was illuminative in 
parte and reassuring in some degree, but through- 
out there was obvious an apologetic tone, which 
seemed as regrettable to himself as it must be humili- 
ating to the nation. Much has been done during the 
ten months, and we are not disposed to be critical as 
to the failures of the past ; but surely the time has 
come when we ought to apply with firmness and 
decision the lessons of those failures. Nor can it 
be said that such exhortation savours in the 
slightest degree of wisdom after the event. It has 
long since been realised—we pointed to the fact 
months ago—that the war must necessarily be an 
undertaking in which engineering science and 
practice must be exerted to the fullest ible 
extent. Then we contended that a grave blunder 
was being made in allowing experienced mechanics 
to enlist in the fighting army, because it was be- 
coming evident that the army in the field could not 
act effectively until the supply from the workshops 
was maintained at its greatest volume and effi- 
ciency. Every day that passes proves that the 
supply of munitions of war from the workshops 
must be enormously increased. Mr. Lloyd George 
himself has time and again pointed out this fact 
during the past few months, and on Wednesday night 
crystallised this view in the remark that ‘‘ the toll 
of life and limb levied by the war, the amount of 
exhaustion caused by the war, economic and finan- 
cial, and, I would also say, ultimate victory or 


og | defeat, depend upon the supply of munitions 


which the rival countries can produce to equip 
their armies in the field. This is the cardinal fact 
of the situation in this war.” His speech abounds 


2 with demonstrations that the trade-union mem- 
0) bers, if not officials, have failed to give practical 


roof of their consciousness that their fight 
or personal liberty may involve the loss of 
national freedom. And yet there is still vacilla- 
tion—we might almost say obvious difference of 
opinion—in Government circles as to the necessity 
for compelling all to realise that the only hope for 
the salvation of the country lies in the enforcement 
of the national need at the expense even of indivi- 


7| dual privileges. Captain Guest, who has been 





TRUCKS; PENNSYLVANIA RAILROAD, 


— months at the Front, and is the Member for 





tions there is cause for hopefulness. 
nised that we must continue building ships for the 
Navy in order to ensure continued maintenance of 
superiority, even should there be devastating 
results of a fleet action for both combatants. The 
ships being built are, it may readily be assumed, 
designed to meet the 
realised by the tactics of 
it is all the more incumbent that 
these ships should be pushed forward with 
the greatest possible haste. As pate 

field forces, Mr. Lloyd George pointed out that 
the story of the war for ten months was the pre- 
| mney of the Germans to batter down the 

ee) 


reetahire, stated in the House of Commons that 


we be able to realise that the end is attainable. 


of Muni- 
t is . 


In the organisation of the Mini 


special requirements 


@ present war, and 
work on 


the 


pest trenches with heavy guns and high explo- 


sives and to defend their own trenches with 
machine-guns ; ‘our problem is to organise for 
victory, and not to take it for 
the whole engineering and chemical resources of 
the Empire must be mobilised. There has been 
created a central office—an organising and ad- 
viso 
supplying them wi 
mens, and guidance for the production of the 
needs of the Army. 
divided into ten munition areas, each having a 
local committee of business men to organise the 
resources of each area. 
central advisory committee of business men to 
aid the Ministi 
in dealing with the business community. 
from these 
problems such as explosives, with Lord 
as chairman. 
and the Admiralty are associated with each of the 
local committees, which are founded on the prin- 
ciple that the 
by applying the principle of d 
that each district is an independent centre, to 
ensure work of fullest efficiency, and to act as a 
clearing-house for work, for labour, and for 
information. 
expression of appreciation of the efforts made by 
the great majority of employers and commercial 
men to do 
properly reprobated the reprehensible action of 
some metal merchants who are holding up supplies 
in certain quarters for higher prices. 
sequence, it has been decided that the Government 
shall appoint a department to su 
and, if necessary, complete control will be taken 
of the metal market. 
quickly responded to the pro 
ment that manufacturing works should be practi- 
cally taken over by the Ministry of Munitions, 
and no difficulty has been realised in accepting 


ted.” Therefore 


Board—largely to assist local boards by 


specifications, plans, speci- 
The country has been 


There is, further, a great 


to come to the right conclusion 
Separate 
ealing with 
oulton 
Representatives of the War Office 


there are committees 


greatest production can be achieved 


tralisation, so 
’ 





Mr. Lloyd George was feank in his 
e best they can, although he very 


a con- 
ise markets, 


Already the capitalist has 
posal of the Govern- 


the condition that the profits shall be arranged by 
the Government. Employers repose confidence in 
the integrity of the Government in this respect. 
Indeed, it is months since proofs were given to the 
Government of this reliance. We cannot there- 
fore understand why the authorities should have 
allowed any suspicion to continue to exist among 
the workers that any sacrifice that they made was 
being exploited by employers, and was not entirely 
for the Penefit of the State. If the Act of Par- 
liament under which the amp J of Munitions is 
founded removes all possibility of such doubt, then 

good will accrue. 
It is when we come to consider the proposals 
of efficient and self- 


to ensure a full supply 
id, labour that there is 


denying, yet fully -pa 

grave ground for anxiety. In the early stages of 
the struggle the War Office arranged with all 
the big manufacturers of war munitions to sub- 
contract as far as was possible for necessary 
supplies. That this method was only partially 
successful was due to the fact that the smaller 
firms could not meet the demands because of 
deficiency in labour, and this was in a measure due 
to recruiting and partly to bad time-keeping and 
also to the pressure of other work. The conse- 
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uence was that delivery dates could not be kept. 
The reason as given by Mr. Lloyd George was 
that the goods could not be delivered because of an 
inadequate supply of workers. He quoted the 
case of a large itm in the Midlands, who could have 
enormously increased their supply if they could 
only have set up machinery which they had then 
lying idle in the storehouse, machinery which had 
taken months to turn out. ‘* They could not find 
saventy-five millwrights to enable them to put up 
this machinery.” He eaid that he could give other 
cases where the work had been stopped because they 
could not find the necessary number of skilled hands 
for the purpose of attending to the machinery. 
Another problem was that labour in the works did 
not put forth its best ; hesaid work could have been 
doubled in many cases if trade-union restrictions 
had been withdrawn. Some of these restrictions 
are justifiable in peace time, as we have repeatedly 
admitted, but now their maintenauce is a crime 
against the nation. Mr. Lloyd George referred to 
the unwritten regulations for the presumed protec- 
tion of labour as the most devastating of all, and 
amongst these he included the practice of restricting 
work because of the fear the workers had that piece- 
work rates would be cut. The employers, however, 
have given, in this as in other points, guarantees 
that they will not take advantage of the eff rts 
of the workers in this or any other direction, and 
that ante-bellum conditions will be restored at 
the earliest possible moment. Mr. Lloyd George 
pointed out that ‘‘we could increase enormously 
some of the most important work that is turned 
out now if we had a frank abandonment duri 
the time of war of all regulations, customs an 
practices which have the effect of restricting output.” 
Another desirable change was the stoppage of 
slackness. A third was the prevention of the prac- 
tice of employers pilfering each other’s men. ‘This, 
however, has been stopped some time by the or- 
ganisation of the local munitions committees, and 
will be prohibitory under the Act. The other 
influences tending to restrict output are, however, 
still more or less operative. 

It is now more than three months since Mr. 
Lloyd George and other members of the Cabinet 
had a meeting with the representatives of the trade 
unions, who agreed, and stated to their members, 
that ‘‘the inadequate supply of skilled labour 
to meet the national requirements rendered it im- 
perative that some relaxation of the present trade 
practices should take place, and thus increasethe out- 
put of war munitions.” The question was then very 
carefully considered, and according to the report of 
some of the trade representatives, ‘‘due regard was 
given to our trade interests and the present needs 
of the Army and Navy.” The result was that a 
memorandum was drawn up, which was published 
in our issue of March 19 last (page 321). In this 
it was agreed that ‘‘operations on which skilled 
men are at present engaged, but which, by reason 
of their character, can be performed by semi- 
skilled or female labour, may be done by such 
labour during the war period.” 

In many districts the workers have fallen in 
with this idea. In London, for instance, many 
men engaged in the City are working the week-end 
at Woolwich and other works, and yet only the oth-r 
day a Glasgow firm had to refuse permission for 
similar city workers to do similar work in their 
factory ‘‘ owing to the restrictions which had been 

ut in their way by the trade unions.” Again, 
ast week one of the workers in a large Glasgow 
munitions factory was assaulted by two of his 
co-workers because he was producing nearl 
three times the number of shells per shift whic 
they were doing; the Sheriff, in imposing the 
highest sentence in his power—namely, three 
months’ imprisonment with labour-—remarked 
that if the same thing had occurred in Germany or 
France, the men would have been shot. Other 
instances where men have been brought to book 
for slackness in work might be quo But Mr. 
Lloyd George himself gave many reasons to show 
that we have reached the stage when persuasion 
may have to give place to —— of the men 
to follow the guidance of their leaders. 

The local committees may have great influence in 
mobilising the factories, but we are not so confident 
that they will be able to get the best out of the men. 
New factories have been built in several districts. 
They were commenced in November, and have 
now reached, so far as a is concerned, the 
stage when they can add enormously to the output 
ef munitions, Men only are required, and the 





ditficulty has been so to distribute the available 
skilled and unskilled workers as to ensure that those 
factories now having machinery installed of the 
highest efficiency can be worked to the utmost 
extent. This is one of the difficulties of the absence 
of mobilisation of workers. Obviously, as a last 
resort, Mr. Lloyd George has decided that within 
the next seven days there shall be what is tanta- 
mount to voluntary enlistment for the industrial 
army, recruiting officers having been appointed at 
180 town halls in different parts of the country, 
and, in addition, at labour bureaus in several 
smaller towns, in order to secure the names 
and qualifications of men who are willing to 
enter the industrial army and to go anywhere 
and do that work for which they are most effec- 
tively trained and qualified. These men would 
be available for the large new factories where the 
tools await the workers. This industrial army, 
voluntarily enlisted, would come under conditions as 
regards discipline analogous to those in the fighting 
army. Generally we have here an effort to fuse 
the industrial with the fighting army for which we 
contended three weeks ago ; but the scheme falls 
short of our proposal in respect that it is voluntary. 
The discipline is to be enforced by Munition Courts, 
having an employer and a trade-union representa- 
tive as assessors, with a president appointed by the 
Government. They will decide all questions regard- 
ing excuses for absence from work and will have 
powers to inflict penalties. Provision is also made for 
a tribunal to settle all disputes, as it is the intention 
to make arbitration compulsory; but it is not certain 
whether strikes will be penal offences. We hope 
that this tribunal will not adopt the practice which 
has become so common, and is so conducive to the 
continuance of discontent, of halving the difference 
between the contending parties. If we are to 
bring all the forces of the nation to bear upon the 
problem of the moment, then it is necessary that 
there should be at least firmness, even with 
voluntary action. 

We hope, although not with great confidence, 
that the Munitions Department of the Govern- 
ment will achieve all Mr. Lloyd George’s expecta- 
tions. It is obviously the last effort to avoid 
industrial compulsion, and we welcome hisannounce- 
ment that he had pointed out to the leaders of the 
trade unions, when in conference with them on this 
subject, that, ‘‘if there were an inadequate supply 
of labour for the purpose of turning out muni- 
tions of war which are necessary for the safety 
of the country, compulsion would be inevitable. 
They put forward as an alternative that the Govern- 
ment should give them the chance for supplying 
that number of men.. They said, ‘Give us seven 
days, and if in seven days we cannot get the men, we 
will admit that our cse is considerably weakened.’” 
They have the whole machinery of the Govern- 
ment, with the 180 special recruiting offices and all 
the labour bureaus, to establish their view. If it 
fails, their case will not only be ‘‘ considerably 
weakened,” but the case for compulsion will be 
established absolutely and indisputably. 


ELECTROLYTIC INSULATION OF 
ALUMINIUM AND _ PERCUSSIVE 
WELDING. 

A pretty experiment is sometimes performed to 

demonstrate that a heated aluminium wire covers 

itself with a skin of oxide which has sufficient 
cohesion to prevent the fusing metal from giving 
way. A loop of wire is heated by the electric 
current, and an electromagnet being brought near, 
the loop is attracted or repelled according to the 
current direction, while the wire remains apparently 
solid, although the metal inside the skin of oxide is 
really fluid. The action of electrolytic current- 
rectifiers also rests on the fact that the aluminium 
anode becomes covered with an insulating film of 
hydroxide. Various attempts have been made to 
utilise this property for the purpose of insulating 
aluminium wire without having recourse to silk 
or rubber. To obtain equal conductivity an 
aluminium wire should have 1.6 times the cross- 
section of a copper wire. If insulation be put 
round the wire, an aluminium coil becomes 
bulky ; if the oxide coating sufficed, the expense 
of providing a special insulation would, more- 

over, be saved. In two papers, read by C. E. 

Skinner and L. W. Chubb before the Ni Falls 

meeting of the American Electrochemical Society, 

last October, it is claimed that aluminium wire can 
be coated electrolytically, and, further, that it can 








be welded ; if the wire could not be welded, the 
first invention would not be of much value. The 
= ings of this meeting have now been pub- 
ished. 

The electrolytes which Skinner and Chubb tried 
were the same as those used in electrolytic recti- 
fiers, sodium or ammonium borate and sodium 
silicate ; the last-mentioned, which is inferior to the 
former in rectifiers, gave the best results. The wires 
were drawn through baths containing the silicate 
solution. At first, skeins of the wire were dip 
into the electrolyte and subsequently wound ; this 
did not answer. When wire brushes were used to 
introduce the current, the sparks roughened and 
spoiled the wire. Then plate electrodes were 
placed in the bath, so that the current entered 
and left the wire through the electrolyte. There 
was then trouble, because the voltage was highest 
at the point where the wire entered the liquid. 
To overcome this difficulty the wire was first made 
the cathode in a provisional bath, and then the anode 
in a second electrolysing bath. The electrolyte 
was also allowed to flow through a nozzle in the 
bottom of one bath, and the wire was drawn up 
through the falling jet of electrolyte. In all these 
arrangements the wire was carried up and down 
over small pulleys, and it was found that the wire 
was hardened thereby. In the arrangement finally 
adopted, therefore, the wire always remains hori- 
zontal, and is introduced into the several baths 
through connecting tubes. In order to keep the 
hot water for washing in the first and fifth (last) 
baths apart from the electrolyte in the other three 
baths, air is blown into the connecting pipes. A 
weir-and-spout arrangement, not further described, 
is used to feed the current of 425 volts into the wire ; 
the information given about the final arrangements 
is very m " 

The resulting coating of alumina [and silicate 7] 
is described as smooth and iridescent or abrasive 
and white ; the latter is preferred, though the wire 
cuts the hand. The thickness of the coating may 
be up to 0.01 mm.; it is said to suffice for insulat- 
ing wires carrying 500 volts. Owing to the thin- 
ness of the skin of oxide the wires are said to remain 
quite flexible; they may be bent and stretched 
and pressed against one another, as long as there 
is no grinding motion of parts of the wire against 
one another ; that would at once cause a short- 
circuit. The film is also strong enough to bear 
heating ; the metal inside may, indeed, melt. For 
this reason the coated wire is recommended for 
coils which must be light and bear high tempera- 
tures ; the weight of such an aluminium coil would 
be half that of an equivalent copper coil. 

The second paper concerned a percussive method 
of welding worked out in connection with these 
expeiiments. The oxide film, it is well known, is 
the great obstacle to the welding of aluminium. 
By the new method the two wires to be joined, e.g, 
an aluminium wire and a copper lead, are gripped 
between pairs of jaws, and these jaws are so 
arranged, one above the other, that the two wires 
meet end to end vertically, the upper one resting 
on the lower merely by its weight. An arc is 
momentarily formed, the upper jaws, with the wire, 
rebound a little, sink again, and the weld is 
formed ; the oxide is squeezed out. The genera- 
tion of heat is localised, and special arrangements 
are made to secure a momentarily very powerful 
current. The welding circuit comprises a direct- 
current line charging an electrolytic condenser 
through a high resistance, and a self-induction, 
joined to the upper pair of jaws of the welder 
proper ; the other pole is connected with the lower 
pair, and the jaws of the welder are shunted by a 
spring-switch with carbon contacts, which are nor- 
mally held closed. The welder potential is hence 
zero while the wires are being put in or removed. 
When the wire ends have been cut off as 
short as possible, the switch is opened, and the 
current from the condenser es an explosive 
discharge. The current fluctuations have been 
studied with the aid of an oscillograph ; the instan- 
taneous intensity of the current may be very high 
—25 kw.—but the actual welding lasts only a 
small fraction of a second. 

Welds made by this method, which is generally 
applicable, are said not to be brittle and hard, as 
welded metals and alloys generally are. It is, in 
fact, claimed that tem steel springs so welded 
retain their temper, that soft steel may similarly 
be treated without losing its softness, and that 
hard-drawn wires of copper, silver, aluminium, &c., 
are not locally annealed by the treatment. This 
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would be remarkable ; the heating and cooling are 
supposed to be too sudden and instantaneous to 
cause any changes in molecular structure. ‘So far, 
only wires up to 0.072 in. in diameter have been 
welded by the percussion method ; but it is claimed 
that there would be no difficulty in designing suit- 
able apparatus for dealing with larger pieces, and 
experimentally points have been welded to plates 
and small pieces to objects of irregular shape. 
It is important that the alloys at both ends of the 
Al-Cu series, which must result from welding 
aluminium wires to their copper leads, give 
good welds, which remain strong and ductile 
for years; such welds can be hammered and 
rolled to thin foil. The seam in an aluminium- 
aluminium joint couid not be discovered in a 
cross-section examined after three years. The 
seam between two metals, copper with platinum 
or silver, may or may not show a sharp dividing 
line. Heated by the current to 100 deg. Cent. 
for weeks, the seam remained sharp in an Al-Cu 
weld ; when the wire was made red-hot, the metals 
showed distinct diffusion for a distance of 2 in. 
or 3 in. in a few minutes. Tungsten can also be 
welded to softer metals. 

The electro-percussive welding seems to be 
applicable in the jewellery and electric trades, for 
joining sterling tips to forks, pins to badges, and 
contact points of tungsten, platinum and silver to 
other parts. The investigations are being carried 
out in the research division of the Westinghouse 
Electric Manufacturing Company, of Wilkinsburg, 
Pennsylvania. The welding-machines are not yet 
on the market. 





THE NATIONAL PHYSICAL 
LABORATORY IN 1914-15. 

THe meeting of the General Board of the 
National Physical Laboratory, called to receive 
the report of the Executive Committee for the 
year ended March 31, 1915, was held at the rooms 
of the Royal Society on Tuesday, the 15th inst., 
the Laboratory this year not being thrown open 
to visitors. The work of the Laboratory has been 
greatly affected by the war, ahout fifty, out of 
a whole staff of 210, having joined the forces. 
One, a Laboratory boy, Private A. E. Barwood, 
of the Royal Army Medical Corps, died in 
May at Ypres; Mr. G. H. Millar, of the Royal 
Naval Volunteer Reserve, who was sent to 
Antwerp, is a prisoner at Doeberitz ; and a few 
have been wounded. Most of those who joined 
the colours were juniors. Many more volunteered ; 
but the demands on certain divisions of the Labora- 
tory for war work were severe, and the senior 
members could not be spared; we may mention 
the exceptional cases of Dr. Kaye, Mr. Blackie, 
Mr. Jolly, and others. To those who are retained 
at Teddington, the Government badge ‘‘On War 
Service” has been issued, and some members are 
doing special inspection duty outside the Laboratory. 
Forty-two members have been sworn in as special 
constables, under Mr. Jakeman as sub-inspector ; 
they are patrolling the grounds and performing fire 
and other duty after their laboratory work. With 
the consent of the Treasury provision has been 
made to avoid financial loss to those on active 
service and those dependent yoy them; the 
appointments are kept open, and the time spent in 
the Force isreckoned as service in the Laboratory 
qualifying for promotion. The Laboratory staff 
have elected an Active Service Committee and are 
raising a voluntary fund to help if necessary. 

The above-mentioned changes have practically 
necessitated a reorganisation of the work of some 
departments. The absence of the juniors has 
eaddled the seniors with minor, but laborious, 
cares, and in spite of overtime and Sunday work 
some progressive investigations have had to be 
abandoned, to find time for urgent special re- 
searches and requests for advice and assistance, 
especially from the Admiralty and War Office. 
Peace, it is hoped, will bring holidays as well as 
other advantages. Lord Parker’s Committee on 
Research in Telegraphy and Telephony reported in 
June, 1914, in favour of establishing a National 
Telegraphic Research Laboratory on these subjects 
under the Director of the National Physical 


Laboratory, Dr. R. T. Glazebrook, C.B., F R.S. 
No formal action has, however, so far been taken 
by the Government, owing to the war. Various 
kinds of international work, which were progressing 
well, have been suspended. 


the spring and summer of 1914, but dropped heavily 
in August ; there was a considerable recovery later 
on, fortunately, and, thanks to care and 
economy, the final balance for the financial year is 
much moresatisfactory than the Committee haddared 
to hope for in the early s' of the war. Durin 
the year the income fell from 43,7131. to 39,6531., 
while the total expenditure was reduced from 
40,9681. to 39,5731. That implied enforced economy 
in equipment and maintenance, which cannot be 
continued without seriously hampering the work. 
A committee of representatives of the Royal Society 
and of the technical societies on the Board was ap- 
pointed early in 1914 to bring the general financial 
position of the Laboratory before the Government; 
&@ memorandum was presented, but the matter has 
not proceeded any further. Donations have been 
received from the Hon. Sir C. A. Parsons, 10001. ; 
the Institution of Civil Engineers, 500/.; the 
Institution of Mechanical Engineers, 200/.; and 
the Institution of Naval Architects, 1001.; the 
National Tank, in particular, is also indebted to 
many firms and individuals. The Library does not 
receive the support it deserves and needs, and 
might receive without any sacrifice. Our journal 
is one of four—apart from societies—granting 
reprints and the loan of blocks ; copies of technical 
journals would very much be appreciated. 
In reviewing last year’s work of the different 
departments, we shall have to refer back to our 
previous annual notices for description of apparatus 
and outlines of continued researches. Last year’s 
account appeared in our issues of June 26, July 3, 
and July 17, 1914. We begin with the Engineering 
Department, of which Mr. T. E. Stanton, D.Sc., 
F.RS , M. Inst. C.E., is superintendent. 
Engineering Department; Wind Pressure (Dr. 
Stanton). —The experiments on the high-level 
irders of the Tower Bridge have been continued, 
ut the longed-for opportunities of obtaining a 
record of a wind of storm force normal to the 
bridge have not yet come. Remarkable records 
were, however, obtained on January 16,1915. The 
bridge crosses the Thames south-west to north-east. 
The instruments are mounted on the outsides of 
the two upper girders, each 225 ft. long. There are 
seven sets of instruments on each side, six single 
pressure tubes mounted 38 ft. apart, and a cluster 
of six tubes at the reference-point in the centre of 
each girder. On the day mentioned the wind was 
blowing at 30 or 40 miles per hour from north-west 
(i e., down the river), and the average curve of 
the six single tubes was almost exactly reproduced, 
in all its fluctuations, at the reference-point. The 
lateral-pressure variations across the girder of 
225 ft. were thus almost inappreciable, whilst, as a 
rule, considerable variations have been observed ; 
the resulting average pressure, also, was very much 
higher than is often assumed. The observation is 
of considerable importance. A wind force of 56 lb. 
per sq. ft. is generally allowed for in the case of 
single points ; but for big structures engineers do 
not reckon with so large a force, supposing that 
the average pressure will not come near that 
maximum. If the conditions of January 16 should 
recur in wind force, however, previous conclusions 
as to the magnitude of the wind structure factor in 
the maximum wind pressure to be allowed for will 
have to be modified. The observations will there- 
fore be continued, and the final report has not 
yet been drawn up. 


Bar Impact Tests (Dr. Stanton and Mr. R. G. O. 
Batson).—In extending the system of fatigue- 
testing of the Laboratory in connection with the 
British Association Committee on the More 
Complex Stress Distributions in Engineering Mate- 
rials, the resistance of materials to reversals of 
shear are being investigated in the first instance. 
For this purpose a special attachment has been 
made to the existing fatigue-testing machine of the 
Wohler type; it consists of a hardened steel sphere 
fitting into a hardened spherical socket, the speci- 
men being placed in a recess, half in the sphere and 
half in the socket, thus forming a restraint to the 
rotation of the sphere, which is provided with a 
loaded stalk as an extension of the axis of the 
machine. The apparatus has recently been modi- 
fied in such a manner as to permit of varying the 
torque and the bending stress at will and of 
eliminating the latter. A report on the results 
obtained will be submitted to the British Associa- 
tion meeting in September. 





The commercial test-work took a decided rise in 


Alternating Shear and Combined Stress ; Notched- | p 


Tests are being conducted on three sizes of geome- 
trically similar specimens of linear dimensions in 
the ratio 1 : 3: 9, in order to arrive at the correct 
relations between the mass of the hammer, the 
velocity of striking, and the linear dimensions. The 


g | two steels under examination are a tolerably hard 


steel (0 356 per cent. C.) of Messrs. Steel, Peech 
and Tozer, and a mild steel (0.19 per cent. O.) from 
the Shelton Iron Works. The machines were de- 
scribed on previous occasions ;* the swinging anvil 
of H shape and the pendulum hammer rotate both 
about the same axis. The large 20 ft.-ton machine, 
used for the t specimens, 12 ft. high, has 
been fitted with knife-edges and a striker similar 
to the standard Charpy machine ; the 1000 ft.-lb. 
machine (for medium-size specimens) is of similar 
construction, on one-third linear scale, but the 
maximum striking velocity is the same as that of 
the larger machine. The third machine (small 
specimens) was designed by Dr. F. Rogers, 
and has also been provided with knife-edges and 
a striker similar to those of the other machines. 
The second machine corresponds as to size and 
velocity of hammer to the Charpy machine of the 
Conservatoire des Arts et Métiers, at Paris, to 
which institution Dr. Stanton went last summer 
with six specimens (prepared at Teddington) of the 
standard dimensions (30 mm. by 30 mm. by 
160 mm.) of the International Association of Test- 
ing Materials ; three of the specimens were tested 
at Paris and three on the second Teddington 
machine. There is one difference in the method of 
working, Charpy letting his hammer fall through 
180 deg. (from the vertical), whilst at Teddington 
the drop is through 90 deg. (from the horizontal). 
The results were in very good agreement, and the 
conclusion drawn from the various tests is that 
comparison may be made between Continental and 
Teddington tests for similar specimens, provided 
specimens of 30mm. by 30 mm. by 160 mm. be 
used. The point is, of course, that these specimens 
are inconveniently large, and that 10-mm. bars are 
generally preferred, both here and on the Conti- 
nent ; to ascertain how far the results obtained 
with specimens of different dimensions are com- 
parable is the object of the present research and 
of similar researches elsewhere. 

Railway-Oarriage Couplings (Mr. Batson and Mr. 
A. Bailey, M.Sc )}—The resistance of carriage- 
couplings to tensile impact is determined on the 
large impact machine. A single blow was first 
used to destroy a coupling. In two cases, however, 
fracture took place at the side of the link, and the 
work of fracture could not be determined, a large 

rtion of the energy of the hammer being expended 
in subsequent deformativn of the link. ence & 
series of blows of 5 ft.-tons is now given, and the 
work of deformation is carefully measured after 
each blow. From three to five blows suffice, as a 
rule, to cause fracture ; but some couplings for the 
India Office have required eight, and even eleven, 
blows. We mentioned last year that the spherical 
striking faces had to be made of double shear steel ; 
they stand abont fifty blows before splitting. 

Keys and Keyways (Mr. Batson).—In the tests 
made on the Reavell machine (described last year), 
a shaft of 4 in. diameter was turned down te 2} in. 
over the test length, and the rocking levers were 
bolted to a hub keyed to the shaft. The shaft 
iteelf had broken during the early testa, befere an 
appreciable distortion of the key and keyway took 

on. and the question arose whether shafts forged 
down to nearly 24 in. would behave differently from 
shafts turned down. The yield-point, it was found, 
was indeed higher in the latter case, but the shafts 
ultimately failed at yay the same alter- 
nating torque of 55, lb.-in., corresponding to 
an alternating torsional stress of 8 tons per sq. in.; 
series of 5000 alternations were given at increasing 
torques. The keys were of Sin. by gin. or § in. by 
tsin. (depth), of mild or forged steel ; the mild 
steel showed a relative movement of ;}, in. (lever 
record) at about 29,000 lb.-in., the forged steel at 
35,000 or 32,000 lb.-in.; for soft steel, deep key- 
ways, and for hard materials shallow keys, seem 

referable. The tests (conducted for the Engineer- 
ing Standards Committee), which were interrupted 
last August, have now been resumed. 

Hardness and Wear of Metals ; Oylindrical Pins 
(Dr. Stanton, Mr. Batson). — The investigation, 
which was suggested by the Hardness Test Re- 
search Committee of the Institution of Mechanical 





* See ENGINEERING, vol. xev, page 882, and vol. xovii., 





The notched-bar impart tests have been under- 
taken for the Engineering Standards Committee. 
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Engineers, has so far studied the Brinell ball-hard- 
ness test and the Saniter wear test with speci- 
mens supplied by Sir Robert Hadfield. For the 
Saniter test a cylindrical pin of 1 in. in diameter 
was rotated at revolutions per minute on the 
Wohler fatigue-testing machine, and a hardened- 
steel ring, 0.25 in. wide, 1}-in. internal diameter, 
was placed on the specimen and loaded with 
410 lb.; after 200,000 revolutions, the reduction in 
diameter of the pin (in ten-thousandths of an inch) 
was determined. The reciprocal of this figure, 
multiplied by 1000, is compared with the Brinell 
hardness number. In ordinary carbon steel, a high 
resistance to wear (18 or 20) would correspond to 
a high hardness (720), in manganese steel an ex- 
tremely high resistance (27 to 30) toa relatively low 
hardness (241 to 286); the relation thus depends 
largely on the composition of the steel. As the 
effect of the vibration of the wearing-ring is very 
marked, so that reproduction of the results becomes 
difficult, the wear-testing machine has been modified. 
Reinforced Floors and Columns (Dr. Stanton, 
Mr. J. H. Hyde).—Thanks to Sir John Cowan, of 
Messrs. Redpath, Brown and Co., a research 
into the strength of reinforced - concrete floors 
and columns has been started in connection with 
the Associated Portland Cement Manufacturers. 
A machine of entirely novel character has been de- 
signed by Mr. J. R. Sharman, consulting engineer 
to Sir J. Cowan, and Mr. Hyde, for testing floors 
16 ft. by 6 ft., and columns up to 14 ft. high, at a 
maximum pressure of 50 tons, a gantry being con- 
structed to lift the columns and floors into position. 
The nature and magnitude of the end constraint of 
columns under compression is to be determined by 
means of a compound knife-edge system, which has 
already been used in the case of steel columns of 
small dimensions. The machine is being made in 
the workshop of the department. 
Motor-Vehicle Gear-Boxes (Mr. oe tae 
tests of the efficiency of a 32-horse-power Leyland 
gear-box, by méans of the testing arrangements 
described in our issue of June 26, 19]4, page 881, 
have revealed the surprisingly strong effect of the 
quantity of oil contained in the gear-box. When the 
box was filled with oil to a depth of }, 7, }, 4, the 
efficiencies of the power transmission were 97.5, 94, 
90 and 74 per cent. ; thus the efficiency is appre- 
ciably reduced when the box is more than a quarter 
full, These experiments were made on the top 
gear ; but corresponding results were obtained on 
the second and third The oil in question 
was rather thin. To investigate the influence of 
viscosity and of its diminution with rising tempera- 
ture (the oil gets hot, of course), three Baas 0 of 
oils were selected by the Secretary of the Mechanical 
Transport Committee. The viscosities were mea- 
sured by a Redwood viscometer, the figures indicat- 
ing the number of seconds required for the discharge 
of acertain quantity of oil through a certain orifice. 
The values observed for the three oils were :—(1) 
From 870 at 90 deg. Fahr. to 98 at 180 deg. Fahr.; 
(2) from 10,500 at 90 deg. Fahr. to 500 at 180 deg. 
ishr.; (3) from 4500 at 110 deg. Fahr. to 500 at 
180 deg. Fahr. The heating was effected by dis- 
tributing electric heating mats round the outside 
of the gear-box. Plotting the efficiencies at seven 
temperatures against the viscosities, Mr. Hyde 
found that all the points for the three oils (all good 
lubricators) were lying on a smooth curve, so that 
the efficiency would appear to depend only upon 
the viscosity, and not on other properties. 
Aeronautics (Dr. Stanton, Senn. L. Bairstow, 
EK. F. Relf, J. L. Nayler, J. R. Pannell, A. Fage, 
L. W. Bryant, T. Lavender, H. B. Irving, A. 
Landells, W. L. Cowley, F. G. Simmons, E. A. 
Griffiths, E. J. E. China, R. Jones).—Mr. F. H. 
Bramwell and Mr. E. W. Stedman are assisting 
the Admiralty as inspectors of aeroplanes; the 
junior staff has been increased. No department of 
the National Physical Laboratory has a more direct 
claim upon the recognition of the country than the 
aeronautical division, which has very materially 
helped to render British air- and sea-craft so 
triumphant in many respects. The credit is shared, 
of course, by the Tank Department and other 
divisions of the Laboratory. The mere enumera- 
tion of the special researches carried on during the 
year covers two pages of the Report ; the publica- 
tions of the detailed report to the Advisory Com- 
mittee for Aeronautics is deferred. Experiments 
are being continued on airshipmodels, on models of 
aeroplane wings, models of complete aeroplanes, on 
aeroplane ies, on the stability of aeroplanes, 
propellers, strength of construction, and general 





uestions on aerodynamics. The work is under the 
direct su ision of Mr. irstow, whose aero- 
dynamic ce and researches on the stability of 
ne sepens might petege be singled out for par- 
ticular commendation. The 7-ft. channel, through 
which a uniform air-current is drawn at a speed of 
65 ft. per second, has for some time been in 
working order. We briefly described this channel 
last year ; it completely dwarfs the 4-ft. and 3-ft. 
channels, likewise in continued use, but is fitted 
with an aerodynamic balance and cther instruments 
of the same type as these. 

Road Board Laboratory (Mr. Batson).—As the 
Road Board is not yet issuing a report, Mr. Batson 
has, in the report of the National Physical Labora- 
tory, given a somewhat detailed account of the work 
done. Mechanical tests have been made on 128 kinds 
of stones for road construction. Of these 123 were 
tested for resistance to attrition, 119 for resistance 
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to repeated impact, and smaller numbers for abra- 
sion, cementation, and crushing strength. As 
regards attrition and impact, road-stones are classed 
as very good, good, fairly good, rather poor, very 
poor, and unsuitable ; the attrition (in per cent. of 
wear) ranging from 2 (and under) for very good 
stones to 5 (and over) for unsuitable stones 
in the dry, from 2 (and under) to 8 (and over) in 
the wet, and the impact (number of blows to frac- 
ture) from 19 (and over) to 0to 3. The endurance 
tests of model roads have all been made on varieties 
of asphalt carpete, laid on a concrete foundation. 
Fig. 1 is a vertical section of the circular track ; 
Fig. 2, a plan of the same ; Fig. 3 reproduces road 
profiles ; the road-machine was described on pre- 
vious occasions. The binding gravel overlying the 
brick ballast is levelled to 9} in. below the top of 
the road-walls, and upon this is placed a 6-in. layer 
of concrete (1 cement, 2 sand, and 6 ballast), the 
top surface being roughened to form a key for the 
bituminous carpet ; the concrete is allowed to set for 
seven days. Five —- and roads have been tested ; 
they were numbered V. to IX., four roads having 
been examined last year ; some of these numbers 
comprise more than one series of teste made under 





modifications. Carpet V. consisted of 14 in. of 
Trinidad asphalt ; the carpet was rolled and given 
the usual amount of consolidation, after which 
traffic was started at the rate of 1850 tons per yard 
width per hour (speed of 5 miles per hour). 
Hollows soon began to form, and the speed was 
reduced, therefore ; but the hollows increased, and 
after a traffic of about 23,000 tons the test was 
discontinued, the density of the road having 
increased from 1.97 to 2.13. In the subsequent 
tests slow rolling was first used to consolidate the 
track, which had been overstrained in this test. 

In test No. VI., 1} in. of trowelled asphalt 
surface was applied, the composition of this sur- 
face being 55 per cent. (by weight) of granite chips 
(# in. to } in.), 33 per cent. of ,4-in. ground 

entish rag and fine mineral matter, and 54 per 
cent. of pure bitumen. The mixture behaved like 
a concrete ; it was floated while hot, giving a surface 
much freer from initial waves than a rolled surface. 
After a consolidation period of 20,000 tons (at the 
rate of 300 tons hour, per width) a dry 
test of 414,000 tons was applied (at 1400 and 2200 
tons per hour); this test. left the road in a very good 
condition. ere were small corrugations of 3-in- 
pitch up to 0.03in. in depth, too slight to be felt 
as vibrations on an ordinary vehicle, however ; some 

nite chips appeared on the surface of the last- 

id third of the track, and a few small scabs had 
been caused by oil dropping. The wet test 
(2250 tons per hour) was stood less well ; when the 
road was kept wet by continued sprinkling (as by a 
strong rain), small holes began to form all round 
the track, especially in the south-west corner, and 
after a traffic of 136,000 tons, the holes had almost 
worked through the 14 in. of carpet. The ultimate 
failure was chiefly due to the removal in the south- 
western section of the protective layer of bitumen 
and rag, exposing the granite chips, and to the un- 
equal mixing of the materials in the mixer and the 
consequent variation of the bitumen content from 
point to point. Plaster casts of the surface, taken 
at the end of the dry and wet tests, form valuable 
records. The microscopical examination, by the 
Metallurgical Department (Dr. Rosenhain, Mr. 
Bircumshaw), of specimens cut from the road sur- 
face, polished and photographed, has also proved 
useful. It was found in this instance (road VI.) that 
the top layer, consisting of an intimate mixture of 
bitumen and fine matter, had a thickness of 2 in., 
and that a road will begin to disintegrate when 
this layer is removed or penetrated. The bitumen 
binds and keeps out the water, and the percentage 
of bitumen must not be reduced below a certain 
minimum. 

The test road VII. was very instructive in this 
respect. The 14-in. carpet was supposed to con- 
tain by weight 13 per cent. of bitumen (asphaltic 
petroleum fluxed with residuum of the same origin), 
78 of sand, 9 of grey filler. The carpet was laid at 
320 deg. Fahr., and treated like road VI. It stood 
the dry test not quite so well, and was destroyed 
by a few hours of wet testing (14,220 tons per 
— width at rates of 2250 and then 1500 tons per 

our). The Metallurgical Department found that 
the real composition of the carpet was bitumen 9 
(instead of 13), filler 9, sand 82 per cent.; the 
bitumen percentage was thus lower than had been 
thought, and with a higher bitumen percentage 
the road stood the wet test for 14 days. The in- 
teresting feature is that road VIT. had been laid as an 
exact copy of a road in Surrey, by the same firm, and 
the Surrey road likewise failed afterwards when the 
wet winter set in, after having stood the dry traffic 
fairly well. The carpets of roads VIII. and IX. 
were laid with the same bitumen, but with different 
sands and Portland cement as filler. The specific 
gravity was determined before and after each test, 
the densities of the materia]s being first determined, 
and from these data the percentage of voids was 
deduced—e.g., specific gravity if no void, 2.23; 
gravity found, 2.11; hence 5.4 per cent.-of voids. 
n road VI. no voids were found, in some cases 
2 or 4 per cent. of voids ; in road VII. 23 per cent. 
before, and 20 to 23 per cent. after the test. Another 
badly-wearing road of type VII. gave a void per- 
centage of 17, and it would appear finally that a 
low void value is desirable for securing good 
weathering, the other requisites being a sufficient 
percentage of bitumen, suitable sand, and sufficient 
consolidation. 

The road-machine has worked well on the whole. 
There was some oil-dropping, however, because 
the oil is pumped through the main bearing owing 
to the transverse motion of the main shaft ; the 
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cam-rollers had frequently to be replaced, and the 
excessive vibrations of the machine towards the 
end of a test caused breakages of the electrical con- 
nections. The machine is also to be modified, in 
order to avoid the formation of ruts in the track, 
due to the mechanism for producing axial motion 
in the test-wheels. The road profiles of Fig. 3 
were taken with Mr. Jakeman’s clever recordin 
device.* A special mixing-machine is to be add 
to the equipment. 

Cracks in Buildings .(Dr. Stanton).—A syste- 
matic study of the cracks in the buildings of the 
Tower, in the walls of St. John’s Chapel, and of 
the Beauchamp, Salt, Wakefield, and e Towers, 
has been commenced with the aid of sets of the 
crack-micrometers of Mr. Horace Darwin. Some 
of these cracks, up to 4 in. in width, may well be 
due to settlement of the ancient buildings, others 
to recent drainage. Weekly observations of the 
micrometers and simultaneous temperature observa- 
tions are to be continued for a period of twelve 
months. 

Light Alloys at Low Temperature (Dr. Stanton). 
—By means of a special attachment to the 10-ton 
machine, tensile tests‘of some light aluminium 
alloys were made at 25 deg. and — 15 deg. Cent. 
The differences in yield point and extension per- 
centage were inappreciable, but the maximum stress 
was greater at the lower temperature by about 
2% per cent. 

Kapok Life-Belts (Mr. C. Jakeman).—On behalf 
of the Royal Lifeboat Institution, four pairs of 
kapokt life-belts, all of similar construction, were 
tested. The rate at which buoyancy was lost was 
first determined for up to 500 hours. One belt 
of each pair was then thoroughly dried, and the 
kapok pockets were slit open before repeating 
the test; thus the rate at which the kapok 
itself absorbed water was ascertained; in all 
except one case the loss of buoyancy was the same 
as with the covers on the kapok. The kapok, 
lightly pressed into a cylinder, had the density 
0.076, and should thus support twelve times its 
weight ; after driving all the air bubbles out of the 
kapok by tapping under water the density was 0.4 
or 0.5; the soaked material would hence be slightly 
more buoyant than light wood. The canvas 
materials were then examined microscopically, 
counting the threads, and as to the absorption and 
permeation of water in 24 hours. The belts of 
one maker became quite water-proof and satisfac- 
tory after having been soaked for half a minute ; 
in other cases water gained access through the 
stitches or through the canvas itself. The buoy- 
ancy of the kapok a ts to be due to the fact 
that minute air-bubbles cling to the fibre; the 
bubbles can be removed by mechanical agitation, 
and if they can escape through the pores of the 
bags, the buoyancy is not restored by drying ; 
hence the necessity for water-proof cases. the 
test a life-belt had to support a cylinder of 26 lb. 
weight for 24 hours. 

Belt Friction (Messrs. Jakeman and H. Gough). 
—The coefficient of friction and stretch of some 
belts were determined for a firm of belt manufac- 
turers. The belt was placed over a rotating pulley 
(on a lathe mandrel) and both ends of the belt were 
made fast to loaded levers, one being attached to a 
spring-balance. The figures in the subjoined table 
are calculated :. A, for a tension of 200 lb. per inch 
belt-width (the width being always 4 in.), and B, 
for a tension of 800 lb. per sq. in. :— 


























A. | B. 
eaten eet 
— #2 |. | § i | 

se | 2 A ise | 4 
¢ 3.8 £ | 2.8 § 
< Oe | a B gss 2 
\sq. in. | p.c. p.c. 
Ordinary leather.. . ..| 1.07 | 0.34 | 3.2 | 856 | 0.35 | 3.4 
Rawhide... .| 0.58 0.48 | 2.5 | 464 | 0.66 | 1.3 
Balata .. -| 0.98 | 0.64 | 16 | 784 | 0.54 | 1.6 
ne ee 0.28 | 1.8 | 928/029] L8 
* Hair-belting, ordinary .. | | YY = — = 
» oo patentL | 1.80 | 4 0. L 
eo ~% o &i ia 0.79 | 1.4 | 1296 | 0.80 | 20 








In general, therefore, the advantage of the more 
modern belting materials lies more in the reduction 
of stretch than in any increase of the coefficient of 
friction. 
spects, as long as the tension is not made too 
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+ Kapok is the whol 


Raw hide comes out well in both re-| 


woolly fibre in which the seeds of some 


great ; the tension influenced the friction in all 
cases. The ordinary hair-belting did not prove 
superior to cotton; but the possibility of an im- 
provement by treatment is shown by the two 
patent hair-beltings. 

Recording Water-Meter (Messrs. Jakeman and 
Bailey).—In the meter tested the water is dis- 
charged through a Y notch, the discharge varying 
as ni, where h is the height of the water. level 
above the point of the V. e h is indicated by a 
float, to the stem of which is attached a cam, cut to 


a curve whose ordinate corresponds to h?. A 
roller bearing against the edge of the cam is fixed 
to the horizontal slide of the pointer of the integ- 
rating mechanism. The original cam-plate was 
constructed after figures published five years ago* 
for a similar notch, but there seemed to be an 
error, ranging 2 10 per cent., in the amount of 
flow recorded. The error was due to the smallness 
of the meter tank, and better results were obtained 
when the water surface was steadied by means of 
baffle-plates. The notch was then calibrated by 
measuring the actual discharges ; the cam curve 
was determined, and a new cam cut, and the meter 
then recorded within 0.6 per cent. of the true flow 
at all points of the scale. 

According to the makers, a change of the meter 
range can be secured without change of cam by 
altering the angle of the V. ‘The standard angle 
is 90 deg.; for half flow the width at the top of the 
notch was to be halved ; for quarter flow, to be 
reduced to one-quarter, &c. Owing to frictional 
resistance and to the contraction of the stream, 
the relations are not so simple, however, and it 
was found, as expected, that the half-width notch 
discharged less than half the quantity of the stan- 
dard notch (4 per cent. less maximum), whilst the 
quarter notch, and still more the eighth notch, dis- 
charged more (2.8 and 10.5 per cent. more in the 
worst cases), because the water was piled up in the 
middle of the stream. The percentage error not 
being constant for all flows, a new cam-plate has to 
be designed for each different angle of notch. 


(To be continued.) 




































































NOTES. 
THe Australian GaucE QuEsTION. 
In view of our consistent advocacy of the ap- 
pointment of a board of independent railway 
experts to adjudicate on the vexed question of the 
unification of the railway gauges of Australia, a 
decision lately arrived at by. the Premiers’ Con- 
ference is of interest. At the recent Conference 
of State Premiers, a resolution was. adopted pro- 
posing that a Commission of two leading railway 
experts, preferably from outside Australia, should 
be appointed to consider this matter. The ap- 
pointment, it is suggested, should be made by the 
Commonwealth and the mainland States. The 
Commissioners would be asked to advise upon 
the need of a uniform gauge, the most suitable 
gauge in view of the present circumstances and 
future prospects, the best method of ing out 
unification, the benefits that will accrue to the 
States, and the probable cost. This is quite a 
businesslike proposal, and it is to.be hoped that 
action may follow. It has been suggested that 
one expert should be brought from the United 
Kingdom, and one from the United States. 
Before the Victoria Institute of Engineers, Mr. 
J. A. Smith recently suggested that the British 
expert might be nominated by the Institution of 
Civil Engineers and the Institution of Mechanical 
Engineers, while the American Society of Civil 
Engineers and the American Society of Mecha- 
nical Engineers might agree on the United States 
expert. It should be — in some such way to 
obtain the services of men of sufficiently broad 
views to ensure due regard being paid to both the 
mechanical and civil engineering aspects of the 
question, with, we hope, equal regard for the com- 
mercial side. If the matter is followed up, nothing 
will be lost by the appointment of such a Com- 
mission, if it be the best procurable. We believe 
the verdict of a really independent Commission 
would be accepted in Australia in a way which 
cannot be hoped for from the decision of a body of 
7 a pastete he Mr. James Barr on ‘‘ Experiments 
a iow ol ater over Triangular Notches,” 
Hecisabarna, vol. Ixxxix., pages 435 and 473 ; descrip- 
tions of similar meters have y= in vol. xei,, 








tropical eriodendron (wool trees) are embedded. 





page 186, and vol. xciv., page 601 ; ormula is due to 
ames Thomson. 


local engineers or 
the resolution is to 
action to follow it up, and then will come the 
question of finding the experts 
no very difficult matter if it is realised that even a 
considerable sum is worth expending in this way on 
a matter which may ultimately save the country 
many millions. 


that she has 
apparently greatly interests neutral and bellige- 
rent Powers alike; nor does it appear to be a 
problem easily solved. It must be remembered 
that Italy’s home 
insignificant, and 
supplies of coal from Germany. Italy produces 
herself a little more than 500,000 tons of coal 
annum, which comes out at about 1 ton per 
inhabitants, whilst the English production of coal 
amounts to about 6 tons per inhabitant, Ger- 
many produces 34 tons per inhabitant, whilst in 
France and Austria-Hungary it is about 1 ton per 
inhabitant, and even Russia, 
coal, is infinitely better off 
her per of coal is concerned, as it amounts 
to a 


absolute point of view Italy’s consum 
coal is only moderate ; but in none of the other 
large countries is there such an unfavourable 
= ortion between consumption and home pro- 
uction 


drawn her supply of 
the war placed 

England’s coal production and home supply, and 
most seriously interfered with 
this commodity, the coal-supply 





liticians. It now remains, if 
fruit, to take the necessary 


This should be 


Iraty's Suppty or Coat. 


The question of Italy's supply of coal, now 
joined in the war, is one which 


B ype of coal is altogether 
at she of late has drawn vast 


fty 


roverbially poor in 
n Italy as far as 


ut 1 ton per six inhabitants. From an 
ion of 


In times of Italy has principally 
wnt England ; but when 
material difficulties in the way of 


her export of 
uestion became 
was neutral, 


serious in Italy, even whilst s 


ve 

ps foe have been even more so had not Ger- 
many stepped in and for months supplied Italy 
with large quantities of coal. 
on Swiss authority that for the Italian Government 
alone eight goods trains with coal from the 
Rheinish-Westphalian coal district i 
through Switzerland. 
immediate stop to this source of supply, an 
curiosity is felt in many quarters as to 
from which Italy will now obtain her increased 
requirements for naval and military purposes, rail- 
way transport, &. England, it is to be feared, 
cannot spare eno 
Italy’s imports of 
materially short of the average. In November, 1914, 
the imports to Italy from England of coal amounted 
to 603,000 tons, against 784,000 tonsfor the same 
month in the precedi 
January, 1915, was 470,000 tons, 
tons for the corresponding month of the previous 
year. What with France and Russia’s require- 
ments of English coal, German pa 
able satisfaction in the opinion that there cannot be 


It has been stated 


daily 
ut an 
some 
the source 


The war naturally 


h, and as a matter of fact 
ritish coal of late have fallen 


year ; whilst the figure for 
inst 791,000 


pers find consider- 


very much left for Italy. In consequence it is held 


that Italian industry and shipping are bound to feel 


the shortage of coal very keenly ere long. 
Tue Souruern SHan States Rartway. 


Particulars have recently come to hand of the 
completion and opening, up to a certain stage, of 
the Southern Shan States Railway. The Shan 
States are on the inland side of Upper Burma. 
The Southern Shan States touch Chinese territory, 
Tonking, and Siam. The railway in question 
runs mainly in an east and west direction, and 
branches off the Burma Railways Com ’s. main 
line from Rangoon to Mandalay. The in is a 
metre-gauge road. It leaves the main line at 
Thazi, 306 miles from Rangoon. As planned, the 
railway is to be 103 miles in length. At present 
it has been completed, and opened, as far as 
Aungban, at mile 72 ; the continuation to Heho is 

ing undertaken, but further work beyond that 

int will have to be postponed for the present. 
The work presented Lumerous difficulties which are 
said to class the construction with the most difficult 
attempted in Indian mountain districts. The line 
traverses several valleys, climbs ghate, and ends on 
a plateau. At some parts the coun' ry is very broken4 
Leaving Thazi it runs 9 miles across a plain at an 
elevation of about 500 ft. Then in 23 miles it 
climbs to an elevation of 1320 ft , after which it falls 
again to 1010 ft. It then runs up the Myittha Valley, 
gradually rising till Lebyin is reached at an eleva- 
tion of 1546 ft. Here alin 26 gradient 
and in 17 miles takes the line to an elevation of 
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4603 ft. In this stretch there are two fei Ba which conferred colour upon substances. One of the ate pod Ba get ome _ Nes uation ; but now 


reversing stations. While following the 
Valley the line runs in a southerly direction. After 
the summit it again turns towards the east. At 
mile 63 it reaches Kalaw, a promising hill-station, 
which is likely now to undergo considerable deve- 
lopment as a health resort, and then continues to 
the present terminus, Aungban. So far the line 
<9 chiefly through dense and unpromising jungle. 

ts present terminus is, however, on the edye of a 
fertile upland country, capable of Fielding a large 
amount of agricultural produce. This country is 
well watered, whereas that passed through by the 
railway in one part is drained by underground chan- 
nels, allowing the water to escape so quickly that 
itcan be put tonouse. The projected terminus is at 
Yawnghwe, at the head of the Inle lake. The pre- 
sent line has been laid out with minimum curves of 
330 ft. radius, with transition leads. The cost has 
amounted to Rs. 148 lakhs, as against the estimated 
cost of Rs. 142 lakhs, a difference of about 2.8 per 


cent. 1t has been constructed at the cost of the 
Government, by the Burma Railways Company, 
and will be worked by the latter. e work was 


carried out under the supervision of Mr. F. D. 
Couchman, M. Inst. C.E.—who, by the way, has 
recently been appointed a member of the Indian 
Railway Board—with Mr. H. Hughes as Chief 
Engineer. During construction great difficulty 
was experienced in regard to labour owing to the 
unhealthy nature of a length of some 30 miles. The 
medical arrangements, made under the supervision 
of Dr. A. R. J. Douglas, Chief Medical Officer, 
Burma Railways, were most complete. On March 18, 
Sir Harvey Adamson, K.C.S.I., Lieut.-Governor of 
Burma, performed at Kalaw the opening ceremony 
of the section recently completed. 


Oreanio Cotourinc Martrers. 


Colouring matters, dyeing, and organic chemistry 
lie outside our province, But these subjects claim 
a great deal of attention just now, and we may 

ick out a few interesting statements from two 
ectures on ‘‘Colouring Matters of the Organic 
World,” which Dr. M. O. Forster, F.R.S, re- 
cently delivered at the Royal Institution. Dr. 
Forster, who performed many dyeing operations 
without any assistance, distinguished natural and 
artificial colouring matters; the number of the 
former was relatively small, the number of the 
latter endless, he stated. Both the chlorophyll, 
the green-colouring matter, to which green leaves 
owed their colour, and the hemaglobin, the red- 
colouring matter of the blood corpuscles, turned 
out to be derivatives of pyrrole, the chlorophyll 
containing an atom of magnesium in the place 


where the hematin contained iron; both these| P, 


metals were present in exceedingly small quantities. 
The constitution of these compounds was not fully 
explained yet, nor was that of litmus, the purple- 
ockeashan matter which, every chemical student 
knows, turns blue in the presence of alkalies and red 
in the presence of acids. Quite novel and obscure 
was the demonstration that radishes give a faintly 
reddish extract with alcohol, which changes into 
green when alkali is added, and then into bright 
red when acid is added, but afterwards becomes 
deeper red when more alkali is poured into the 
solution. Most of the plant-colouring matters, 
the lecturer said, were glucosides—i.e., substances 
which on hydrolysis (by boiling with acids or by 


other reactions) yield glucose (sugar); the oily | bef 


yellow-colouring matter of the carrot was an un- 
saturated hydrocarbon which occurred also in 
the yolk of the The yellow-colouring matter 
of the madder plant, alizarin, was a glucoside ; 
artificial alizarin was first made by Graebe and 
Liebermann in 1868, but there were still three 
mills in England in which the madder was 
crushed by stone wheels, and then dried in racks 
in order to let the enzyme in the plant effect 
the hydrolysis. The indigo plants, it was well 
known, contained indigo-white, which turned blue 
by oxidation when exposed to the oxygen of the 
air ; the synthesis of indigo was accomplished in 
1898. Alizarin and indigo, Dr. Forster pointed 
out, led over to the artificial dyes, of which more 
than a thousand were now in actual use. When 
he discovered his mauve in -* Perkin was really 
trying to prepare quinine. e growth of the 
dye industry had been made possible by the deve- 
lopment of theoretical chemistry, and was especially 
connected with Kekulé’s theory of the cyclic struc- 
ture of. benzene (which was discovered by Faraday 
in 1825). There were certain groups of elements 





most important of these was the diazo group (con- 
taining two double-linked nitrogen atoms), which 
Peter Griess discovered when a brewery chemist 
in Burton-on-Trent, after having studied chemistry 
under Kolbe at Marburg. Diazo compounds were 
obtained by treating the respective substances with 
sodium nitrite and an acid, so as to generate nitrous 
acid ; this reaction only took place when the liquid 
was kept cold by dropping ice into it, and for this 


reason the dye works needed large refrigerating | defined 


plants. To produce a diazo dye, the diazonium 
salt was added to a solution of some phenol in the 
coupling-tank, and the resulting dye was salted 
out and passed through a filter-press. For coarser 
fabrics, carpets, &c., sulphur dyes (studied espe- 
cially in France) were sufficiently fast and rich in 
tint. The nature of the dyeing power was not 
quite cleared up yet. The dye might simply be 
mechanically retained by the fibre, or it might 
be absorbed by the large surface, or enter into 
chemical combination with it (directly or with the 
mordant with which the fibre was imbibed), or 
form a solid solution with it ; combinations of the 
four principles probably explained the problems 
best. All materials of large surface development, 
but devoid of structure—clay, silica, also linen and 
cotton (which were chemically neutral)—would re- 
tain colouring matters ; but in most cases the colour 
could be washed out again. Wool and silk, how- 
ever, consisted both of acidic and basic groups with 
which the dye could combine. The dyes themselves 
might be distinguished as basic, or acidic, or saline, 
or pigments (undergoing changes in the fibre like 
indigo), and it was hence possible to select from a 
mixture of colours in solution different colours by 
skeins of cotton or of wool. 





ALUMINIUM BRONZES. 
To THE EpiTor OF ENGINEERING. 

Srr,—The war has created a situation which few of us 
expected to see, a situation in which, owing to thescarcity, 
and consequently very high price, of the metal zinc, 
the so-called ‘‘ aluminium bronzes” are now much cheaper 
to manufacture than the brasses. Moreover, whereas the 
latter alloys require for the most part percentages of zinc 
varying between 30 and 40, the former only need from 
about 7 to 10 per cent. of aluminium to produce properties 
of the same general character. 

The Fighth Report to the Alloys Research Committee 
of the Institution of Mechanical Engineers, on ‘‘ The 
suopeetne of Alloys of Aluminium and Copper,” by 
Professor Edwards and myself, published in the Pro- 
ceedings of the Institution, January, 1907, 57 to 
378, contains very full information as to the casting, 


working, heat treatment, and mechanical properties of 
these alloys, which in certain respects are markedly 
superior to the A later paper 


ublished , A 
on “‘The Production of Castings to Withstand High 
reesures,” in the Proceedings of the same Institution, 
December, 1910, pages 1597 to 1660, deals particularly 
with the difficulties encountered in the founding of these 
alloys. Both publications* contain, in the discussion and 
communications, contributions by practical men. 

My object in addressing you is to point out that we 
are now confronted with a situation which is likely 
to persist for some time, in which it is of national 
importance that the use of zinc for the production 
of alloys should be restricted to those in which this 
metal is absolutely necessary, and that there are un- 
doubtedly a variety of purposes for which copper- 
aluminium alloys are not only equally, but more, suit- 
able. The founding of these alloys, however, presents 
difficulties different from those associated with the 
casting of difficulties which centre round the 
tenacious film of alumina which is formed on the sur- 
face of the molten alloys, and which have to be overcome 
lore satisfactory castings can be produced. In case 
the information quoted in the two papers is insufficient 
—and I would direct special attention to the recom- 
mendations made by us on pages 1622 and 1630 of the 
second paper—I wish to state that I should be very 
pleased to me gratuitously, either by way of advice, 
visits to foundries, or in any way that may be found 
convenient, works that may decide to undertake the 
manufacture of copper-aluminium alloys. 


Yours faithfully. 
H. C. E. CARPENTER. 


ial College of Science and T: 
yal Schou of Mines), South Kensington, 


m 
London, 8.W., June 25, 1915 





‘““THE ENGINEER’S UNIT OF MASS.” 
To THe Eprror or ENGINEERING. 

Str,—The interesting ndence now going on in 
our columns makes it clear that there are many ways of 
ooking at the above subject. It is not surprising, there- 

fore, that the average engineer remains in the dark as to 


* [The report and paper referred to by Dr. Carpenter 
have been published in fall in ENGINEERING. The report 
will be found on pages 127 and 158 of vol. Ixxxiii., with 
an appendix on page 253 of the same volume, and the 
paper on page 870 of vol. xc.—Ep. E.] ~ 








€ 2 loundered, surely 
something will be done to standardise our ideas of this 
unit. In the following notes I have tried to show the two 
different conceptions of the engineer’s unit of mass; the 
first be: derived from the standard unit of mass, and 
the second from the engineer’s unit of force. It seems to 
me that it is immaterial which method is adopted, but 
a combination is impossible. 

1. In recent engineering vext-books there is an attempt 
to ignore the pound-mass or lbm. unit, and to derive a new 
unit of mass from a unit of force, generally imperfectly 
, and sometimes called ‘‘ the weight of one pound 
mass,” sometimes “‘the pound weight” or ‘‘Ibw.,” and 
sometimes, quite indefinitely, ‘‘the force of one pound.” 
The engineer, however, has been familiar from his infancy 
with the standard unit of mass as used in the expressions 
“*a pound of tea,” ‘‘a pound of sugar,” and other domestic 
quantities, and consequently very early in life he must 
have a clear conception of the unit of mass as a 
quantity of matter, and of the method of comparing 
quantities of matter by a lever-balance. 

It seems, therefore, logical to start students with the 
three fundamental units of mass (ibm.), time (sec.), and 
distance (ft.); to measure momentum in Ibm. x ft./sec. ; 
to define force as something which tends to produce or 
alter the momentum of a body; and to show how to 
derive the unit of force from this definition, and measure 
force in Ibm. x ft./sec.? or powndals. A spring balance, 
graduated in poundals, numerically about 4 oz. weights, 
will give students an idea of the quantitative value of the 
poundal, and of the numerical ratio of the pound weight 
to the poundal. 

It will then be possible to define the gravitational unit 
of 1 lbw. as the force of the earth’s attraction on a 
standard pound mass at London ; and aspring balance 
may be graduated in lbw. at London by suspending from 
it various standard masses. This spring balance can be 
subsequently used to measure forces in lbw. at any point 
in the universe where the atmospheric conditions likely 
to affect the properties of the spring, such as tem: ture 
and density, are the same as at London, where the 
balance was uated. 

If the student by this time realises that a force of 
1 poundal gives a mass of 1 lbm., an acceleration of 
1 ft./sec. per sec., and that a force of 1 lbw. gives the 
same mass of 1 Ibm. an acceleration of 32.19 ft./sec. per 
second (the value of g at London), then he may be allowed 
to work out his dynamical forces in poundals, and after- 
wards reduce them to lbws. by dividing by 32.19. The 
transference from one unit to the other may be stated in 
the form of the ratio 32.19 poundals (or Ibms. ft./sec.?) 
per 1 lbw., as in graphics, where a force scale may be 
given as 100 lbws. per inch. The units on each side of 
the following formula are thus seen to correspond :— 


P lbws. x 32.19 Ibms._ ft. / lbw. = m lbms. x a ft./sec.?. 
sec.? 


The objection to the statement given in the Board of 
Education leaflet is that g is used instead of the con- 
stant 32.19. The symbol g is ood used for the 
acceleration due to gravity, and therefore a quantity 
which is by no means the same at different p on the 
earth’s surface. To correct this by making the unit of 
force a variable quantity, as suggested by one of your 


dents, is surely to reduce the whole thing to 

chontitg. With the 7 nnd definitions, therefore, * is 

wrong to say that P = ™-% Ibws., but P = rar lbws. is 
52. 


y 
correct, the ratio of poondsls being understood after the 
o. 


wi 
constant. In order to retain the relation force = mass x 
acceleration when force is measured in lbws , the expres- 
sion 15 is sometimes taken as M engineer’s units of 
mass, or “‘ engineers,” where I “‘ engineer” = 32.19 Ibme.; 
but this new unit of mass is not necessary for anyone 
— understands the relation between poundals and 
ws. 


Also K.E=}. a ft. - Ibws. is allowable, but 


K.E=3 1 i, wrong, I in the first case being measured 


in the absolute Ibms. x ft.? unite, whereas in the second 
case the unit is indefinite. 

The subject of statics would (from this point of view) 
naturally follow after that of elementary dynamics—that 
is, after the student had realised the nature of a force, he 
— proceed to problems involving the balancing of 
‘orces. 

2. Unfortunately, owing to the ease with which statical 
problems can be verified in the laboratory, it is now usual 
to take _— study of statics first, and therefore a unit 
of force to be chosen which keeps clear of the dyna- 
pelgpel view, chicks Gap. posuaily slepeed ie angtied 
point of view, which is that 'y adopted in appli 
mechanics’ text-books. This arrangement is probably 
adopted in order to defer dealing with the comparatively 
difficult conception of acceleration. The unit of force 
chosen is, in effect, the force required to prevent the 
motion of a standard lump of matter at London when acted 
on simply by the force of the earth’s attraction ; in other 
words, it is the force required to sustain the weight of a 
pound mass at London. With a spring-balance gradu- 
ated in Ibws., as previously explained, the student can 
do all blems which deal ag with statical or 

forces. He will gradually realise that to pre- 
vent change of motion of a system at rest or in uniform 
motion he must oppose a force, or a resultant of forces, 
by an equal and opposite force, and thatif the system 
is not ced there will be acceleration, the simplest 
form of acceleration being that of a piece of matter when 
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allowed to fall freely. A piece of matter which, when 
suspended from the standardised spring » Bi 

reading of W lbws. will, when allowed to fall freely, 
acted upon by a force of W lbws., and it can be shown 
experimentally that the acceleration uced—g ft./sec. 
per sec.—is the same no matter what the size or velocity of 
the piece. The other experimental fact which it is neces- 
sary to know is that for any given mass the acceleration 
produced is proportional to the unbalanced force applied 
to the mass, us, if a piece of matter be moved to a 
different part of the earth, its weight W lows. as measured 
on the standard spring balance will be proportional to the 
aceleration g ft./sec. per sec. due to gravity at that point. 


The ratio pa is therefore a constant for any given 


y 
mass. Also, if this piece of matter be given an accelera- 
tion of a ft./sec. per sec. by a force of P lbws., then 
To & 
WwW ’ 


y 

P lbws. = W Iowa. 
g ft./sec.2 
Such a formula involves only the two usual units of 
time and distance and the new unit of force, and if 
nothing at all is said about mass, pa are apt to 
lose their sense of miss, and take kinds of forces, 
such as friction, gravity foree, steam pressure, &c., 
and divide them by 32.2 to obtain ‘the equivalent mass 
of the force” (to quote from a letter I saw once from a 
university uate). Hence the need for a new unit 
of mass. @ expression, Force = Mass x Acceleration 
is taken as i relationship simple to remember. 

‘orce 


Thus mass = , and we measure the mass 


or 
x @ ft./sec.2 





Acceleration 
of the body by the ratio: 
Force of W lbws. 





~ Acceleration of g ft. per sec. per sec.” 
or Ww engineer’s units of mass, or Ww “ engineers.” 

The term ‘‘ slug” is rather contemptuous, and conveys 
little or no idea of mass. I have used the term *‘engi- 
neer” as giving a much better idea of the bulkiness and 
solidity of this unit. Thus we have :— 

fo. 


Bee.2 
With the above unit of mass it is obvious that moment 
of inertia I = Mk* = ™ . x2, and it will be measured 


g 
in lbws. ft. per sec.2 units. Kineticenergy, K.E ,=}I1 w? 
ft.-lbws. g should not ap in this formula. 

An advantage claimed for the engineer’s units of mass 
and force is that they give equations in which the units 
are more easily checked. They are, however, apt to give 
too little prominence to ideas of mass. 

Yours truly, 
ENGINEER. 


P lbws. = © engineers xa 
g 





To THe Eprror oF ENGINEERING. 

Srr,—In your issue of June 4 one of your correspon- 
dents accuses me of inconsistency in my previous letter. 
Iam sorry I cannot admit the point; and, further, I 
must adhere to my opinion that the vast majority of 
human beings interested in dynamics have a worki 
conception of force before they have even the slightest 
conception of mass. However, this does not directly 
affect the present discussion. 

I am afraid I cannot see any advantage in treating g as 
a number ; the equations thus obtained tie the operator 
to a certain system of units, a system which is, generally 
speaking, more inconvenient than the physicist.” F.P.S. 
system, to which your correspondent rightly objects. 

My faith in dimensional arithmetic is sufficient to 
make me quite confident that neither of your corre- 
spondents has used the method, and hence they have 
failed to grasp its peculiar advan In both letters 
and, indeed, almost without exception in all text-books 
a formula is treated merely as a numerical connection ; 
each symbol is then the numerical ratio between some 
quantity and some standard or ‘‘unit” quantity of the 
same physical dimensions. By the introduction of 
dimensional arithmetic, a formula is true for all unite 
and the “‘unknown” is completely determined, the 
numerical factor in the usual manner, and the dimen- 
sional factor by treating all words in accordance with 
the same arithmetical or algebraic laws. 

Perhaps I may be allowed space to illustrate by an 
example. 

An unbalanced force of 2 tons produces in a certain 
body an acceleration of (3 miles i. hour) second ; 
what kinetic energy is stored in the body when moving 
at a speed of 20 miles per hour? 

The mass of the body is 

2 tons =% Tons x hr. 

3 mile/hr. x sec. mile 
K.E.=3im2e 

=4}x9x - (» mile 

br. 


Tons x hr. x sec. 
= 4 x @ x 409 Toms x sec. x mile 


y 


From the point of view of dynamics the solution is now 
complete, to convert to more convenient unite strike out 
hr. and mile and substitute 3600 secs. and 5280 ft. re- 
spectively ; the word sec. now cancels, and the result 


omes 
K.E. = 34x 9 x 400 x 5289 tons x ft. 
6 














mule 





Zig is 32.2 (32.2 is the close approximation to the value 


The important point to be remembered is that this 
method renders the formula correct for all ible units ; 
in the special case where the weight of the y is known, 
the mass is given by the ratio of this weight to the accele- 
tation which it is capable of producing when acting on 


the body. 
Yours ow 
Leeds, June 20, 1915. 8. H. Sretrox. 


P.S.—I have just read your issue of June 18. In it 
**Inertia” states that: ‘‘ Force = mass x aco.” is a 
statement which =? for its truth upon the units of 


the quantities.” y that he adopts dimen- 
Bil - arithmetic, which es the statement universally 
true?” 


With regard to the second letter, I am afraid I must 
continue to regard force as always more easily conceiv- 
able than mass. I agree that the units used should be as 
few as possible, and my desire to achieve this object 
—— me to write my original objection to the intro- 

uction of another unit. I am afraid, however, that your 
correspondent overlooks the vital point that the units are 
in use, and will remain so for many a long generation, and 
so we must all make the best of them, and not try tu 
introduce any more into the confusion. The worst case I 
can recall is where the ultimate strength of cast iron is 
expressed by the number of hundredweights which will 
break a 2-in. by 1-in. beam 1 yard long, the load being 
central, and the beam “simply” supported at the ends. 
But even here tolerance is, perhaps, , a8 the mea- 
sure is quite convenient and useful in a foundry, where 
it originated. aE 





s aan THE —_ “7 OF ee. aj Fe, 
1,—Referring to the correspondence appearing in 
your letter columns on “‘ The Engineer’s Unie of Mass,” 
may I sum up the “Gospel according to the engineer.’ 
Your writers have largely expressed the truth mixed with 
dialectics, so that it may be of some advantage to give a 
plain statement of the fundamentals. 
1. The engineer uses two units of mass : (a) The pound 
—the prototype piece of platinum; this he a 
his minor unit of mass. 6) A major unit, which is 32.2 
times the smaller unit. 
Does not the physicist use a ‘‘ minor calorie” and a 
** major calorie” ? 
The larger unit of mass is no ‘‘ monstrosity ;” it has 
not ‘* been foisted on a long-suffering profession,” but is 
a product of sound engineering evolution, whereby the 
engineer can make practical calculations involving 
M.L.T., using the British system with the same funda- 
mental accuracy of the physicist with the O.G.S. units. 
I submit, Sir, that the trained engineer and the ex- 
ienced teacher do not involve themselves in the con- 
‘usion of thought which Mr. Denton so fondly takes for 
ted. The real trouble of the whole matter is this :— 
he student of physics, who is not an engineer . 
seldom tience to find out what the engineer’s 
py ew oe t they really are, and so fails to realise 
f tal truth of their calculations. 
2, The engineer’s unit of force is 1 lb., and is that force 
which, acting (anywhere, on earth or in inter-stellar space) 
on a mass of 1 Ib. uces an acceleration of 32.2 ft. 
aah per second. It is also the resultant earth- 
orce on the standard prototype pound at's place where 


] 


of g in London where rests the standard prototype 


pound). 

3. The ineer has no use for the poundal, because to 
use it would involve an un conception without 
giving any additional accuracy in calculation, even from 
the Physiciat’s point of view. The pound unit of force as 
defined above is as absolute a unit as the poundal or the 
dyne, and ineers’ calculations are as fundamentall 
sound, logically, dimensionally, and therefore astronomi- 
cally, as those made with the C.G.S. units. 

In the two equations given in the Board of Education 
circular (intended for teachers) and criticised severely by 
Mr. Denton, I would remark that any teacher of experi- 
ence would take - standing for a shorthand abbrevia- 
tion of 32.2; and W, not as weight meaning force, but as 
mass in pounds. And so I believe they were intended 
to be taken. Hence the force equation is not ‘‘nonsense,” 
as it will be understood ; though it would have been better 
to have used a little more printers’ ink. 

Mr. Denton asks ‘* why should the electrical man have 
to endure the confusion of a different fundamental quantity 
= Se Ve. ———, ee a = answer 
is: ming him to be con! , just as —no longer— 
as the British system of units is used by mechanical 
engi in erence to the C.G.S. system. 

fr. Denton makes two other statements which cannot 
be allowed bs pass > = ped a | _ 
years ago the mechanical engineer w nothing about 
electricity,” and that ‘‘ the electrical engineer knows far 
more of mechanical engineering than the mechanical engi- 
neer knows of electrical engineering.” This attitude of 
mind is not uncommon in some who call themselves elev- 


Stes cngiaee s but does it not denote in its victims a 
feeling of deficiency in training as true engi ? 

A comparatively few years electrical apparatus 
and machinery were in the ition of museum curio- 
sities ; it was the mechanical engineer designer and the 
mechanical engineer workman—in drawing-office and 
works—who enabled the researches of the physici 
embodied in what are now called electrical calculations, 
“ on gue full play in the brilliant electrical machinery 

to-day. 


trained mechanical man with an — sound electrical 
knowledge ; (b) a man who has an elementary knowledge 
of both mechanical and electrical work; (c) the mere 








Y | ratio of the pound weight to the pounded ; end 


calculator, deficient alike in a knowledge of the principle 
opera eas rc Seen nay 

e firs M . im to primarily a 
eg Sopa ane afterwards an —— on - 
neer. Icannot imagine such an engineer—who is 
completely-trained man—thinking, still less writing, that 
which, after all, is merely a harmless form of conceit 
which hurts no one, unless it is its victim. 

Yours faithfully, 

June 21, 1915. nat. C.E. 





To THe Eprror or ENGINEERING. 

Str,—After reading Mr. Denton’s able contribution in 
last week’s issue, I regret that it was not published a few 
weeks earlier, for it expresses my point of view more 
capably than I could have ho: to do myself. Yet, as 
might be anticipated, I wish to justify myself against 
his criticisms in the postscript. 
I believe that the real engineer is, on the whole, a 
humble individual, who is wi to adopt the methods 
of the R as far as is conveniently possible. 
His fundamental units are the Imperial nd mass, 
the foot, and the second. (His ideas of this last unit 
are rather hazy, but he is content to trust in some- 
body at Greenwich.) The physicist) measures a force 
indirectly, first comparing it with the local gravity attrac- 
2 3 masses, and then, if he thinks it 
advisal either reducing these variable gravity units 
into poundals (or dynes), or correcting into similar 
gravity units at some stated locality; the conversion 
ratios being determined by pendulum experiments. This 
is, I think, a correct description of the procedure, ¢.g., in 
Joule’s experiments on mechanical equivalent of 
heat, or in measuring electric currents on the Kelvin 
balance. The variation in gravity (at most, about 1 in 
400 from the mean) is well within the limits of error to 
which the engineer’s data permit him to work, 
so that he is naturally content to determine his forces in 
variable gravity units, dispensing with further reduction 
orcorrection. In this, surely, he is not acting illogically, 
for ‘‘ invariable” must always remain a relative term, 
even when applied to the most fundamental unit. 

I described the engineer’s unit of mass as a ‘‘ mon- 
strosity,” using the word in the accepted sense of a morbid 
growth evolved by action in a “‘ vicious circle.” From a 
standard mass—the Imperial pound—is derived a gravity 
unit of force, the weight of the pound mass, standardised 
for locality if it be so desired. A problem is proposed on 
the calculation of accelerating force, and the. engineer 
attempts the solution after inefficient instruction from 
certain teachers of physics, whom I have termed “ physi- 
cists ’—erroneously, for physicists are thoughtful peop 
He applies the formula: *‘Force = mass x acceleration,” 
and obtains a result about 32.2 times too The 
formula is an article of faith, so that his only resource is 
to juggle with his units. Some would-be helper—he 
must have been a teacher of physics—suggests that mass 


= weigh The engineer substitutes the mass in pounds 
for at. and the ratio of the pound weight to the 
poundal for “‘g.” The result is a tractable quantity in 
engineer's unios of mass. Thus he arrives back at his 
—_eoe with a unit mass 32.2 times as large as that 
with which he set out. He may well find the situation 


In the author of Circular 894 I discern an adherent to 
the creed outlined in my second ne ie He leaves 
his symbols unexplained, so that there is scope for 
imagination. I presume his unite to be the pound mass, 
the foot, and the second, with forces in pound weights, 
variable or standardised indifferently. The formule 
refer to a body weighing W pounds—+ ¢., a body which, 
when weighed in scales, balances W ponte mass, 
therefore, represents mass in Imperi junds ; 


is the 
is the 
moment of inertia in lb.-ft.2 units. If Mr. Denton has 
failed to detect the subtle legerdemain of ‘mass = ¥°18>* ,” 


how can he expect the confiding 

deceived? The formula can be ved to follow from 

** force mass x acceleration ;” its dimensions seem 

correct, and it leads to the correct result. 

In deference to Mr. Denton, I have with some effort 
those enthusiasms of style to which he has 


engineer to enmake un- 


su 
objected. : 
I am, Sir, yours faithfully, 
T. THompson, 
Woolwich Polytechnic, June 21, 1915. 





To THe Eprron or ENGINEERING. 
_ Srr,—Since my letter of June 11 appears to have 


interested your readers—but one dashing cqusespencens 
has not quite followed it—with your permission I should 
like to amplify that letter, even to repeat some of it. 

A student can prove by experiment that for his 
locality :— 

Force causing acceleration in body of wt. W 
Weight of body 
is equal to :— 
Acceleration produced by force 
Acceleration of budy under gravity’ 

from which he can derive the equation :— 


Force (Ib.) = weight (Ib.) x seneieration, 








With this the student can go a long way in solving 


Now the electrical engineer may be (a) « thoroughly | probl 


ems. 
The next step is to tell the student that the same body 
ing freely at different distances from the earth kas 


not same tion, and therefore is not under the 








712 


ENGINEERING. 





[June 25, 1915. 








same force. If weighed with a spring balance, it would 
not pull the pointer down so far ; in fact, its weight would 
vary. Fu , the weight or force of attraction to the 
earth so measured is exactly proportional to the accele- 
ration falling freely, and the quotient: weight in Dar pones 
(by oping balance) divided by acceleration in feet per 
second per second, is constant for any one body, at what- 
— of the earth’s surface this quotient is deter- 
mi! 


This quotient it is evidently convenient to treat as a 
real thing and to name it. Since it isa measure of the vis 
insita or vis inertia, we may call it the mass or inertia 
coefficient (following Professor Lamb), or for short the 
mass, and denote it by m, thus 
acceleration ’ 
and if we choose to make m an absolute fundamental, we 
get the physical dimensions of force as M L T-?. 

We could now re-write the first equation as_:— 


Force = meet x acceleration, 


and we can treat weight divided by g as a measure of 
mass. As a matter of fact, with m as a fundamental, 
weight in pounds is MLT-*, and g is LT-*, and so 
weight divided by g is of dimensions M. ; 

ith regard to cnristening the ’s unit of mass, 
I thought Professor Perry had y called it the 
6: ~ a This isa much more magnificent name than the 
ladylike ‘‘ ming.” 


~t" But it does ee ap oy — at all. 
at I wish to emphasise strongly is that student 
should be able to work questions 4 mechanics on 
basis of experiments made by himself. Gradually he can 
be introduced to the idea of mass, and learn how it has 
enabled celestial and terrestrial mechanics to be united 
under one flag. Let me quote Emerson against unduly 
forcing on the student a premature attempt to conceive 
mass :— 

‘*No man can learn what he has not pesguention for 
learning, however near to his eyes is the object . God 
screens usevermore from premature ideas. Our eyes are 
holden that we cannot see things that stare us in the 
face, until the hour arrives when the mind is ripened ; 
then we behold them, and the time when we saw them 
nob is like a dream.” 

In conclusion, allow me to say that I have not the honour 
to be a teacher of mechanics. I have assisted a near 
relative with examples, but have most carefully refrained 
from interfering with the doctrines supplied to him by 
his teachers, 

To give an example of the possibility of baneful teach- 
ing, take the following extract from a book on mechanics, 
and sangre an engineering student reading it :—**The 
formula F = ma is not true when the force is exp: 
in pounds weight.” I would like to ask such teachers 
of mechanics if, in their opinion, it is correct to write the 
following equation (in relation to the present subject) :— 

w (= +mo_-S’)ar, 
gdt 9g g 
W = weight in pounds. 
F = force in pounds. 
a, b, c = linear velocities. 
m, n = angular velocities. 
lam, Sir, your obedient servant, 
J. GILouRIST. 

P.S.—For a very precise treatment of ‘‘ mass,” see 
Professor Karl Pearson’s book, ‘“‘The Grammar of 
Science.” —J. G. 


where 


” 





‘*““THE CURVES OF LIFE.” 
To tHe Eprrog or ENGINEERING. 

Si1r,—I have to thank you very much for apn bay 
so much space in your issue for June 4 to my book on 
‘**Spiral Formations.” As your reviewer has sometimes 
(and no doubt through no fault of his own) misrepre- 
sented the meaning [ intended to convey, I trust to 
your invariable sense of courtesy and fairness to permit 
me to tell your readers what I actually said ; and, though 1 
fear to ask so much ind in your valuable columns, 
I will confine myself carefully to those details of mathe- 
| ae botany, and art, to which your reviewer has re- 

1. Taking them in this order, I naturally give the first 
place, in your pages, to mathematics. our reviewer 
says: ‘Still more fanciful, it — to us, is the attempt 
to represent processes observable in Nature by a mathe- 

In reply, I may beg him to recall 

ical expressions of the istic 

processes observable in Nature.” The falling of a stone, 

for instance, is a process of Nature ; and in regard to the 
falling of a body, your columns inform us that 


8S = jg. 


Actually, of course, the air resistance is not taken into 
account in this mathematical expression, and a body does 
not fall exactly according to the formula. But t is 


matical expression.” 
Newton’s 


because, relatively, as 1 have said, ‘‘ Nature abhors 
mathematics ;” or the simple mathematics we 
have hitherto developed can never ex the whole 


complex truth of natural phenomena. This is still more 
readily observable when the natural pheno 
A nautilus growing in the Pacific is affected by every one 
of the million stars we see—or do not see—in the universe. 


But we examine it only by the light of what we know, | also 
other condi 


deliberately excluding all ot itions. Your re- 
viewer's comment, however, is that ‘* the decisiveness of 
mathematical demonstration is still wanting.” Would 
he @ that because planets do not move in circles or 
eglayaien, any attempt to apply mathematics to a study 


menon is alive. | col 





of planetary movements would be fraught with danger? 


cae any sang antaeiee se my book in order to pro- 
vide a standard by which to discover and appreciate 
subtle divergences and variations from the mean which 
are as much the property of an organism as of a work 
of art ; for nothing that is simply mathematically correct 
can ever exhibit either the characteristics of lite or the 
attractiveness of beauty. It is with regard to artistic 
messes! that your reviewer makes the complaint I have 
uoted. 

» When he passes from the philosophical to the technical 
side of mathematics, your reviewer writes :—‘* A series of 
integers, in which each is the sum of the two epee 
terms, called here the Fibonacci series, has for the author 
a charm which can only be explained on the supposition 
that he is not very familiar with the theory of numerical 
series.” My own acquaintance with these details is of 
no interest, but the sentence I have underlined suggests 
that your reviewer may welcome the knowledge that the 
Fibonacci series received ite name.in about 1202, when 
Frederick II. invited Camillo Leonardo da Pisa (called 
Fibonacci) to exhibit his mathematical talents; and it 
was this same Fibonacci who introduced to Europe the 
Arabic numerals so often used in your columns when you 
‘re t the processes observable in Nature by a 
mi tical expression.” Your reviewer’s further re- 
mark that ** Another series of similar character which 
appeals forcibly to the author is called the ¢ ratio,” leads 
me to believe that a study of Gustave Lamé’s immortal 
work might also divulge to him the difference between a 
series aratio. It was Lamé who called the Fibonacci 
numbers ‘‘ the Fibonacci series ;” and he did so much to 
develop their interest that some careless studente stil] 
call the Fibonacci series “‘ the Lamé series.” 

Nor will your reviewer’s phrase make it quite clear to 
others that ¢ (the new mathematical conception described 
in my book) gives & power series to which the Fibonacci 
series in its highest terme approaches in rapid converg- 
ence. The new ¢ progression (the only geometrical pro- 
gressiva the successive terms of which can be obtained by 
addition as well as by multiplication by the common ratio 
in the ordinary way) is, in fact, the ideal which all series 
formed by successive additions tend to approach, but 
never attain. It may be better explained by giving a few 


of its terms, as follow :— 
-? = 0.381966 
o-' = 0.618034 
@ =1.0 
@ = 1,618034 
¢? = 2.618034 
¢* = 4.936068, &c. 


You will, of course, observe that ¢ is a propcrtion, 
not a measure, and that the scalar unit may be any- 
thing from a millimetre to a million miles. But itis 
interesting to note that the division of the unit into 
0.381966 and 0.618034 is the old ‘‘ extreme and mean pro- 
portion ” of Euclid, Book II., xi., and VI., xxx., the 
‘sectio aurea,” as it is sometimes called, as to which 
experts in xsthetics have had much to say in previous 
centuries. But nothing they have ever said is quite so 
important as the truth that great sculptors and archi- 
tects in ancient Hellas deliberately used this proportion 
in their statues and buildings, and the still more astonish- 
ing fact that the papyrus of Ahmes méntions a mystic 
quotient, SEQT, which was the deliberate construc- 
tional ratio in Egyptian wofk of 7050 B.c. Your mathe- 
matical readers will be further amused to know that 


sin 18° = aa whence it follows that if the side of 


right decagon is unity, the radius of the circumecribed 
circle is ¢. Whatis new in the use made of the ¢ propor- 
tion in my book is that 0.381966 and 0.618034 are here bret 
employed as the first two terms of an infinite series, 
which may, of course, be expressed in a logarithmic 
spiral, and can be used as a delicate standard of mean 
measurement, __ the divergences from “simple 
mathematics” th of living things and of artistic 
creations can be observed and appreciated. 

2. Speaking of my mention ot the Fibonacci series in 
botany, your reviewer says of me that, “following the 
example of some well-known names, but with even 
greater insistency,” I contend ‘‘that plants make use of 
this series in order to their leaves, &c.” Ib is 
but fair to say that Mr. A. H. Church, D.Sc., of Oxford, 
is the only author whose work I have used in this connec- 
tion throughout, and that no other “‘ well-known names” 
can be associated with his original researches, which may 
be studied in his book ‘‘On the Relation of Phyllotaxis 
to Mechanical Laws.” In these pages your reviewer will 
no ‘oy find much of the test os el ail, 

ere is any original ue in my at it 
resides in the cpledien for the first time of the new ¢ 
proportion not only to principles of growth, but to 
principles of construction and of beauty also, an applica- 
tion which your reviewer is quite at liberty to consider 
“* whimsical and forced,” provided he makes it clear, to 
begin with, that he knows exactly what I am applying. 
But if your reviewer objects to this process on my 
what is his opinion of Professor Barr’s address to the Engr 
neering Section of the British Association in 1912? T’ 
Professor’s remarks were given in full in your own 
umns, so I need only quote a very little :—*‘Some, at 
least,” said this famous engineer, ‘‘of those to whom we 
owe the greatest advances in the fine arts were eminent 
in the arts of construction. We may claim such men 
as Michael Angelo, Raphael, and Leonardo da Vinci as 
masters in the art of construction as well as in those 
with which their names are usually associated. . . . Our 
works, like the highest creations of Nature, should be 
beautiful and not beautified.” And Professor Barr gives 





ing yacht as an examp) 
add thas of Brunel's ae 

an ° y application 
artistic creations must not, of 


course, be pushed too far. I ee draw attention 
(in “Curves of Life”) to fact that “approxima. 
tions” to the ¢ series in art not only exhibit the same 
measure of “standardisation” as is observable in such 
natural objects as shells or flowers, but also exhibit the 
same amountof deviations from the same simple —_— iple 
which I have chosen as my standard in each case. Your re- 
viewer complains that this leaves him ‘‘without any appeal 
from the personal preferences of the critic, who can still 
exercise a wide discretion, and to whose loud assertiveness 
we must obediently bow.” Nothing could be much more 
different from the actual statementa in my book, on which 
I will now conclude far too long a:communication. For 
it is ‘eye | to combat such views, as they were set forth 
by that brilliant iconoclast, the present First Lord of the 
Admiralty, that I have suggested ¢ ‘‘as a standard by 
which deviations can be measured,” or (to use Mr. Bai- 
four’s own expression concerning what he considers to be 
impossible) as a ‘‘scale which shall represent, in the 
roughest approximation, the experiences of mankind.” 
For if ¢ expresses the basis of arrangement in growth, 
which is one revelation of the spirit of Nature, would not 
the artist most in touch with Nature tend to employ that 
proportion in his work, 6ven if he were Rot conscious of 
its existence? The ¢ proportion is no royal road to beauty. 
It does not in any way diminish the charm and wonder 
of the artist’sachievement. But it'does imply that, if we 
realise the variations and divergences observable both in 
beauty and in life, we may discover that each is visibly 
ex to us in terms of the same principle. Art 
interprets that Nature of which she is herself a part ; and 
it is therefore only logical that the syllables of ber inter- 

retation should be recognisably an echo of the language 

y which they were inspired. 

Forgive ag owe written at such length, and 

lieve me to be, Sir, faithfully yours, 
TuroporE A. Cook, 

Editor of the Field. 

Windsor House, Bream’s Buildings, E.C. 

[We forwarded a copy of Mr. Cook’s letter to the 
author of the review, and we subjoin his comments. 


—Ebp. E.] 
The Curves of Life. 

By the kindness of the Editor, I have been permitted 
to read Mr. Cook’s objections to my notice, and have been 
invited to nake reply. Butdisagreement between author. 
and critics is so common an occurrence ‘that a defence is 
not necessary. I have endeavoured to do justice to Mr. 
Cook’s industry in the collection of facts, but the deduc- 
tions from those facts must remain a matter for the 
exercise of individual judgment. Coincidence can easily 

mistaken for a consequence, and notwithstanding 
Mr. Cook’s censures, I have no intention of withdrawing 
from my conviction that he bas been misled by the in- 
genuity of his own hypotheses. The real meaning of the 
existence of approximate proportion in measurements of 
objects in Nature and Art has, I submit in all humility, 
yet to be discovered. 

THe WRITER OF THE REVIEW. 





GALVANISED SHeets AND OTHER Propuocts.—We read 
in the Iron Age that the American makers of all gal- 
vanised steel products are in great difficulty in regard to 
spelter. Many contracts are being filled at a loss. A 
vigorous —- has been started by sheet producers 
in the United States to substitute painted black sheets 
for galvanised sheets. 





THe AUSTRALIAN TRANSCONTINENTAL RaILway.— 
Rails for the East-to-West Transcontinental ilway, 
linking up the railway services of Eastern and Western 
Australia, are being laid at the rate of a mile per day. 
Latest reports indicate that 480 miles have been Jaid. 
The line is being built from the eastern and western ends 
at the same time. The eastern railhead is now 250 miles 
west of Port Augusta, and the western 230 miles east of 
Kalgoorlie. 





Coat in New Sourn Watss.—Stanford-Mertbyr col- 
liery borers in New South Wales recently struck an 8-ft. 
seam of coal at 126 ft. in the lease adjacent to the old 
colliery. It is estimated that the new séam will give 1000 
tons a day without expense other than that of driving a 
tunnel from the present mine. This means a sufficient 
number of working places to abcorb all the miners whc 
ae be likely to grumble when the afternoon shift is 
abolished. 





Canapian Pusiic Works.—The Dominion Govern- 
ment has decided to continue the construction of all 
public works under contract in The total ex- 
penditure of the Dominion for the year, apart from the 
war, will be 200,000,000 dols. in round figures ; for the 
war the expenditure is estimated at 100,000,000 dols. 
additional. The Dominion Government is, therefore, 
raising about 1,000,000 dols. per day, exclusive of Sundays, 
to continue its works’ programme and to assist in carry- 
ing on the war. The Government me for the 
current year includes an expenditure of 38, 500,000 dols. 
upon railways, canals and harbours. The works in hand 
inclade intercolonial railway terminals at Halifax, the 
improvement of the Welland Canal, the Quebec B 
the National Transcontinental Railway, the Hudson Bay 
Railway, and terminal elevators and harbours at Halifax, 
St. John, Quebec, Montreal, Toronto, Hamilton, Port 
Arthur, Fort William, Vancouver, and Victoria, 
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MOTOR-PLOUGH AT THE NOTTINGHAM SHOW. 


CONSTRUCTED BY MESSRS. JOHN FOWLER AND CO. 


(LEEDS), LTD., LEEDS. 
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Fic, 2. 


Art the forthcoming show of the Royal Agricultural 
Society, which will open at Nottingham on the 29th 
inst., Messrs. John Fowler and Co. (Leeds), Limited, 
will show the motor-plough illustrated above. This 
machine embodies the features of the Wyles original 
design, as patented, with subsequent inventions and 
improvements of Messrs. Fowler. The plough is 
capable of doing general work on a farm, and is 
specially suitable for cases in which it is unsatisfactory 
to employ horses—i ¢., between fruit trees in orchards, 
in vineyards, hop-gardens, &c., and generally for 
cultivating between rows of growing crops. In addi- 
tion to ploughing, it can be used for cultivating, scuf- 
fling, harrowing, and the like. 
belt-driving various machines on a farm. 

As shown in the engravings, the plough is arranged 
as a standard double-furrow plough, and is fitted with 
a seat for the driver. It can, however, be used as a 
single or double-furrow plough, according to the depth 
of work and the nature of the land. It can cut two 
furrows of 84 in., or one furrow of Yin. to 10 in. in 
width. Each driving-wheel is capable of indepen- 
dent vertical adjustment by which a depth of furrow 
of 9 in. can be obtained. With one wheel running 
in the furrow the machine is practically self-steer- 
ing. On arsiving at the end of the furrow the 
underframe, on which the skives are mounted, is lifted 
at both the front and back ends by hand levers, and 
the weight of the back end is carried on the castor 
furrow-wheel. The shares are then clear of the 
ground. The plough is then swung round, the swing- 
iug bein facilitated by a simple device for driving the 
outer wheel fodegententy of the inner. The rear 
lifting-gear enables the operator to raise the rear end of 
the plough slightly when necessary, owing te the varia- 
tions of the | on which the machine is worked. 
The engine is of the single-cylinder type, burning 
petrol, benzine, or the like. The power is transmitted 
through a friction clutch 9 erated from the handle of 


It can also be used for | has 





the plough, and thence through reducing-gear, con- 
sisting of worm and worm-wheels, to pimions driving 
internal gear-wheels on each road-wheel. 





** Revue TRIMESTRIELLE CANADIENNE.”—We have re- 
ceived the first number of this Canadian review in the 
French language. It is announced to appear in May, 
August, November, and February, at the price of 3 dols. 
annually. Its programme covers ineering, political 
and social economy, mathematics, industrial legislation, 
statistics, architecture, hygiene, forestry, transports, &c. 
It is issued by the Association des Anciens E'éves, Ecole 
Polytechnique, Montreal. The number for May, 1915, 

over 100 pages, divided into seven articles, which 
form interesting reading. They deal with subjects of 
both local and general interest. 





MAacuINERY Imports INTO ITALY 1N 1914.—The Bulle- 
tin for May last, issued by the British Chamber of Com- 
merce for Italy, gives the following figures of imports of 
machinery into Italy during the past year :— 


From From 








—_— Great Austria- 
Germany.) Britain. Hungary 
1. Eagines driven by steam ;| tons tons | tons 
xed (without boiler) ;) 
semi-fixed (with boiler ;| 
air, gas, &c., motors ; 1600.6 1021.3 | = 
2. Hydraulic machines .. -+| 2314.3 186.1 | 32.6 
3. Locomotives .. a “<f 959.8 496.8 _ 
4. Locomobiles .. a --| 169.2 1118.0 | 141.9 
5. Agricultural machinery ..| 4529.1 1490.4 | 487.0 
6. Spinning-machines ...... 1107.5 1330.4 Ll 
7. Weaving-machines.......... | 1908.9 347.3 _ 
8. Machine-tools for wood and | 
me - oe .-| 64182 2016.8 | _ 
9. Electric dynamos and their 
parte .. oe ae --| 8608.8 78.3 162.1 
10. Transformers and convertere, 1219.5 - | 74.4 
11. Incandescent electric lampe) 4,826,300 - | 8,837.200 
(number) | (number) 
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SHELL-FORGINGS. 
Ir is fairly evident that in the efforts now being 
made towards a large increase in the output of shells 


in this country greater difficulties are likely to be 
experienced in some yee of the manufacture than 
others. In the case of the shell-casing, for instance, 
while the machining can more or less be done by any 
shop with @ lathe, the production of the forgings is a 
different matter. It is not that the machining is 
essentially a simpler process than the teasing, bat 
that among the tools in the country normally used for 
other work there are proportionately a much 
sumber of lathes than of forging-presses. Shell-casings 
are largely being produced from the bar, but this 
seems a somewhat wasteful process, especially for the 
larger sizes, and there is much to be said for the 
manufacture of 3-in. shells from forgings, if they can 
be had, and still more for the larger sizes. 

Ia view of the large number of our smaller machine- 
shops well able to turn out useful quantities of shells, 
if they could obtain the material to work on in a suit- 
able form, we draw attention to the arrangement 
which has been made by the firm of Messrs. J. and P. 
Hill, of Sheffield, and Caxton House, Westminster. 
Messrs. Hill have come to an understanding with an 
American firm by which they are to take the whole of 
their output of shell-forgings.: This American firm 
has not previously been engaged on work of this class, 
so that the arrangement gives a new source of supply. 
The forgings are to be obtained through Messrs. il, 
and are Gelivered to this country, passed by a 
Government inspector who is stationed at the manu- 
facturers’ shops. The sizes available range from 
3 in. to 6in., and the forgings are drawn with one 
end solid, in the usual way. In addition to machin- 
ing, the material supplied has to undergo a certain 
amount of forging work for the purpose of nosing. 
This work is done after a great part of the machin- 
ing. It is not a very heavy job, and for the neces- 
sary heating a simple gas-furnace would probably 
suffice. For the larger sizes a type of forging is also 
supplied, with an open rear end, which requires no 
subsequent forging. Flug-forgings can be had to 
form the closed ends of these shells. The output avail- 
able is about 40,000 3-in. shell-forgings a week, with 
corresponding figures of 25,000 and 10,000 for 4.7-in. 
and 6-in. shells. 


FOREIGN ENGINEERING PROJEOTS. 

We give below some data on foreign engineering 
projects, taken from the Board of Journal, 
Further information on these projects can be. obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, London, E.O. 

Spain : The Gaceta de Madrid publishes a Royal Decree 
authorising the Junta be Obras of the port of Seville to 
negotiate a loan of 4,000,000 pesetas (about 160,000/.) for 
the carrying out of improvement works at the mouth of 
the River Guadalquivir and in the port of Seville. 

Uruguay: The Diario Oficial, Montevideo, publishes a 
notice, issued by the Ministry of Public Works, autho- 
rising the construction of a railway from La Tablada to 
Savago, where it will connect with the Central Railway 
of Uruguay. 








Fireproor TimBer.—The directors of the London and 
North-Western Railway have decided, after full investi- 
gation and extended trial, to install a plant at their 
Wolverton works for the purpose of rendering wood fire- 
— by the ‘“‘Oxylene” process, owned by the Timber 

eageeeing Company, Ltd., Townmead-road, Fulham, 
London, 8S. W. @ wood so fireproofed is to be used in 
their railway carriages, wagons, &c., and the plant will be 
capable of dealing with 150,000 cub. ft. of per annum. 
The “* Oxylene” process has been adopted by the Admi- 
ralty for the superstructure of the Queen Elizabeth and 
Warspite, and the lining of destroyers, &c. 





Smoxke-ABATEMENT ExuisiTion, GLAsGow.—Prepara- 
tions are progressing rapidly for the holding of an im- 
rtant Smoke-Abatement Exhibition at Glaegow, from 
ptember 23 to October 16 next, and this fact recalls to 
memory the great success which attended the two former 
enterprises of this kind. At the last local Smioke-Abate- 
ment Exhibition, for instance, no fewer than a hundred 
thousand viritors from various parts of Scotland pa 
— the turnstiles. The forthcoming Exhibition will 
be under the patronage both of the Glasgow Corporation 
and of the loca] branch of the Smoke-Abatemenat League 
of Ym mony —— is a that many of the 
ing firms out country, possessing speci- 
alities in smokeless fuel and combustion, as well as in 
heating and se either by gas or electricity, will co- 
operate with promoters in an enthusiastic de.‘re to 
make the venture even better than any of ite predecessors. 
We understand that the preliminary classification of 
probable exhibits embraces no fewer than fifteen sec- 
tions, including smokeless fuels, domestic heating, pu 
stoves, gas-heating appliances, electric apparatus of all 
kinds, hee sea ery dust-preventing contrivancee, and 
shop-window lighting specialities, and already a con- 
siderable amount of the stall space has been taken by 
otopeeing The Exhibition will be held in the 
Exhibition Hall, New City-road, Glasgow, and we are 
= ye that Mr. James M. ~~ * Bath-street, 
gow, who is acting as manager, pleased 
supply ail further preliminary information desired, 


& 
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THE DETECTION OF BURNING IN STEEL.* 
By J. E. Srzap, F.R.S., D.Sc., D.Met. (Middlesbrough), 


STANSFIELD was the first to show clearly that the actual 
burning of steel, or heating it to such a high temperature 
as to render the metal incapable of being rolled or forged 
without breaking up, was coincident with incipient 
fusion, and I have most fully confirmed that such is the 
case. 


In a research on a high-phosphorus steelt I have shown 
that the first liquid that forms is very rich in phosphorus, 
and that burnt steel can readily be detected when the 
metal has cooled down, for the phosphorised portions are 
— either in globules or in envelopes round the 


Asa rule burnt steel reveals itself at the forge or rolls, 
and no other test is necessary to prove burning. If, how- 
ever, a steel ingot, for instance, that is known 40 have 
been heated to the incipient state of fusion be allowed to 
cool undisturbed in the furnace, to allow the liquefied 
part to solidify, and then reheated again to a proper 
tempetature, it can be rolled without breaking up, and 





No. 2.—Same as No. 1 (5). 


Magnified 50 diameters. 





No. 5.—Purer portioa of No. 1 at melting-point. 


Etched by 
copper solution. 


Magnified 60 diameters. 





No. 8&.—Ship angle, unburat, but overheated. Portion 
acid-etched. Magnified 50 diameters. 


the roiled steel will begood. This knowledge, however, 
is not of great practical value, for the furnacemen cannot 
always tell whether incipient fusion has commenced, and 
only discover the fact when the meta] breaks up in the 
mill or forge. It is of the greatest importance, however, 
to be able to detect with certainty whether steel has been 
burnt or is simply red-+ hort. 

The new departure for the detection of ‘ burning” 
consists in using the new cupric reagent, described in the 
paper on “‘ Iron, Carbon, and Phosphorus,” referred to 
above, which most clearly shows—in all steel which 
has broken up at the rolls or forge, as a result of what is 
technically called ‘*burning”—that the phosphorus has 
become segregated in minute globules in the body of 
and round the crystals in the form of more or less con- 
tinuous envelopes. . ey : 

Heating to Dee below the point of incipient fusion 
favours diffusion of phosphorus. If the temperature 

* Paper taken as read before the Iron and Steel 
TntiiJoo Nos. 85, 58, and 56 in the Bibliograph ed 

08. in the Bibliography a 


to companion on “Tron, 
— is salar wan published in Encinerrine of 
y 21 28, and June 4, pages 569, 611, and 637.) 


be so high that a part becomes liquid, this liquid probably 
corresponds in composition with the last portion to freeze 
in the solidifying ingot from which the forging was made, 





(a) 


No. 1.—Tensile plate etched (in section) by (a) copper 
solution and (b) acid fluid. Magnified 2} diameters, 


(d) 





No. 3.—Same as No. 1 (a). Magnified 50 diameters. 





in photographs 1(a) and 1(); 1(a) etched with the 
eupric reagent, 1 (b) etched by acid solution. 

The central — neeessarily having a lower initial 
melting point the steel on each side of it, should be 
burnt before the purer parts outside. 

The plate was slowly heated up at one end until that 
part actually melted. It was then taken from the fire 
and struck with a hand hammer. About 2 in. broke off 
suddenly, proving that it was technically ‘‘ burnt.” 

In this plate, metal in all stages, from overheated to 
the burnt condition, was present, and with the central 
parts at any one point nearer to the burning point than 
the external portions. Sections were cut at points vary- 
ing in distance from the end most highly heated, and 
these were e with the acid and cupric reagents and 
then photographed. They are shown: in photographs 
Nos. 2, 3, 4 and 5. 

Exactly what was anticipated had occurred. The 
globules and envelopes first appear in the central portion, 
and the crystals are small, while the crystals in the 
unburnt pure part are more than twice the diameter. 
The purer steel at the hottest end of the plate had jist 
begun to melt, as is indicated in photograph No. 5. The 





No. 4.—Heated above fusion point of segregated part, but 


below that of purer portion. Magnified 50 diameters. 





No. 6.—Same as No. 5, but more strongly heated. Etched by 


acid solution. Magnified 50 diameters. 


No. 9.—Same as No. 8. Slightly segregated in burnt state. 
Magnified 50 diameters. 


and, as has been shown,”* this last fluid portion is always 
high in phosphorus. Whether, therefore, the original 
segregations of ~_o of the ingot bave become rolled 
out into threads in the forge or in the mill, or have become 
homogeneously distributed, it is obvious thaton reheating 
to a temperature just above the point at which fusion 
commences, the first part of the metal to liquefy must 
contain phosphorus and carbon in large quantity. 

To show that penetration of oxygen into the steel has 
nothing to do with burning, the following trials were 
made. A segregated high-tensile plate was obtained 
containing a layer of segregate sandwiched between 
layers of purer material, of the following analyses :— 





Carbon. Phosphorus. 
Per Cent. Per Cent. 
0.30 0.067 
0.52 0.134 
0.30 0.067 
On etching this with the new ent the phosphorus 


was found to be concentrated in lel strata, as shown 


No. 7.—Same as No. 6, but etched by copper solution. 
Magnified 50 diameters. 


No, 10.—Same as No. 9. Copper-etched sho rus- 
rich areas round crystals. Magnified so deceenee 


os phs Nos. 6 and 7 are of the same portion, Lut 
diy burnt. No. 6 was etched with acid reagents, and 
No. 7 by cupric solution. 

The series of pho phs Nos. 14 to 17 are from a 
burnt ship-angle which had found its way years ago into 
my laboratory. It was sent with the request for an 
— = to whether = — been burnt. ‘ 

yo wi e@ accompanying descriptions, 
show what a valuable aid the cule enaees ers to 
the metallographist. At one time it was believed by 
myself and 8 that oxidising gases in the furnace 
entered the steel and oxidised the junctions of the crystals, 
and that it was this oxide which made the material break 
up when being f ; but more exhaustive research has 
own that the oxide found between the crystals is formed 
after the material has broken up, when air readily enters 
the open _fiss If, however, the surface layers have 
become liquid, the steel boils or froths, and some oxide 
from the surface is mechanically trapped in this liquid 
froth, and is found there in the cold steel. 
The question is often asked of the expert, when steel 








* See my companion paper on “Iron, Carbon, and 
Phosphorus.” ni 





-short or has been t. The sides of 
cracks found in the steel, whether simply red-short or 
burnt, are always lined with oxide ; the expert, in 


samples have broken up at the rolle, whether the material 
is naturally red 
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conducting his examination, must be careful to select 

rtions free from cracks and 

f they be free from globular specks rich in phosphorus, 

it may be concluded that the material has not been burnt 

and is naturally red-short ; but if such specks be present, 
the reverse conclusion will be justified. 

Iam indebted to Mr. W. H. Cathcart,* of Glasgow, 





No. 11.—Another part of No. 9. Copper-etched, showing 
globules, but not envelopes. Magnified 50 diameters. 





No. 14.—Burnt steel angle bulb, showing spaces round crystals 
due to liquation. Acid-etched. Magnified 50 diameters. 





No. 15.—Same as No. 14. Copper-etched, showing unliquated 
Magnified 


globules and envelopes. diameters. 

for carrying out a large number of experiments on the 
burning of steel, the results of which are 
detail elsew here. 


DEscRIPTION OF PHOTOGRAPHS. 
No. 1 (a).—Section of a high-tensile plate etched by 
cupric solution. Magnified 24 diameters. 
* See my 
Carbon quail rium Dia 





m and the Burning of Steel” 
neers and Shipbuilders, 1912-13. 


(Proceedings of the North-East Coast Institute of Engi-| burnt state. 
| etched. 


to polish and etch them. | etching 


published in 


No.1 


No. 2.—Same as No. 1(b). Magnified 50 diameters. 
No. 3.—Same as No. 1 (a). my 50 diameters. 
No. 4,—After heating to just above the point of inci- 


pient fusion of the segregated part, but below that of the 
purer portion. Magnified 50 diameters. 





No. 12.—After re-heating at 900 deg. and air-cooled. 
Acid-etched. Magnified 50 diameters. 





No. 16.—Area just below No. 15. Acid etched. 
Magnified 50 diamet_rs. 





No, 17.—Sameas No. 16. Oopper-etched. 
Magnified 50 diameters. 


No. 5.—The poe part of No. 1, just on the point of 
melting, etched by cupric reagent. Magnified 50 diameters. 
o. 6.—The purer part, which had been more highly 
beated than the last, etched by acid reagent. Magnified 
50 diameters. 
No. 7.—Tbe same as No. 6, but etched by the copper 
mt. Magnified 50 diameters. 


o. 8.—Unburnt, but overheated, portion of a shi le, | Adelaid 
r on *‘ The Practical Use of the Iron- etched by acid. ms — 


Magnified 50 diameters, 
No. 9.—Part of same angle slightly ted in 
The black parts represent eavities. Acid 


ified 50 diameters. 


(®).—The same nn No. 1 (a), but etched by acid 
ad. 


No. 10. Segregated burnt part of angle etched by 
cupric reagent, showing globules in and envelopes rich in 
phosphorus round the crystals. 

_ No. 11.—Another part of ted portion of angle 

in which heating has been sufficient to form globules, but 

- en etched by cupric reagent. Magnified 50 
iame 





No. 13.—1.2 per cent. carbon. Sheffield steel, heated to 


incipient fusion. Magnified 50 diameters. 


No. 12.—A part where envelopes had formed rich in 
phosphorus afver reheating to 900 deg. Oent. and cooling 


inair. Acid etched. Note the ferrite envelopes free from 
carbon. Magnified 50 diameters. 

No. 13.—A Sheffield 1.2 per cent. carbon steel after 
heating to incipient fusion. 

No. 14.—A burnt-steel bulb-angle meer | spaces round 
a crystal from which the part which liquefied had liquated. 
Acid etched. Magnified 50 diameters. 


No. 15.—The same area as No. 14, etched by the new 
reagent, showing white globules and parts of the enve- 
— which had been liquid, but which had not liquated. 
} o. 16 —An area just below No. 15, into which the 
liquid which liquated had descended. Note the broad 
white ferrite envelopes and globules. Etched by acid. 
Magnified 50 diameters. 

o. 17.—The same as No. 16, etched by the new reagent, 
| showing that the thick envelopes and globules are rich in 
phosphorus. Magnified 50 diameters. 








| RaliLway Acoipents.—The various Australian States 
come out well in the matter of railway accidents, the 
latest five years to which statistics ex showing an 
average of 0.10 fatalities wl 1,000,000 passengers carried 
in New South Wales. The corresponding a» > 
Victoria was 0.09 per 1,000,000 B mre ge and in th 
Australia 0.11. Inthe United Kingdom the average was 
0.08 per 1,000,000 passengers carried; in Germany, 0.08 
per 1,000,000 pomengers $ Se haste, SS oe 1,000,000 
passengers ; in Hungary, 0.26 per 1,000,000 passengers ; 
in Belgium, 0.09 per 1,000,000 Passengers 5 in Sweden, 
0.18 per 1,000, passengers; in Norway, 0.08 per 
1,000, passengers; in the Netherlands, 0.07 per 
1,000,000 passengers; and in Switzerland, 0.12 per 
000,000 passengers. In the United States of America 
av came out at 0.51 per 1,000,000 passengers 
carried. @ worst showing was, however, made in 
Russia in Europe, which red with an av 
of 1.47 fatalities per 1,000, rs, and Asiatic 
Russia with an average of 4.19 per 1,000,000 pas- 
sengers. The number of A ae injured per 1,000,000 
passengers carried was 2.36 in New South Wales, 3.37 
in Victoria, and 3.68 in South Australia. In the 
United Kingdom the average came out at 2.15 per 
1,000,000 passengers, in Germany at 0.44, in Austria at 
1.92, in Hungary at 1.24, in Belgium av 3, in Sweden 
at 0.25, in Norway at 0.16, in the Netherlands at 0.48, 
and in Switzerland at 0.93. 





Wrreiess aT THE AntTiIpopEs.—A scheme for con- 
— Fe gmoy = =: — Pacific a by wireless 
phy was formu some years y representa- 

tives of y Barr h -4 and New Zealand. “The High Com- 
missioners for the Western Pacific, Fiji, the Admiralty, 
and the Pacific Cable Board, met in conference at 
Melbourne in 1909 to consider a scheme which received 
the approval of the Commonwealth Government, and 
which compri the erection of stations at Sydney, 
Doubtless Bay (New Zealand), Suva (Fiji), Ocean nd, 
Tulagi (Solomon Islands), and Vila (New Hebrides), The 
scheme was, however, not approved by the Imperial 
Government, and no further concerted action was taken, 
but the majority of the stations recommended have 
since been erected by the Governments interested. 
A Commonwealth scheme of wireless telegraphy in- 
clades three high-power stations for long - distance 
communication, and seventeen low-power stations, 
at such intervals round the coast as to allow inter- 
communication from ship to shore. The high-power 
stations at Sydney and Perth are open for traffic, and 
are worked on the Telefunken system. Preliminary 
arrangements have been made for the erection of a third 
tentang To) o— eapable of bape mange A —_ 

ingapore. ollowing low-power stations, wi 

exception of Roebourne and be te a mp are now in opera- 
tion. and are worked under the ilie system :— Victoria- 
Melbourne ; Queensland-Brisbane, Rockhampton, Cook- 
town, Thursday Island, and Townsville; South Australia- 
ide and Mount Gambier; Western Australia- 
Geraldton, Roebourne, Broome, Wyndham, and Espe- 
rance ; Tasmania-Hobartand Flinders’ Island ; Northern 


Territory-Darwin; and Papua-Port - Io is 
intended to increase the num of cations to thirter-rwe 











716 


ENGINEERING. 





[June 25, rors. 








THE PHYSICAL SOCIETY OF LONDON. 


At the meeting held on June 11, at the Imperial 
College of Science, Dr. A. Russell, M.A., Vice-President, 
in the chair, a peper on ‘‘ The Coefficient of Expansion 
of Sodiwm,” by Mr. E. A. Griffiths and Mr. E. Griffiths, 
M.Sc., was read by the latter. s ; 

The thermal expansion and increase in volume on lique- 
faction of sodium were determined by a method on 
the following principle :— : 

The difference in expansion of a volume of sodium 
and an equal volume of glass (or quartz) was measured 
by differential weighing under oil at various tempera- 
tures. 

A volume of about 250 cub. cm. of sodium was sus- 
pended from one arm of a short beam balance, and a 
weighed glass bulb of equal displacement from the 
other arm. ; : 

The experiments show that sodium expands quite 
uniformly with the temperature up to its melting-point. 

The value of 0.000226 was deduced for the coefficient 
of expansion. In changing from the solid to the liquid 
state, an increase of 2.57 per cent. occurs in the volume. 

Disoussion.—Mr. F. E. Smith expressed his admiration 
for the method employed and for the order of accuracy 
with which the observations appeared to have been made. 
Would it have been possible to obtain sufficient accuracy 
with sodium in an ordinary dilatometer, the re- 
mainder of which contained oil, as was often done in the 
case of other metals? 

Mr. A. Campbell asked if there had been no trouble 
from convection in the oil at the higher temperatures. 
Had the authors noticed any hysteresis effect in the 
expansion of the glass globe, such as the behaviour of a 
thermometer bulb would lead one to expect? 

Dr. C. Chree stated that the two curves which Mr. 
Gritfiths had drawn on the board representing the 
theoretical and experimental results were very similar 
in form, which might indicate that the theory had some- 
thing in its favour. Had the coefficient of elasticity been 
determined for the actual specimen used, or were general 
results assumed’? He believed that the elasticity varied 
considerably in different specimens. 


Mr. J. Guild asked what precautions had been found |‘ 


necessary to avoid difficulties due to the very uncertain 
capillary effects where the suspensions enter the oil. 
Was the compensating bulb evacuated’? If it con*-ined 
air at atmospheric pressure when cold, the pressure 
would increase by about a third of an atmosphere at 
100 deg. Cent., which would produce an _—— 
alteration in the volume of the compensstor. The neglect 
of a correction for this pressure effect would be to give 
less than the true value for the expansion of the sodium. 
He had not had time to see whether this would diminish 
or increase the discrepancy between the observed and 
theoretical values of Cy, but it seemed advisable in future 
work either to evacuate the com tor, or to deter- 
mine its total expansion from all causes by a blank 


aperlnens. ‘ 

r. S. D. Chalmers asked if a check was made to see 
if the volume of the bulb was the same before and after 
the experiments. Had the authors tried if Lindemann’s 
formula would agree witb their results? ? 

Mr. Griffiths, in reply, said that in the dilatometer 
method the difference in expansion of sodium and oil 
would be measured. The coefficient of expansion of 
oil is about ten times that of a metal, and would have 
to be détermined with considerable accuracy. The 
methcd described was intended to measure the expan- 
sion relative to that of fused quartz, of which the coeffi- 
cient is about 1/200 that of a metal, and is accurately 
known. The expansion of the oil only affects the ratio 
of the densities at the two temperatures. The effect of 
convection was greatly reduced by the symmetrical dis- 
position and closeness of the bulbs. No secular changes 
were found, the results obtained before and after heating 
to the higher temperatures agreeing. With quartz bulbs 
no secular effects would be possible. The formule of 
Einstein and Debye were able to represent the general 
form of the atomic heat-temperature curve, but syste- 
matic divergences from the experimental results occur, 
and the theories fail to account for the abnormal increase 
near the melting-point. Nernst and Lindemann’sformule 
gave a curve very similar to Deabye’s (see Philosophical 
Transactions, RS., A., vol. ccxiv, page 343, 1914). 
He had assum:d Richirds’s value for the elasticity. 
The suspensions were of fine tinned-steel wire. As 
the oil wetted the surface the capillary effect would 

robably be constant, and the same for both wires. 
The compensator was heated to about 200 deg. 
Cent. when ae and, being stout-walled, would 
be little affected by the changes of pressure of the 
residual air when heated. The expansion of the com- 
pensator was checked by weighing it alone in water at 
different temperatures. 

A paper entitled ‘* Notes on the Calculation of Thin 
Objectives ” was read by Mr. T. Smith, B.A. 

ens systems which are symnetrical about an axis have 
in general six degrees of freedom for first-order aberra- 
tions. Thin systems have only three degrees of freedom, 
atid in conxequence of the limited congo of glasses only 
two degrees of freedom are practically available. In 
achromatic combinations of two lenses these two degrees 
of freedom are controlled by the general shape, as dis- 
tinct from the total power of each lens. In general, when 
two given conditions are satisfied, the curvatures of the 
ianer surfaces are not equal, so that a cemented combina- 
tion of two lenses is not possible. Owing to the 
light-transmitting powers it is often necessary to have 
only two glass air surfaces, and thus more than two com- 
ponent are The effect of an 
thin system as a whole by increasing the curvature of 
each surface by ths same amount is investigated, and it is 





shown that with two given kinds of glass a triple 
cemented lens can be formed satisfying two arbitrary 
aberration conditions. The problem reduces to the solu- 
tion of quadratic equations, and in general there are four 
solutions. Illustrations are given of astronomical objec- 
tives of both double uncemented and triple cemented 
forms, and the glasses are determined for which a doublet 
can be cemented. 

Discussion.—Mr. 8. D. Chalmers expressed his appre- 
ciation of the paper. One could get a rapid survey from 
it of the results which were possible. The special problem 
of a lens corrected for spherical aberration and coma had 
been discussed by Harting and also by Von Hoegh. Tne 
latter had solved the problem on lines which seemed to 
him rather simpler to use. He did not quite agree with 
the author’s statement that the use of phosphate crowns 
had been entirely discontinued Glasses very like these 
have been used fairly frequently, especially by Conti- 
nental makers. There were caces where, in computing a 


lens, it was not desired to achromatise completely ; where, | high 


for example, after correcting for spherical aberration and 
coma, some residual chromatic aberration was desirable 
to neutralise the chromatic aberration of the prisms in 
binoculars. 

Mr. A. Campbell asked if the small thickness of the 
cement used in cemented lenses made an appreciable 
difference, and if its refractive properties entered into 
the calculations. What was the range of refractive index 
available in the modern optical glasses ? 

The author, in reply, was surprised to hear that phos- 
phate glasses were still — in any case in which 
they could possibly be avoided. The cement was 
always Canada balsam, and was _— ee in all 
computations. A range of refractive index of 1.47 to 1.79 
was available, but the extreme values were rarely used, 
1.49 to about 1.65 or so being the usually utilised. 

A paper on “ Tracing Rays Through an Optical System” 
was read by Mr. T. Smith, B.A. 

Trigonometrical formule have been used for traci 
rays not lying entirely in one plane through opti 
systems, as these can readily be arranged in a form 
suitable for logarithmic calculation, When a caloulating- 
machine is available, such computations can be carri 
out more expeditiously by using algebraic formule given 
in the paper ; in form these exactly correspond with the 
expressions for paraxial rays, and a comparison of the 
numerical result appears likely to suggest what altera- 
tions should be made when a general ray does not behave 
as desired. It is pointed out that if. the two points in 
which a general ray meets an axial plane are defined as 
conjugate points, all pairs of conjugate points on a ray 
are connected by the same relations as hold for object 
and image points for paraxial rays, and the theory for 
paraxial rays can be extended to rays in general by 
er a suitable interpretation on magnification, &c. 

he definition of conjugate points can extended to 
include rays lying in «xial planes, in which case the one 
poe marks the intersection of the ray with the radial 

ocal line formed by rays passing through its conjugate. 

’ ion.—Mr. 8S. D almers was particularly 
interested in the method of tracing rays through a 
system. The relationships between the various quanti- 
ties involved was of considerable interest. The author’s 
methods of treatment seemed to present many possibilities 
in addition to the cases actually quoted. By extending 
them he might simplify very considerably many important 
a. Some time ago he had u somewhat 
similar methods to express the image position of an 
object in terms of the separations of the surfaces and the 
height of ths intercepts of astandard ray on the different 
surfaces. 

Mr. T. Smith, in reply. agreed that if one had time to 
go into all the cases which might arise, many interesting 
and useful results would follow. It was easy from the 
formule he had quoted to obtain an idea of what other 
general relations were likely to exist in an optical system, 
and to extend the meaning to be attributed to various 
conditions, such, for example, as the sine condition of 
— He hoped to treat more fully of these matters 
ater. 

A paper on ‘* The Accuracy of the Lens and Drop Method 
of Measuring Refractive Index,” by Mr. H. Redmayne 
Nettleton, B.Sc., was taken as read in the absence of the 
“The describes a simpl f 

@ paper descri a simple arrangement for compar- 
ing, on an optical bench, the refractive indices of liquids 
for monochromatic light by the lens and drop method. 
The accuracy and sensibility of the method are discussed, 
special stress being laid on the choice of lenses and on the 
manner of correcting for the thickness of lens used. 
Attention is drawn to the accuracy obtainable in measur- 
ing a small radius of curvature of a lens face in terms of 
the well-known refractive index of water, and in measur- 
ing the refractive index of the glass of a lens. 





Enoineerine Institutions’ VOLUNTE.:R TRAINING 
Corps.—On the suggestion of General Sir O’ More Creagh, 
V.C., G.O.B., G.C.S.L., an ty volunteer corps has 
been raised from members of the engineering profession 
who are either above military age or who, b:ing of 
military age, are prevented by some good reason from 
serving in the Regular Forces. The objects of the corps 
are :—(1) To train men of military age, and to make them 
useful Royal Engineer recruits if and when they are able 
to enlist. (2) To furnish Engineer units bo assist in the 
completion of the Volunteer organisation. (3) To organise 
the Corps so that the maximum advantage may be taken 
of the specialised engineering skill of its members at the 
earliest possible moment. Membership is not restricted 


y | to members of the engineering institutions, and applica- 


tion should be made to the Commandant, Lieut.- 
OC, B. Olay, V.D., at Marconi House, Strand, W,C. 


onel 





CATALOGUES. 


Dynamos.—A descriptive list of their D.H. con- 
tinuous-ourrent generators, which are made for outputs 
up to 150 kw., has come to hand from the British Thom- 
son-Houston Company, Limited, of Rugby. 


Power-Transmission Accessories.—A small price-list of 
balata belting, as pulleys, shafting, plummer- 
blocks, hangers, wall-brackets, and other accessories for 

wer-transmission has been issued by Tittley, 

nm and Brickley, Limited, of Alton Works, Smethwick, 

Small Air-Compressors.—Two leaflets relating to small 
air compressors have come to hand from Messrs. Reavell 
and Co., Limited, of Ranelagh Works, Ipswich. One of 
the leafiets deals with compressors suitable for starting 


‘gas-engines, pumping motor-car tyres, and many other 


pur for which only moderate pressures are required, 
while the other leaflet refers to compressors for the much 

igher pressures used for charging the starting-bottles of 
Diesel engines. Both types are made for hand-power, 
or for driving by means of small electric-motors or petrol- 
engines. 


Warming and Ventilating Workshops.—We have re- 
ceived from the Sturtevant Engineering Oompany, 
Limited, of 147, Queen Victoria-street, E.C., a booklet 
illustrating and describing their system of warming and 
ventilating workshops. The plant comprises a fan, which 
is to draw air through a heater, and distribute it 
through ducts to different parts of the shops. The heater 
usually consists of a bank of comparatively small pipes 
contained in a steel-plate casing, and heated by live or 
exhaust steam, but the air may be heated by hot water, 
furnace or other means in certain circumstances. 
It is pointed out that with this arrangement the warmth 
is evenly distributed throughout the whole building, the 
shops can be very quickly warmed upin the morning, and 
the oe can be used in warm weather for ventila- 
tion only. A large number of installations are illustrated 
by means of reproductions of pho 


phs and drawings, 
and the fans, heaters, and other i 


etails are also illus- 


ed | trated and described. 


Gas and Oil-Engines. —'Two pamphlets entitled re- 
cpetiody **Power from Town Gas” and ‘* Power on 
the Farm” have been published by Messrs. Crossley 
Brothers, Limited, of Openshaw, Manchester. The 
first-mentioned pamphlet points out the economy and 
advantages of gas-engines running on town gas for 
power production on a comparatively small scale. It 
also illustrates some examples of the firm’s gas-engines, 
ranging from 14 to 344 horse-power, suitable for running 
on town gas, explaias their advantages, and concludes 
by printiog a number of testimonials from manufacturers, 
cinematograph Ce paren and other small-power users. 
The other pamphlet relates to the firm’s oil-engines for 
agricultural work, comparing them with steam-engines 
and other oil-engines, and making out a very strong case 
for the former on the grounds of efficiency, simplicity, 
reliability, and durability. The engines are made from 
14 horse-power upwards, and several examples of them 
are illustrated in the pamphlet; a number of testi- 
monials from farmers are also included. 


Steam Motor-Wagons.—A pamphlet illustrating a few 
examples of their steam motor-wagons for municipal 
work has been issued by Messrs. Clayton and Shuttle- 
worth, Limited, of Stamp-End Works, Lincoln. These 
wagons, the front parts of which are similar in appearance 
to small traction-engines, are made for 3-ton and 5-ton 
loads, and they are shown adspted for road-watering and 
tar-spraying. The bodies are arranged for end tipping, 
and when not required for road-watering the tank and 
mom can be removed, so as to make the wagon avail- 
able for carrying coal, collecting street refuse, or any 
other road haulage-work, the change being effected in 
about 15 minutes by one man with the aid of a ae 
block. When used for road-watering the tank is filled by 
a 3-in. centrifugal pump mounted on the front of the 
wagon, and driven from the engine fly-wheel by means of 
a belt. The 5-ton wagons when fitted with steel or wood 
wheels are suitable for a speed of 5 miles per hour, but 
if rubber-tyred wheels are fitted the speed may be in- 
creased to 8 miles per hour; the of the 3-ton 
wagon are 8 miles per hour and 12 miles per hour when 
fitted with steel tyres and rubber tyres respectively. 


Water and Air-Cooling Plants.—Two catalogues dealing 
respectively with plants for cooling water and air have 
reached us from the Spray Engineering Company, of 
93, Federal-street, Boston, Mass., U.S.A. The first of 
these describes the company’s plants for cooling con- 
densing water by means of sprays, and points out the 
many advantages their system possesses over cooling- 
towers. Among these advantages it is claimed that the 
sprays are much less costly to install, require less power 
for operation, lose less water, and are more efficient than 
cooling-towers. The design of the spraying - nozzles, 
which are, of course, the most important we of the 
installation, is illustrated and described, and the = 
ment of the sprays is also dealt with. Henesen tact 
pe are 4 semen and = — are also —. — 
other catalogue relates to plants for cooling an rifying 
air for turbo-generatore. ese chats oat of the water- 
spray type, and employ similar spraying-nozz!es to those 
ased in the water-cooling plants. e nozzles of the air- 
cooling plants are, however, fitted with a circular wire- 
gauze screen, which is placed a few inches in front of the 
nozzle. These screens have the effect of atomising the 
water more than is possible by means of the nozzles alone, 
and they also increase the density of the ae The 
catalogue was accompanied by a list of ins tions, the 
capacities of which range from 3500 to 240,000 cub. ft. of 
aif per minute, 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. ‘ ; 

sprees ars fats Serer as ames Ses 

Where inventions are communicated from abroad, the Names, é&c., 
of the u are given in italics. 

| 7 ions may obtained at the Patent Office, Sales 
ane. 25, Southampton Buildings, Chancery-lane, W.C., at 


wo 
of a Complete Specification, 
notice the Patent O, opposition to the grant of 
ce note atthe Baten Oflce of eppontion to ihe nil 


ELECTRICAL APPARATUS. 


5455/14.. The British Thomson-Houston Company, 
Limited, and E. B. Wedmore, London. Protective 
Relay. (5 Figs.) March 3, 1914.—If an alternating-current 

nerator breaks down, it may be discondected from the circuit 
by an antomatic oil-switch, but may contiriue to destroy iteelf if 
the field circuit is pot broken. According to this invention, the 
field circuit Of the alternator, or its exciting machine, is con- 
trolled by a stiitable switch or circuit-breaker, furnished with any 
convenient électric ween, such as a shunt trip-coil. 
The tripping-device is controlled by an auxiliary switch, actuated 
by the h-ewitch mechanism, so arranged that the field-switch is 
opened only after the oil-switch has been opened automatically 
and the oil-switch mechanism has begun to move. In . L the 
three-phase circuit 1, 2, 3 is supplied by the &lternator 4 through 
the oil-switch 5, which in this case is d to be capable of 
being opened and closed by hand. The switch 5 is, however, also 
peonlten with one or more trip-coils (not shown), which auto- 
matically cause the switch to open on the occurrence of an over- 
load, fault to earth, or other abnormal condition on the circuit 
1, 2, 8. When the switch 5 is tripped automatically and its 
mechanism has begun to operate, it closes an auxiliary switch 9 
so as to energise the field-switch trip-coil 10. The field of the 
alternating-current generator 4 is supplied from the exciting- 
machine 6, the field 7 of which is controlled by the field switch 8. 
Indirectly, therefore, the field-switch 8 controls the field of the 
alternator 4. If, now, the oil-switch 5 controlling the alternating- 
current circuit is opened automatically, the closing of the 
auxiliary switch 9 causes the field-switch trip-coil 10 to be ener- 
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gised so as to open the field-switch 8. The tail of the switch 8 
then closes the exciter-field 7 through the discharge-resistance 11, 
thus destroying the field of the alternator. Simultaneously, the 
field-switch 8 opens its own tripping circuit at the auxiliary 
switch 12, 80 as to prevent the trip-coil from — burnt out and 
avoiding waste of operating current. Fig. 2 illustrates suit- 
able mechanism associated with a well-known type of hand- 
operated oil-switch by means of which the closure of the 
auxiliary switch 9, which controls the field-switch ee. 
cuit, is caused to take place only when the oil-switch is opened 
automatically. The oil-switch is operated by means of the hori- 
zontal links 13, which pass through the panel 14. The trip-coil 15 
of the switch, when excited, lifts the rod 16, which strikes an abut- 
ment on the link 17. This causes the collapse of the toggle formed 
by links 17 and 18, and the oil-switch opens owing to the move- 
ment of the horizontal links 13 towards the right, as shown. 
Simultaneously, the toggle-link 17 strikes the abutment 19 so 
as to lift the rod 20 which engages the arm 21, and thus brings 
the movable contact 9 into engag t with the fixed contact 22. 
The closure of these two contacts causes the energisation of the 
field-switch trip-coil 10 (Fig. 1), and the field-switch 8 then falls 
open. If, on the other hand, it is desired to open the alternating- 
current circuit without destroying the alternator field, then 
the switch-handle is manipulated in the usual manner. The 
button 24 is 82 as to depress the catch 25, when the hori- 
zontal links 13 are moved to the right, so as to open the oil- 
switch without causing the toggle 17,18 to collapse. In this 
case, the auxiliary switch 9 is not closed, and the alternator-field 
remains excited. (Sealed May 13, 1915.) 


4554/14. The British Thomson-Houston Sompany, 
Limi London(The General Electric Company, Schenectady, 
U.S.A.). Motor-Control Systems. [1 Fig.) February 21,1914. 
—In the operation of electric-motors it is frequently desirable to 
rapidly retard the motor, so as to bring it to rest quickly. This 
is commonly done by cutting off the supply of current, and 
simultaneously closing a circuit across the motor armature 
through a resis , 80 that the motor acting as a generator 
will be retarded or “dynamically braked” by the generation of 
current. Heretofore this has been done by connecting the 
dynamic braking circuit through the commutator of the motor, 
the result often being that sparking is caused, especially when 
the dynamic braking current is high and the motor-field relatively 
weak. One of the objects of this invention is to p: le means 
whereby the motor will be dynamically braked without carryin; 
the braking current through the commutator. This is accom- 
plished by connecting a dynamic braking circuit to fixed points 
in the armature winding, preferably through collector-rings, 80 
that when the circuit is an alternating current wili be 
generated by the motor acting as a generator, and thus bring the 
armature to rest in a very effective manner. A nts the 
armature of a direct-current motor, ha a commutator 10 and 
brushes 11. This motor has two field windings 12 and 13, the former 








being connected across the armature brushes, while the latter is 
connected across the supply circuit. At the opposite end of the 
armature from the commutator are two collecting-rings 14 con- 
nected with the armature in the customary way, 80 as to deliver 
le-phase alternating current. The circuit connected to these 
collector-rings preferably includes an imped 15 and switch 
contacts 16, which are closed to complete a dynamic braking 
circuit when it is desired to stop the motor. The illustration 
shows a reversing type of motor intended to operate machine- 
tools. The switch-contacts 16 for closing the alternating-current 
circuit are closed by an electro-magnetically operated switch 17 
having an operating winding 18 connec across the supply 
circuit and a winding 19 for holding the dynamic braking circuit 
closed, this latter winding being connected in shunt with the 
motor armature. The switch 17 is double-acting, as shown, being 
= with two contact members 20 and 21, the former for 
ridging the contacts 16, while the latter bridges contacts 22 to 
close the armature circuit. When the winding 18 is energised 
the contact member 21 is moved upwardly so as to bridge the 
contacts 22, and when the winding 18 is de-energised, the switch 
member 17 drops by gravity, so that the member 20 bridges the 
contacts 16 to close the dynamic braking circuit. The members are 
held in this lower position by the winding 19, which is connected 
across the armature, until the rotation of the armature prac- 
tically ceases. A starting resistance R is provided for gradually 





R 


+ 
7 
ora 
(HHH) AEvVERSE 
quae 
ast 
A 
| 12 
Cry) 


bringing the motor up to speed, and two contactors 23 and 24 
are provided for cutting out the resistance in two sections. A 
master-ewitch M is provided for controlling the direction of 
rotation of the motor, and may be operated in any desired 
manner, either automatically, as in the case of a planer, or 
manually. In the operation of certain reversing machines it is 
customary to operate the machines at a greater speed during 
the return stroke, when no work is being done, than upon the 
forward or (in the case of a planer) the cutting stroke. In order 
to accomplish this result without yor! the field resistance the 
patentees have provided the two field windings 12 and 13. The 
winding 18 being connected directly across the line will produce 
@ constant magnetising effect, while the winding 12 being con- 
nected across the motor armature will have ite effect reversed 
each time the motor armature is reversed. The winding 12 there- 
fore will upon one direction of rotation gradually build up to 
assist the winding 13 and strengthen the field, whereas in the 
opposite direction of rotation the winding 12 will gradually build 
up in opposition to the winding 18. When, therefore, the motor 
gets up to full speed in one direction there will be a field of 
maximum strength for the working stroke, and when the arma- 
ture is rotating in the opposite direction for the return stroke 
the field will be weaken This, of course, will give a somapeet 
ig 





















































and full-field strength during the cutting stroke, and 
and a weakened field on the reverse stroke without any 
change whatsoever in field connections. (Sealed May 18, 1915.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


5818/14. The Daimler Company, Limited, and 
A. E. Berrim Coventry. Internal-Combustion 
es. [3 Figs.) March 7, 1914.—This invention relates to 

a priming device for internal.combustion engines whereby a 
measured quantity of petrol or other hydrocarbon (hereinafter 
termed “‘petrol”) consumed by the engine may be admitted 
direct from the fuel-supply pipe to the horizontal portion of the 
induction-pipe immediately adjacent to the cylinders, without 
—_ through the carburettor. The priming device therefore, 
acco! as this invention, comprises a measuring-chamber 
communicating with, and for receiving a, modicum of petrol 
from the source of supply, and means for d ng such 
measured quantity of petrol into the horizontal portion of the 
induction-pipe while the measuring-chamber is cut off from the 
source of supply. The measuring device comprises a body 1 
formed with a measuring-chamber 2 having a boring to receive a 





tapered plug 8. In the line of the vertical axis of the body 1 
there is a passage-way 4 through the plug communicating by 
&@ passage 4a between the otherwise closed measuring-chamber 2 
and a } gay tomy 5 extending from the boring of the plu 

thro the base of the body 1, and at the base the body te 
form with means, such as a shouklered screw-threaded end, 
which is to be screwed into a boss on the induction-pipe. The 
body 1 is formed at one side with a petrol-supply 6 
communicating with the boring for the plug 3, and to which 
supply- e the end of a supply-pipe can be fixed, which 
gonseede Sree the petrol-tank. The plug 3, besides being formed 
with a through passage 4 extending at right angles to the axis of 
the plug, is also formed with two branch 8 and 9 
communicating with the through 4. With this con- 
struction it will be observed t when the plug 3 is in the 
position shown at Fig. 1, the measuring-chamber 2 is in direct 
communication with the induction-pipe of the engine while the 





petrol-supply passage 6 is entirely closed, while, when the plug is 
togulary tdjusted so that Ay 2) coincides with 
e pe “supply passage e passage 8 incide 
with the passage 4a to the measuring-chamber, and the plug will 
close the — 5 to the induction-pipe. When in the latter 
position, the measuring-chamber 2 will receive a char; 
the air therein being proportionally compressed, 
plug 8 is allowed to return to the position shown at Fig. 1, which 
8 normal position, that charge of petrol would be projected 
directly into the induction- with an 
operating lever 12, by which it ly adjusted within 
limite defined by a wash: ,co-acting with a 
fixed stud 14, and the lever 12 is operated by the 
driver of the car. (Sealed May 18, 1915. 


GUNS AND EXPLOSIVES. 


7672/14. Sir A. T. Dawson and G. T. Buckham, 
London. Breech Mechanism. (6 Figs.) March 26, 1914.— 
This invention relates to breech mechan of the sliding or 
wedge type, having a safety device by the movement of which the 
firing mechanism can be rendered inoperative. A ding to this 
invention, the patentees employ in combination with a water- 
tight cover, a safety device for the firing mechanism, this device 
being so constructed and arranged that when in any but the 
safety position it prevents the water- _ cover from being 
— A is part of the breech end of the gun, B the breech- 
block, and B! the breech-actuating lever. © is the firing-shaft, 
and D the re-cocking-shaft, these two shafts being arranged in 
relation to each other and to the firing and re-cocking mechanism 
in a similar manner to that described in the Specification 
No. 10,095, of 1913. E represents the safety device, which, in the 
——_ shown, is in the form of a spindle carried by the breech 
end of the gun, and passes through a recess c! formed in the boss 
of a firing-lever: OC! rated through the firing-shaft O by the 
trigger or firing-handie when the gun ‘s to be fired. The portion 
of the spindle E that is adapted to co-operate with the recess is 
cut away, 80 that when the spindle is angularly displaced into the 
position shown in the drawings it is disengaged from the receee c! 








in the firing-lever C!, and the latter can then be o) 
the gun. e epindie E has a handle E!, which, w 
is angularly displaced, as above stated, i 
shown in . 1, and prevents the cover from 

indle is retained in this ition by a spring catch carried by 

e handle and engaging n a recess formed in the breech end 
of the gun. To enable the cover to be placed in tion, the 
handle E! must be first turned in an anti-clockwise direction 
when viewed from the rear, this movement causing the spindle E 
to engage with and lock ihe firing-lever ©). The firing-shaft © is 
arranged within the locking-shaft D, and in order to enable these 
shafte to be readily detached their inner ends are slidably keyed or 
otherwise detachably connected to the firing-lever ©! and a re- 
cocking-lever D1, and are held in position by a split-pin ©? 
en g with the breech end of the gun, suitable ——< being 
cut in the shafte to enable them to be moved angularly to perform 
their operations. The handle B? of the breech actuating-lever B! 
projects downwardly, so that it normally lies within the general 
contour of the breech end of the gun. The gun is formed with a 
flange Bz, against which the forward end of a cover bears to form 
a water-tight joint; this flange is, in the example shown, eccentric 
to the bore of the gun. (Sealed June 10, 1915.) 
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MOTOR ROAD VEHICLES. 


4875/14. The New Hudson le Com: y; 
Limited, and T. A. am. 
Speed Gearing. [1 Fig.) February 25, 1914.—This invention 


relates to variable-speed gearing involving a main and lay-shaft 
having fixed axes, having one or more pairs of gear-wheels which 
are always in mesh or co-operation adapted to be displaced longi- 
tudinally of the shafts, while remaining in mesh for the purpose 
of obtaining a change of gear, and in which a gear-wheel, adapted 
to be slid axially in company with another gear-wheel with which 
it remains in mesh, and which, when in a certain position, is 
locked to the shaft which it encircles, is adapted to be 

from the shaft when it is moved in one axial direction, and to 
be disengaged from the shaft when it is moved in the opposite 





axial direction. According to the present invention, in a gear 
having the foregoing characteristics, the gear-wheel thus dis- 
engageable in both directions has a bearing engagement with the 
shaft, ——- of ite drive portion. a is the driving-shaft, and 
b the la both having stationary axes. The driving-shaft 


is furni: , at a substantially central position in the gear-box, 
with a series of castellations in relation to which a -wheel c 
may slide, but not rotate, in relation to the driving a. To 


the one side of the sliding spur-wheel c a main spur-wheel d is 
mounted upon or around the driving-shaft a, such main . 
wheel d being furnished with a bors ¢, by which it is ena to 
transmit the power, as, for instance, through the medium of a 


7 belt-pulley f mounted upon such boss ¢, to the rear wheel of a 
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bicvele. Such main spur-wheel d is in mesh with a spur-wheel g 
SS fixed to the lay-shaft b. A second spur-wheel h 
loosely mounted upon the driving-shaft a, and situated to the 
side of the sliding spur-wheel c, remote from that at which the 
main spur-wheeld occurs. The second spur-wheel A is in mesh 
with another spur-wheel i u the _—e b. The lay-shaft b 
also carries centrally a sliding spur- 1 j, which remains in 
mesh with the sliding spur- 1 ¢ upon the driving-shaft, as 
above described. Dog or other clutches are provided upon or in 
connection with both faces of the sliding spur-wheel c upon the 
driving-shaft a, and upon or in connection with the faces of the 
adjacent r-wheels d, h, so that such sliding member c may be 
clutched either with the main spur-wheel d or with the second 
provided upon the driving-shaft a. The driving. 
8 is thus enabled to transmit power through the medium of 
the sliding-wheel c, either to the other sliding-wheel j, which is 
in mesh therewith, or to the main spur-wheel d, or to the second 
spur-wheel h upon the driving ta, The sliding spur-wheel j 
upon the lay-shaft b may be furnished with a broad bearing, and 
at a central position may be furnished with 2 dog or other clutch, 
or series of teeth kadapted to engage with teeth / provided on the 
lay-shaft b in such a manner that movement of the spur-wheel j 
in either direction has the result that such sliding spur-wheel j is 
diseng from rotatable connection with the lay-shaft b. A 
double fork (not shown) is utilised to collectively displace the 
sliding-wheels ¢c, j, and thus, while the sliding-wheel ¢ upon 
the driving-shaft remains continuously in rotatable connection 
therewith, the sliding-wheel j upon the lay-shaft } is disconnected 
from rotatable ep ment with the latter in the event of longi- 
tudinal movement in either direction. The sliding-wheel j may 
havea tubular boss m on both sides, and may have a central in- 
ternal rib n, having at its inner surface the teeth k adapted to 
with the teeth / provided externally upon the lay-shaft b. 
Within each tubular boss m a bush o is fixed, said bush being 
hollowed internally at its innermost part to permit of the sliding 
movement of the wheel j without such movement being - 
vented by contact of the bush with the teeth / upon the lay-shi 
b, ssid bush at its outer part being adapted to form a bearing 
= the external surface of the lay-shaft b. (Sealed May 13, 
1915.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


13,748/14. A. Herbert, Burf: _and P. V. Vernon, 
Coventry. Machine-Tools. (2 Figs.) June 6, 1914.—On 
machine-tools it is customary to lubricate the work with water 
or suds, and a gutter is formed around the edge of the work-table 
which catches the suds or the like, and from this gutter the suds 
are twee pe a tank, oe is = | oes — = — 
experienced through the pipe or pipes between the gutter an 
the tank choking up with chips, waste, &c. Also, when the 
table is adjustable vertically, a flexible or telescopic pipe has to 
be provided. It is the object of this invention to obviate these 
objections in pare t e table is vertically adjustable. The 


inve n with a gutter on a verticall 
adjustable work-table, of a vertical, or approximately vertical, 























splash-guard inst which the lubriesnt collected in the gutter 
is delivered. The work-table A is provided with the usual gutter 
B, which terminates, in this case, at C witha spout. Adjacent 
to this is arran the splash-guard D, which, as can be seen 
from Fig. 2, is nel-sh: .. is bolted to the bed 
of the machine, and it is preferably slightly inclined, so that 
drops falling from ths spout always strike the guard, and trickle 
down without splashing. If it is much inclined splashing 
occurs. The lubricant enters a basin E, and from this runs to the 
usual oil-sump F, from which a pump G sends the lubricant to 
the parte required. Thus pipes or which are liable to 
becom: di 





to provide a hollow water-tight bulkhead and an improved buoy 
which will render the escape ible from a submarine or sub- 
mersible boat. According to this invention, a hceliow casing is 
provided in the boat, forming part of a water-tight bulkhead 
preferably extending over the whole depth of the bulkhead for 
the purpose of strengthening same, provided with doors either 
for escape to neighbouring compartments or to the exterior of 
the boat, and which casing can be used for the purpose of 
strengthening the bulkhead, the doors preferably being adapted 
to be used as an ordinary passage. The submarine a is provided 
with bulkheads b, c,d, e, and f, dividing the vessel into water- 
tight compartments. The bulkheads b, d, and f are each pro- 
vided with water-tight casings, preferably cylindrical or conical in 
form, — to receive life-saving buoys, the tops of the buoys 
being fi with the hull, the buoys at b and f being provided with 
dome- flush with the top of the superstructure, and the buoy 
at d be’ —— with a dome suitable for use as a conning- 
tower. e water-tight casings are each formed of a shell g 
having water-tight doors h, h and a flange j. Each buoy is 
formed with a shell k and a flange m. A packing is placed 
between the flange j in the -~ and the flange m in the buoy. 
0, 0 are doors in the side of the buoy Gapesed « opposite to the 
doors in the casing. The doors in the buoys and in the casings 
are used as a passage through the boat ; p is a door in the top of 
the buoy ; ¢ isa dome having an upper cover r, and 8 is a plat- 
form attached to the dome which covers the opening in the 
superstructure for the escape of the buoy, and which is adapted 





to form a seat for the occupants of the buoy. The buoy is pro- 
vided with partitions ¢, tin which the occupants can stand or sit 
when the buoy is in use. 2 is a bolt adapted to en with a 
nut 3 at the bottom of the vessel for the purpose of holding the 
buoy in position and for releasing the buoy from within when 
desired. Should the submarine lying on its side or other 
position, it may be necessary to force the buoy out of its casing, 
and for this purpose a drum 4 is di within the buoy, and 
this drum is adapted to be operated by a worm 5 and worm-wheel 
6. A rope 7 is attached to the drum and toa detachable pin 8 
80 disposed that it will be easily dislodged when the buoy leaves 
the vessel. In use entrance to the submarine can be made 
through the doors at the top and sides of the buoy, and as a 
hatch may be required for each compartment of the vessel the 
door of the buoy acts in place of two hatches in the ordinary con- 
struction. When it is desired to use the buoy for the purpose of 
escape the occupants enter the buoy and close the doors, first in 
the casing and then inthe buoy. Wateris then admitted into the 
casing by any suitable device connecting with the sea under 
control from within the buoy, or the buoy may be released by the 
admission of air pressure into the casing, which, together with its 
doors, is strong enough to resist the water pressure due to the 
depth at which the boat is submerged. The screw-bolt 2 is then 
unscrewed, the buoy then floats to the surface of the water, and 
the occupants can raise the cover, and, if desired, can sit on the 
seat provided. Compressed air may be provided within the buoy 
in case there is any risk of all the air being used before the buoy 
is floated. (Sealed May 13, 1915.) 


11,881/14. M. D. Field, Glasgow. etic Com- 

asses. (2 Figs.) May 14, 1914.—This invention relates to 
improvements in magnetic compasses of the type provided with a 
— "9." — According - 2 ee a a ” 
magnetic com: , possessing substantially the characteristics 
of the Sir William Thomson — comprises a card proper pro- 
vided witha uated circle, &c., and a fly-wheel attached to, and 
disposed at a lower level than the card, said fly-wheel having a 
diameter exceeding that of the card, and being so constructed 
that its principal mass is at the periphery. The supporting rim 
for the com rd is constituted by a very light band 1 of 
aluminium strip jointed in circular form, as in the Sir William 





choked are disp with, yet the splashing of the | 7, 
liquid is prevented in spite of the fact that the table is adjust- 
able vertically. (Sealed May 13, 1915.) 


SHIPS AND NAUTICAL APPLIANCES. 


1974/14. 8S Hunter and W 
Limt and L alisend-on- 
Su es. (5 Figs.) Jan , 1914.—This invention 


uary 
relates to hollow water-tit~ht bulkheads and life-saving buoys for 
submarines or submersihk boats, The object of this invention is 








pattern. The band is _——— with a number of out- 
wardly projecting lugs 2 (preferably eight or sixteen), to which 
lugs is riveted an annulus 3 of mica or other suitable translucent 
material, to which are applied the degree markings, the band 1 
and annulus 3 forming a circular frame of right-angle section 
with a translucent horizontal out dl ject 
frame thus formed is supported b: 
in the usual way from a central aluminium nave 5 carrying the 
usual aluminium and sapphire cap 6. The r index 7 is 
secured at ite periphery to the anoulus 3 or the d 1, and is 
provided with radial cutsand attached tothe silk threads 4 in the 





g flange. 
means of radial silk threads 4 


THE END OF THE NINETY-NINTH VOLUME. 


| silk bracing-threads 





usual manner. As the annulus 3 extends horizontally outwards 
beyond the aluminium band 1, it will be understood that the silk 
threads 4 do not extend below the annulus, and therefore do not 
underlie the degree markings of the index. The fly-wheel is 
constructed as a separate unit. In the construction illustrated, 
a strip of aluminium of the necessary weight is formed with a 
corrugation along its length to increase its stiffness, and is 
jointed to form a circular hoop 8. Across the hoop are stretched 
8 9 or filamentary spokes representing a 
number of chords disposed symmetrically so that the resulting 
structure has the appearance of a wheel with tangent spokes, but 
with no central hub; there being left in the centre'of the wheel a 
clear space of considerable size not traversed by such threads or 
spokes. The threads or spokes 9 cross each other in pairs at a 
distance from the periphery of the hoop 8, dependent on the 
length of the chords, and at the points of intersection the threads 
or spokes are secured together—e.g., by means of suitable ties. 
A separate silk thread 11 is attached at 10 to the chords 9, being 
led from chord to chord and attached to the aluminium hoop 8 by 
means of radial ties 1lz to form an inner polygonal bracing 
concentric with the hoop 8. The complete structure comprising 
the hoop 8, chords 9, and threads 11 and 112 constitutes the fly- 
wheel, which, as will be appreciated, has practically the whole of 
the mass at the periphery, and, if the threading be carried out 


with the aid of suitable jigs under uniform and sufficient tension, 
circular, 


is exceedingly rigid, quite symmetrical, and truly 
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Attached to, and depending from, the band 1 are eight light 
aluminium arms or struts 12 equally apart. ferably 
each arm 12 hasa corrugation along its length to stiffen it against 
bending. The lower ends of the arms 12 are attached at the corner 
points of the polygon to the bracing-thread 11, and are provided 
with small terminals, by means of which they are laced to the brac- 
ing-thread 11. Two oppositely-disposed pairs of threads 112, pass- 
ing through four of the corner points of the polygon, areextended 
tow: connected tothe nave ofthe card. It will be seen that 
the lower ends of the arms 12 are held firmly in their relative 
position by the bracing, while the upper ends are held in their 
correct position by virtue of the radial bracing of the aluminium 
rim, the arms themselves being stiff enough to resist lateral dis- 
placement between the card as a whole and the fly-wheel as a 
whole—i.e,, the card and fiy-wheel form a system which may be 
regarded as rigid towards the stresses to which it is subjected. 
The nave 5 is arranged to support the cap 6 at a level well below 
that of the index 7, 80 that the centre of gravity of the whole 
structure may be situated at about the same distance below the 
centre of suspension, as has been found suitable by experience. 
To this end the nave 5 may conveniently consist of a flange 
drilled to receive the radial threads 4, and having a downward 


The | extension 13 adapted to receive the cap at its lower end. The 


cen space in the fly-wheel and the distance between the 
card and the spokes 9 of the fly-wheel are such that the card can 
tilt through a sufficient angle in practice without fouling either 
the central supporting-pin 14 or the lubber-mark or member to 


| which the lubber-mark is applied. (Sealed May 13, 1915.) 
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A veling & Porter, Ltd., Y@rrow & Co., Ltd., _j ohn Bellamy, Limited, oyles Limited, 
Rocuxster, KENT, SHIPBUILDERS AND ENGINEERS, 


and 72, Cannon Street, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES, 
STEAM CULTIVATING MACHINERY. 
STEAM-WAGONS. TRACTORS. 
CEMENT-MAKING MACHINERY. 4621 


A. G. Murtord L*. 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND War Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, page 24. 


PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
dmiralty. Od 2179 


unmetal, Brass, Copper 


SCRAP WANTED, for cash or contra. 
HUNT & MITTON, Lrp., 
Oozells Street North, Birmingham. 


[ mproved High Pressure 


RENEWABLE DISC GLOBE VALVE. 

See our Advertisement in last week’s issue, page 20. 

BRITISH STEAM SPECIALTIES, L¢p., 
Bedford Street, Leicestér. 


ranes.—Electric, Steam, 


HYDRAULIO and HAND. 
of all types and sizes. 
GEORGE RUSSELL & CO., 
Motherwell, near Glasgow. 


Pio. PIPES, GASHOLDERS, &c. 


STEEL 
[[Thos. iggott & Co., Limited, 
BIRMINGHAM. 


See Advertisement last week, page 75. 


Plenty and —§en 


LIMITED, 
MARINE ENGINEERS, &c. 
Newsvury, EnNeLanp. 








4603 


3920 





LtD., 
4319 








9983 


ank Locomotives. 


Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., Lap., 
ENGINEERS, NBWCABTLE-ON-TYNE. 4321 


Steel Foundry For Sale. 


The BUSINESS of C. W.. ROBINSON & OO., Lrp., 
at Forth Bridge Stee] Works, Polmont Station. 

The Ground’ extends to three acres, and is held 
clear of burdens. 

The Works are equipped with a 5} “ton Siemen’s 
Open Hearth Furnace and 12 Crucible Pot Holes. 

To effect an immediate sale a very low price will be 
entertained. non 


Apply :— 
MOLT, KER & CO., C.A., 
115, St. Vincent Street, Glasgow. 


"THE WELL-KNOW N 


rine Red Moulding Sand, 


FOR 
IRON, BRASS, ALUMINIUM. 


APPLY, aa 
Mansfield Sand Co., Ltd., 


" MANSFIELD, NOTTS. 3854 
| Fuller, Horsey, Sons& Cassell, 
a 
SALE AND 2 ae mane 
PLANT AND | MACHINERY 


ENGINEERING WORKS, 
11, BILLITER SQUARE, LONDON, EO. 
| 


Jevincible ( yauge ( y lasses. 
BUTTERWORTH BROS., Ltd., 
Newton Works, 


ewton Heath Glass Wi 
Manchester. 











xs 








Od 1834 





GLASGOW (formerly of Poruar, Lonpoy), 
SPEEDS UP TO 40 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
urbines or 


Internal Combustion Engines. 


((ampbells & Huter, [4 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3ft. diam, 


Od 8750 








DOLPHIN FOUNDRY, LEEDS. 4547 


Yachts, Launches, or Bar es, 


Built complete with Steam, Oil or arel 
Motors ; or Machinery supplied Od 3551 
VOSPER & OO., Lrp., Broap STREET, PoRTSMOUTH. 


(Sochran 


See page 72 last week. 





MULTITUBULAR AND 
OROSS-TUBE TYPES. 


Boers. 
4 


QO} Free! A Ppliances. 


'RESSURE, 
aah, 


336 





svereus { a1 


FOR BOILERS OF ALL TYPES. 
Kermodes Limited, 
35, Tos Tempus, mane. Srreet, LiverPoon ; 


an 
109, Fencnurcn Srrest, Lonpon. 
NAVAL OUTFITS A SPECIALTY. 


ocomotive 


4078 


Tank Engines 
designed and constructed b 

MANNING, WARDLE AND OOMPANY, 
Boyne Engine Works, Leeds. 

See their | Illustrated Advertisement page 51, last week. 


TaAMITED, 
487 


Y. Pickering & Co., Ltd. |* 


boii 1864.) 

BUILDERS of RAILWAY CARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY WAGONS FOR HIRE. 

Ohief Works and Offices : 
WISHAW, near GLASGOW. 
London Office: 8353 
8, Vicror1a Street, WESTMINSTER, sw. 


achine and Engineering 
WORK of all description undertaken for Manu- 
facturers, Patentees, &c. Also repairs and renewals. 
Best work, moderate charges.—ROSSER & RUSSELL, 
Lrpv.; Queen’s Wharf, Hammeremith. 

NEW PATENT AOCT.—Rossar & Russem, Lt, 
are prepared to undertake the manufacture of articles 
at present made abroad, and will be pleased to hear 
from firms desiring : such work executed. 9211 


“Mmhomp pson’ Boilers} 


IN STOCK. 
Two 30 ft. by 9 ft. 3 in. by 160 w.p. 
Two 30 ft. by 8 ft. 6in. by 180 w.p. 
Four 30 ft. by 8 ft. 3 in. by 160 w.p. 
Three 30 ft. by 8 ft. 3 in. by 100 w.p. 
Two 30 ft. by 7 ft. 3 in. by 120 w.p. 
Forty other sizes and pressures. 








John Thompson, 
WOLVERHAMPTON. 3// * *e6le> 
[the Glasgow Railway 
Engineering Company, 


London Oee—i, Victoria Street, 8.W. 





|: Cranes! (ranes! (anes t 


{prt Brothers & Co., 


GLASGOW. 
of all. kinds of 
By Electric, and Hand 
Catalogues and Prices on application. 3779 
See Iustrated Advertisement Jurie 18, page 54. ~ 


— 


CARRIAGE & WAGON IRONWORK, also 
OAST-STEEL 
OLUTHA WORKS, GLASGOW. 
OF EVERY DESORIPTION. 


. MANUFACTURERS 0! 
RAILWAY CARRIAGE, WAGON. "AN D TRAMWAY 
WHEELS & AXLES. 
AXLE BOX 4406 
P & W. MacLellan, Limited, 
o 
A MANUPACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &o. 
Ohief Offices: 129, Trongate, Guaseow. Od 8547 








Registered Office : 1084, Cannon 8t., ‘London, E.C.’ 


MILLWALL, LONDON, E. 
GENERAL CONSTRUCTIONAL ENGINEERS. 1216 


Boilers, Tanks& Mooring Buoys 


Srigis, Perro. Tanks, Am Receivers, Sree, 
Cumyeys, Riverrep Stream and VENTILATING PrPEs, 
Hoppers, SPECIAL Work, REPAIRS OF ALL _ Kinps. 


I['ubes, . Iron and Steel. 
Edwin Lewis & Sons, 


London Office 
_148, Cannon St, &.0,_ W: olverhampton, 
as Engines, Suction Plants, 
Inspections, Tests and Reports. Expert 
advice.—E. J. DAVIS, M.I. Mech. E., Great Eastern 
Road, Stratford. Telephones: East 1350; Stratford 
569. Tel.: Rapidising, London. 1794 


[lubes and Fittings, 





4277 





Stewarts and Ljovas, Lt. 


Glasgow and Birmingham. 


See Advertisement page 46. 4332 


Ready forlmmediate Delivery 


Power Shearing and Punching MACHINE, for 
splitting § in. plates, cutting 4in. angle and tees, &e. 
Hydraulic Pipe Bending MACHINE, 4 copper pipes 
up to 6} in.—BEOKER, 53, Oity Road, 


Gecond- -hand, Fietclen Con- 


dition, Crossley Vertical 40 B.HP. OIL ENGINE, 
direct coupled Maw sley’s Dy 








namo, 250 volts, 125 amps. 





Can be seen running.—FIELDING & PLATT, L*p., 
Gloucester. __ B 
achine Shop Wanted, to 


undertake the ve of straightforward 

work. Please give full particu and state how 

many Lathes available, about 10 in. centres; Good 

yi men of work to give out. Payment made weekly. 
dress, B 706, Offices of ENGINEERING. 


kos Immediate Delivery :- 


Vertical Drills to admit 18in., ee 
36 in. 6 ft. Radial Drill. 
Machine 25 ft. by 6ft. by 6 ft. oeyheel On Cuttin, 
Centring Machines. Bolt Screwin; Soya 1 
Shafting Lathe —JAMES SPEN 
Chamber Ironworks, Hollinwood, M 
“Tae Guaseow Rouiine Stock AND 


He Nelson & S Co.,Ltd: Ltd., 


Builders of RAILWAY CARRIAGES, WAGONS, 
ELECTRIC CARS and EVERY OTHER DESCRIPTION OF 
RAILWAY axnp TRAMWAY ROLLING SsTOOK. 
Makers of WHrecs and Axis, Raiway PLant, 
Foreme, Surrn Work, Iron anv Brass Castines. 
Office and Chief Works : Motherwell 
Office : Gordon Penton & Queen 
London Office : 14, Leade ll Street, E.C, 


sn \anl ‘and 
pes 


rin. 
ER & OO., Lrp., 
st Wome 








See IUustrated Advt. in alternate issues. _ Od 3382 
pecial 
ELECTION OF MACHINE 
TOOLS. See page 79. 





JOHN MACON 
MARY STREET, 
HYDE. 


AB, 


4629 


Portland 
2 | Cement Manufacturers, Ltd., ADVISE GENERALLY 


ENGINEERS, IRLAM, MANCHESTER. 

FEED WATER HEATERS, i} 
CALORIFIERS, EVAPORATORS, 
CONDENSERS, AIR HEATERS, 

STEAM. anp GAS KETTLES. 

Merrill's Patent TWIN STRAINERS for Pump Suctions 

SYPHONIA STEAM TRAPS. REDUCING VALVES. 

h-class GUNMETAL STEAM FITTINGS, 


Hi 

WATER SOFTENING and FILTERING, 
Gtone Breakers, Crushers, 
Granulators. 


LEVEL SCREENS. AND INSIDE ELEVATORS, 
SAND AND STONE WASHERS AND yer 
TAR MACADAM MIXERS AND Od 2267 
STONE WASHING CONCRETE MIXERS, 


The best of 50 Baxter’s Patents in above, 
W. H. Baxter, Ltd., Leeds, 


RAILWAY CARRIAGES, ELECTRIC OARS, 


H™*. Nelson & Co. 1 


Taz Guaseow Routine Srock AND PLANT Sau 
MOTHERWELL. 


Matthew pa & Co L* 


Lavaxrorn Worss, | Umbarton. 4635 
See Full Page Advt. page 52, June 4, 
Ty 


ylor & ((hallen, . L td., 


BIRMINGHAM, 8105 


Presses for Sheet Metal 


See Advt. June 4, page 55. PRODUOTS, 


He Wrightson & C™ 


LIMITED. 


Row’'s 
J PATENTS, 


1265 














See Advertisement page 39, June 11, 2402 


(\ement.— Maxted & Knott, 


Lrp.. Consulting Engineers to the British 





on proposed Cement Schemes FOR ABROAD, 

ADVICE ONLY. Highest references. Established 1890, 

Address, Burnett Avenve, Huw, 
Cablegrams: ‘‘ Energy,” Hull. 


arrow Patent 


Wiater-Tube Boilers. 


Messrs. YARROW & CO., UNDERTAKE the 
PRESSING and MACHINING of the ene gore 
of Yarrow Boilers, such as the Steam Drums, Water 
Pockets, and Superheaters for British and 
Firme not having the necessary facilities. 

YARROW & CO., Lrp., 8corstoun,. GLASGOW. 


Dredging Ppiant 


OF ALL DESCRIPTIONS, 
FLOATING CRANES. COAL BUNKERING 


VESSELS. 
n. v. Wer*® Conrad, BASLE 


Agents: MAR] ; WORKS, Lrp. Hy —— 
39-41, New Jroap Sr., LONDON, 


See half-page Advertisement, last ond port week, 
CHANTIERS & ATELIERS 


Augustin - Normand» 


67, rue de Perrey~LE HAVRE 
(France). 











8890 
Destroyers, Térpedo Boats, Yachts and Fast Boats. 

Submarine, and Submersible Boats. 
irene Patent Water-tube Boilers, Coal or Oil 





ne 325 KW. Belliss B.T.H. 


( GENERATING SET, 220 volts. One 325 KW. 
Willans B.T.H., 220. volts. Two.275 KW. Bellise- 
Sunderland Forge, 500 volte. Two 160 KW. Belliss- 
Sieméns, 220 volts. One 90 KW. Willans-Siemens, 
250 volts. One 60 KW. Willans-Siemeris, 230-volts. 
And.various others. Motors, D.C.—One 400 HP., 220 
volts ; One 10 HP., One 34 HP,, 200 volts ; One 2 HP., 
500 volts ; One 2 HP., 100 volts ; One 85 HP, 110 volts. 
A.C. (New) three- phase, 500° volts, 50 cycles ; One 
36 HP., Four 10 HP., P. 7 
JENNINGS, West We Walle, Newcastle-on-Tyne. 


Rebber MANUFACTURERS’ 


Conveyor Belts 





. GUTTA PERCHA & RUBBER, LIMITED, 
Canada: 


Toronto - - 4520 


Stock. 





eating. Diesel Oil Engines. 


Cement Plants, 
Kilns, Wet and Dry Grinding, Mil 


STER ENGINEERING COMP 5 


Winuan, RocwsTex. 
Punch and Shear Maclin 
8576 

Consult us. 


Collecti: 
ROOH 


EN a 
“ e ad 


Satisf teed, 
,» West Mount, HALIFAX. 


(Yentriftagals. 


Pott, (\aseels & '& WVilliamson, 


MOTHERWELL, SOOTLAND. 





4161 
“See half-page Advertisement page 68, June 13. 
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[the Manchester Steam Users’ 


For the Prevention of Broun Boles arene t= mong for 
ven 
5 wsgema5 Economy ay nn 
Mount 

Ohiet Engineer : 0. E. StnounYEn, M. M.L.O.E. 

Founded 1854 by Sir W. F. 
os ae wore oy aon issued under the Fa ; Factory and 

or Com ion wy en! hr 

Liabiliti ties paid’ in case of Enplosions. ee = and 
Bollers inspected during construction. 


I i C.E. and all fy arg 


po Rigg nations.—Mr, G. 
M. Inst, O.E., F.8.L, Se ae 


GANDIDATES y 
Hundreds of successes, including "the Bay Prise. 


Oourses for next  Febraary and Gotober and October are i a 
ar 9 .— 89, Vic 
No. 1 Victoria. 
nst. C.E., Inst. Mech. E., 
and all recta Exams. Oorrespondence 
peng eh me A em eers. LO.E. successes 264 
out of Prizes, “ Proxime Accessit.” 
Sustuees to we candidates. 
booklet, &«.—Address, 


Write or 
AMICE, 











, Offices of Enemnssrine. 
A.M.I.M.E., 
AM.LE.E, and Stud. LO.E. TUITION, 
Oorrespondence ‘and Oral. 90 per cent. successes in 
last - ht examinations. Aeronautical Engineering, 
Propellers, Graphic Statics. Variable Planes. 
PENNINGTONS University neering Tutors, 
264, Oxford Road, Manchester. 4387 





University of of Manchester. 


FACULTY OF y OF SCIENCE. 


ELECTRICAL ENGINEERING. 


COMPLETE THEORETICAL 
TRAINING is given in the University to Students 
preparing for the higher positions in the Electrical 
Engineering Profession. 

At the end of a three years’ Course Students may 
obtain either an Ordinary or an Honours Degree of 
B.Sc. in Electrical Engineering. 

. A special Course, extending over three years, 
res for a Certificate in Electrical Engineering. 

e John Hopkinson Laboratories have recently 
e... extended, and the equipment added to. These 
Laboratories are fitted up with modern electrical 
machinery and testing appliances, and excellent 
facilities are offered for educational and research 
work, 

_ SESSION COMMENOES on 7th OCTOBER. 

yectuses will be forwarded on application to the 
REGI PGISTRAR. B 590 


THE MANCHESTER MUNICIPAL 


Bice of Technology 


NIVERSITY OF Mancuxster. ) 
The ear 1915-16 will OPEN on 5th OCTOBER. 
The Prospectus, forwarded free on application, 
g es particulars of the Courses leading to the 
anchester University Degrees in the Faculty of 
Technology, in the following Departments :— 
MECHANIOAL ENGINEERING, 
ELECTRICAL ENGINEERING, 
SANITARY ENGINEERING (including Municipal 
Engineering), 
THE CHEMICAL 
General Chemical 
Dyeing, Printing, 
and Metallurgy), 
THE TEXTILE INDUSTRIES, 
PRINTING & PHOTOGRAPHIC TECHNOLOGY. 
ARCHITECTURE. B 629 


Pre 


INDUSTRIES 
Technology, 
Papermaking, 


(including 
Bleaching, 
Brewing, 








TENDERS. 


” HE GREAT INDIAN PENINSULA 
RAILWAY OOMPANY. 





The Directors are re prepared to receive 


enders for the Supply of 
the following STORES, namely :— 
Laminated Springs, &. | Cloths, &c. 
Points and © ngs, &c. er Tools. 


Stationery, &. ps. 
Lier -4 Lubricating Pads, Locks, &c. 


speciation and Forms of Tunder may be obtained 
at Office on payment of the fee tor the Specifica- 
tion, which payment will not be returned, 

Tenders must be delivered in separate a 
sealed and addressed to the undersigned, marked 
‘Tender for Laminated Springs, &c.,” or as the case 
may be, not later than Eleven o'clock a.m., on 
Thureday, the Ist July, 1915. 

rectors do not bind themselves to accept the 


een or any Tender. 
R. H. WALPOLE, 


“Bs Gopthalt & Avenue, London, E.C. ‘ 
23rd June, 1915, B775 


INDIAN RAILWAY Me a ti 
» are pre} to receive 


[lenders for the Supply 


STEEL RAILS, 41} Ib., and FISHPLATES, 
about 1743 tons. 
2. SOREW-SPIKES, No. 258,000. 
8. IRON WIRE FENCING. 
4. STEEL BEARING PLATES, about 31 tons. 
56. BRIDGE WORK, about 18 
Specifications and Forms of may be obtained 
Neoyer J y's Offices. 

Tenders, addressed to the Chairman and Directors 
of the South Indian Railway OMekplaten, Lt., pleas 
“Tender for Steel Rails and 
case may ‘be, woat be left athe Ofles” othe 
Com not later than One o’ on nesday, 
the th July, 1915. 

The Company is not bound to accept the lowest or 
any Tender. 

A charge, which will not’ be returned, will be made 
of 40s. for each cop’ y ot Specification No. 1, and 108 


for each copy of Nao 2, 3, 4and 
Oopies of the Dra = ag PER BP 
.» M.Inst.O.E., Consulting 
Victoria Street, West- 


THE souTE 





Tag of — _— 
ineer to the . 
2 pany, 8, 


ol, York Sirest, W hes me &.W. 
23rd J B74 


and PRACTICAL " 





BOMBAY, BARODA Cee CENTRAL INDIA 


she elbcdsese dee’ Qinislebie ta venaleie ey ts Moe. 
on Tuesday, 6th July, 1915, 


(['enders for the Supply of :— 


STEEL RAILS and FISHPLAT 

STEEL SOREW-SPIKES. 

RECTANGULAR BEARING PLATES. 
Tenders must be made on Forms, ies of which, 
with Specification, can be obtained at these Offices on 

ent of 20s, each (which will not be ran peeaenes 98 
Pathe Di rectors do not bind themselves to accept th 
lowest or any any Tender, 
Cc. aa. 


Offices 
110, a ge mg Londen, E.C. 
23ra June, 1915. 


~ RANGOON | MUNLIPALITY, BURMA. 


~~ | Sealed Tenders, addressed to 


the SECRETARY, Rancoow Municipa.ity, are 
invited for a proposed INSTALLATION of a SYSTEM 
of FIRE ALARMS for the Town of Rangoon. The 
covers should be superscribed ‘‘Tender for Fire 
rms.” 

A Copy of the General Specification and Schedule 
of Prices can be obtained from the undersigned on 
payment of a deposit of Ten Shillings, which will be 
refunded on advice of the receipt by the Municipality 
of a bona fide Tender. 

Beware should reach Rangoon not later than 11th 

st, 1915. 
ey ‘should be despatched from England not later 
on by the mail of Friday, 9th July, 1915. 
OGILVY CILLANDERS & CO., B 393 
R. 1687. 17th May, 1915. 67, Cornhill E.C. 


B 776 








nomen for Design of 


AC. ont D.-C, machines. Those with ona shop 
experience pre ; nO man on Government work 
Sod ceiys henty , Stating age, 
required and earliest date can commence to nearest 
Board of Trade Labour Exchange, — bony 
paper and No. A2S9, 745 


[)raughtsmen Required, for 


Engineering Worke doing Government Work 
in West of England ; experience in crane and structural 
work preferred. State age, experience and salary 
| expected.— Address, B 705, Offices of ENGINEERING. 


[)taughtsman Required, must 


be fully competent — of petrol and 
paraffin vertical engines. State 
and salary.—ASTER ENGINEERIN 
Wemblev. 


U ently Wanted, One Good 


Jig and Tool DRAUGHTSMAN, and One good 
Machine DRAUGHTSMAN, on War service.—Apply, 
by letter, stating full particulars of experience, age 
and salary required, to A. JONES & SHIPMAN, 
Lrp., East Park Road, nai B72 


W anted, Draughtsmen i in the 


Csmalicy for general engineering and steel 
pg work. Salary 45s. and overtime.—Address, 
773, Offices of ENGINERRING. 








age, qualifications 
CO. (1913), — 








[pranehtsmen, Several First- 
class jig and tool, used to jigs for reproduction 
of small metal parts.—Address, B 744, Offices of 
ENGUINERRING. 





APPOINTMENTS OPEN 


Manager Wanted, for Gear 


Works on Tyneside. Must be able to take 
complete charge ~of works and office.—State age, 
rience, and salary required to Mr. J. W. 
MSTRONG, Incorporated Accountant, 2, Colling- 
wood 8 Street. | Newcastle- -on-Tyne. B 759 





ngineer Representative 


REQUIRED, at once, in London. Must be fully 
qualified technical and commercial man, able to take 
a leading part in an existing sales organization of 
well-known English manufacturers. Reasonable 
commencing salary, with excellent prospects, Appli- 
cations, to be considered, must state fully experience, 
Toe and salary required.— Address, B 683, Uffices of 

ENGINEERING. 


W orks. Manager’ s Assistant, 


engineering company, South London ; wags 
be accustomed to purchasing engineering requisites 
and despatching orders. Salary 40s. weekly.— 
Address, B 736, Offices of _EN@IneERING. 


Assistants Wanted: Surveying 


and shallow soundings for contotirs and sluices. 
State sufficient details of technical and practical experi- 
ence, irrigation or power work, to show qualifications 
to leada section, salary required, when free, references 
covering reliability and character. (Exclude eligibles 
Army and Navy.)—B 751. Offices of ENGINEERING. 


ost Clerk Wanted for En- 


gineering Works; one experienced in preparing 
costs of electric motors, controllers, and switchboard 
work, capable of producing promptly, reliable costs 
from card premium system of working.—Address, 
stating age, experience, salary, references, and 
whether ineligible for military service, B 710, Offices 
Of ENGINRERING. 


(Vlerk Wanted, ‘for Motor 


Engineers’ Office, used to stock ledger work. 
—Address replies to BOX 285, care of Messrs. R. F. 
Wuirre & Son, General Advertising Agents, 33, eo 
Street, E.C. B 757 


lerk “Wanted, for Motor 


Engineers’ Office, to assist chief clerk. Highest 
references essential. Salary £2 53. per week.—Address 
replies to G.S., BOX 286, care of Messrs. K. F. Winrr 
and Son, General Advertising Agents, 33, Fleet 
Street, E.C. B 758 


Draughtsman Wanted, by 


firm of electric lift makers ; lift experience 
desirable, but not essential. Also DRAUGHTSMAN 
with some experience of hand lift work. Midlands. 
State age, experience, and salary required.— Address, 
B 605, Offices of ENGINEERING. 


anted, Reliable Mechanical 


DRAUGHTSMAN ; neatness and accuracy 
essential. Men having machine tool and electric 
switch and controller experience preferred. — Address, 
stating age, experience, and salary required, B 715, 
Offices of ENGIN&ERING. 


Wanted, Draughtsman, over 


military age preferred, with good general 
pogineoring or structural experience ; permanency ; 

district. — Address, B 752, Offices of 
| 


anted, immediately, 
DRAUGHTSMEN, for Government work in 
Westminster a ice. Preference given to 
men hi and hydraulic work, 
Must be neat, at. and quick.—Address, stating 
salary required, K 768, ‘Offices of ENGINERRING. 


achine ‘l'ools. — Designer, 


used:to capstan and combination turret lathes. 
—Add giving ex aoa’ salary required, and 
when at liberty, Offices of ENGINEERING. 


Wanted, by Large Armament 


contractors (not manufacturers), Several ex- 
pert DRAUGHTSMEN, with practical experience in 
the of field artillery, gun mountings, shrapnel 
and ex ve shell. Splendid salaries to right men. 
—Write, in ee BOX Gol Bank stating ee and 
experience iy, 501, Smirn’s, 51, 
Street, London. Bey 




















W anted, Assistant Draughts- 


MAN, gas works experience preferred, but 
not necessary.— Apply, stating age, ex 
salary required. DERBY GAS LIGH 
COMPANY, Derby. 


rience and 
& COKE 
B 746 


[»spector Required to take 

charge of gavgers on small turned work, fuzes 
and other war munitions. London district. Man 
caprble of organising and taking charge of a night 
shift. No man need apply who is at present on war 
work.—Address, statiog age, experience, wages re- 
quired, B 768, Offices of ENGINEERING. 


FiagineerF oreman Wanted, for 


general engineering and boiler works. Perma- 
nent picicion to suitable man. State age, wages and 
experience.— Address, B 676, Offices of KNGINBERING. 


anted, Foreman over 


machine shop, hydraulic and general work, 
large and medium size. Must be thoroughly compe- 
tent, and energetic on increasing output. State age, 
experience, present and past employers, and wages. — 
Address, B 708, Offices of ENGINEERING, 


oreman, Capable and Ener- 


getic, accustomed to all classes!of boiler and 
tank work, for Admiralty and War Office Contracts. 
Must have thorough knowledge of hydraulic presses. 
Good organiser. Strictly Six o’clockman. None but 
first-class men need apply.—Address, stating age, 
experience, and wages required, B 778, Offices of 
ENGINEERING. 

















ssistant Estimator and Rate 


FIXER REQUIRED, for small repetition work, 
the product of automatic screw machines.—Address, 
stating full details of experience, age, wages re- 
quired, B 767, Offices of ENGINERRING. 


Wanted, foraColonial Works, 


a young ELECTRICIAN, who has experience 
of the working and upkeep of generators, motors, 
switchgear and instruments. Applicants should give 
age and full particulars of experience and qualitica- 
tions.—Write, BOX K 438, Laz & NIGHTINGALE, 
Advertising Offices, Liverpoo!. B 753 

- - ‘ 
Urgently Required, Good 
TURNERS and FITTERS, to work as Viewers, 
with fair knowledge of drawings and able to use 
micrometer and vernier.—Address, stating age, expe- 
rience, and wages required, B 664, Offices of En- 
GINEBKING. Men on Government work need not apply. 


Wanted,Speed and Feed Man, 


thoroughly practical and experienced in 

obtaining maximum output on hydraulic and general 

work, medium and large size. State age, experience, 

+o present and past employers, and wages.— Address, 
B 707, Offices of ENGINEERING. 











730 | of shi 


SITUATIONS WANTED, 
Works Manager, at. present 


holding temporary position. as assistant 
works engineer in laree shell and gun works, WANTS 
permanent POSITION. Age 42. Six o'clock man.— 
Address, B 575, Offices of ENGINEERING. 


()utside Manager and Plant 


Fuperiptendent, at present with large boiler. 
making firm, WOULD LIKE a SITWATION with a 
firm making any class of war material. Age 29 vears ; 
married.—Address, B 762, Offices of ENGINEERING. 











orks Engineer Designer, 


M.I. Mech. E., 42 years of age, with wide expe- 
rience of modern works, including design and lay-out 

yard, iron and steel works, and shell plant, 
DESIRES POST of superintendent engineer, or 
technical assistant to Directorate.—Address, B 700, 
Offices of ENGINEERING. 





A Buyer, Ten years’ experience 

with largest manufeeturing company, ‘s 
DESIRING a CHANGE of POSITION. Hasan exce))- 
tionally wide knowledge of the markets for supplies 
of all raw materials and ficished parts used by mech- 
anical and electricat engineers. Woutd undertake 
complete reorgamisation of purchases, — Addrese, 
B 764, Offices of ENGINEERING. 








PARTNERSHIPS. 





ENGINEERING 


Partners and Partnerships 
are obtainable through 
WHEATLEY KIRK, PRICE & OO., 
ENGINEERS AND VALUERS, 
46, Watling Street, London, E.O. 
16, Albert Square, Manchester. 
26, Collingwood Street, Newcastle-on-Tyne. 
ESTABLISHED SIXTY YEARS. 4338 








anted, Engineer having 


good all-round experience both practical ona 
commercial, some capital and unblemished character, 
as partner in an eminent firm of valuers.—Address, 
B 750, Offices of ENGINEERING. 





artnership or - Directorship 
REQUIRED by expert engineer, holding 
responsible position with a first-class firm; 33 years’ 
experience with gas and oil engines (Diesel and semi- 
Diesel), for land and marine work, and steam engines 
and boilers, Admiralty work, &c.; or would entertain 
purchase of small well-equipped Works.— Address, 
B 763, Offices of ENGINEERING, 





PATENT AGENTS. 





Consulting Patent 

pi 253, Gray’s Inn Road, Dondon. Regd. 
British, U.S.A., and Canadian Agents. **Cepators, 
London” — Holborn 6109. . All matters at oo 
inclusive charges. 449 


oJ onsen and Son, 4241 

CHARTERED PATENT AGENTS, 
(Established 1867). British, Colonial, and Foreign 
Patents, and Trade Marks and Designs Registrations. 
77, Chancery Lane, London, W.C. Tel. : Holborn 1249. 


Patents, Designs and Trade 


MARKS, in all Countries. A chart of 187 
mechanical motions, post free, 6d. Booklet of useful 
information, containing particulars of New Patent 
Act. gratis. 

HARRIS & MILLS, Cuarrerep PATENT AGENTs, 
Established 1866. Tel. No 2763, Holborn. 


34 & 35, High Holborn, London, W.C. 4140 


John E. Raworth, 


CHARTERED PATENT AGENT, 
70/71, Queen Anne’s Chambers. 4340 
Tothill Street, Westminster, S.W. 

















PUBLICATIONS. 








Wanted, Experienced Leading 


STOKER, accustomed to water-tube boilers 
and mechanical stokers. Wages, 33s. to 40s. per 
week (of 7, 8-hour shifts), according to experience. 
Overtime paid. Ten days’ holiday, with full pay, per 
anpum.—Apply, stating age, experience, and wages 
required, to— 

Mr, H. R. BURNETT, 
Corporation Electricity cap > 
Barrow- in- Furness. 
witchboard Riteadeat 
WANTED, immedia Must have had 
theoretical and practical ron and some pal nan 
board experience. E.H.T. experience a recommenda- 
tion. Commencing salary 30s. per week.—Apply, 
stating age, experience, when at liberty, and enclosing 
copies of a to— 
Mr. H. R. BURNETT, 
Corporation Electricity Wome, 
Barrow-in-Furness. _B 687 


upil.— Civil Engineer, West- 


minster, is OPEN to RECEIVE a PUPIL. Office 
and outdoor experieace.— Address, B 772, Offices of 
ENGINEERING. 


Hagineering Pupil.— Vacancy 
Gutmetng letens Firm (Government Contractors) manu- 
ot Bee a agiay oil and S 











sugines, ta moderate premium 





LP ene Wanted, for a 


Poy months ; toy be experienced in depoaited 
pisos tnd —Address, B 670, 
INBERLNG. 





AA. een or bn 


YOUTH 
Seon to ietbaie votn eabetan teeiae 
dddress, 4359, Offices of Exenrasnixe. 





BOOKS 


Messrs. BATSFORD specialise in 
ENGINEERING & TECHNICAL BOOKS 
and their Stock of NEW and SECOND-HAND 
Publications is probably the largest in the Wortd. 
Orders promptly executed ard careful attention given 

t 


to all enquiries. 3 539 
Inspection Invited. Catalogues free. ‘Phone: 7693 Centra 


B.T. BATSFORD, Ltd., 94, High Holborn, London 








WANTED, &c. 


n Old-established American 


Firm, well-known manufacturers of Electrica! 
Machinery, the works being within a short distance 
of New York, DESIRES to ENTER into NEGOTIA 
TIONS with FIRMS in England for the Manufacture 
of Shelly, Detonating or Time es, or other 
Munitions of War, as Sub-Contractors. 

The plant employs 1200 hands in normal times, and 
the tool equipmeut includes a number of — 
lathes, automatic screw machines, a large bori: 
mill, which can machine work up to 30 ft. ia 
diameter, and other tools for machining larce 





“The Company is already manufacturing Shell Doses, s, 
and having put down additional tools for this we: 
can take care of further ord 

They would also be to handle any kind « 
Repetition Work and the Machining of Larce 


One of the awe of this Company is now in 
London, and being the direct represeutative of the 
firm, is to confer with nsible manu 
may wish to sublet part of their 


Address, Z. F. oe, care of S. DEAcoN’s, Laadenhal! 
Street, London, E. 61 
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[ihe Proprietor of the Patent 


No. 15640, of 1910, rela’ to “E sion 
Motors,” DESIRES to MAKE AR NGEMENTS for 
the exploitation of the Invention in this Country, 
under nse or otherwise.—Full particulars may be 
had of WHEATLEY & MACKENZIE, Chartered Patent 
Agents, of 40. Chancery Lane. London, W.C, —_ B 737 


he Owner of Patent No. 


11622, of 1911, relating to ‘‘An Improved 
Excavating Machine,” ‘is 

DESIROUS of NEGOTIATING 
with interested parties for the Granting of Licenses 
under it. 

For information, apply to Messrs. LLOYD WISE 
axp C©O., Chartered Patent Agents & Consulting 
ng No. 10, New Court, Lincoln’s Bost 

, W.C. 








FY ~ Well. established Firm in 
Turin, having 


connection engineering and 
automobile specialities DESIRES REPRESENTA- 
TION further British firms. —Replies to D. RB. F., care 
of Srreet’s, 30, Cornhill, E.C., London. B 770 


['ranslations. ._—A Professor of 


Applied Mechanics and Industrial Physics in a 
— University (M.I.Mech E., and Memb. of the 
Iron and Steel Institute), DESIRES to UNDERTAKE 
the TRANSLATION into accurate technical French, 
of English Oatalogues or Papers dealing with 
engineering matters, such as strength of materials, 
steam or internal combustion engines, gas producers, 
boilers, furnaces, &c.—Address, H., ‘‘Corra Linn,” 
Knyveton Road. Bournemouth. B 748 





Punching and Shearing] | 


A MACHINE, capacity } holes in 4 plate, 2 bar, 


2in. angle, power driven.—Write, with price and 
delivery, to THRUPP & MABERLY, Lrv., The ym 
London, N. N.W, 


Te Engineers and Makers of 

WATER OOOLERS.—WANTED, a WATER 
COOLER to cool about 13, 4 yee of water per 
hour ; maximum temperature 75°F. reduce to 55° F.— 
Address, B 743, Offices of ENGINEERING. 


anted, New or Second. 


hand CONFETTI MACHINES,—State output 
and price to HEATHOOTE’S Advertising Agency, 
70, St. Mary’s Road, liford. B 749 


Wuted, Feed Water Heater 


(second-hand), about 400 square feet of 
heating surface, suitable for working at 160 lb. steam 





pressure ; must be in first-class condition.—Reply, 
stating lowest price and giviug full particulars, to 
©. NEWTON RUSSELL, Electricity Department, 


Coronet § Street. Shoreditch. N. vi B 723 


Qmall Capstan Lathes,— 


Several WANTED, at once, or for early delivery, 
either New or Second-hand, but in good working 
order. About } in. and 1 in. hollow mandrel. with 
parting-off and forming rest. Also one or two BRASS 
FINISHERS’ LATHES REQUIRED.—BOULTON anv 
PAUL, Lrp., Aeronautical Dept., Woolwich. B 754 


Wanted, Catalogue of Wire 


Sa ens and Cutting Machine. 
Address, FERNAND PERDRIZET, 102, Rue de 
Maubeuge. Paris. B 760 


[ingineer Requires Private 

OFFICE, use of telephone and part services of 
typist, in Fenchurch Street or \ icinity. Would 
prefer to make arrangements with navai architect, 
with a view to mutual co-operation.—Address, B 765, 
Offices of ENGINEERING. 








AUCTION SALES. 


By Order of the Executrix of a Gentleman deceased. 
LATHE AND TOOLS. 








FRIDAY, JULY 2p, 


\ r. J. C.Stevens has received 


instructions to OFFER for SALE, the 
CONTENTS of a Gentleman s WORKSHOP, including 
aWhitworth 6-in. Centre Screw-cutting Lathe, with 
chucks, change-wheels, turning tools, tool- holders, &e. 
Several Cases of Whitworth Stocks and Dies; a Hand 
Planing Machine, a 2} HP. Gas Engine, by Grossley ; 
a Polishing Lathe, with treadle and stand; and a 
larg: number of Tools, in first-rate condition. 


On View, July 1st, from 1.30 to 5.30, and Morning 





CHARLES GRIFFIN & CO., LTD., PUBLISHERS. 





THE PETROLEUM TEC 
By SIR _BOVERTON 
Synopsis or Contrents.—Part L: 


Part IV.: 


Part VL: 
and Measures (English and Foreign). Part VIIL: 


Uses (Liquid Fuels, Air required. Oil Engines, Natarel Gas, Asphalt, &c ). 


Just PusiisueD. In Pocket Size. ECH Bound in Leather. 'S POCKE 8s. 6d. net. 
‘ KE 


NOLOGIST 
N RED 


WOOD, Bart., D. 

M.LM.E, AM Meck rag 

General Information about Petroleum (Origin, Occurence, Prospecting, 
Acquiring Land, Raising, Storage, Refining, &c.). Part IL: 
Dip, Maps, Oil- bearing Areas, Oil per Acre, Bitumens, &c.). 
Gravity, Analysis of Gas, Viscometry, Calorific Value, Flash Point, Distillation, Candle Power, &., &c.). 
Production (Orilling, Casing, Water, Raising Oil, Pl 
Storage and Transport (Tanks, Flow of Gas in Pipes, Pipe Lines, 


T BOOK. 


Geological (Identification of Rocks, Angle ot 
Part IIL: Physical and Chemical (Specific 


ing, Cost of Drilling, &c., &c.).. Parr V.: 
‘umping, Railway Cars, Barrels, &c., &¢.). 
Part V 1: Weights 


Miscellaneous and Glossaries. Parr IX.: Crude Petroleum 
(Statistics of Production, Asphalt, Oil Shale, Ozokerit, Natural Gas). 





REapy iN A Few Days. 
By G. A. 
General Conrsnts.—Weight, Cycles; 


tary Engines. —INDEX. 


In Handsome Cloth. 


Very fully Illustrated. &s. 6d. net. 


aRO BN Gxr = SS. 
With a General Introductory accooss to the Theory of the Internal © ombustion EF) ngine. 


. M. Inst. O.E., 


Efficiency. —Power and Efficiency. —Aero Engines, Necessity for 
uA htness, &c., &c.—Horizontal Engines. — Radial Engines.—Diagonal or “ Vee” Engines.— Vertical Engines. 





READY IN A to Days. 


By A. FAGE, A.R.C.Se., Royal Exhibitioner; 


BE OF rt.A 
"A CONCISE SCIENTIFIC STUDY. 
Aeronautics Research Scholar of the Imperial College of 
Science and Technology. 
Contents.—The Wind.—Streamline Bodies and Struts.—Aeroplane Wings.—Construction of Aeroplanes. 
—Equilibrium.—Stability.—Propellers. —ngines.—INvEx, 


In Handsome Cloth. Very fully Illustrated. 





By A... BE. TON, M.Inst.C.E., &., and 


“Concise and practical . 
alike.”—Foundry Trades’ Jo urnal. 


Twecrru Eprrion. Thoroughly Revised throughout and Greatly Enlarged. Pocket Size. 


A Pocket-Book of MARINE ENGINEERING RULES & TABLES 


for the use of Marine Engineers, Naval Architects, Designers, Draughtsmen, Superintendents and others. 
SEA’ M, ROUNTHWAITE, 


Leather. &s. 6c. net. 


1.1. Mech. E., &c. 


“The Best Book of its kind, both oth up-to-date and reliable." —Engineer. 





Seconp Eprrion, Revised and Enlarged. Frontispiece in os egg and Beautiful Series of 
Photo-Micrographs. 12s. 6d. 


ALLOYS AND THEIR INDUSTRIAL APPLICATIONS. 


av ve Mr amount —yy information a _ ry appreciated by student and ménutad turer 
4580 





LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND. 





Locomotives in Stock.— 


KERR, STUART & OO., Lip., have in stovk 
or in an. advanced’ state of progress at their 
California Works, Stoke-on-Trent, a large number of 
——s ES, with cylinders | from 5 in. to 16 in. 

clusive), for all “yr from 18 in. to 
«fh. Apely w KERE, Sta RT & OCO., 


1, Broad Street P 
Bellis & “Morcom 


Fer Sale, 

Two Crank Compound Vertical Enclosed Forced 
Lubrication ENGINE, cy}inders 9 in.,and 15} in. by 
? in, stroke, capable of fe eloping 125 B. HP., 525 reva, 
140 Ibs. steam pressure when exhausting to atmos 
phere. —Address, B 742, Offices of ENGINEERING. 





or Sale, One Six - wheel 


Coupled, SADDLE TANK LOCOMOTIVE, 
with inside cylinders 18 in. dia. by 18 in. stroke, 
— for working pressure of 140 Ib, per square 
inc 

Wheel base 11 ft, 6 in., 
weight about 23 tons. 
Makers, Manning, Wardle & Oo., Ltd., Leeds. 
Can be inspected under steam by appointment. 
_ Address, B 738, Offices ot ENGINEERING. 


diameter of wheels 3 ft., 





Fo Sale, Newton Vertical 


Drilling, Tapping, Boring and Vertical MILLING 
MAOHINE; diameter of spindle 4} in., with No, 4 
Morse taper ; travel 2 ft. 6in., three power feeds to 
spindle for drilling and borin , power feed for vertical 
milling and quick return, ertical adjustment 6 ft., 
longitudinal 3 ft. Column is marked om base in 
degrees; can be arranged for motor drive, Lifting 
shackles fitted so that the whole machine can be 
moved about from one part of the shop to another.— 
Address, B 747, Offices of Enoinnerte. 


rassfinishers’ Lathes for 


SALE.—Two 6 in. Cooper's single geared, with 
ter-shaft. Also Double-headed MILLING 














Che Broadway Series of Engineering Wandbooks.—Vorume XIV. jh 


LA TEES 


Their Construction and Operation. 
By G. W. BURLEY, Wh. Ex., A M.1.M.E. 
Narrow Crown 8vo. (4}in. by 7}in. Pocker Size). 


Price 3s. 6a. net. (post free, 3s. 9d. home; 4s. abroad). Cash with Order. 


Contents of this Work, and full particulars of any other Volume 
in “THE BROADWAY SERIES OF ENGINEERING 4141 
HANDBOOKS,” sent post free on application to the Publishers, 


\ SCOTT, GREENWOOD @ SON, 8, Broadway, Ludgate, London, E.C. $4 


244 Paces, 200 Illustrations. 














By Post U.K., 14s. 6d. 


has been collated, 


Lonpon : 





Imperial 4to., xii., 104 pages, Cloth ‘Gilt. 


Price 14s, net. 
By Post Abroad, 15s. 2d. 


DIE FORGING 


AND 


THE CONSTRUCTION OF DIES 
By JOSEPH G. HORNER, ,A.M.I. Mech. E. ; 


Wirn 778 ILLUSTRATIONS. 


This Volume is based upon various articles which have appeared in ‘‘ ENervezrine,” but the matter 
re-arranged under suitable headings and revised. This is the only attempt yet 
made to deal with the subject of Die Forging in a comprehensive and fairly exhaustive manner. 


Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 
AND ALL BOOKSELLERS. 














W heatley Kirk, Price & Co. 


(Established 1850.) 


Auctioneers 
AND VALUERS OF 4338 
ENGINEERING WORKS PLANT AND STOOK, 
46, WATLING STREET, LONDON, E.C. 








FOR SALE. 


team (4; 82%) Boilers. _ 


Vertical, Loco., Cornish, Launch, Field-tube ; also 
Air Receivers, Feed-Water Heaters, ‘Oylinders, &e.— 
Tue GRANTHAM BOILER AND Crank Co., Ltp., Grantham. 


[ pcomotives.—In Stock, for 








MACHINE. All Smith & Coventry's make.— Apply, 
WOOD & CAIRNS, Lrv., 46, West Register Street, 
Edinburgh. B771 


Self. contained, Steam Driven 


SURFACE CONDENSING PLANT FOR — 
Edwards type Air Pumps. Cylindrical one 
460 square feet. Complete with Centrifu =p 
and Oil Se tor. Has recently been wor By dis- 
placed by larger plant. Can be seen in Midlands — 
Address, | B 789, Offices of Enornexrine. 


Fo. ‘Sale.—20 in. by. 120 in. 


HEAVY PLAIN GRINDING MACHINE 
(Churchill), overhead drive, wheel 80 in. by 4§ in’ 
face. Splendid machine, and very little used. 
THREE LARGE VERTICAL, DOUBLE-GEARED, 
SELF -ACTING STAND DRILLING MACHINES, 
3 in. spindle, admits 4 ft. First-class working 
order. DOVE-TAILING MACHINE (Robinson's), 
suitable for dove-tailing up to 24 in. wide, and up 
to 1} in. thick, 1 in. pitch. (Suit firm manufac- 
turing ammunition boxes) 10-in. stroke SLOTTING 
MACHINE, table 24 in. diameter. 46-in, stroke 
SLOTTING MACHINE, table 16 in. diameter. 

Prices and further particulars on application. 
a by appointment. 

ARSHALL, SONS & COMPANY, Lrp., 

M Srttenaie Tronworks, Gainsborough. B 731 | 











FOR SALE. 

Whitaker Steam-hammer PILE DRIVER, mounted on 
swivelling carriage, wrought ladder 27 ft. long, 
telescopic leader 88 ft. 9 in. long, steam-driven 
monkey, 20 cwt. weight, horiz. boiler with brass 
tubes. 

Two 10-ton Ruston Proctor STEAM NAVVIES, 
gauges 4 ft. 8} in. and 10 ft, 9 in., bucket about 
2 cubic yards capacity, vertical boiler for 80 Ib. 
working press. 

5-ton Steam Loco. CRANE, by Messrs. Whitaker 
Bros,, Ltd., with 80 ft. steel latticed derrickin 

mm gauges 4 ft. &4 in. and 7 ft., vertical pony 4 . 
by 3 ft. 6 in. diam., passed for 70 Ib. 
working press. 

8-ton Steam Loco. CRANE, by Messrs. Thos. Smith 
and Sons, Ltd., with new steel latticed derrickin 
about 24 ft. long, new race wheel, new vertionl 
poiler 7 ft. 6 in. high by 3 ft, 3 in. dlam., for 801b. 
working press. 

ATALOGUE of Stock MACHINERY, 2—3000 LOTS 
free on ey 4553 Ingpection invited, 
HOS. W. WARD, LTD., ALBION WORKS 

Tel. : Forward, Sheffield.” SHEFFIELD, 











MISCELLANEOUS. 
art Use of an Office in 








of Sale i. : : “id : 
, . 26, COLLINGWOOD S8T., immediate delivery, two 16 in. Six-coupled 
C.telogues on application to * yomomewal . N On-TYNn. ENGINES, standard gau e, highest class workman- Victoria Street, Westminster, §.W., with use 
STEVENS’ AUCTION ROOMS, B 734 Maycan tebyewgpwd ship and materials.—Full particulars from YORK- | of telephone, desks, &. Well fitted and central.— 
King Street, Covent Garden, London, W.O. Telephones & Telegrams at each Address. SHIRE ENGINE CO., Lp., Sheffield. B 769 | Address, B 738, Offices of Enauveurine. ff 
= —_—_—_— 








ENQUIRIES 





Our 


further work. 


é 
? 


INVITED FOR 





for CONSTRUCTIONAL IRONWORK an 

These shops are suitable for any type of 

or steel structures with or without cast work. 
ENQUIRIES INVITED. 


onstructional Ironwork. 


PREFERENCE GIVEN TO WAR WORK. 
Our Engine Shops are occupied with important contracts for Munitions of War. 
Workshops 


CROSSLEY BROTHERS, Ltd., Openshaw, MANCHESTER. 


built up wrot-iron 


still undertake 








4 


ENGINEERING. 


[Jone 25, 1915. 








BULL'S METAL & MELLOID CO. 


Hap Orrics axp 
YORER, near GLASGOW. 
Tuirerans : bo wag 


BULL'S METAL.—Propellers, Sheets, Pump 
Rods, Vaive Spindles, Condenser 1 Baysand ood Phiten a 
MELLOID. Neng 3 Trade Mark ted). —Oon: 
denser Tubes, Plates am Stays, Boiler Tubes, Sta; 
and Plates, Fire-box P tes, Bars, Sheets, Valves, ae 
WHITE MOT ALS. Babbitte Plastic, &. 








WILLANS - DIESEL 


OIL ENGINES. 


Full particulars from— 


WILLANS & ROBINSON Lo 


VICTORIA WORKS, RUGB 








Bee Advertisement 


HALL PUMmps 


FOR ALL CLASSES OF BOILER FEEDING, &o., &o. 


J. P. HALL* SONS, L?- 


PETERBOROUGH. 


Dam 


GLOVER- CL" 
RAFFORD PARK: MANCHESTER 
d [TANS CABLES, MA) ‘STER. 


Machine Cut Gear Wheels 
THE REID GEAR CO., 


4186 
LINWOOD, near PAISLEY. 


BATEMAN 


See last week’s issue. 
WARD, HAGGAS & SMITH, Keighley. 


PLANERS. 
The Weak Spot | 


56, June 13. 
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with most Air Compressors is 

Write for full details of the Scott's he 
Air Compressor, with the practically in- 
destructible ball valve, to ISAAC STOREY 
& SONS, Ltd. (Branch of United Brass- 
founders and Engineers, Ltd.), Empress 
Foundry, Manchester, Eng. 


TEAK 








SEASONED TEAKWOOD, f fro 
Defects, and of the 
to sizes. Send v 

ments and let us 
compare favou 


HUGHES, BOLCKOW & 60. LID., 


Timber Dept. C. 


Battleship Wharf, Blyth, Northumberland: 2 


SS aE aa 
™e STANDARD ENCINEERING 


co., LTD., 
LEICESTER and LONDON. 


ory finest des 
specificatic of your require- 
quote you prices which will 
rably with new Teak Apply, 











for INDUCED DRAUGHT, 
DRYING, VENTILATING, 


FANS DUST EXHAUSTING, &c. 





28 
:H.M. Ministry of Munitions. 


MACHINE TOOL DEPARTMENT, 
Armament Buildings, Whitehall Place, S.W. 


Telephone: Victoria 8700. 





Telegraphic Address: “Herbert, care of 
Armament Buildings, London.” 





FIRMS REQUIRING DELIVERY OF MACHINE TOOLS 
FOR URGENT GOVERNMENT WORK are invited to com- 
municate with this Department, stating for which Government Department 
or what Government Contractors they are working. 





This Department desires to complete its list of Machine Tool Makers. 


Any Machine Tool Makers who are not already in communication 
with this Department are invited to send particulars of the class of 
work on which they specialise. B 525 


Tubes, Wire, Sheets, Rings, Cartridge Metal, Cups, Gilding Metal, &c. 


HENRI BENEDICTUS, 


Suffolk House, §, LAURENCE POUNTNEY HILL, E.C. 














Telegrams : 4660 


* Enebirne, Cannon.” 


Telephone: 6169 City. 


| 
J 





J. &E. HALL, Ltp., 


Makers of CO, and NH, 


Refrigerating Machines ‘ 
Hallford Motor Vehicles 


10, St. Swrrni’s Laws, Lornor, EC., and Darrronp, Kerr, 


qe 


MACHINE TOOLS. 


ENGEL WORKS, GUILDFORD, SURREY. 


Ransome-verMehr Machinery C0. 


505, BRUNSWICK HOUSE, LONDON, S.W. 


WATER FILTERS.  GONGRETE MIXERS. 
STEEL PILING. PILE EXTRACTORS. 
STONE DRYERS ano TAR-MACADAM MIXERS. 


See pn EN Advert. Alternate Weeks. 4158 


gE/ mn -@ V. NOTCH | 


v ATER 
The Lea Recorder Oo. p Tho Lea Recorder Co. 1.4.,98, Deansgate, Manchester 




















RECORDERS 





EaaNWAW’sS 


NON-CONDUCTINC COVERINGS 


are the best for 4349 
Boilers, Steam Pipes and all Heated Surfaces. 
Bpecial Cork Coverings for Refrigerating Plant, &. 
Anmaeu Worxs, Bow, Lonvon, E. (Phone, East 3485). 
Gr. WELLINGTON Sr., Guaseow. (‘Phone, 2068 South). 











Franco-British Trading Co. |i. 


ACIERS, OUTILS, MACHINES, &c. 
Head. Office—66, VICTORIA STREET, LONDON, S.W. 


Telegraphic Address—‘‘EFFRABRITA, SOWEST, LONDON.” 
Telephone—VICTORIA, 8183. 
Codes used—A BC (Sth Edition). LIEBERS and PRIVATE. 


Branch Offices—PARIS. MILAN. MADRID. 





AGENCIES— 
ITALY | PORTUGAL 
SPAIN | GREECE 
AnD BritisH COLONIES. 


FRANCE 
RUSSIA 


ARGENTINE 
BRAZIL 


Correspondance en Russe, Francais, Italien et Espagnol. 
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BRACKET FOLDED 








- 
- 

= 
- 

Lt (20%r TOP rp TAKE TWO SCAFFOLD 


"FOR SALE 
OR HIRE” 


. 
4 

- \] 
> = ‘ . ) 
BUILDER'S LADDERS” 


‘ 




















PARSON’S GREEN, FULHAM, 
LONDON, S.W. 


ZYNKARA 60., L".. 


= Side, Newcastle-on-Tyne. 
Perfect and Economical 


f 
PRESER VATIVE of Steam Boilers 
against Corrosion & Incrustation. 


VALYES! 


TURNBULL’S SAFETY, STOP, CHECK, SLUICE, 
AND REDUCING VALVES. 01 1664 


SEND FOR VALVE SHEET. 


ALEX. TURNBULL &CO. , Ld., Bishopbriggs. 


Telegraph—YValve, Glasgow. Codes—Western Union & A BC. 


VICKERS' 


SYSTEM 




















AWA © SIMPLE 
ARS eta 
No vate Used 


BENJN. R. VICKERS & SONS**LEEDS 








“VULCAN” 
ELECTRIC DRILLS. 





THE WESTMINSTER TOOL & ELECTRIC 6O., 


Suffolk House, Laurence Pountney Hill, 














Cannon Street, LONDON, E.C. 4374 | — 
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ter, W. H., Lid. 
Bayliss, Jones & Bayliss, 
Lta. 


Beardmore, Wim., "8 Co., 4. 3 


Beardskaw, J., & Son, Ltd. 

Beebee, A. 

Beldam Packing rs Rubber 
Co., Ltd. 

Bellamy, John, Lia. : se 

Bellies & Morcom, Ltd. . 

Bell's United Asbestos Co., > 

Ltd. 


pasar Henri. 


Bergius Launch & ‘rae Co. 


id. 21 | Geabtore 8 On, 


Brett's Patent Lifter ©o., 


Ltd. ee 
British Commercial Gas 


Association 
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British Hele-Shaw Patent 


- — a Shemale Seta Co., 
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Burckhardt Eng. Works, Ld. 7 
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Burton, C.W., Griffiths&Co. 5 
| Butters Bros. & Co... .. 
Butt Bros. —_ oe 
| Caird & Rayner .. 
Cammell Laird & Co., Ltd. 
Campbell & Caiderwood 
| Campbell Gas Engine o., 


| Campbelis & Hunter, “Ltd. 
Canning, » & Co. 
Churchill, C., & Co., Lid. 

| Clarke, Chapman &0o., La, 
Clay Cross . 
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Engineering Supplies, I ta. 
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Fairley, pny 
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Cole, Henry A., & Co., Ltd. 
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Saeeae Co., Ltd. 
25 | Consulting Patent Agency, 
14 Cottam, E., & Co.,, 





4 Coventry Ordnance Works 
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Gilman, Frank ~ 
° | Glasgow Railway” ‘ing. o., oe 
& Donald, Ltd. | Ltd. 
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h, & Bons, Lid. 
5 | 


Preston Go., Ltd. ¢ 
ie 
gi 


ro ADYOVAERHRTTISrMINTsS. 


Hilles & Jones Company .. 
Hindley, E. 8., & Sons 
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Holden & Brooke, Ltd. 
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Howell & Taang. 
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Hughes, Bolckow & Co., Ltd. 
Hulburd Eng. Co., 
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Hunt & Mitton, I. 
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Incandescent HeatCo., Ltd. 
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& Telegraph Wks. Co., Ld. 
Interlock Metal Hose Co. 
Jackson Boilers Limited .. 
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Mander Brothers 
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Motherwell Iron & Steel Co. 
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, Ltd. 
United Water Bofteners, Lad. 
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Sulzer Bros. .. «. «. «+ 

Sunderland Forge & Eng. o., 

Superheater Units, Lia. 
Bros, 


| Mountford, Fredk., Ltd. .. 


Co. 
Graphite Products, &3 | Muir, Wm., —s Ltda. .. 
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Greaves, Bull & | akin, Ltd. 
Greene, Tweed & Co... .. 
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Robey & Co., Lea.” 

Robi: Bona, I 
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Mumford, A G., Ltd. 1& Robson, E., Capper &Co., Id. Suteli ) 
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SPECIAL NOTICE.—The APRIL EDITION of The Classified Directory of Current Advertisements in ENGINEERING, with a List of Telegraphic 
Addresses, &c., &c., to same, in compact book form for handy reference, may now be obtained gratis from the Publisher. 


79 | Daniels, T. H.&J., Ltd.!. 78 
1 | Darling & Beliere, Lta. 60 & 53 
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Kennicott Water SoftenerCo. 7 
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Reduces COAL Bills — saves TIME & TUBES. 


ee 


Supplied on Seven 
Day’s TRIAL. 








Ramoneur 


Boiler-Tube Cleaner 


will keep your boiler-tubes thoroughly clean—thus saving fuel and increasing 
efficiency. The ‘‘ RAMONEUR” removes all SOOT and ASHES from flues 
without shutting down boiler—operation takes about two seconds per tube, 
and process is quite dry. It is adaptable for all classes of tubular boilers, 
and recommended by many Engineers, Railway and Steamship Co.’s, &c. particulars. 


W. H. WILLCOX @& CO., LTD. Southwark Street, LONDON. 


STUUUULUUUDAAUUAUAUUUTUCAUU AACA EAA 


GEORGE! EM.L.51OT & OO., I.7™2-: 


MANUFACTURERS OF PATENT 


LOCKED WIRE ROPES AND LANG'S LAY WIRE ROPES, 


And other Wire Ropes for Mines, Cranes, Lightning Conductors, Hawsers, &c. 
OFFICE: 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 


THE WILLCOX- RAMONEUR 
TUBE CLEANING 
APPARATUS 
FOR REMOVING SOOT 4 ASHES 


Te 
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= 
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Write to-day 
for detailed 


5 
= 
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Prices on 


Application 


m8 
EMPIRE WORES, 


LTD» BRADFORD. 


CROFT & PERKIN 
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60-in. BAND RE-SAW 


for timber up to 18 in. deep by 10 in. wide. 













This BAND RE-SAW is the finest at 
present on the market, and is capable of 
a very large output. 


*)\ A. RANSOME & CO., Lto., 


ee NEWARK-ON-TRENT, 


ENGLAND. 


LONDON OFFICE :—63, Queen Victoria Street, E.C. 





Write to Dept. “D” —oacuo 
for particulars of this machine. 


WOOD -WORKING and SAW- 
MILL MACHINERY 


of the most substantial build, for 
dealing with the hardest woods, 
a great Speciality. 























“WOODITE”. WORKS, MITCHAM COMMON, SURREY. 















































NOTICE to ENGINEERS, TEAM USERS and RN a “WOODITE” articles can now be obtained with the utmost oe. “WOODITE” has stood the severest 
test for six years. No "=" } in rales i") it = Steam or Electrical Purposes, and other appliances ; has stood every test up to 40,000 volts for 1/8 in. sheet, without breaking down, by the London Electric 
Light Corporation and others. Ram “U” Hat Joint and Packing Rings, Pump Cups, Gaskets, Manholes, Valves, Sheetin, and all other Goods which have hitherto been manufactured in India Rubber, Leather, &c., can 
now be made of “ “WooD: Od 1648 
UJ 2 BI N ES (LYNDE & CALTHROP’S PATENTS.) 4542 
The Vibrocel System of Floatable Monolithic Sea Walls for Harbour Construction and 
AND 4459 the Prevention of Coast Erosion, sunk upon any foundation in any depth of water ; for 
dams, for irrigation and power purposes ; for storage tanks and oil reservoirs, &c., &c., has 
Pelton Wheels been Patented throughout the World. Concrete rendered non-perous and crushing strain 
* increased by nearly 100%. . Cost per cube yard of the work less than by any other system. 
For particulars apply :— CaBie Appress: ‘ VIBROCELLO. ’ 
ELDON STREET HOUSE, TELEPHONE : 
W. GUNTHER & SONS, THE VIBROCEL COMPANY, LTD., ELDON STREET—— E.C. | Lonpon WALL 2431. 
GenTRAL Worxs, OLDHAM. Gunther-Francis Turbine with O11 Governor. 





30 TONS. 
ALSO up TO 30 © 


IRON & STEEL BARS, 


Rounds, Squares, Flats, Tees, 
Angles, Numerous Sections, 


GRAIN 
BOLTS & NUTS, &c. 
IRON FENCING & GATES, &. 


ROLLS. 


Bayuiss, JONES & BAYLISS Ltp, WOLVERHAMPTON & LONDON, E.C. 
Khe ke temt Lightmins 


&.. 
% The Simplest, the Most Powerful, the Most Rapid Pulverizing “Machine on the Market. 


AND 




















GREAT OUTPUT BDCoOoNnNomTZT oF Wo hsBincG. 4271 
Unequalled for the treatment of MINERAL ORES, SHINGLH, LIMESTONE, &c., &c. &c, 


400, CITY. THE PATENT LIGHTNING CRUSHER CO., Ltd., ™ ®esebe"y Arson Ga mn Bont 
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BUCKET DREDGERS, SUCTION PUMP 


HOPPER and BARGE LOADING, BOW DREDGERS 
and STERN WELL. [ S ISCHARGE INTO THEIR OWN 
RS, INTO BARGES, or ASHORE 





COMBINED BUCKET And OFTHROUGH FLOATING PIPES. 





wit SYERMA a ET Lo vED CUTTER TRAILING SUCTION 
ROTARY CUTTERS for CLAY and HARD HOPPER HOPPER DREDGERS. 
MATERIALS. 








NEW BUCKETS, LINKS, PINS, GEAR- 


HOPPER BARGES, TUGS, and FERRY D ING, &c., SUPPLIED FOR EXISTING 
STEAMERS. D G DREDGERS. 


ESTABLISHED ... - 1878. LONDON OFFICE : 9, Fenchurch b ive. E.C, 


| FLEMING & FERGUSON, e- PAISLEY, a.asaow. | 





























The SCHMIDT SUPERHEATER for LOCOMOTIVES 


More: than 28,,5O0O0O (fitted on over 42990 Railways. 
AS ADOPTED BY THE LONDON & NORTH-WESTERN RAILWAY. 


SCHMIDT’S SUPERHEATING CO. (1910), Litd., =~ Victoria Street, WESTMINSTER, S.W. 
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local 


|CRANES 


OF EVERY 
DESCRIPTION. 

















“Temperley” 
Transporters. 


4508 


HYDRAULIC 
ae | MACHINERY. 


SIR WILLIAM ARROL & CO., Ltd., 85, Preston Street Bridgeton, Glasgow. 


56, VICTORIA STREET, LONDON, S.W. 
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RONALD TRIST 8 €0., Ld: 


4, Lioyd’s Avenue, LONDON, E.C, 
Engineering Specialities. 


‘*THERMOFEED” Regulator 
or Boiler Feed Controller, 
** THERMOFEED" Pressure Governor, 
RUBYGAGE Indicator. 4214 
S.E.A. RINGS 
Pump and Engine Packing. 
Pistons and Jointing. 
Daniel's P.P.P, Rod Packing. 


Branches at M hester, Gi 


. 











and Paris. 


“SIMPLEX” 
STEAM PUMPS 














HORIZONTAL & VERTICAL TYPES. 
Positive Action. All Duties, Moderate Prices. 
MOST SIZES READY IN STOCK. 


T. TOWARD & CO., LTD.. 


9, Ouseburn, NEWCASTLE-ON-TYNE. 9606 


SCHAFFER & BUDENBERG 


BROADHEATH, Near MANCHESTER. 


LONDON, E.C GLASGOW 
Tia, Queen Victoria btreet 5, Wellington Street. 








\ 


M, kers of Pressure Gauges and High 
Class Engine and Boiler Fittings. 


Boiler Feed Pumps. Sluice Valves. 

Control Watches, Steam Meters. 

Counters. Steam Traps. 

Indicators. Stop Valves. 

Injectors. ‘Tachometers. 

jena Gauge Glasses, Test Pumps. 
ubricators. Thermometers, &c. 


Recording Instruments for Pressure 
Temperature and Speed. 











SUVA TA EEE TET 


Ammunition 
Boxes. HNNUUUANLUUUUUUNENUUUUHotENAaAatN 


SILVER SPRUCE, 
AMERICAN BLACK 


SUT 


WALNUT, 
HAZEL PINE 
BOARDS. 


= 
= 
= 
= 
>= 
=> 
> 
>= 
= 
= 
= 
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TUCO LCCC 


Requirements, 
lL 


MM MM, 
ZINC “MM yy My 
SHERTS and My 
TERNE PLATES MMi, 
IN STOCK. “iy 


JAMES W. SOUTHERN & SON, Ld., 
STORE STREET, MANCHESTER. 


=> 
= 








HAMMERED 
CAST IRON 
PISTON RINGS 


tm OUR 
Special Piston Ring Iron 
(by the Davy-Robertson 


Patent Process). 
All sizes from 2% in. 
to 72 in. 


Quick Delivery. 
Low Prices. 






The Standard Piston Ring 
& Engineering Co., 


LaD., 
Premier Works, 
Don Road, 


SHEFFIELD. 


4446 


Telephone: 
No. 2149. 


Telegrams: 
Ocean, 
Sheffield. 








oe 


ano 0., 


Sole Manufacturers, 


Westminster, 


LONDON, 8.W. 


JUST A MOMENT! 


If you knew of a packing that would 
positively last longer than the ore 
you are now using would you not 
adopt it? 


“PALMETTO” 


PACKING 
IS MADE TO GIVE LONG SERVICE. 


We are anxious to prove that 
“Palmetto” has lasting qualities 
unknown to other packings. 


What size packing may we 
send you as @ 
free working sample? 


GREENE, TWEED 


Queen Anne’s Chambers, 








MAKERS OF 


CONVEYING PLANTS, } 


GOODALL 


CLAYTONG GL” 


LEEDS. 


4 =, GAS & 
COLLIERY PLANTS. 








STEEL 
TANKS 


AIR RECEIVERS. 
PLATING VATS. 
SWITCH BOXES. 
TUBULAR TRANSFORMER 
HARDENING POTS. (TANKS. 
ELEVATOR BUCKETS. 
STEAM JACKET PANS. 

HOT WATER BOILERS. 





R. JENKINS & CO., Ze. 1856. 























Code : 


M’NEIL’S PATENT MANHOLE & SLUDGE DOORS 


Soesicn hm + - mm Boilers, 0% and 
when a fi ae ten yoy 


7 

io ae oir nore cies 
Ballast Tanks 
- siateotieas ar — 


Kinning Park Ironworks 
&Hydraulic Forge, 4 


CLASCOW. 





Telegrams—MAc¥EiL, GLascow. 

Sth Edition, A BC. 

Engineering Telegraph Code 
2nd Edi 


tion. 





ROTHERHAM, Ena 4578 








THE NEW ALL-STEEL TYPE A 


Scatoscalo Pneumatic Tool. 





For Scaling and Removing Rust from ALL 1YPES 
of Boilers, Tanks, Ships’ Bottoms, Bridges, Girders, 
Roofs, Railway Wagons, &., &c. 

As Supplied to the Admiralty and New South Wales Government. 


For Full Particulars apply to— 4342 
FRANE GILMAN, 
(Sole Maker), 


LIGHTWOODS, BIRMINGHAM. 





TAPER PINS 
MACHINED PARTS, 
COTTERS, BOLTS, 

NUTS, &c. 


FREDk. MOUNTFORD, Ltd., 
Fremo Works, 


BIRMINGHAM. 


overnors 


(PICKERING TYPE), and with 
““SMITH’S” PATENT KNOCK-OFF CEAR. 


























Simple. Efficient. 
Jockey Pulley abandoned. 
Operates should Governor stop 
from any cause. 





Sole Licensees and Makers :— 


Mp Pollock, Macnab & Highgate 
SHETTLESTON, 4218 
GLASGOoOw. 
Makers to War Office | Office and Admiralty. 


—orokK 


Positive LOCK 


WASHERS 


Prevent Vibration. 


The only perfect aay 
device on marke 





Avoid imitations 
by specifying ‘KOLOK.’ 


\ POSITIVE LOCE 
WASHER CO, 








2-8, James Watt 8t., 
GLASGOW. 4202 
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For Works Dining Rooms. 


Firms employing a large staff of workers 
must have a good supply of hot water, for 
making tea and coffee and also for 
washing-up &c. 


The “Jackson” Boiler produces a steady 
flow of boiling water four minutes after the 
gas is lighted, consumes very little gas, 
cannot burst or boil dry and lasts for years 
without requiring repairs. 


The following huge industrial concerns, 
among many others, use the “Jackson” 
Patent Water Boiler for their Mess Rooms: 


Messrs. HOWARD & BULLOUGH, LTD., 





Accrington. (18) 


THE LoNDON GENERAL OMNIBUS Co., LTD., London. (12) 
MEssrs. HADFIELD’s STEEL WORKS, LTD,, Sheffield. (7) 
MEssRs. FAIRBAIRN, MACPHERSON & Co., LTD., Leeds. 

Messrs. NASMYTH, WILSON & Co., LTD., Manchester, 
Messrs. W. & R. Jacos & Co., LTp., Liverpool. 


THE CO-OPERATIVE WHOLESALE SOCIETY, LTD., Manchester. 
Messrs. Wm. Briccs & Co., Ltp., of Manchester, writes as follows: 


“Replying to your favour of the 12th inst., respecting the boiler which was fixed 
recently, we are glad to say that this is working satisfactorily, and we find it much 
more convenient than the old fashioned boiler which we had previously.” 


Jackson BorLers LIMITED 
g1 Leicester Place, LEEDS. 


Write for Catalogue to Dept. G6. 








: 


260 BRITISH WARSHIPS 


have been equipped with 





Centrifugal Fans. 


4378 


Davidson & Co., Ltd., 


Sirocco Works, BELFAST. 
































If your ropes slip you are losing power and wearing out 
ropes without receiving any benefit in return. 


FRASER’S ROPE PULLEYS prevent slip, reduce the 
cost of up-keep in ropes and lessen your power bill. 


They are made on scientific principles, every detail receives 
the most careful attention, and the result is a high-class 
pulley that drives smoothly, evenly and steadily with no 
undue tension on the ropes. 


Ask for our advice on your rope-driving difficulties—and 
mention “ Engineering.” 


. 
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DOUGLAS FRASER & SONS, LTD., 


Westburn Foundry Arbroath, N.B. 




















Cellulose-Acetate 


(Acetone-soluble, British Patent No. 19330/1905) 


For samples and_ prices 
apply to the Manufacturers 


KODAK LIMITED 


Kodak Works, Wealdstone, Middlesex. 























HOT WATEr 
CYLINDRICAL 


WROUGHT-IRON PLATE WORK, BLACK OR GALVANIZED, 
STEEL CHIMNEY AND VENTILATING SHAFTS, &e. 














ENGINE 





ERING. [JUNE 25, IQI5. 








GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT, 
CYCLOPS WORKS, 


BEDFORD. 


OMY 





Telegrams— 
Grafton, Bedford. 






WS 








Illustrated Descriptive Price List free on “a 


SILVER MEDAL, panes Exhibition, London, 1885, GOLD MEDAL. Paris, ne 
KaGRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 
| § GRAND PRIX, Buenos Aires Exhibition, 1910. 


4335 








BUY “TWINK” LATHES 


"AND BE SURE OF SATISFACTION. 





Pe /PARKINSON & ‘SOK, 


SHIPLEY, Eng. 














, = 





YE ARS ~ 


In the year 1908 the Widnes and Runcorn 
FREE 
TO THOSE =a | 
SHALL BE PLEASED TO 
SEND A FREE SAMPLE ON 
RECEIPT OF COUPON, 





Transporter Bridge was painted by us with 
ANTI-CORROSIVE COMPOSITION, which we 
manufacture specially for this purpose, and 
now, after 7 YEARS weathering and chemical 
fumes, it has only needed touching up in one 
or two places, just recently. 
Can this be said of any other Paint ? 
EMPHATICALLY NO! 


3456 








To 
H. Davison 
& Sons, Ltd., 
Magull St., Liverpoon, 
Dear Sirs, 














H. DAVISON & SONS, Litd., You may send me a Free Sample 
M u5S LIVERPOOL. Tin of your Anti-Corrosive Composition, 
NAME 
Please = 
a and p Pap Firw’s Name 
in envelope. Ayenues 














STEAM CRANES, 
\ OVERHEAD ELECTRIC CRANES. 











London 


HENRY. COLES Ld y rane Works, 


Derby. 








HIGCINBOTTOM s MANNOGK, L®. 


Crown Iron Works, West Gorton, 
MANCHESTER. 


Telegrams:—CROWN, GORTONBROOK. 








Electric Cranes, Hoists, Capstans, Winches, Traversers, Transporters, 
Hauling Machinery and Hand Cranes, Hand and Power Runways, 


Arcupaco EDMESTON « SONS, 


PA TRICHRO.E TT. LIMITED. 


PATENT FRIGTION CLUTCH. 


300,000 HP. IN SUCCESSFUL OPERATION. 
INVALUABLE FOR DRIVING: 4596 


Mining Machinery & Haulage Concrete and Brick-making 
Saw Mills, Machinery, Flour Mills, 
Electric Light and Textile Machinery, 











Power. and Mine Gearing 
Generally. 
FOR 
STARTING] 


GAS 


& OlL 
ENGINES. 


FOR 
COUPLING 


SHAFT-ENDS. 
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JOH OAKEY & SONS, Lita. GEORGE FLETCHER & CO.,LTD. 


EMERY CLOTH, For all Purposes. | SPECIALISTS IN DERE . 


"yommeret smear ee & FLINT PAPERS, § COLLIERY, MINING an CEMENT 


LONDON, SE. BLACK LEAD, &o. 
WORKS PLANT. 
KELVIN MARINE MOTORS JAW CRUSHERS. ROLL CRUSHERS. 


PETROL OR PARAFFIN, 
6 TO 60 HP. TO PASS LLOYDS AND B.O.T. 


11 

















Also for all kinds of 


STATIONARY WORK, PUMPS, COMPRESSORS, en 


BETO 


The Bergius Launch & Engine Co., 


254, DOBBIES LOAN, GLASGOW. 


nhac 5 — FANS 








ALL STEEL ROLL CRUSHERS. 











Send us your Enquiries. = 





LONDON OFFICE—21, — LANE. 











TELEGkams AMARILLA, DERBY. ‘Goat Amartlia, Fete Londo 
ve ; ™ = : | HIGH-SPERD ENGINES. 
| ee te ror mia ema. | Mk OF Yoh-q:\ eo) 217 VA ae 


VERTISEMENT gn hy en 
FORCED & INDUCED DRAFT. Ses Aue 


Dust memovat, peyinc,| MPLA 09 gd eee tn 5 a 


” LONDON, E.C 
&e. 











Expert Advice and Quotations on 
Application. Write fer Catalogue E. 


BELFAST. 
42, Deansgate, MANCHESTER. - 
85, Maddox St., LONDON, W. 
2, phe jueen = Sivest, — 
i And HARD MAKE-UP 
“Du UDBRI DG a FEED SOFTENERS. 


CAS:OIL ENGINES. 














Patentees and Sole Makers: 


WRIGHT'S FORGE ano 


LONOON OFF 


| ENGINEERING Go., Lr. 
a} TIPTON, stares. 


AND AT 57, BISHOPSGATE, 
LONDON, EC. 





PLEASE SEND 
US YOUR xs 


The Duhiate bes Works lid Stroud. Gloucestershire EN QU IRIES. fs HORIZONTAL RECTANGULAR TYPE. 


‘ salma ss 


SSS a 
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“HAL LSIDE” 


CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD STEEL PLATES, ANGLES, Zed Bare, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes. 


metas of all kinds and largest sizes for Ship Stems, 
Sterns, Posts. Anchors, Rudders, &c. 


RAILS, BILLETS, FORGINGS. 


AXLES of highest quality, to meet the requirements of Home 
and Colonial Rai ways. 


TYRES.—Locomotive Carriage and Wagon, toall requirements. 
SPECIAL STEEL of all kinds for constructive purposes. 


STEEL COMPANY wt SCOTLAND 





23, ROYAL EXCHANGE SQUARE, LIMITED 
GLASGOW. 
TELEGRAPH 
AoorRESS 
STEEL’ G.ascow. m 





All-British 






—— 


j Ufae< = 
' lhe) 








“NATIONAL” Fusible Plugs 


ARE THE BEST AND MOST 


Reliable LOW-WATER 
SAFEGUARD 


IN THE MARKET. 














Suitable for All Classes of 


Internally-Fired Boilers. 
Special Plugs for High Pressures. 


Tue NATIONAL BOILER 


AND 4549 
General Insurance Co., Ld., 


St. Mary's Parsonage, MANCHESTER. 
London : 60, Queen Victoria Street, E.0. 


Illustrated Price List Free. 





Sorewod lin, 1din. 1bin, and 2in. Gas Thread on ad on the Beating _i 
ey a 








I 











EKA OWNS 2 


























TIPE 
dew’ i 


often Je2ak.. 


ne | 





PURO) 
a 7~ 
GY 


~c 





sn’t it a nuisance having to ‘follow up nuts after 


making a joint? But it is inseparable from ordinary 


jointings and sheetings. Only with} 


ermac” 


“Makes or breaks — “ JOINTING 
ust as you want MATERIAL 






is ‘following up’ unnecessary. Directly a joint is made 
with ‘ Permac’ pressure may be turned on, for ‘Permac’ 
stands any pressure. 


Write for a tin. 





THOMAS & BISHOP 
119-125 FINSBURY PAVEMENT London EC: » 


Joints with: > Be Sojntg made 
Spin. pecking - fA with mac 
_—— — a 





never 











PREPRPPI 


0) 


(jo) 



































 —eparesr 
fj 













We) 


ps 








Impervious 

to superheat, 
moisture, 
acid, gas, 
or petrol. 






ie) 


Nothin 
guire 

aknife & 
some boiled 
finseed oil. 





but 











BATES’ 


PATENT “GOLD-MEDAL” SEMI-DIESEL 


OIL ENGINES 

For Crude and Residual Oils. 
16 to 200 B.HP. 

IMMEDIATE DELIVERY. 

As supplied 

to H.M. 
















W. J.BATES & CO. Ltd., DENTON, Manchester. 














TA. METALOSE Wooo. Lonbon. 
«\ Tel. Pamers Green 705. 


FLEXIBLE 


| NTERLOCK 
METAL HOSE Co. 


Office & Works:. RIVER PARK ROAD. 
Woop GREEN. 
LONDON, N. 


BRITISH MADE 


FOR. 


ALL PURPOSES. | 





METALLIC: TUBES 
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SELF 
PROTECTIO 


OR 
WHOLE TRAINS. 


D-C. wo A-C. 
TRACK CIRCUIT 


AND MECHANICAL 
LEVER LOCKING 
A SPECIALITY. 


For Particulars, Schemes, 


The McKENZIE, HOLLAND 
POWER SIGNAL 


58, VICTORIA STREET, 








FOR LIGHT ENGINES 


Apoly to :— 





and Estimates, 


& WESTINGHOUSE 
CO., Ltd., 


LONDON, S.W. 





THE LIFE OF STEELWORK 
IS LENGTHENED 


WHEN IT IS COATED WITH 


“BITUMASTIC” 


(BRAND) 
SOLUTION AND ENAMELS. 


COAL BUNKER 
AT 
LARGE MUNICIPAL 
ELECTRIC LIGHT 
WORKS. 
PRESERVED 
FROM RUST 
AND 


CORROSION 
WITH 


BITUMASTIC” 
(BRAND) 


SOLUTION AND ENAMELS. 
—63—- 


“BITUMASTIC” IS IMPERVIOUS TO 
CHEMICAL FUMES, ATMOSPHERIC CHANGES, &C. 


WILL_ NOT CRACK OR PEEL OFF. 


Write for full particulars to Sole Manufacturers :— 


WAILES DOVE BITUMASTIC L" 



































peg oe Seine, NEWCASTLE-ON-TYNE. 
“ POWERSIG, SOWEST, LONDON.” 4373 VICTORIA 4760 (2 lines). Tel. 4637. 4558 Telegrams: “BITUMASTIC.” 
FRANCIS BERRY & SONS|X “Pats teers OX 


Sowerby Bridge, 





CMTS 














































































| 











Tel, Add, :——“ BERRY8, SOWERBY BRIDGE.” 


Makers of 


CONTRACTORS TO THE ADMIRALTY, INDIA 
and COLONIAL OFFICES, and MOST OF THE 


ENGLAND. 


ESTABLISHED 1832. 


HEAVY 
MACHINE 
TOOLS 


FOREIGN GOVERNMENTS. 


VERTICAL BORING MACHINE spscia.iy 
DesieneD ror Borine Liners or Dixsen O11 


ONE MONTH'S ORDERS 


“PERMUTIT” & “LASSEN-HJORT” 
WATER SOFTENERS & PURIFIERS 


include the following :— 
WAR OFFICE, Army Sanitation Dept., Whitehall, S.W. FIVE PLANTS 











Gallons per Day. 
BABCOCK & WILCOX, Ltd., London, E.C. (for Admiralty) ‘ ‘000 
THAMES PAPER CoO., Ltd. “Purfleet,” Essex et 240,000 
CHISLET COLLIERY CoO., ‘Ltd., Nr. Canterbury: am ; ‘ 168,000 
J. SMITH’S TADCASTER BREWER Y, Tadcaster x i 120,000 
ALBION DROP FORGING CO ti ‘Foleshill, Coventry .. 72,000 
go & WILCOX, Ltd. (for Admiralty) de re. ; 60,000 
R. HODGSON = ey Tr B, Deversey. Yo 4) a “4 - we 72,000 
ORAM aa ree Preworte. Leicester 66,000 
KERSHA = Ci. pees Dyeworks, Leicester (Repeat) 48,000 
SAR EMORE ABELL irm rmingham 57,000 
GEO. GARNETT SS SONS, se AD By dge, Yorks (Repeat) 50,000 
G . N. HICKIN a sat Nottingham oe 50,000 
BROTHERTON & 8S " * a 48,000 
H Ltd. Lion utes Witton, Birmin: ngbam ot - 48,000 
CLARK & CO., Hallcroft Works, Retford ( 15,000 
ieee Po HILL 4 BOOTHBY, Ltd. Tower Sernish Works, 
ot rmingham & ‘7,200 
GLoudES ER oO ODEL LAUNDBY, Stroud (2 (2 Plants) 5,000 
MANLOVE, AL Lets & CO Nott eC toe 15,000 
BABCOCK & WILCOX, Ltd,  t E or Portugal) 28,000 


And Twelve other Pla 


Domestic Water Softening Plants: 
ory anal Vinnipes, ceneat in ae ee 
ewbury 
W RIN RIGH Tbe SONS, Lord Street, Southport 
Mrs. HOLDEN, Bouthport 
C. BULLOCK, 'Esq., 
H. O'BRIEN ie leigh, "Chislehurs Kent 
Mrs, Be anor House, a Kent 
Dade ~4 eee 1 ndon, 8 8.E. 


ALL PLANTS eaivisn "MADE BY BRITISH LABOUR ONLY. 


Annual Sale FIVE TIMES greater than that of any other Water eg 





Write for Estimates to: 


UNITED WATER SOFTENERS, La 


(*“LASSEN-HJORT” and ‘‘PERMUTIT"” PATENTS. 








EwGInes. 4108 





Imperial House, Kingsway, LONDON, W.C. 
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LUBRICATORS. 


GRAVITY, 
HYDROSTATIC, 
HAND and 
MECHANICALLY OPERATED. 


For use on Steam, Gasoline and Oil Engines and 
Air Compressor Cylinders. 

SUBSTANTIALLY CONSTRUCTED.— 
Only the highest grade of material is used; all 
parts are machined to gauge and carefully assembled. 


RELIABLE IN OPERATION.—They will 
maintain the rate of feed to which they are set 
until reservoir is empty, and will not jar apart, 
nor will the feed unset when placed on vibrating 
machinery. 





Try them—you'll adopt them. 








Write for Catalogue. 


The LUNKEN COMPANY, Ld. 


35, Great Dover Street, London, S.E. 
(Factories : Cincinnati, Ohio, U.S.A.) 


Telegraphic Addresses: ‘‘LuNKEN, Lonpon.” = “* LUNKEN, CINCINNATI.” 








4452 





RUBERY, OWEN & CO., 


DARLASTON, SOUTH STAFFORDSHIRE. 











a ANTES 
. ae 


Se a 
“J ve 
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10,000 Gallon per hour Water Softener. 


Supplying a Battery of Boilers in Large Rolling Mills in the Midlands. 


WATER PURIFICATION PLAN Ts. 
Bacterial Treatment for Town Supplies. Filtration and Softening for Industrial Purposes. 








PLEASE SEND US YOUR ENOUIRIES. 3581 























TELEGRAPHIC ADDRESS: 
“‘CRANES, RODLEY.”’ 


SEND US 
YOUR 
ENQUIRIES 
FOR ANY 


ELECTRIC, 
STEAM, 
HAND, &c. 


ALSO 


CAPSTANS. 
ELECTRICAL 
EQUIPMENTS. 


JOSEPH BOOTH & BROS., Ltd., 
RODLEY, LEEDS. 


LONDON OFFICE: s000 
CAXTON HOUSE, WESTMINSTER, S.W. 























CAIRD & RAYNER, 


Admiralty and War Office Contractors. 





PATENT 


EVAPORATOR 


FRESH WATER FEED MAKE-UP 
APPARATUS. 


Approved by Board of Trade for Passenger Ships. 


BOILER FEED PUMPS, 


Vertical Single-Cylinder Direct-Acting 








COMPLETE 


FRESH WATER 


DISTILLING .~ 
INSTALLATIONS 


(All Sizes) 
For LAND or MARINE USE. 


FEED WATER HEATERS. 
FEED WATER FILTERS. 


177, Commercial Road, Limehouse, 


LONDON, E. 


Tel. Address: VAPORIZE, LONDON. 














4043 


Telephone: No. 210, Eastern. 
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LOCO-TYPE BOILERS FOR DREDGERS, RIVER STEAMERS, 


LINDSAY BURNET & CO. 





Specialty: MARINE BOILERS OF ALL 
SIZES FOR SHIPMENT ABROAD. 
CORRHSPONDENCH INVITED. «us 


Address: Moore Park Works, Helen Street, 
GOVAN, GLASGOW. 


































SMOOTH-ON 


TRADE MARK REG. U.S. PAT. OFF. 


IRON CEMENTS 


Positively stops all leaks of steam, 
water, fire or oil, in iron, steel or 
concrete. They are easy to apply, 
harden quickly, and make perma- 


nent repairs, proved by years in use. 


Every engineer should have a 
copy of our instruction book. 








SMOOTH-ON MFG. CO., 


8, White St., Moorfields, 
LONDON, E.C. .* 


Send for New 


No.15 [llustrated Instruction Book | 





































WE ARE THE LARGEST MAKERS IN THE WORLD 


SH a 


SETTING-OUT PLATES AND TABLES, 
CAST IRON STRAIGHT EDGES, &c. 


THOUSANDS OF PLATES IN STOCK UP TO 8FT. ~« 6 FT. 


CROWN WORKS, 


Surfacing Specialists, 
London New Road, 


CHELMSFORD. 


THE Aomiratty, War OFFice, INDIA Orrice, Post Orrice, &c 


PROCTOR’S PATENT SHOVEL STOKER 
MOVING FIRE-BARS 
Give ECONOMY in FUEL, 
Increased Steam Production, 


SMOKE ABATEMENT. 


PROCTOR’S COAL ELEVATOR, 


fitted with Patent RAM FEED BOOT, 
Ensures cheap handling of the coal. 


POSITIVE FEED OF COAL TO BUCKETS. NO JAMMING OF ELEVATOR. 


Wear and Tear reduced to a minimum. 
Write for Illustrations and Particulars. Od 204 


JAS. PROCTOR, LD., ‘sr’, BURNLEY 


SOLE AGENTS FOR FRANCE: 
The Societe des Perfectionnements a la Vaporisation, 29, Rue de Londres, Paris. 


PECKETT « SONS, Lo., Bristot. 


(Ofte) ba) Vongel:]: Mnae, 









































LOCOMOTIV ES « 


of various sizes with all the latest improvements ready for immediate 
Delivery. Engines specially designed for every requirement and gauge. 


Full particulars on application. Telegrams—PECKET BRISTOL. 
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PoWER PRESSES. 


HEAVY 
DOUBLE SIDED 
GEARED PRESS 

FOR 
CUTTING OUT, 
CUPPING, 
DRAWING 
AND 
EXTENDING 
CARTRIDGE 
CASES. 


THREE STANDARD 
SIZES MADE. 


MAY ALSO BE 
SUPPLIED 
DIRECT DRIVEN. 








Speciat DupLex Drawina Presses FOR DEALING WITH LONG DRAWING 
OPERATIONS ON HEAvy CASES. 


FULL PARTICULARS UPON REQUEST. 


JOHN HANDS & SONS, Ltd., 
Cardigan Works, BIRMINGHAM. 


Wire—‘* MACHINERY," BIRMINGHAM, *"Phone—CENTRAL 3232. 


3433 











‘BI 


Tele. Address ; ‘‘ Carriage,” Smethwick, Birmingham. Telephone Nos. : 17 & 107 Smethwick. 


SALOON 


GRAND PRIX, BUENOS AYRES EXHIBITION, 1910. 


2 Mi N 4 A M RAILWAY CARRIACE 


& WACON CO., LTD. 





— MANUFACTURERS OF — 
& OTHER RAILWAY CARRIAGES & WAGONS OF EVERY DESCRIPTION. 








Makers of 


Wornss: SMETHWICK, BIRMINGHAM. | 





PRESSED STEEL UNDERFRAMES, BODIES AND BOCIES 
For Home and Abroad. 











iy 


™* General Manager's cond 
Birmingham PRallway Carri age « ‘Wagon Co. Ltd., Smethwick 
Central Argentine ‘Railway Limited. 


Hydraulic Pressed Boss and other Wheels ani Axles, Ironwork, Axle Boxes Castings, &e. 


Sole Manufacturers of Dean & Churchward’ - patent ‘“* Eitherside” Brake, 
and Marillier’s patent ‘‘ Instanter” Coupling. 























‘¢ Excelsior ”’ 


BELDAM’S 
METALLIC o AGKING 


(Duplex Type) 
FITTED 


THROUGHOUT 
ALL THE 


PISTON RODS 


AND 


ee) 
m owe «VALVE SPINDLES 


OF THE 
















MAIN ENGINES 
OF 


R.M.S. ” BRITANNIC’ 


(Largest White Star Liner) 





Sole Patentees 
and Manufacturers: 


4224 


THE BELDAM PACKING & RUBBER CO., Lto. 


Tel. No. Avenue 5204. 
Telegrams—Corrugated. 


1 & 2, Gracechurch Street, LONDON, E.C. 





Telegrams 





For a RELIABLE, UP-TO-DATE, EFFICIENT 
CONCRETE MiI=x=EyFr 


Victoria Concrete ee ag 


Od 6997 





to suit any requirements, apply for Catalogue No. 2 to:— 


STOTHERT & PITT, LTD. 


Works—BATH. *° 


38, Victoria Street, se Ba S.W. 


1849, VICTORIA. 


STOTHERT, LONDON. 
4 139, ‘BATH, 


STOTHERT, BATH. Telephone 

















JUNE 25, 1915. ] 


ENGINEERING. 





17 

















CRAIG a DONALD, Ld. 


JOHNSTONE, near GLASGOW. 


MACHINE TOOLS 


PLATE FRAMES 





Punching, Bar Cropping and Plate Splitting Machine. 








WINN’S PATENT 


CUTTING-OFF MACHINES 


FOR TUBES 


THE FASTEST MACHINES YET BUILT FOR THIS DUTY 
Mabe in Seven Sizes 
For TUBES RANGING FROM 1é to 12 INCHES DIAMETER 


Aleo Makers all 
Screwing Machines for Tubes up to 12-in. Bore, and 
Bolts Sup to 3- in. Whitworth one 


CHARLES WINN & CO sitsiionis 























East Ferry Road Engineering Works Go. Ltd. 


HYDRAULIC CRANES AND COAL HOISTS, BELT 
CONVEYORS FOR COAL, &c. 
PATENT PNEUMATIC GRAIN-ELEVATING MACHINERY. 











5-TON SELF-PROPELLING HYDRAULIC COALING CRANES 


(Birkenhead Docks, Liverpool). 





Hy<rostatic Orane Weighing Macnines up to 250 Tons. 


Engines, Pumps, Sluices, Oapstans, &. 
General Engineers and lrenfounders. 


Estimates given for Repairs. 





Telegrams : 
Hrprostanio; Lonpox. 





MILLWALL, ILONDON, E. “” 


THE 


Mirrlees Watson Co., L¢: 


GLASGOW. 





ADVANTAGES 


OF THE 


“ MIRRLEES-LEBLANC” 
ROTARY AIR PUMP 


SIMPLICITY. 

SMALL SPACE OCCUPIED. 
NO RECIPROCATING PARTS. 
NO VALVES. 

LOW MAINTENANCE COSTS. 











ENGINEERING. 


[June 25, 1915. 








WATER | 
SUPPLIES 
ARTESIAN TUBE: WELLS 


AMD “ ABYSSINIAN” TUBE WELLS. 
AIR LIFT PUMPING PLANT. 


Le Grand & Sutcliff, 


Artesian Well and Waterworks Engineers, 
125, BUNHILL ROW, seus 
LONDON, E.C. 


“SPLIT GRIP” 
ws COLLAR Girat 


AS USEFUL AS THE 
SPLIT PULLEY. 


in HALVES. 


MO Set Screw 
to cause 
Accidents. 


Grips like » Vice 


Fixed 
or Removed 
without 
Disturbance. 




























Sole Makers. 


TRIER Bros. 


OAX TON HOUSE, Limrrep, 
WESTMINSTER, LONDON, S.W. 


REDMAN 


HALIFAX. 








See our Half Page 
Advertisement in 
last week's issue. 


LATHES 


On Admiralty List. 


BODLEY BROS. & Go. 


Engineers, Millwrights, Boiler Makers, and 
iron and Brass Founders. 


OLD QUAY FOUNDRY, EXETER. 
























) SPUR, BEVEL, 

E MITRE, MORTICE, 
—— rt 

Sue WORM WHEELS, 


Machine Moulded 
ALSO 


TEETH CUT TO SHAPE 


By Special Machinery. 


f 


=~ 
— 


Telegraphic Address— 4494 
Bopiey, Exersr. 
__.BSTABLISHED 1790, 














G:& A.LHARVEY, LT™° 





GOVAN ,CLASCGCOW. 





a |) 






































ae 
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TELEGRAMS, GANDAH “ 


HIGH SPEED 


MACHINETOOLS 


For TURBINE WorK 
BOILER WoRK 


AND Raitway WorkK 
| cam 
Specialities. 
THE HARVEY TAPPER” 


FOR RAPID DRILLING TAPPING & STUDDING 
ZZ CRE 


THe Harvey Facer” 
PROMPT DELIVERY. 




















SLL LALLA CLO AeA  _  _  _  _ _  _ _ _  _  ____ _________ ll 
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an 











21 inch 
24 


and 


24-36 inch 
Upright Drills. 








HE “24-36” is a Standard 

24 inch Dnill specially built 

with a Swing of 36 inches, and 

has proved an exceedingly useful 

tool on a variety of work. It is 

as carefully constructed as all 

the regular Cincinnati Dnilling 

Machines, and can be depended 

upon to retain its original 
accuracy. 


Fall information on request. : 


CHARLES CHURCHILL & CO., LTD., 


9 to 15, LEONARD STREET, LONDON, E.C. 


Birmingham, Manchester, Newcastle-on-Tyne, Glasgow, 


Brisiol. 
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ge) FoR ALL 
PURPOSES. 


BRADLEY aGRAVEN 


ri rDwD. 


va, «=©6)§ WAKEFIELD. pe 








HIGH-DUTY 















A USEFUL BOOK. 


FREE TO USERS OF 
HYDRAULIC MACHINERY. 
A useful compendium on the economical 
working of Hydraulic Presses, Pumps, &c. 
Send a postcard for your 
copy to-day to— 
LEATHERS COMPANY (ALTRINCHAM), LTD., 


Grarron Works, 
ALTRINCHAM, MANCHESTER. 




















DAVY BROTHERS,? 


Engineers and Boilermakers, 


S&S EX E: E* E* T EL. D.. ....... 0 





mie 


6000 TONS PRESS. For Gun and Turbine Drum Forging. 


REPRESENTATIVES: 


NEWCASTLE and DISTRICT: W. A. HARTLEY, 21, Moseley St., NEWCASTLE-ON-TYNE. 
BIRMINGHAM and DISTRICT: R. W. LEACH, Avondale Rd., WOLVERHAMPTON. 
SOUTH WALES: H. B, LEACH, Finsbury Court, Finsbury Pavement,f{LONDON, E.C, 





ARMOUR PLATE 
BENDING PRESSES. 


PRESSES FOR PIERCING 
AND 
DRAWING PROJECTILES 


BANDING PRESSES 


(Vawtmore’s Parants.) 


SHINGLING PRESSES. 


PRESSES FOR THE FLUID 
COMPRESSION OF STEEL 


STEAM - 





SHEARS. 


ELECTRIC BILLET AND 
BAR SHEARS. 


HOT SAWS. 
REELING MACHIWES. 
STEAM HAMMERS. 


- HYDRAULIC 
BLOOM, SLAB & PLATE 








\ Please mention “Engineering.” 














BRUNDRIT 


= PATENT —:= 


Temperature 
Balance 


Ghe 
AUTOMATIC 


CiRCULATOR 
for Marine « Land 


BOILERS 
2500 Sets 


already fitted for 
the Leading 
Steamship Companies 









BRUNDRIT’S Temperature BALANCE 
is valveless and perfectly Automatic in 
action. It starts working shortly, after 
Fires are lighted and continues working 
even under Banked Fires, so long and as 
often as the Water above and below line 
of fire bars varies in temperature. Can a 
fitted at short notice ——- drillin 
structural alteration. ry eoatet to yg? the 
boilers of the Cunara Co.’s Lusi- 
tania, Mauretania ana Aquitania,. 





JOSEPH BRUNDRIT 
atentee 


14 Water St. LIVERPOOL. 
_ — 
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jy THERMOSTATS 


— for ——4131 

Controlling 

Steam to . 
CALORIFIERS, 
OR HOT WATER 
TANKS. 


THE HORNE 
ENGINEERING CO., 


8t. Peters Lane, Glasgow. 


OXY:ACGETYLENE 


WELDING 
AND 
CUTTING PLANT 
MANUFACTURERS. 
COMPLETE EQUIPMENTS. 


McGOWAN, WILD & CO., 


Lower Hurst Street, 
BIRMINGHAM. 


Tel.—1816, MIDLAND. Teleg.—Loaic, B’Ham, 


PRATCHITT 


BROTHERS, 
Denton Ironworks, CARLISLE. 


PUMPING, 

WINDING ano 4157 
HAULING 
ENGINES. 



















































MARINE = 
ENGINES 
(Heavy Oil), Ay 


5 0 500 HP. ) 
Vy MOTOR 


WINCHES 
5, 73, 10 HP. 
Prices and Particulars from— 4276 


WALTER D. FAIR & CO., 
48, Leicester Square, W.C. 


Puowe: 7220 Gexranp. 
Sole Agents for Australasia : NELson and 
Roperrson, 11-15, Loftus St., Sypwry. 








“10,731° ENGINES{(99,468 HORSEPOWER) SOLD{TO,,DATE.” 


PETTER 
































OIL ENGINES 









™ The perfected product of 20 years’ specialisation. 


HORIZONTAL. VERTICAL. PORTABLE. 











For Ornde and Refined Oils. Sizes 2 to 200 B.HP. 
Awarded 30 Gold and Silver Medals and Grand Prix, Turin, 1911. 




















BRISTOL, 140, Victoria Street. 
GLASGOW, 52, St. Enoch Square. f 
CAIRO, Khedivial Buildings B., Sharia Emad el Dine. 





LONDON, 73, Queen Victoria Street, E.C. 
Branches 








PETTERS Ld., nesnecers, Yeovil, England, 


























- Allen’s “Stag Special ”’ 


Increases the Output of Shrapnel. 


We are fortunate in having recently been able to be of material 
assistance to several firms taking up the manufacture of shells. 
They experienced great difficulty in machining the shells at 
anything like a satisfactory rate, owing to the hardness of 
the steel. By using our “STAG SPECIAL” High-speed 
Tool Steel they immediately overcame their machining troubles 
and increased their output. “STAG SPECIAL” will get 
you out of your machining difficulties :— 


Try it! 


There are other ways in which we can help to increase 
the output of war materials. For instance, large quantities 
of special dies, gauges, &c., are required. If delays are to 
be avoided, a special steel must be used to minimise the 
dangers of cracking, warping and shrinking which occur 
in the hardening process. Such a steel is ALLEN’S 
“K.9” VANADIUM OIL-HARDENING STEEL. If 
your output of war materials is being held up through 
difficulties with steel, write to:— 


Edgar Allen & Co., Ltd., 


Imperial Steel Works, 


Sheffield. ts0 


























June 25, 1915,] 








ENGINEERING. 

















COST OF PRODUCTION REDUCED 50 per Cent. 





BETTER WORK, QUICKER PRODUCTION, ONE HALF THE FUEL, BY USING 


SMALLWOOD'S PATENT FURNACES 























:—“REPEAT, BIRMINGHAM.” 


Three-chamber Furnace, worked with one firebox, each chamber can 
be operated independently and at varying temperatures. 


THE INCANDESCENT HEAT os zn S British Mills, Smethwick, BIRMINGHAM. 


In use by many of the leading Firms 
throughout the Kingdom and Abroad. 





Uniform heat treatment. 
Life of pots increased 100 per cent. 








enaieainnne of 


Coal, Coke, Gas & Oil Furnaces . 


for Forging, Annealing, Reheating, 
and Case-Hardening, &c... 


Greenwich Indicating and Recording 
vesemmeabeneer —— 


Full particulars and advice ‘nab ia from the Makers. 


aoe :—46, SMETHWICK. 4513 

































EMERY WHEELS 
GRINDING MACHINES 


EoR AtLsxX& YPYwvuURLrYroxszs. 















































L.STERNE & CO. LTD. 


THE CROWN /RON WORKS, CLASCOW. 


LONDON OFFICE: DONINC TON HOUSE, NORFOLK ST.W.C. 























HARTNESS 
FLAT TURRET LATHE 


Now built in two sizes: 2} by 24—12 in. ewing, 
and 8 by 36—14in swing. Equipped with 
for either bar or chucking work. 


JONES & LAMSON MACHINE CO. 
“Jubilee Buildings,” 
97, QUEEN VICTORIA STREET, 
(Cory nieHt.) LONDON. 0474 

















FURNACES 





for Industrial Purposes. 





THE LEADING MAKER8 





MANCHESTER FURNACES L* 


GLOBE WORKS, 
MANCHESTER. 


Telegrams : CASEHARDEN, MANCHESTER. 4504 
Telephone ; 137, Orznstaw, MAncuasTgsr. 











WATER 


SOPTENERS 


SOFTENING 1500 GALLS. PER HOUR 
AT KENT COUNTY ASYLUM. 4465 


BOWES SCOTT & WESTERN, |”: 


Broadway Chambers, Westminster, 8.W. 


Hundreds of Softeners aa’ and treating 
successfully the ‘most difficult waters. 


D 
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ON ADMIRALTY LIST. 


Telegrams;: 
BESSEMER, SHEFFIELD. 









Telegrams: 
BESSEMER, BOLTON. 


STEEL MANUFACTURERS. 


AND AT BOLTON (LANCS.). IAL 
gm v7 es oo Vj cm 
FORGE INGOTS SHAFTING 
up To 25 TONS. cascmpens FOR 
FORGED MARINE 


CHROME STEEL 
SHOES anp DIES 
FOR GOLD MINING 





& 
LAND ENGINES. 


PURPOSES. ROLLED BARS 
LARGEST ANaLER, 
OUTPUT COLLIERY 
OF ANY RAILS 
ENGLISH FIRM. FISH PLATES, 
— SPRING STEEL 
& 
PATHS SPECIAL 
FOR Q’ 
pan Be woe SECTIONS. 
NICKEL REELED £ BARS 
eo niet BILLETS 
& 
HARDENING BLOOMS 
STEELS. FROM 
HIGH TENSILE 2 —12" 89. 
STEEL CONTRACTORS TO 
FOR COLONIAL, 
WIRE — seneaae 
ORDNANCE WORK. FOREIGN 
GOVERNMENTS 
OONTRACTORS TO 
ADMIRALTY, — 
WAR OFFICE, 
CROWN AGENTS FOREIGN 


FOR THE COLONIES. 





RAILWAYS, &c. 


—_—_—— 











BUILT-UP AND SOLID CRANK AXLES, with GUARANTEED MILEAGE ann CRANK SHAFTS, 
TYRES and AXLES oF att Types, for Railways, Tramways, © &c. 


SPECIAL HIGH-TENSILE TYRES, “ARGENTINE” BRAND, for Locomotives, &c. 4175 
WELDLESS CRANK HOOPS, BOILER RINGS and ANGLE RINGS. 


ip A, 


We hold the LARGEST STOCK of any Manufacturers 
in the WORLD. 


JOSEPH EVANS & SONS 


(WOLVERHAMPTON), Lro. 


CATALOGUE CULWELL WORKS. 


it i ; - { " i ON avvumalinee. WOLVERHAMPTON. 


Telegrams :—‘‘ EVANS, WOLVERHAMPTON.” 








l 


TRADE 
“MUVA 























LONDON :—Salisbury House, 7 
London Wall, E.C. 


<A. ance 


Fig. 712. DOUBLE “RAM” STEAM PUMP. 
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This copy of a page in “The Times” was made on a No. 3 Photostat in less 
than five minutes. 





Its actual size is 18in. by 22 in. Cost of sensitised paper is sixpence. 


No other method of copying will compare with this in economy. 


Three sizes of Photostats. 


No. 1 makes prints 14in. by 114 in. Any size of drawing can be copied provided suitable 
mea2 « ,»  18in. by 13 in. lighting and holding arrangements are made. 
No. 3 _,, ,  22in. by 18 in. Standard tables take work up to 40 in. by 27 in. 


SOLE AGENTS: — 


ALFRED HERBERT LTD. 
COVENTRY. 


LOCKWOOD & GCARLISLE, Ld. 


EIA GI.EI BOUsDH.e, SEE EIEXZ.D. 


Telegraphic Address: ‘‘ PISTON, SHEFFIELD.” National Telephone: 1376. 


improved Double- action Metallic Piston Packing Rings & —— 


CARLISLE’S PATENTS. 








ww 


SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. 
As Fitted in S.S. “ BRITANNIC.” go, —_%-"- 8 gd Spring specially designed for 









Improved Double-action Piston Valve Rings. 


PERS TRAM De eteTeeemeremea + TS | a Bae ee 
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CONTRACTORS TO 


A. G. MUMFORD, ix. 








BRITISH ADMIRALTY, WAR OFFICE, INDIA OFFICE, OROWN AGENTS 
FOR THE OOLONIES, AND FOREIGN NAVIES. 











STRONGEST 


IN THE MAR 


BEST FINISHED 


KET 
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LOW SERVICE PUMP 





FiTreD with MUMFORD’S ADJUSTABLE get ise ee oie EF 











C6 
ICEBERG” vatve GEAR. 














U 


HORIZONTAL 
BOILER FEED PUMP. 


| 





FULL PARTICULARS & ILLUSTRATED CATALOGUE ON APPLICATION. | 


IMPROVED “DUPLEX” 


Pumps 


FOR ALL DUTIES. 


3 —_ 
} —o=| 
2330 


Engineers, 


Colchester. 


hme caver baer 








it 

















BOILER FEED PUMP, 


MARINE PATTERN. 


VERTICAL 
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he “SUNDERLAND FORGE «ENGINEERING CO., Ld, 








RPALILIOMW, SUMDERILAND. 


ELECTRIC WINCHES 


FOR SHIPBUILDERS, 





SHIPOWNERS, 





ENGINEERS, &c. 





Over 15 years’ experience in 





the Manufacture of Electric Winches. 


ENGINES & DYNAMOS 


FOR 








Te.earams—MARR SUNDERLAND. 


SHIPLIGHTING AND POWER. 


Complete Electric Installations. 


4150 
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293 
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THE BLACKSTONE 
OIL ENGINES. 


STATIONARY TYPE. 
For Crude Oil .. 
For Refined Petroleum 14, 7 B.HP. 
PORTABLE TYPE. 
For Crude Oil . 
For Refined Petroleum 14 ,, 26 B.HP. 
Start in <& minutes. 
No Lamp Required except for starting. 
No external flame when workings. 


BRITANNIA LAMPS are entirely British made, the name 


and trade mark which appear on every Lamp standing for the 
best British workmanship and finish and ensuring an efficiency 
and durability second to none. 


BRITANNIA LAMPS cost no more than other high-class 


makes. 


BRITANNIA LAMPS are manufactured at Preston, Lancs., 
by Dick, Kerr & Co., Limited. 





Head Office: 


ABCHURCH YARD, CANNON ST., 
LONDON, E.C. 


Branch Offices: | Manchester, Newcastle, Leeds, Tokyo, 
Sydney, Johannesburg, Buenos Aires, Rio de Janeiro, 
Moscow and Milan. 


4203 








15 to 300 B.HP. 


15 to 45 B.HP. 





BRANOHES :— 
LONDON : 


Tel.—** Engimanu, London.” Tele.—8144, Central. 


ADELAIDE ° 
ALEXANDRIA. 
ROMBAY 
BUENOS ATRES 
CAIRO 

CALC UTTA 


CHR ‘STCHUROH, N.Z. South Belt 


DUBLIN . 
EAST LONDON 


ab 
GERALDTON, ye 


GLASGOW 
LAHORE., 
MAID RAS... 


MELBOURNE .. 


MILAN .. 
PARIS 
SHANGHAI 
SYDNEY 


THE HAGUE .. 
TUNIS .. au 


81, Cannon St., E.C. 


.. 61—68, Hindley Street. 
.. Rue de la Gare du Osire 
. Marshall’s Bidgs., Ballard Rd. 
.. 883 Calle Peru 335. 
Rue Bab-el-Hadeed 
99, Clive Street & 25, Strand. 


Dickies Warehouse, South 
Dock St. 
Cam Street 
Graham Square. 
as Ni jer Road, Anarkalli. 
ind Line Beach. (Post 
“a 141 Madras E. 
585, Bourke Street. 
vie’ Palmero +7 -_ 
Boulevard de I’Hopital. 
Road. 
‘) 26, Verhulstatraat. 
‘a 108, Rue de Portugal 











See irs 


DICK, KERR & CO., 


LIMITED, 


BRITANNIA 


MCEn FILAMENT 








— eee eee 


MM 








Representing C.C. 15 B.HP., E.C. 20 B.HP. and G.C. 30 B.HP. Engines. 


ESTIMATES & FULL PARTICULARS POST FREE.  Teleg , StamrorD. Telephones—Nos. 307 and 808 (Two Lines). | Codes used—Lamsmr’s, Al, ABO (4th & 5th Editions), Enenm=nme, 


| BLACKSTONE & CO., L?. Stamford, England 
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IMPORTANT TO IRONMTETOUNDALRS. 


MOULDING MACHINES ror FOUNDRY REPETITION WORK. 


NEW HAND PRESS MACHINE FOR SMALL < lagsc WORK. Economical wn First Cost 
and Most Efficient. 


HAND RAMMING MACHINE FOR DEEP LIFTS. 























ALSO 
MANUFACTURERS OF 


ROOTS’ 


f “ACME” BLOWERS. —5 | 
PORTABLE FORGES igs ge ad 








cROUND 
CON 


and 


SMITHS HEARTHS, 


IN ALL VARIETIES. 


















{SAMUELSON & CO., Ltd.. BANBURY, England. 


CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, COLONIAL AND FOREIGN GOVERNMENTS. 


THOS. BROADBENT & SONS, Lr. 


CENTRAL IRON WORKS, HUDDERSFIELD. 


Telegrams BROADBENT, HUDDERSFIELD. 
Telephone : 1581 (4 lines). 























ELECTRIC 


GOLIATH 


CRANES 


FOR 


RAILWAY 
WORK. 














L. & N. W. RLY. CO."8 GOODS DEPOT, Witton, Birmingham. 
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LATHES FOR SHELL- TURNING. 


We can supply our 84%" and I2” Centre Lathes equipped for performing 
all the operations necessary for producing shell cases, including 
Boring, Profiling, and Waving Groove for Copper Band. 











ILLUSTRATION OF POWERFUL 12-in. CENTRES HIGH SPEED LATHE. 


DEAN, SMITH & GRACE «0, L”’ KEIGHLEY. 


Telephone—No. 88, KEIGHLEY. Tel. Add.—“ LATHES, KEIGHLEY.” 
































EE NRE ET ee 


ee cena ae = & 


JO Hi N LYSAGHT, Limited. 


Bristol, Newport (Mon,), London. 





| bee Sa aed ee > pins. , “A tp p> — ate» aie et . > 


Sy — ys ~ 


SAN —O aan ¢ 


aX 
CHIEF ; HNN feeds i SN. LONDON 
OFFICES: Bee sli «: sa ethene meni YA || (OFFICES: 
8ST. VINCENT’S |=a7 @m WR we ico et He 36, 
IRONWORKS, [fag 52 ects: GRACECHURCH | 
BRISTOL. ‘ ft — ¥ ; : - : | STREET, 
“ pe E.C. 








Stee’ Bridge, 220 ft. span, to carry Water Main over River Severn 
Constructed and Erected by John Lysaght, Limited. 


BRIDGES. GIRDERS. ROOFS. BUILDINGS. 
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THE WHOLE OF THE LINE SHAFTING ror H.M.S. “QUEEN ELIZABETH,” 
WAS MADE AT NORFOLK WORKS. 





— 


























DAY, SUMMERS & CO., Ltp., 


Northam Iron Works, SOUTHAMPTON. 


ESTABLISHED 1834. 





ENGINEERS and 








SHIPBUILDERS. "an 

SOUTHAMPTON. 

SPECIALITIES : Ussuine a 
Hauling-up 90 Sets 

Slipway of Land and 
Machinery, Floating 
Sheers, Sheers 

Floating built at these 
Bridges. Works. 





No. 83 Sheers, Chatham Dockyard. - 
TESTED TO 180 TONS, 1906. 
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National Gas Engine Co. 


LIMITED. 











AS SUPPLIED 
FOR 





SPECIAL FEATURES. 
Reliability. 


Regularity of Speed. 


Low Fuel and Oil 
Consumption. 


Spinning Mills, 
Weaving Sheds, 
Collieries, &c. 


Electric Driving for Positive Starting. 


all Purposes. 








LONDON SHOWROOM : 


Ashton-under-Lyne. 75a, Queen Victoria Street, 
London, €.C. 


MA NCHES TER. : View of — 600 HP. drwing Spinning Mill. 6143 


THe MANCHESTER DONKEY or WALL Pump [Raw DEARN & C9 Ue 


3 | ANCHESTER, S.E. 
§ THE 


_@ 
te 
N Power Pump 
, Single Acting Double Acting 


Works and Office: 







































Horizontal Treble Ram. 


PEARNS CAMERON TYPE Pump 
OWER Pump 


’ PUMP 


National Telephone: 
2289 Central, 






' 


Telegrams: 


“PUMPS” Manchester. 





Vertical Treble Ram. Od 461 Single Ram. Double Ram 
LONDON: 49, Queen Victoria St., B.C. GLASGOW: P. &W. MACLELLAN, Ltd., 129, Trongate. NEWCASTLE-ON-TYNE: E. CLEATON REES & CO., 88, High Bridge. 
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“RUSTON” Gi, Gil” ~CRUDE 











Taking into consideration first cost, fuel consumption, economy, and the fact that OIL 


no super-skilled mechanic is required, this is the most economical of all Oil Engines 


) ENGINE 


THE PIONEER 
of engines of this type. 








r- 





The influence the 


RUSTON 


‘Complete Combustion ” 


CRUDE OIL ENGINE 


has had upon other Oil Engine designs 
is unmistakeable. 


The RUSTON 


‘Complete Combustion” 


CRUDE OIL ENGINE 
is manufactured by experts in Oil Engine 
construction, and combines Simplicity, 
Economy in Running, Low First Cost. 


WRITE FOR ILLUSTRATED CATALOGUE. 


RUSTON, 


“PROCTOR & CO., Ltd., 


THE FOLLOWING FUEL OILS (AND OTHERS) MAY BE USED :— 
Masut. Persian Crude Petroleum. Sumatra Crude Petroleum. Italian Residue Oil. 
Russian Crude Petroleum. Peruvian ,, ” Resoleum. Russian Refined Petroleum. L | N C O LN. 


Texas a am Java eo 99 Gasoleum. American ,, o 

Burmah ,, pa Assam 99 ” Anglo-Mexican Fuel Oil. Shale Oil. Scotland. 

Borneo 4, - ” rosny , ‘9 Anglo-American _,, Gas Oil. Great Britain. And at 46, Queen Victoria Street, London, E.C. 
Roumanian ge Pennsylvanian ” Asiatic Petroleum Co.’s Fuel Oil. Dis«il. 








.. 






































Steam cs ae " 


Turbines. 


Electric 


Generators. 







Motors 
and 272 


Transformers. — —<-— 
x od 


D.C. MOTOR GENERATOR SET. 


The Brush Electrical Engineering Co., Ltd. 


LONDON OFFICE : 1, KINGSWAY, W.C. LOUGHBOoOROoU Gea. 

















wre ” 
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BRITISH 
THROUGHOUT. 





Why Engineers Select 





‘*(HOFFMANN’”’ 


BALL 


For 


Well balanced design = «= « o 
All parts are carefully propor- 
tioned for the work they have 
to do. This results in reliability 
and high load carrying capacity. 








BEARINGS. 


DESIGN 









THE 
HOFFMANN 


MFG. CO., LTD., 


CHELMSFORD, 
ESSEX. 





Contractors to Admiralty, 
Colonial and Foreign Goveraments. 


WAR SHIPS, 
MAIL STEAMERS, 
CARGO VESSELS. 





SE AE“ rs 


Crank & Straight, Hollow & Solid 


HYDRAULIC FLANGED 





25 to 4000 HP. “‘ BEARDMORE” 


OIL ENGINES. 





SHIP & BOILER PLATES & SHEETS. 


BOILER FRONTS, ENDS AND FLUES. 





Telegrams : 


Steel Manufacturers, Forgemasters, 
Gun and Armour Plate Makers, 


Shipbuilders & Engineers, GLASGOW. 





ARMOUR PLATES 





ORDNANCE. 





For LOCOMOTIVES, CARRIAGES and WAGONS. 


WHEELS & AXLES 


FINISNED COMPLETE. 


NIGKEL STEEL PLATES, SHEETS, 


BARS SHAFTS and FORGINGS. 
All facilities afforded for TESTING at ton Works. 








STEEL CASTINGS wits 








WILLIAM BEARDMORE & CO., LTD., 


“BEARDMORE, GLASGOW.” “BEARDMORE, DALMUIR.” 
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CAMMELL LAIRD & CO.,LTD. 


STEEL WORKS: SHEFFIELD. LONDON OFFICE: 3, Central Buildings, Westminster, S.W. SHIPYARDS: BIRKENHEAD. 














MARINE CASTINGS & FORGINGS. 
ARMOUR & DECK PLATES. 
PROJECTILES. 

: TOOL STEELS, for all Purposes. 
é ONE OF FOUR TORPEDO BOAT tli 3865 MARINE ENGINES & BOILERS. 


SUPPLIED TO THE GREEK GOVERNMENT. 











PASSENGER anno CARGO VESSELS. 
BATTLESHIPS, CRUISERS, DESTROYERS. 


























UNGEARED CAPSTAN LATHES for the manufacture of 


light repetition turned parts from brass or steel bar, forgings or castings. 


Made in 3 sizes, viz:— 
6" centres, with 1” patent auto bar chuck. 
54" ” ” i” ” 
63” ” wo 1h" 6 





54” centre CAPSTAN LATHE, with 14° Auto. Bar Chuck. 


H.W. WARD & C&L? “s.c" BIRMINGHAM. 


LONDON : 414, Caxton House, Westminster. ITALY : Corso Porto Nuova Angolo, Via Parini, MILAN. 
PARIS: 82, Avenue de la Republique. 4455 
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Minimum maintenance cost 


on both mechanical and electrical equipment 
is ensured if your motors are controlled by 


8) Automatic Control Gear. 


This gear, which is characterised by exceptionally robust construction 
and extreme durability, protects both the motors and the machines 
they drive from shocks caused by careless starting or reversal under 
heavy loads. The wear, and consequently maintenance costs, on the 
machines is thus reduced to the absolute minimum. 


With this gear the rate of acceleration of the motor is governed directly 
by the load current, variations in starting conditions being automatically 
taken care of. 





A further advantage which can be secured by the use of B.T.H. Automatic 
Control Gear is the ability to automatically stop and start pumps, air 
compressors, &c., whenever certain predetermined conditions are reached, 
or to control motors from a distance. 


Let our expert call and give you full details of this gear. 


The British Thomson-Houston Co., Ltd., 


B.T.H. Automatic Starting and Reversing Panel Electrical Engineers and Manufacturers, 


for use with continuous current motor, on 
Rolling Mill Service. Head Office and Works _... “on i .. Rugby, England. 


















































THE Weir TurBINE-DRIvEN FEED Pump 
is the only rotary machine designed and developed 
. 


in every detail as a boiler-feeding unit by specialists 
in boiler feeding problems. 





It is not a centrifugal pump and a steam turbine mounted on 
a common baseplate, but a complete self-contained machine 
designed as a whole for boiler feeding—and boiler feeding only. 


The utmost simplicity in design has been attained: the shaft has 
no couplings; there are only two bearings, with a single-stage 
pump wheel and one set of pressure sealing rings. 


(tr 
: It is suitable for the highest degrees of superheated steam 
i without intemal lubrication. The material of every part is 
carefully selected to meet the conditions. 
= > 


Simple and reliable. Specially suitable for large units. ase 


Small weight and space occupied. Low maintenance cost. 


G. & J. WEIR, Ltd, Cathcart, GLASGOW. 








_ 
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HYDRAULIC PRESS 


FOR PIERCINC, FORMING AND SHORT-DRAWING 


Projectiles, Shrapnel Cases, &c. 

















The various operations are performed by means of forming dies which are clamped to the 
working surfaces of the movable platen and base. The press can be furnished in several 
sizes and pressures to suit the class of work. The machine illustrated has an effective 
pressure of 225 tons at 1500 pounds water pressure per square inchh PLATENS are 
heavy cored castings, with low tension and compression strains. 


TENSION BOLTS form a guide for the movable platen. They are of high-grade forged 
steel and their size is such as to give a low tension strain per square inch of cross. section. 





CYLINDERS are cast steel. The main cylinder is supported by the four tension bolts 
and upper platen. Where the pistons are in rubbing contact with the steel cylinders, 
bronze liners are inserted to prevent cutting. 


GUN ano PROJECTILE MACHINERY. 


We are prepared to furnish a complete line of machinery for the manufacture of guns, projectiles 
and small arms. Many new design machines for high production have recently been placed on 
the market; these include turning and boring lathes for all sizes of guns and projectiles, rifling 
machines, hydraulic projectile presses, &c. 








We shall be giad to he of any service to you on the subject 





























of Gun and Projectile Manufacture. 5433 
NEW YORK CITY-—111, Broadway. LONDON- 25, Victoria Street, S.W. 
AGENTS :—France—Glaenzer & Perreaud, 18-20, Faubourg du Temple, Paris. Russia—S. G. Martin & Company, Ltd., Gogol S No. 21, Petrograd; and 
Varvarka, Srednie Riadi 242, Moscow. Holland—R. S. Stokvis and Zonen, Ltd., Technische Afdeeling II, Rotterdam. Japam—The F. W. Horne Co., 
6, Takiyama-cho, Kyobashi-ku, Tokyo. Italy—Ing. Ercole Vaghi, Milan. Brazil—Comptoir Technique Brésillien, P.O. Box 802, Rio de —— 
Peru—W. R. Grace & Co., Lima. Chile—International Machinery Co., Lovande, 540, Santiago; and Nitrate Agencies, Ltd., Antofagasta and Iquique. . 
- 





ERNEST NEWELL &CO. [7 


MIsTrAanTronW, GAIN sSBORnRO’. 


Rotary Kilns, Slurry Pumps, Mixers, Slurry and Clinker Grinding Plants. 


COMPLETE WO REZHS SUPrPYritIAaYD AND BRACTIAD. 




















ERECTED IN ENGLAND. 






THREE ROTARY KILNS, 200 FEET LONG, 8500 TONS CLINKER WEEKLY. 
INGET:—THE FIRST ROTARY KILN IN ENGEAND, 























Jone 25, 1915.] ENGINEERING, "85 














OVERHEAD 
TRAVELLING CRANES 


ELECTRIC and HAND POWER. 








“4 

















FOR EVERY : | FOR ANY 
CLASS = #& LOAD 
OF WORK. — watt AND SPAN. 


Tue VAUGHAN CRANE CO., E> 


(Formerly VAUGHAN & SON, Ltd.), om 
OPENSHAW, ies 
Pe re MANCH ESTE R.  <Sc }e 





a 











“ELLISON” SPECIALITIES IN CRANE CONTROL GEAR 


STOPPAGES ot YOUR CRANES CAN BE 
REDUCED to a MINIMUM IF YOU INSTALL 


“ELLISON” GRANE CONTROL GEAR. 


CRANE PANELS WITH PATENT SOLENOID TIME-LIMIT 
RELAYS and SPEED LIMITING DEVICE. 
CONTROLLER WITH PATENT FINGERS and MAGNETIC 
BLOW-OUT ACTION. 
EMERGENCY SWITCHES ricton or sarery. 
F FACTOR OF SAFETY. 


ALL INTERLOCKED. 


; BRAKE MAGNETS TO MEET ALL REQUIREMENTS. 


SEND YOUR ENQUIRIES TO OUR NEAREST BRANCH. uz 46 
3-MOTOR CRANE PANEL with SPEED LIMITING DEVICE. 


vm... GEORGE ELLISON, “2 


MANGHESTER. Victoria Works, Warstone Lane, BIRMINGHAM. NEWOASTIE- 


























4, Cannon Street. SHEFFIELD. —Independent Buildings, Fargate. “1s =, Pilgrim Street. 
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BURTON, GRIFFITHS? 2 


LUDGATEH SQUARH, LONDON, E.C. 


MACHINERY and SMALL 
TOOLS. 


¢ 


















“THE 
BULLDOZER” 


(WILLIAMS, WHITE & CO.) 





For Repetition, Forming 

and Bending. 
In great demand for Railway 
Carriage and Wagon work, 
Automobile Chassis construc- 
tion, Agricultural Implement 
work, and Reinforced Concrete 
Steelwork. 





Write for particulars to 
Sole Agents as above. «x 











| 





SELF-LUBRICATING 
STEAM ENGINES, TURBINES, AIR & GAS COMPRESSORS, 
CONDENSING PLANTS, PARAFFIN ENGINES 
anv CRUDE OIL ENGINES 


(DIESEL TYPE) 
for 
Electric Power, Traction, 
Lighting, Mill Driving, 
Mines, Ventilating Fans, * 
Shipbuilding and Engineering 
Works, etc. a 








RECIPROCATING ENUINE & EXHAUST TURBINE. MADE IN STANDARD SIZES 


Combined Capacity, 2600 KW. TO SUIT ALL REQUIREMENTS. MOTOR-DRIVEN AIR COMPRESSOR. 1600 c. ft. Capacity. 
Telegrams : “ Belliss, Birmingham.” Established 1852. London Office: 8, VICTORIA ST., S.W. 


BELLISS & MORCOM LIMITED, 
BIRMINGHAM, enc ann. 











OS ARS 
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THE 


“TAN-GYRO” 


SPECIAL FEATURES :— 





High Efficiency. 

Low Power. 

Variable Heads and Quantities. 
Constant Speed. 

— ee = Self-Lubrication. 

: eS | Oil-Ring Bearings. 

| HEType “ A."—MOTOR DRIVEN. Water-Sealed Glands. Type "oO" MOTOR DRIVEN. 





TANGYES LTD., _Birmincuan. 

















HYDRAULIC PRESSES for 


CARTRIDGE HEADING. 
SHELL PIERCING. 
SHELL BANDING. ee 
CARTRIDGE CUPPING. 


Steam-Hydraulic Quick Speed Forging Presses, (ae 
Pumps, Accumulators, &c. ‘ 




















Contractors to British and Allied Governments. 


FIELDING & PLATT, | 


GLOUCESTER, HBugiand. 
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“THE EBBW VALE STEEL IRON & COAL CO.,Lr0. 


SAO OOOFOLOOS 1 HOSS OSOSEDESOSEOESESOESOESESSSOSSSOSSSOOSOOOOOOS 


BLACK ann GALVANISED 
PLAIN ann CORRUGATED 


STEEL SHEETS 


ALSO MAEZHBRS OF 


SPECIAL STEEL PANEL PLATES 


hydraulically flattened and resheared to exact dimensions. 
OTHER STEEL SHEETS ‘TO SPECIAL ANALYSES. 
BRANDS :— “EV.” “ FURNACES.” “NAPOLEON.” 









































STEEL. STEEL. 
TINPLATE BARS. LIGHT RAILS. 
SHEET do. HEAVY do. 
SPRING STEEL do. FISHPLATES. 
BLOOMS. PLATING BARS. 
BILLETS. DIAMETER do. 
SLABS. ANGLES. 
FLATS. CHANNELS. 
SLEEPERS. TEES. 




















Solid Weldiless Steel Locomotive Boiler Tubes, 


ETANDARD SIZES AND GAUGES. 
Carriage, Wagon and Locomotive Springs to Railway Standard and other Specifications. 
Best Quality Tar and Sulphate of Ammonia Produced by Direct Recovery Process. 

















COAL OUTPUT CAPACITY ... aa ..- 2,000,000 Tons per annum. 
" PIG IRON ,, os wi > a J ee er 
SUNDRIES. STEEL - »» Bessemer & Siemens Acid& Basie 250,000 ,,  ,, ” COAL. 
RN TR Re, BRICK ss ‘i - « wa em « . « 
CARRIAGE SPRINGS. 
WAGON do. (Buff and Red Facings, Fire, Common, - Ornamental). EBBW VALE 
LOCOMOTIVE do. SOLE GOAL SALES AGENTS Messrs. T. BEYNON & CO., Ltd., Merthyr House, CARDIFF. STEAM, 
INGOT MOULDS. SOLE BRICK SALES AGENTS Messrs. THE BRECONSHIRE COAL & LIME CO., Ltd., BRECON. 
GENERAL CASTINGS oo sen 7 
(up to 40 Tons). Mr. R. S. COLQUHOUN, 22, Fields Road, NEWPORT, Mon. ABERCARN 
WELDLESS STEEL TUBES. Messrs. S. F. JONES & CO., 1, Cannon Street, BIRMINGHAM, 
BLACK VEIN 
WAGONS. Messrs, DUTTON, MASSEY & CO., Tower Buildings, Water Street, LIVERPOOL. ? 
Messrs. DUNFORD & ELLIOTT, Collingwood Buildings, Collingwood Street, NEWCASTLE-ON-TYNE. 




















Mr. F. W. PAUL, 35, Princes Square, Strathbungo, GLASGOW. 


British Agencies—Birmingham, Liverpool, Glasgow, Newcastle-on-Tyne, Swansea, Cardiff, Newport, &c. 
Colonial and Foreign Agencies in South Africa, Australia, New Zealand, Canada, South America, France, Holland, &c. 


Enquiries to: Head Office—EBBW VALE, MON. London Office—122, CANNON STREET, E.C. 
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Important Notice 














500 B.H.P. Sulzer-Diesel Engine. to 700 B.H.P. Sulzer-Diesel Engiue. 











Manufacturers. 


F, owing to pressure of work, the 
capacity of your power plant is 
insufficient for your requirements 
we invite you to communicate 
with us. We are in a position 
to give QUICK DELIVERY of 





& R e 


DIESEL ENGINES 
in sizes from 20 B.H.P. to 1500 B.H.P. 


The considerable increase in the price of coal makes it 
desirable for most manufacturing firms to economise in its 
consumption. Sulzer - Diesel Engines enable you to effect 
this economy without detriment to your productive capacity. 








SULZER BROTHERS 


(WINTERTHUR, SWITZERLAND), 
30, Norfolk Street, Strand, London, W.C. 


The Firm of Sulzer Brothers was founded in 
Switzerland in 1775. Branches throughout the 
world. 


4000 B.H.P. Sulzer-Diesel Engine. 
1500 B.H.P. Sulzer-Diesel Engine. 
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QI5. 
\ SSS ee es SSS SS SSS Z} 
\ VI C KERS LIMITED. \ 
| WARSHIPS AND COMMERCIAL SHIPS. | 
N ICEBREAKERS, DREDGERS, AND OTHER SPECIAL CRAFT. FLOATING DOCKS AND CRANES. \ 
| | 
| 
| | 

: Sap wedi 

WAR TURBINES ; 
\ MATERIAL STEAM, 
OF Oll, and | 
\ EVERY GAS \ 
DESCRIPTION . ENGINES. | 
a a | 
| | 
\ \ 
\ l 
Fitting-out Basin. rh Ig as 
\ | | 
1) Naval Construction Works, BARROW-IN-FURNESS. 
i == SSL_L_HDL_L_==—=SSSSS5330SS>= a <A | 


Motor Generators. Turbo-Generators. 


Motors of all types. Rotary Converters. 








View showing Frames of Turbine Type Alternators in Course of Construction. 


RIVER DON WORKS, wsdretbdiomeaise 
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| ~ VICKERS LIMITED. 
| LOCOMOTIVE CRANK AXLES. ff PATENT 








{| ADJUSTABLE REAMERS. | 


———— = 
CLS, MERe Cp... 

cavities 2 ,'e it wi 
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. Pe fake 

a X At 
—_— |) — 


—— 





















High Tensile Stee! Tyres 
* AUSTRALIA” BRAND. 


——_— 


STRAIGHT AX LES, for Locomotives, Carriages, and Wagons, 





S—— 








VICKERS VANADIUM HIGH | SPEED STEEL. \ \ 
Forgings and Castings of every description. | 
River Don Works, SHEFFIELD. | 

Agent for France:—EUGENE BUISSON, 9, Rue de Nemours, Paris. | 











ee AS 


(Proprietors :—VICKERS LIMITED). 


“WOLSELEY” 


Commercial Motors bey. 
FOR 12 CWT. TO 5 TON LOADS. {ff vVICKERS VANADIUM HIGH POWER 


DRILLS 


i} (Made of Vanadium High Speed Steel). 








eeRe== 


—> 





Se 
——— 


7 QUICK CHANGE DRILL CHUCKS. 






SL 


““On Active Service.” 


————— 





Send for Catalogue G., post free om request. The, Standard Tools i 

for modern drilling \ 
WOLSELEY MOTORS, Ltd., Adderley Park, BIRMINGHAM. jf and reaming practice. | 
(Formerly THE WOLSELEY TOOL & MOTOR CAR CO., Ltd.) All communications to— \| 


TOOLS DEPT., 


VICKERS HOUSE, BROADWAY, 
LONDON, S.W. 


NN : 
Sarees SS SSS SSS SSS 


x 


Telephone: 4861, Central, Birmingham. 
Contractors to the Admiralty, War Office, &c. 





= ——4t=—- 


Ter 


} 
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The British Westinghouse Electric and Manufacturing Company, Limited. ill 








WESTINGHOUSE 


Improved Vertical Tandem 


GAS ENGINES 





Greatly reduced fuel consumption. The installation of gas driven power plants under 


the undivided responsibility and wide engineering 


‘ © g ege experience of the British Westinghouse Company 
Greatly increased reliability. has resulted in remarkable reductions in power 


costs. 
Let us investigate your conditions. 


rstinghouse 


Manchester 





iri OoOOTwTEElEccocEcaec_C_i =< XS 

















i 
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HENRY BERRY & CO 


Croydaon Works, Leeds, Eingland. 


MAEFERS OF 





HYDRAULIC MACHINERY 


FOR 


Rivetting, 
Punching, 
Shearing, 
Pressing, 
Lifting, 
Bending, 
Forging, 
Flanging, 
Stamping, 
Straightening, 
Joggling, 
Wheel Bossing, 
Tank Makers, 
Boiler Makers, 
Bridge Builders, 
Ship Builders, 
Wagon Builders, 
Steel Works, 
Doeks, 
&e., &e. 














17 ft. 6 in. Gap FIXED HYDRAULIC RIVETTER. 





Belt-Driven Pumps, 
Duplex Pumping 


Engines, 


Fixed Rivetters, 


Portable Rivetters, 


Aecumulators, 


Punehing Machines, 


Shearing Machines, 


Forging Presses, 


Flanging Presses, 


Baling Presses, 


Ingot Cranes, 


Centre Cranes, 


Foundry Cranes, 


Travelling Cranes, 


Bloom Shears, 


Billet Shears, 


Wheel Presses, 
Spoke Bending 


Maehines, 


&e., &e. 


2172 


mH Lo., 








BERRY'S PATEMT WORKING AND ‘STOP VALVES 


for all purposes, are superior to any others on the market. 





Prices, Particulars and Lists on | PEER 





LARGE STOCK ALWAYS ON HAND. 





Consequent to Ei 





FOR SALE. 


Two Sets 100 LHP. Compound Vertical Steam 
ENGINES. H.-P. cyls. 12 in. dia., L.-P. cyls. 
ane a6 te ke, fitted ted with Turner- 

ell flywheel! ernors, driving pulleys, 
valves and flubricators. 


Row’s Patent FEED-WATER HEATER, capable 
of eating 6200 ls. of water per hour trem 50 to 
180 degrees F. 


The above are in excellent condition, equal to new, 
and can be inspected at our Works at any time. 





HENRY BERRY & CO., Ltd., 
Ororpon Works, LEEDS. 
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YATES & THOM, Ltd, 


Canal Engineering and Boiler Works, 


ures soccsum BLACKBURN. oir 


HIGH-CLASS 


ENGINES 


WITH CORLISS OR DROP VALVES. 




















Winding Engines; Electrical Haulage Plants; Rolling Mill Engines. 


LICENSEES ror tHe MANUFACTURE or “ BORSIG” vaLves 
FOR 4515 


Air Compressors, Blowing Engines and Vacuum Pumps. 





HEAVY MILL GEARING AND PUMPS. 


LANCASHIRE BOILERS. 


ALL SIZES AND PRESSURES. 




























To INCREASE your OUTPUT by 2OO use 


- MONOMETER FURNACES. 


This remarkable result has been achieved by our Furnaces 
in large Munition Works in Birmingham. : 
THE MOST RAPID CASTING FURNACE ON THE MARKET. 
For Lead, Tin, Aluminium, Aluminium Fuse Parts for 
Shells, Zinc, Antimony, and all Soft Metals, melted 
without Oxidation and without Crucibles. Nana 





} = ———— 


>) THE MONOMETER HEAT CONTROLLER 
is Self-Acting and Adjustable. For all Gas and Oil Fuels. 
/ Keeps the Heat Constant and Cuts Down the Gas Bill. 


/ Monometer Manufacturing Company, | Ltd. 


t Melti F i Edited by J. H. H Monometer Patented Self-Acting 
a Heoemeter Heat nf rurnace er $639 Whitehouse Street, Aston, Birmingham. Managing Director. Adjustable Heat Controller. 











ie PLATTS PATENT, MOTOR OR BELT DRIVEN 


DROP STAMPS. 


LOWEST IN FIRST COST AND UPKEEP. EASY AND PERFECT CONTROL. 
NO COMPLICATED PARTS TO GET OUT OF ORDER. 
THE MOST SIMPLE AND EFFICIENT DROP STAMP IN EXISTENCE. 


COMPLETE STAMPING PLANTS. 2879 


a SAMUEL PEATT, L® ‘Weonaesury. 


‘BILLINGTON: NEWTON, 


LONGPORT, STAFFS. ——? 

























PHOSPHOR— 
TIN, 

COPPER, 
BRONZE. 





MANCANESE BRONZE. Telegrams—Bronze, Lonerort. Telephone—No. 334, Porrmnixs. 









a. 
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Fe TUBES LIMITED a 


WELDLESS TUBES fer BOILERS and STEAM PIPES 
LOCOMOTIVES & THE ENGINEERING & MOTOR TRADES. 
| ——s- Works: ASTON MANOR, BIRMINGHAM. ss Tele{ Soe: Recension Bytom. 


LIMA LOCOMOTIVES. 


|| Many years of experience enable our corps of engineers 
to furnish Locomotives, direct-connected or shay-geared, 
designed to suit the needs. 
WRITE FOR CATALOGUE “H.” 





























New York Office ... - .. 60, Church Street. 









































[ee ik iostcrs componniion 
[PETER BROTHERHOOD, " 
PETERBOROUGH 
for 
40 years 
makers 
1879 . ie 


HIGH-SPEED STEAM ENGINES FOR DYNAMOS. 


— SS 


W.AL ALLEN, SON &6O., L. 


Queen’s Engineering Works, ———e ENGLAND. 




















Vertical Enclosed 


OIL’°GAS 


Suitable for Working 
with 











PARAFFIN. 
ENGINES PETROL, or 
TOWN, or 
For Driving Direct PRODUCER GAS 
DYNAMOS, - 
FANS, FORCED 





PUMPS, &c. es 55 B.HP. Four eats cer oyecnt pa LUBRICATION. 
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SUNN 
: 
: Makers of Wrought Iron and Steel Pipes by the Welded and Weldless Processes, in diameters up to 72 in. = 

- 
= High Pressure = 
=: = 
= = 
| STEAM PIPE INSTALLATIONS | 
3 : 
= Fitted with and Screwed = 
= Welded-on Flanges. = 
: = 
= Welded-on Flange Joint. Light Screwed-on Flange Joint. = 
= This is the Standard Joint This is the Standard Joint = 
= for Steam Pipe Installations for Steam Pipe Installations = 
= over 100 Ibs. pressure. up to 100 lbs. pressure. = 
: = 
= Made to Admiralty, Board Quotations sent on receipt of = 
= . bee peng wi specification or drawing. = 
= Veritas and British Corpora- = 
= se Catalogues sent on application. = 
= Main Steam Pipe Installation in Boiler House. = 
= - = 
= e 8 ¥ s « = 
=| Light Lapwelded Steel Pipes with Suitable Joint [2 
= for Gas, Water, Air, Sewage, Oil, and other purposes. = 
= Screwed 8 Socketed Tubes. Tubular Steel Poles for Tramway, Telegraph 8 Electric Light. | Boring & Casing Steel Tubes. = 
= Iron 8 Steel Boiler Tubes. Tubular Steel Transmission Towers. Siemens-Martin Steel Plates. = 
= Hot 8 Cold Drawn Steel Tubes. Tubular Building Construction. Steel Castings. = 
= STEWARTS ann LLOYDS, Ltd., = 
= Broad Street Chambers, BIRMINGHAM. 41, Oswald St., GLASGOW. Winchester House, Old Broad St., LONDON. = 
= = 
SANNA HT 
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PATENT. 


EXPANDING STEAM TYPE. AUTOMATIC WATER TYPE. 


“LION” PACKINGS 


Are made with Practical Principles. 


if The Metal Studs are composed of a SPECIAL HIGH 
MELTING POINT ANTI-FRICTION METAL ABLE TO 
WITHSTAND THE HIGHEST SUPERHEATED STEAM 
TEMPERATURES. 


The Fabric is made from Finest Yarns and is Specially 
Woven. 


The cloth is folded in such a manner as to give an 
automatic expanding action whereby the packing adapts 
itself to all conditions of work with the minimum of friction. 


It has all the advantages of a solid metallic packing with 
none of the disadvantages. 


“GOLDEN WALKERITE” 


iS THE BEST TYPE OF 


COMPRESSED ASBESTOS FIBRE 


OR 


“ITE” JOINTING. 


Large Quantities Used hy the Admiralty. 





GUARANTEED ALL BRITISH MANUFACTURE. 


James Walker & Co., Ltd., g27z3's::.. London, £. 











3 
ir 
—_ 
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“Rol URBo’} TH Ez “Rol URBo" 


TRADE 





MARK 


REES ROTURB 


MANUFACTURING CO., LTD., 
HYDRAULIC, ELECTRICAL AND GENERAL ENGINEERS, 


WOLVERHAMPTON. 








Rees Roturbo Patent Revolving 
Pressure Chamber Pumps. 





CONSTANT SPEED. CONSTANT POWER. 
VARIABLE PRESSURE. 
HIGH and PERMANENT EFFICIENCY. 
VARIABLE VOLUME. 
PERFECT HYDRAULIC BALANCE. 
SELF - REGULATION. 





























Fig. 9 STEAM TURBINE DRIVEN PUMPS RMNNING AT 2000 R.P.M. 


Rotary Jet Condenser and 
Cooling Tower Plant. 


HIGH VACUUM. LOW POWER. 
SELF-REGULATION. 











HIGH-EFFICIENCY, 
MINIMUM ATTENTION 
and MAINTENANCE COSTS. 
















~~ 


DYNAMOS «x0 MOTORS. 


ON ADMIRALTY, WAR, INDIA, HOME ANO COLONIAL OFFICE LISTS. 

ydroturbo, Wolverhampton, LONDON OFFICE: cad 
ydroturbo, a me (inland only) H ASTI N Gs m O us E, 

or 11h ond 181% NORFOLK ST., STRAND, W.C. 


olver' pton. 
and 1512, Central, Londor. 
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ROTARY CONVERTERS 








TWO SIX-PHASE BOOSTER ROTARY CONVERTERS 


INSTALLED AT 
NORWICH CORPORATION ELECTRICITY WORKS. 


OUTPUT OF EACH: 1200 K.W., 450/500 VOLTS. 
SPEED: 600 R.P.M. 
SUPPLY: 6600 VOLTS., 50 CYCLES, 3-PHASE. 


SIEMENS BROTHERS DYNAMO WORKS LIMITED. 


Head Office: Supplies Dept. & Stores: **‘Tantalum’’ Lamps & Fittings: 
CAXTON HOUSE, WESTMINSTER, S.W. | 38 & 39, UPPER THAMES STREET, E.C. TYSSEN ogy ge Be py h N. = 
Telephone: GERRARD 860. | Telephone: CITY 5350. Telephones : CENT RA N 2440, 
Telegrams: SIEMBRA LOS, VIC, LONDON. Telegrams : SIEMOTOR, CENT, LONDON. Telegrams : SteMODY! N, et WLAND, TON DON, 
Works; STAFFORD. 


HOME BRANCH ADDRESSES: 
BIRMINGHAM .. .. Central House, New nanan ~ « Tel. No. 6907/8 Central. MANCHESTER .. .. 196, Deansgate eo» Tel. . 4635/8 Central 
BRISTOL .. .. .. 30, Bridge Street.. .. +» Tel. No. 1479 National. NEWCASTLE .. .. 64-68, Coll ngwood Buildings. o- . No. 3033/5 Central. 
CARDIFF .. .. .. 89, St. Mary Merest .. 2, «oo 3OL Me 3057. SHEFFIELD.. .. . 22, High Street . os ; . 4251 Central. 
:. 1s ss Tel. No. 4901/3 Central. SOUTHAMPTON .. ee eee ee . . 1003 8'th’pton. 


GLASGOW .. .. .. 66, Waterloo Street .. 
BRANCHES IN PRINCIPAL TOWNS ABROAD. 1712 
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GIBBONS BROS. Ly». 


vane aiteh cumbia DUDLEY. Telephone :—10, DUDLEY. 
Contractors to ADMIRALTY and WAR _ OFFICE. 





Patentees and Builders 


— Se OF 4602 





REGENERATIVE MUFFLES & FURNACES 














FOR ALL 


ENGINEERING WORK. 














a 











DESTRUCTION. PRODUCTION. 






































If you are interested in the profitable disposal of How much do you pay now for COAL, few users pay 
burnable refuse from Town, Institution or Factory, write for so little that they would not wish to pay LESS, and we 
CATALOGUES, QUOTATIONS and GUARANTEES for supply a FORCED DRAUGHT FURNACE which burns 
“MELDRUM” REFUSE DESTRUCTORS to utilise VERY CHtAP FUEL, but makes it raise all the STEAM 
such waste for steam raising purposes, our DESTRUCTORS ‘ou need and there must be a great number of STEAM 
are working succesefully in all parts of the Country, enabling USERS who would be glad to use such a furnace if they 
users to exchange that which is not wanted, for three things knew what an economical and eficient FURNACE we supply. 
in demand, HEAT, LIGHT and POWER. FULL PARTICULARS WITH PLEASURE. 

If you have <—- quantity of burnable waste in your Are you considering the purchase of a MECHANICAL 
business do not fail to communicate with us, because we STOKER ? if you are, we don’t think you will find one to 
can show you how %o put it to the best possible wse, and if beat the ‘‘MELORUM” for low labour cost and all-round 


you can use it it is worth money to you. efficiency, and you could not do better than ask for particulars. 


Write for our CATALOGUES, QUOTATIONS AND GUARANTEES. 


MELDRUMS, LTD. 








4233 


TIMPERLEY, 
MANCHESTER. 


Telephone—i8i1, ALTRINCHAM. Telegrams—‘*‘ MELDRUM, ALTRINCHAM.” LONDON OFFICE—92, Grosvenor Road, Westminster, S.W. 
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Latest Model Zin. centre HIGH-SPEED LATHE 


7 ft. 6in. GAP BED. 


Double Back Gears con- 
trolled by lever on front 
of headstock. 


New design feedbox, dis- 
pensing with hollow shafts 
and sliding keys. 

New type apron, fitted with 
drop worm. 


These Lathes are of our 
latest design and are made 
in four sizes: 7 in., 84in., 
10in. and 12}in. centres, 
with either cone or all- 
geared headstocks. 


The above features are in 

addition to the advantages 

previously fitted on our 

_— Lathes. Send for prices 
a and full particulars. 


GEORGE SWIFT ana sons, - 


LIMITED. 
Claremont Ironworks, HALIFAX, England. 


Telegrams—SWIFTLY. Telephone 497. 




















BUCKTON = 


a 








Wy ess TURBINE LATHE TO SWING 16’ 0’ DIAM. x 60’0” LONG LATH ES 
GUN VOSHUA BUCKTON & CO LTD GEEDS +81 
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A GAS ENGINE THAT EXCELS. 


“PREMIER” 


MULTI-CYLINDER HORIZONTAL PATTERN. 
TOTALLY ENCLOSED. 


























2 Cylinder. 3 Crank pattern. Forced Lubrication. 





The PREMIER GAS ENGINE Co.,Ld., 


Sandiacre, near Nottingham. 





O”N all points the ‘‘ Premier’’ Gas Engine 
excels and why? | 
THE DESIGN IS PERFECT. 


THE MATERIALS AND WORKMANSHIP 
ARE THE BEST POSSIBLE. 


THE PERFORMANCE IS PERFECT. 


To buy cheaply: is not necessarily practising 
economy. ‘There is a world of difference. When 
contemplating the purchase of a gas engine, first cost 
is not the only thing to consider—what about 
the repair bill, cost of attendance, fuel bill, 
and above all freedom from breakdown. These 
are important factors that count, and what the shrewd 
buyer will take into consideration when contemplating 
new plant. 


The ‘* Premier ’’ Engine has been designed 
not with a view to cheapness in first cost but to give 
reliability in working, ability to cope with a little 
extra load when required, and for economical running 
it is unapproachable. 


One cannot get all these things in a cheaply 
made engine, but reliability tells in the long run, 
and, point. for point, the 

“PREMIER” GAS ENGINE 
is the best you can instal, because it will give you 
satisfaction. 


Write for particulars. 6970 
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Universal Grinding Machines. 


[June 25; 1915. 








B. R. ROWLAND g CO., Ltd., PEDDIs#. 


A type which we build for the main 
purpose of removing surplus wrot. and 
cast metal from heavy parts. 


The design and construction embody 
improvements developed from experience. 


Reliability, stability and general 
utility are valuable features which these 
Machines possess. 


| The shafts, bearings, rests and stands 
are of ample proportions, built, for con- 
tinuous and long service. 


The accuracy of the machining and 
finish enables these machines to be used 
for small, medium and large -work. 


We <gpecialise in the manufacture 
of Grinding Wheels. fies 


Please write for Illustrated Catalogue No. 73. 


nr. Manchester. 


_—_ 
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Owing to our machines being engaged in the 
manufacture of War Material, we are in 
a position to quote favourable prices for 


HIGH-CLASS 


IRON CASTINGS 


UP TO A= TONS, FOR QUICK DELIVERY. 


CROSSLEY BrROS., L@ opensuaw, MAncHESTER. | 
'\asieessnisiieieerepspeierinebinimitaeiaimaatctesiaeiiiiailieiiiaiiaiilidaa 


a eee 
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se ” 
SOUTHWARK STREET, LONDON. 


ASBESTOS AND OTHER PACKINGS. JOINTING MATERIALS. 
NON-CONDUCTING COVERINGS, &c. 


















Sole Manufacturers of: 


“Dagger” Packing. Salamander Asbestos Joints. 
“Syren” (tic) Packing. Victor Metallic Asbestos Joints. 
“Gladiator” Packing. Asbestos Packed Cocks & Gauges. 


THE BEST Of THEIR RESPECTIVE KINDS FOR ALL PRESSURES. 


ENGINEERS’ STORES OF EVERY DESCRIPTION. 


Contractors to the British Admiralty for over 30 Successive Years. oe 
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HUDSWELL, CLARKE & CO., LTD. 


RAITEWVAT FOUNDRY, LEADS. 


LOCOMOTIVES 


For Main or Branch Railways, Gontractors, Ironworks, Gollieries, &c. Made to suit any Gauge of Rallway. 











ee 


Tel. Address : 
“Loco, Leeds.” 


Established 
1860. 





PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
SOLE MAEHE ERS OF 


“RODGERS PULLEYS” 


(REGISTERED). 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. sa 


















36 in. Centre 4492 

HEAVY GUN 
TURNING LATHE 

with Six Tool Saddles. 







——_ 


NOBLE & LUND, Ltd., rezunc-on.ryne. 


Makers of All Kinds of Machine Tools for Armament Factories. 
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| CAM PBELL” 


WOOD REFUSE 


GAS PRODUCERS 


FOR GASIFYING ALL DESCRIPTIONS OF WASTE 
WOOD, SUCH AS CHIPS, SHAVINGS & SAWDUST. 


THESE ARE SUCTION PLANTS— 


REQUIRING NO CAS HOLDER, 
OCCUPYING THE MINIMUM SPACE, 
NEEDING NO SKILLED ATTENTION, 


CONSUMING 2? TO 34 LBS. OF WOOD 
PER B.HP. HOUR ACCORDING TO SIZE. 


INSTAL A “CAMPBELL” GAS ENGINE AND WOOD 
REFUSE GAS PLANT AND RUN YOUR FACTORY ON 
ITS OWN WASTE PRODUCTS! 

















































VIEW OF A 350 B.HP. WOOD a GaAs PLANT. LNe CAMPBELL Gas Encne Co. LTD. 


Recently built for a leading English Railway Company, 


2675 
and a Gas to one of our Vertical Gas Engines. HALIF. AX, ENGLAND. 


COWANS, SHELDON & Co. [° CARLISLE 


TELEGRAMS :—“‘ ST. NICHOLAS, CARLISLE.” 
LONDON OFFICE :—8, VICTORIA STREET, WESTMINSTER. 
Al and ABC 
(5th Edition) CODES USED. 











‘ 











ELECTRIC TRANSPORTER. 


a ec 
sas TRAE 7 RANSFORTERS . 
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HALDEN&COLTD 


Os DRAWING OFFICE MATERIALS SOB 


Engineers’ Photo Papers 
Photo Copies by all Processes 


DRAWING & SURVEYING INSTRUMENTS 

























































































“THE 
HALDEN 
CALCULEX.” “The Halden Calculex” 
titans is a slide rule in circular 
cuprates & case form. Because of its ac- 
: oa ne d curacy and convenience 
<7 rere it has largely supplanted 
) the straight rule. Over 
Price 30,000 have been sold, 
12/6 
post free. 





|. HALDEN s & CO., Lid., 8A 8, Albert Square, MANGiesiin, LONDON, NEWOASTLR ON “TENE 
Ny 


CLARKE, CHAPMAN «& CO., Ltp., 


GEM and Electrical Engineers and Boilermakers, 


VICTORIA WORKS, GATESHEAD. 
Specialists in Ships’ Auxiliary Machinery. 

















ELECTRICALLY-DRIVEN WINCH, 





ELECTRICALLY-DRIVEN WINCH. “SIEURIN” Patent STEAM WINCH, 





LONDON OFFICE: 50, Fenchurch Street, E.C. 
Telegrams: “CYCGLOPS, GATESHEAD.” “CYCLOPS, FEN, LONDON.” 3885 
Telephone Nos.— A.B.C. 4th and 5th Editions, A.1., Engineering ist and 2nd Editions, 
1070 and 1073 Central and ‘No. 137 City, | CODES {Licvers, Broomhalls, Moreing & Neils, Watkins. 
Trunk Calls 2196 Central. 


Western Union and Private. 
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HURST, NELSON & CO., LTD. 


_. Builders of RAILWAY Rides WAGONS, ELECTRIC CARS and every other description of RAILWAY and 
TRAMWAY ROLLING STOCK, MOTOR OMNIBUS and other ROAD VEHICLE BODIES. 


SPECIALTY—ELECTRIC RAILWAY AND TRAMWAY TRUCKS. 
WAGONS BUILT FoR CASH or DEFERRED PAYMENTS, or LET ON HIRE, 


















































WHEELS STEEL WORK 
AND AXLES, 
of all kinds, 
pr including 
FORCINGS, UNDER- 
SMITH-WORK, FRAMES 
IRON a AND 
AND BRASS | BOCIES. 
CASTINGS. 





STEEL COVERED GOODS WAGON 
as Built for Great Indian Peninsula Railway Company 


cee The Glasgow Rolling Stock ¢ Plant Works, Motherwell. 


GLASGOW OFFICE: 40, West Nile Street. CARDIFF OFFICE: Gordon Chambers, 31, Queen Street. LONDON OFFICE: 14, Leadenhall Street, E.C, 
BRANCH WORKS: Chatsworth Wagon Works, near Chesterfield. Bridgend Wagon Works, Bridgend, Glamorganshire. Swansea Wagon Works, Swansea, 


a 
SS 













GLOBE RIVETTING, CHIPPING and 
CAULKING HAMMERS, MADE THROUGH- 
OUT FROM NICKEL GUN STEEL. 





GLOBE DRILLING, TAPPING, and REAMING MACHINES HAVE 
FEWER WORKING PARTS THAN ANY OTHERS OF THE TYPE. 
ALL GLOBE PNEUMATIC TOOLS 


ARE MANUFACTURED BY 
SIR W. G ARMSTRONG, WHITWORTH va CO. 


a — FOR 
ray OL 


CLoBE PNEUMATIC ENCINEERING 


COMPANY, LTD., sou 
GLOBE “CORNER” DRILLING MACHINE. SIMPLEST AND I, VICTORIA STREET, LONDON, S.W. 


MOST DURABLE CONSTRUCTION. 
Representatives g—J. F. WOLFF & OO., Lav., Lonpon. EDMISTON, BROWN & OO., Giaseow. 
- = DREW, NeEwcastLe-on-Trwe. RB. D. WOOD, Liverroo.. JAMES TURNBULL & OO., 
ae ee 9... SOUPER & CALLAGHAN, Mancuaran oe ¢ Sete Pitt 
“ ,”? Srrest, Sypwey, AUSTRALIA. co. W. MU PETROGRAD. ’ &0o., 
TELEGRAMS i oe PNEUMATOID, Vic., LONDON. Rue ADOLPHE Mus, Paris. Mr. FRANTS ALLING, PUGGAARDSGADE 4, Corpmznniczn, TEKNISK 
TELEPHONE - ie a eed +.» 2671 VICTORIA, ; 0O., Daowmmemnset 14, Onnusriuama. Dr. T, SHIN, Toxro, Jaran. 
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ENGINES FROM STOCK. 


PORTABLE ENGINES, 2 to I6 HP. Nominal. 
VERTICAL HIGH-SPEED ENGINES, 2 to 50 B.HP. 
MEDIUM STROKE VERTICAL ENGINES. 

HORIZONTAL ENGINES, 24 to 100 HP. 
WINDING ENGINES. 
TRACTION ENGINES. OIL ENGINES. 
STONE CRUSHERS. AIR COMPRESSORS. 








PRICES AND FULL PARTICULARS ON APPLICATION. we 


ROBEY & Co. E LINCOLN. 




















PHCENIX | Brabrorp’ 
HEAVY 


CURRENT 
PLANT 


FOR 














ELECTROLYSIS, PLATING, 


BOOSTING, PRINTING WORK. 








PHCENIX DYNAMO MANUFACTURING CO., LTD. BRADFORD. 


Wires: Dynamo. HBAD OFFICE and WORKS. *Phone: 3700 (4. lines). 


BRANCHES TELEon® has so wicromia. | as 








se 




















c. 428 SOUTH 19765 CEWERAL. 2761 CENTRAL. 
KILOWATT. PHEDYNA. PHEDYNA. PHEDYNA. 
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A dozen machines 
might stop 


if one bearing ‘‘seized” in a pulley shaft; 
and you can’t afford to run this risk 
through so trivial a cause. Either plain or 
rigid type ball bearings will seize if there 
is the slightest “whip” or “lag” in the 
shafting—But 


JKEF KRE.SoOKF 


SELF - ALIGNING DOUBLE - ROW 


BALL BEARINGS 


will run without trouble even if the shaft 

is bent, because they operate, through a 

— radius, in a similar manner to a 
universal joint. 


Pe a ee Sint eee 
Tt well Inosll || Umit Dit i a) 


Hen 











THE SKEFKO BALL BEARING CO., Ltd., 


Head Office and Works _... os iia LUTON, ENGLAND. 
Telegrams : ‘‘Skefko, Lutan.” Telephone: 418 Luton. 
London Office  .... 28, Victoria Street, Westminster, S.W. 
Telegrams: ‘“‘Skefko, Vic., London.” Telephone : 6641 Victoria. 


























15x24in. Semi-Quick Change Gear “Kern” Gap Lathe 


With FOUR-STEP CONE and SINGLE BACK GEAR. 








A High Grade 
well-finished 
Lathe. 


Double Plate 
Apron. 


All Gears of 











Designed to Steel, 
meet the cut from the 
requirements solid. 
of General 
Manufacturing “Kern” quality 
Work. throughout. 
EARLY DELIVERY. 














SoLte EUROPEAN, AFRICAN, ASIATIC AND SOUTH AMERICAN AGENTS:— 


The UNIVERSAL MACHINERY CORPORATION Ltd. 


MACHINE SHOP AND FOUNDRY EQUIPMENT OF EVERY DESCRIPTION. 


326, OLD STREET, LONDON, E.C., ENGLAND. 
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STEEL CASTINGS 


By Siemens-Martin and Crucible Processes of every description. 





TO PASS ADMIRALTY, LLOYD'S, BOARD OF 
TRADE, OR BUREAU VERITAS TESTS. 


CASTINGS for Railways, Shipbuilding 
Yards, Engine Works, Rolling Mills, Iron 
and Bridge Works, Hydraulic & Electrical 
Machinery, Mining, River Dredging, Ex- 
cavating Work. 


SPHCIALITINS: — 
TOOTH WHEELS and PINIONS used in 
connection with Oranes, Winches, Oapstans, &o. 
CAST-STEEL ANCHOR HEADS and 
DREDGER BUCKETS Fit up Complete. 














ON or edd 


an 
WAR OFFICE 
LISTS, 


Telegrams— 
“Wellington, 
Middlesbro’.” 


MAIN DRIVING WHEELS FOR WIRE ROD MILLS, 


W. SHAW & CO., "Founciy." MIDDLESBROUGH. 


London Office—8, Eastcheap, E.C.—Representative, A. H. SHARPE. 


Office for Manchester and Birmi: Districte—12, Exchange Street, Manchester. 
Representative—THOS. F. W. DIXON. 
Agent for Scotland—H. M. HARPER, 98, Hope Street, Glasgow. 
t for Leeds and District—G. G. 8: GRUND' 


Agent for Newcastle and District—R. B. FERRY, 90, Pilgrim Street. 


DARLING & SELLERS, L™ Keighley 


Machine Tools for Immediate Delivery. 


4217 


























NEW MACHINES: 
One 7 in. Centres Lathe, Sliding, Surfacing and Screw Cutting 
to admit 3 ft. 6 in. between Centres. 
Similar to Illustration. 


One 7 in. Centres Lathe, Sliding and Surfacing to admit 
3 ft. 6 in. between Centres. 


One 18 in. Patent Automatic Spur Gear Cutting Machine. 


SECOND-HAND MACHINES: 


One 6 in. Centres Lathe Self-acting Sliding only to admit 
2ft. Gin. between Centres. . . ' ere 


One Planing Machine, Screw Drive, to admit 2 ft. by 2 ft. b 
5 ft. long. Two Tool Boxes on Cross Slide. * s022 : 




















The Mason 
Reducing Valve 


STEAM, WATER & AIR. 














This Valve is designed to reduce and main- 
tain an even steam or air pressure, regardless 
of the initial pressure. It will automatically re. 
duce boiler pressure for steam-heating coils, 
dry-rooms, paper-making machinery, slashers, 
dye-kettles, and all places where it is desirable 
to use lower pressure than that of the boiler. 


256,000 
Of these Valves are in use on the Railroads of the United States, 
SEND FOR CATALOGUE. Od 2855 


The Mason Regulator Co., Boston, U .8 


LONDON. COPENHAGEN. 
147, Queen Victoria Street. mo 83, Rue des Peignes, 
SYDNEY : 74, Clarence Street. M jJURNE : 435, Bourke Street. 


AARAU, 


ay SWITZERLAND, 


ESTABLISHED 1819. 


FIRST PRIZE—GOLD MEDAL, Allahat ad 
(1911) U.P. Exhibition. 


TURIN (1911)—2 GRANDS PRIX. 
20 Medals and Highest Awards. 


GRAND PRIX—Paris 1889, Milan 1906. 


MAKERS and EXPORTERS of 
FINEST ENGINEERS’ 


DRAWING INSTRUMENTS, 
TELESCOPIC PLANE TABLES, 
LEVELS, THEODOLITES. 


THE FINEST INSTRUMENTS IN THE WORLD. 
HIGHEST PRECISION. LATEST IMPROVEMENTS. 




















CATALOGUES SENT FREE. 2693 


a London Office - - H. E. HAY. 


CONTRACTORS TO THE INDIA OFFICE. 
Peninsular House, 28, Monument Street, E.C. 


Telephone No. 10,41) Central. Telegrams: Kernamat. Lonvon. 


| §. §. STOTT « 60. 


ENGINEERS and /IRONFOUNDERS, 


| HASLINGDEN, veak MANCHESTER. 


VERTICAL and HORIZONTAL PUMPS 


FOR WATER, SEWAGE, and 
——OTHER PURPOSES.—— 



































HIGH-CLASS 
STEAM ENGINES 


WITH CORLISS and OTHER 
VALVES. 




















) MACHINE MOULDED 
WHEELS. 


4619 
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BRITISH TRADE AND 
THE BRITISH TRADER 

















[From a Photograph) 
Part of Hardening Shop of an important Motor and 
Engineering Works. 


Light, Heat, and Power are necessary in every Factory. Lighting 
which is adequate and properly placed means: 


(1) Freedom from accidents, especially where there is fast 
moving machinery ; 

(2) Increased output; 

(3) Greater cleanliness ; 

(4) Better health and spirits of the workers. 


Heat, which is controllable at will, which needs little attention. 
which is derived from a clean and smokeless fuel, is essential 
to economical and expeditious work under war conditions. 


Power, which is derived from a plant economical both in initial cost 
and in running costs, which wastes no space, and is easily 
controlled, means: 

SAVING OF TIME, 
SAVING OF MONEY, 
SAVING OF LABOUR. 


Coal gas meets all the practical and pressing demands of the modern 
manufacturer in these times of urgent need for maximum production at 
minimum cost. 


Coal gas is used by successful firms in the first rank among British 
manufacturers, because they have found from experience that it can be 
employed with marked advantage in regard alike to: 


ECONOMY OF FUEL; ECONOMY OF TIME; 

ECONOMY OF LABOUR; ECONOMY OF SPACE; 
CERTAINTY OF RESULT; CONSTANCY OF RESULT; 
INCREASE OF OUTPUT; AVOIDANCE OF SMOKE NUISANCE. 


It you are altering, adapting or extending your factory for special 
war purposes, write tor expert advice, facts and figures on the Industrial 
Uses for Coal Gas, without charge or obligation of any sort, to: 


THE SECRETARY 
The British Commercial Gas Association, 
47, Victoria Street, 
Westminster, S.W. 


This co-operative advisory body represents all the leading manufacturers 
and all the important gas companies or corporation departments, and 
you may be assured of obtaining the benefits of the latest experience of 
men engaged in handling problems similar to your own. Your enquiries, 
general or specific, will receive immediate and individual attention. 


On receipt of a postcard, your name would be added to the list of 
manufacturers to whom the Association’s publication, “A Thousand and 
One Uses for Gas,” is sent monthly, post free. 


112 





TO MARINE ENGINE BUILDERS 


WHY WASTE TIME AND MONEY ON 
FITTING PINS AND CASTLE NUTS? 








3961 


GROVER &":,, 23 
WASHERS 


SERVE THE SAME PURPOSE 
at HALF THE COST. 


BUT BEWARE OF IMITATIONS. 
THE GENUINE ARTICLE IS MANUFACTURED ONLY BY 








GROVER Britannia Engineering Works, 
& sd | TD., Carpenters Rd., Stratford, E. 
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pneumatic 
vetting 
NDOUBTEDLY the best Air Compressor for 
Pneumatic Tools is the “Broom & Wade.” 
Its efficiency is remarkable and more remarkable is 
the great length of time that it maintains its effici- 
ciency, By concentrating on this all important 


(e) feature and on one type of machine only, these 
0,6 results have been obtained, and 


. Rr@m ¢é\¥/ade 


o> LUSTER ors 











N >... been so extensively <a for pneumatic 
tools because users have proved from experience 
that they are the best on the market. 


Y installing a Broom & Wade Compressor you 
will effect a saving in power and ensure obtain- 


V 
MS 
i ing the maximum of work from tools without risk 
ry ot loss owing to breakdown. 


Our machines range from 3—1000 cub. ft. All drives 
vie Send for Descriptive Catalogue. 


Telephone 93 High Wycombe. 


Rov BROOM & WADE IT? CHT 


























WORKS. LAT, gad SS 
HIGH WYCOMBE —-_ A J 
ENGLAND , 
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PATENT 


TTI NG 42in. GENERAL TYPE 
L MACHINE, WITH 
PATENT STROKE 


MACHINES neues or eanren. 

























witH MELLOY’S PATENT 
Stroke Change Mechanism. 





SPECIALITY. 


PATENT PUNCHER 
SLOTTING MACHINES 
6 in. to 18 in. 


For all classes of 
Heavy Forge Work. 





Guaranteed Times Given. 











wM. 3604 
Telegram 
8 ee & Company, Limited, Telephone 
Manchester. MANCHESTER. 529 City. 








FLETCHER BROS. 


(Late of .Ashton/Lyne), 
MAKERS OF HICH-CLASS 


BOILER MOUNTINGS 


and all types of reliable 


STEAM, WATER & GAS VALVES. 
ce ae % ATMOSPHERIC 














EXHAUST -_ - 

| VALVES - - 

5 TO SUIT ANY REQUIREMENTS 
as st 


LONDON OFFICE: 
72 & 74, Gray’sinnRd., 
W.C. 


4001 


Telephone :—MID. 393 & 394, 
Telegrams :—MITTON, B'HAM. 


OOZELLS STREET NORTH, 


BIRMINGHAM. 











ALDRICH PUMPS 


are being specified daily by the leading 
engineers at home and abroad 





Send for Descriptive=SPump* Data. 


THE ALDRICH PUMP COMPANY. 


ALLENTOWN, PA., U.S.A. 


4517 
British Agents: GILLESPIE & CO., Leadenhall Buildings, 2, Whittington Avenu 








FOR EVERY SERVICE. THERE'S A REASON. 


The POOLEY Patent Automatic Recording 


WEIGHING MACHINE 











No. 1086, 4600 


Write for fall Particulars— 


HENRY POOLEY & SON, Ltd., 














Head Office—John Bright Street, BIRMINGHAM. 
SSRI 
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WORTHINGTON 
GAS & OIL ENGINES, 








Worthington Standard Horizontal “INGECO” Engine 


Throttling Governor Type. 
For Prices and Particulars apply to: 


WORTHINGTON PUMP CO.,LTD. 


India House, Kingsway, LONDON, W.C. 


Telephones :—3048, 3049 and 3050 Holborn. 


4606 


Telegrams :—‘‘ Pumping, Estrand, London.” 
































| i} 
i) hos 


wnt} 


sab mit i} 


il 
ih 


Meadowside 
Granary, 





« THE? ENTIRE OPERATION OF THIS HUCE CRANARYS 


is entrusted to the care of 





AUTOMATIC ELECTRIC CONTROLLING GEAR. 


Push buttons are in absolute command and everything is so simple 

rate and so mistake proof that the most unskilled labour may be 
jr my employed. INFALLIBLE INTERLOCKS everywhere ensure 
correct a Take fur instance the grain conveyors. Should any 
one band stop, all those feeding up to it stop automatically, thus 
preventing the ways becoming choked with grain. 


IGRANIC ELECTRIC @l? 


“IGRANIC” advise on Control without 


Problems 


charge oF 
147, QUEEN VICTORIA STREET, E.C. 


WORKS, BEDFORD. — niimsitiiaill 
Sturfevan!l Forges: 


Engineers engagement 








FOR ALL CONDITIONS OF. SERVICE 
*A SA ss se “MW 3D 
aiate hi Or 


aes 7: Tale Mialellareres 











COCKBURNS LIMITED, 


CARDONALD, 


QLASGOW. 
The World-Renowned Valve Specialists. 


Established 
1862. 











Strong Steadiest 
Control 
and ~ 
Compact seas 
sits Pressures. 
Easy Upkeep 
Adjustment. Trifling. 





PATENT REDUCING VALVE. 


Safety Stop & Reducing Valves, &c., ke. 














PATERSON 


SYSTEM 
of 
SOFTENING, FILTERING, 
HEATING or OIL ELIMINATING 





Adopted by many of the most important steam users in the 
country, including : 


The Admiralty, for 
H.M. Dockyard Power Stations. 
The War Office, for 
Royal Arsenal Power Station, Woolwich. 
Royal Arsenal Ordnance Factory, Woolwich. 
Nobel’s Explosive Works, Ltd., Pembrey Works. 
The Cotton Powder Co., Faversham. = 
Messrs. Belliss & Morcom, Birmingham. 
Messrs. Harland & Wolff, Ltd., Belfast. 
The Port Talbot Steel Co., Ltd., Port Talbot. 
The Consett Iron Co., Consett. 
Messrs. Stewarts & Lloyds, Ltd., Clydebank. 
Birmingham Corporation, Electricity Department 
Bradford Corporation, Electricity Department. 


4470 


WRITE 


THE PATERSON ENGINEERING CoO., Ltd., 
21, India House, Kingsway, London, W.C. 


TO 

























(June 25 1915. 








































90 PAGE CATALOGUE [ 
N°700C 
FREE ON 
APPLICATIO 

















ROTARY SHEARS 


for Bevelling Edges of Steel Plates and 
Angles. For straight or curved edges. 


Indispensable on Boiler-domes and other curved work. 





ROTARY BEVEL SHEARS. 


This Type of Shear is in general use throughout the 
United States, and is carried in stock at our works in 
Wilmington, Delaware, U.S.A., for immediate shipment 
upon receipt of orders. 


Operates at a cutting speed of about 9 feet per minute. 


May be belt. driven, or supplied with electric motor 
directly connected. 


Made in TWO SIZES, for #” and 1” thickness of plates. 


HILLES & JONES COMPANY 


(ESTABLISHED 1854), 
WILMINGTON, DELAWARE, U.S.A. 








London Representatives :— 4343 
E. W. BLISS COMPANY, Pocock Street, Blackfriars Road. 


Exclusive Agents for France and Belgium :— 
AUX FORGES DE VULCAIN, 3, Rue St. Denis, Paris, France. 




















































Fig. 137. STEAM CRANE fitted with LIFTING MAGNET. 


Steam and Electric Cranes, 
Capstans. Grabs, &c. vu, 


STOTHERT & PITT, LTD. 


LONDON OTFICE: 38, Victoria St., S.W. BATE. 














DUNCAN STEWART « Co, Lo. 


London Road Ironworks, GLASGOW. 


ESTABLISHED 1864. Tevea. Appress: “STEWART, GLASGOW.” 




















This Stenter is suitable for Spring-clip, Automatic, or Pin Chains. 


TEXTILE MACHINERY 





BLEACHING. STENTERING. 
DYEING. DRYING. at 
PRINTING. FINISHING. 


Enquiries are solicited, and receive careful attention. 
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ENGINEERS, LIVERPOOL. 


Codes used :— 
ABC (4th & 5th Ed.), Al & Western Union. 


Telegrams :— 
“ Fawcett, Liverpool.” 


SUGAR MAKING MACHINERY. 


LICENSEES ano MAKERS OF 


RAMSAY’S PATENT COMBINED MACERATOR 
INTERMEDIATE CARRIER FOR CANE MILLS. 


THESE CARRIERS ARE WORKING WITH EXCELLENT RESULTS. 








— CAN BE APPLIED TO EXISTING MILLS OF ANY SIZE. — 





Descriptive Circulars enumerating advantages on Application. 4235 


FAWCETT, PRESTON & C® L™. 

















THe Procress OF THE 


STIRLING BOILER 

Over 41000,000 sarr 
HEATING SURFACE 

- INSTALLED IN 
STIRLING 
BOILERS 

THE STIRLING | | 
BOILER CO.LTD. 

54 VICTORIA ST. 
WESTMINSTER 
ill 




















BALATA BELTING. 


HENRY A. COLE & CO., LTD., INVITE YOUR ATTENTION 
TO THE FOLLOWING INFORMATION, VIZ., 


THAT THEY ARE MANUFACTURERS OF BALATA AND 
OTHER TEXTILE BELTING. 


THEIR FACTORY IS FITTED UP WITH THE MOST PERFECT 
MACHINERY THAT SCIENCE AND EXPERIENCE CAN DEVISE. 


THEY HOLD LARGE STOCKS OF ORDINARY WIDTHS, 
AND CAN MAKE ANY SPECIAL SIZE FROM 1” TO 60” WIDE AT 
A DAY’S NOTICE IF NECESSARY. 


YOUR ENQUIRIES WILL BE ESTEEMED. 


HENRY A. COLE & CO., LTD., 


Coronet Works, LIVERPOOL. 


AND AT BEAUFORT ROAD WonrkS, BIRKENHEAD. 4506 




























SOLID WEDGE | 
PRINCIPLE. \ 


\ 


COMBINING BEST POINTS We 


IN THE \ | 
SPLIT WEDGE TYPE. 












1 j 
1 N 
CANNOT JAM or STICK 


IN ANY POSITION. 








1 
1 

1 

ALL WORKING PARTS 
ARE GUNMETAL., , 
OVAL SHAPED BODY, : 


NO SHARP CORNERS. 3 


JENKINS - BY°S. 
Fullway - Valves 


i 

! 

| 

i 

| 

: 

I 

I 

1 

i 

j Tested to 300 Ibs. Hyd. per sq. in. 
1 Suitable for Working Pressure of 125 lbs. Steam 
| or 175 lbs. Water. 

I 

I 

i 

I 

| 

I 

LV. 


LARGE STOCK TO DRAW FROM. 
JENKINS BROS., Ltd., 


Works: 95, QUEEN VICTORIA ST., 
MONTREAL, Canada. 4550 





LONDON, E.C. 


eS... . 
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A 














—_ 


CAN BE SUPPLIED 








LOCO. TYPE BOILERS 


FROM STOCK 


AT SHOhT NOTICE. 


Apply for Catalogues and Prices : 


MARSHALL, SONS & CO., Ld., Gainsborough | 





fiso +t 79, FARRINGDON ROAD, LONDON, E.C. 74 | { 
== Se tcctet tactalieneniartte etter, TBhrentretytctitaths, hrs 





| 
| 














| 


| Also Patentees of Combined Rotor Wheel and 





|MACHINERY. 








MARINE 





SINGLE or TWIN } x 
SCREW. TWO, THREE {. © 
or FOUR CRANK. (a : 
CONDENSING or 
NON-CONDENSING. 


Full Particulars 
on Application. 


Telegrams : - 
“Sisson, Gloucester.” 


Telephone :—No. 57. 


Oode :—A BO, 5th Ed. 
GLOUCESTER, 


W. SISSON & CO., LTD,, %2¥c#s7: 


DENNYSTOWN FORGE CO. 


DUMBARTON. 


“FORGE, DUMBARTON,” 
000000000000000000000 


London Office: Palace Chambers, Bridge Street, Westminster, S.W. 


STEEL AND IRON 


FORGINGS 


UP TO ANY WEIGHT. 





r~™ ..)] OO TP wR ee Oe Cb 


— 
+ — 1 














Telegrams - - 












Exceptionally quick delivery given for 


FINISHED CRANK 
SHAFTS, 
PROPELLER SHAFTS 


with Continuous Gun - metal 
Liners complete, and 


STERN AND RUDDER 
FRAMES. 


Specialities :— Repair work ot 
all descriptions, also Finished 
Hollow Crank and Line Shafting 
Forgings for Turbine Engines 
(Wheels, Spindles, Drums, &c.) 











Patentees and Sole Manufacturers of the 
“WEDGWOOD” Patent Vertical Inter- 
locking Scarphed Jointed Rudders. 





Spindle Forgings, for Turbine Engines. 








On ADMIRALTY, WAR OFFICE, and 
CROWN AGENTS’ LISTS. * 










Ee ee ee 
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Structural Iron 


or Steel Work. 
THE Paint for | 





GRAPH/7F 
|RACU LwM 
_ PAINS: 















The best ‘5. DAMPNEY 
Preservative f : and CO., Ltd., 
money can HEAD OFFICE— 
buy for all Merchant’s Exchange, 
Lads of CARDIFF. 


Telephone—284, Nat. Cardiff 
Wires—Dampnay, OaRDIFF. 








LONDON— 
87, Bishopsgate, E.C. 





Corrugated Telephone—12782 OznTRau. 
_ Wires—‘Apmxior,” Lonpon. 
lron, &c. 4560 
—- | _ LIVERPOOL— 
GREAT 3, Goree Piazzas. 
COVERING | an 
POWER. 


Wires— 
“Dampney,” LIVERPOOL, 


WATER TOWER IN CHINA COATED WITH “*MIRACULUM” GRAPHITE PAINT. 











MACHINE 
TOOLS. 


GUILLOTINE SHEARS, PUNCHES AND 
SHEARS, PLATE FLATTENERS, PLATE 
BENDERS, PLATE EDGE PLANERS, PLATE 
SCARPHERS, ANGLE BAR BENDERS, 
BEAM BENDERS, HEAVY SLOTTERS: : 


ANGLE-BAR STRAIGHTENING ROLLS 


RAIL DRILLS, RAIL ENDERS, MULTIPLE 
DRILLS, WHEEL LATHES, HYDRAULIC 
MACHINES, RAIL STRAIGHTENERS, 
BEVEL ANGLE CROPPERS::::::: 


BRITISH BULL DOZERS 


SGRIVEN «. 


LEEDS OLD FOUNDRY, 


LEDs. 


London Address :—38, VICTORIA STREET, WESTMINSTER. 
Telegraphic Address: “ Vilvalle, London.” 3265 






































ELECTRO - COPPERING 
OUTFITS 


FOR USE IN CONNECTION WITH 





EFFICIENT AND ECONOMICAL PROCESS. 


SEND PARTICULARS OF YOUR REQUIREMENTS TO 


W. CANNING & CO., 


ELECTRO. PLATERS’ ENGINEERS, 








LUSTRE Ww 
| GREAT HAMPTON ST., BIRMINGHAM. 








“NEw PROCESS” 


AW HIDE (FEARS. 


All to BROWN & SHARPE'S Standard. 








Also METAL GEARS. 


SEND FOR DESCRIPTIVE CATALOGUE. 


GEORGE ANGUS « CO., ta. 


NEwWCASTLE-ON-TYNZ. 4414 
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By Appoint- to H.M. 
ment The King 


FIRE ENGINE MAKERS. 


ERRYWEATHERS: 


Largest Makers of High-class 


HOSE PIPES 


in the World. 


Dub-Sub Canvas | for Fire co 
Admiralty Leather | for Flushing. = 
Armoured Rubber | for Mines. 





TS 
Ss 


snveneenoesenegyeUEHHUTH 


Write for ‘Hints on Hose,” and Quotations, 


MERRYWEATHER & SONS, 


Fire Engine and Hose Works, 
GREENWICH, LONDON, S.E. 


STAN IUNAOOLAUEEAAUUASUUA TEA EEUU EEUU EAU 


Ue 


= snugyrvannnengnnevenneenanygee 


















G.D. PETERS 
& CO., LTo., 


ARE PREPARED 
TO CONTRACT 
TO SUPPLY UP 
TO &©O TONS 
WEEKLY OF 


IRON 
CASTINGS 


Address Enquiries 
to the 
HEAD OFFICE: 


4646 


MOORFIELDS, LONDON, E.C. 


Founpry: SLOUGH, BUCKS. 











OXY-ACETYLENE 
MELDING & CUTTING. 


smipbuildi li 
firy also 
I ids 


THE ie 
CORPORATION LTD. 


49, VICTORIA ST., WESTMINSTER 


Write for Catalogue of Plant, Blowpipes, 
Welding Sunds rece of fin 


ey'V=1:110) 2 


ur particulars of the new 


FLARELIGHTS 


AND 


HANDLAMPS. 











STEAM HAMMERS 


FOR SMITHS’ SHOPS AND FORGES. 
Shipbuilders’ and Boiler Makers’ Machine Tools, 
PATENT BEVELLING MACHINES 


FOR SHIPS’ FRAMES. 


FORGE CRANES,Hand & Steam. 


Sugar Cane Mills. Water Wheels, &c. 
DAVIS & PRIMROSE, 


Limited. 
BANGOR WORKS, LEITH, EDINBURGH. 4411 








HENDRYS')/ 
NEW PATENT 








HE NDRY 


i U FROM A SINCLE STRANO 


BELTING 


THESE ILLUSTRATIONS are drawn to scale. They show the 
striking advance made by Hendrys’ new patent Flexible con- 
struction over the old style. . . . HENDRYS’ Laminated Leather 
BELTING is now guaranteed to give efficient and satisfactory 
driving over Pulleys ONe-HALF and even Two-THirpDs smaller 
than is practicable with any other type of flat belting. The extreme 
Flexibility ofp HENDRY BELTING ensures perfect distribution of 
load over the driver and driven pulleys. Particulars on request. 


JAMES HENDRY ‘xibceton’ GLASGOW 
































ANOTHER 


ECONOMICAL 


High-Speed Tool 


(Three sizes:—14", 2”, and 42” spindles). 
D65 q 
Powerful, Rigid, and Compact. 








ALSO 
OTHER MODERN LABOUR-SAVING 
TOOLS IN STOCK ann PROGRESS. 








DUPLEX VERTIOAL MILLS ... .. ... D3ls 
TRIPLE, ee eet a Se 
DUPLEX HORIZONTAL BORERS ... ... D® 


Send for Lists and Prices. 








Telegrams .. .. WILKINSON, ENGINEERS. 
Telephone .. .. .. .. -. 10Y KEIGHLEY. 


G. WILKINSON & SONS, 


KEIGHLEY, England. «x 


— 




















Oa || 


1s, 


mn. 


411 


if 


ct. 











¢ 
* 
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Oil Engine. 


JOHN ROBSON (Shipley) Lt. 


SHIPLEY, 


YORKS, ENGLAND. 


ESTABLISHED 1870. 


GAS ENGINES and SUCTION GAS 


PRODUCER PLANTS 
also 


OIL ENGINES 


for working on refined or crude oil. 




















Gas Engine and Gas Producer Plant. 4285 






































BELFAST 


covered 























HE above illustration 


one of Messrs. Cowan Sheldon & Co.’s Construct- 


ing Shops built on our 


a clear span of 100 ft. 


These roofs are cheap, light, and 
strong—can be constructed to carry 
shafting, more durable than iron, and 
are unaffected by chemical fumes. 
“ROK” Roofing is the ideal covering 
for these as well as for pitched or 
flat roofs, because it is economical and 


Illustrated Booklet“ 8, 
contracts, will be sent with particulars of Belfast 


Lattice Girder Roofs 


D. ANDERSON & SON, L”. 


Anderson’s 











cum ROOFS 


with their 





shows an interior view of 


Lattice Girder principle with 


permanent, needing no annual tarring 
or other coating. ‘‘ ROK” is cheaper 
than slates or tiles, and will outlive 
Galvanised iron, and is as _ safe 
from fire risks as either. It gives 
an equable temperature —.cool in 
Summer and wari in Winter. 





” with photos. of “ ROK” 


on receipt of a postcard, 





Lagan Felt Works 


And Roach Road Works, Old Ford, LONDON, E. 





BELFAST, 





TO GET FULL 








EFFICIENCY 


From Your Machines 





REQUIRES 


SMALL TOOLS 


OF HICH QUALITY. 


To meet this demand, a rigid 
inspection is made of all 


DRILLS, CUTTERS, BROACHES, 
REAMERS, TAPS, &c., ss 


at every stage of manufacture, 





Coventry Ordnance Wks. 


SMALL TOOL DEPT., 


COVENTRY. 
























Steel 
Tubes 


= 
Light 
Presswork 
& 
High quality Steel 
Tubes ; 
Close Joint, Solid 
Drawn, and 
Welded, at 
competitive prices. 
Light Presswork by 
skilled mechanics. 























——EE ; ; 
'! “arRmMoRDUCT 


FLEXIBLE ENAMFLLEC 
STEEL On ur 





Write to 
The 


ARMORDUCT 


Manfg. Co., Ltd., 
Bathurst Works, 
Witton, 
BIRMINGHAM. 


4657 
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LARGEST MAKERS « CAST ~— — 


BRANOH OFFIOES :— Tar Ee InNnGbDom. 
Brook House,” 10-12, Walbrook, LONDON, E.C. ---—- 
Grosvenor Buildings, Deansgate, MANCHESTER. 
60a, Lord Street, LIVERPOOL. 

Moorhead, SHEFFIELD, “s 


ALL PLATES PLANED FULL 
WIDTH OF FLANGES. 


TANKS OF ANY SIZE SUPPLIED 
and ERECTED ANYWHERE. 


DRAWINGS, SPECIFICATIONS AN ESTIMATES 
CIVEN UPON APPLICATION. 


Contractors to the Admiralty, War Department, 
and Crown Agents for the Colonies. 




















TSLEGRAMS :— National Tacernons No. 2200. 
NEWTON, SHEFFIELD. ESTABLISHED 1793. 


NEWTON, CHAMBERS & GO., tt": SHEFFIELD 


FRASER & CHALMERS RATEAU TURBO BLOWERS 


FOR BESSEMER CONVERTERS. 








TURBO BLOWERS 


from 
5000 cubic ft. per minute up. 
Any Pressure. 


TURBO COMPRESSORS 
from 5000 cubic ft. up. 


TURBO GENERATORS 
ALL SIZES. 


HICH, LOW & MIXED-PRESSURE 
TURBINES. 


SMALL STEAM TURBINES, 


Condensing and 
Non- ee from 5 B.HP. 
4389 

























FRASER & CHALMERS LTD., 3, London wail Buildings. London, E.C. Works: ERITH, Kent. 
On the Lists of Contractors to The Admiralty, War Office, India Office, Post Office, Crown Agents for the Colonies, &e. 
Registered Trade Marks : 
Original 
Original DELTA. 
and Largest 
Rissieehiane DIXTRUDO. 
BB or rE lle. DIXTAMP 
of Extruded 
Metals. 





THE DELTA METAL COMPANY, LTD., 


Delta Works, East Greenwich, London, S.E. (and at pe 


DELTA METAL (seate'nax.) HIGH - CLASS ENGINEERING ALLOYS: 


Castings, Forgings, Stampings, Rods, Sheets, Wire, Tubes, Patent Extruded Bars of any Section. 


COPPER, BRASS, NAVAL BRASS, YELLOW METAL, RED METAL, SILVER BRONZE, MANGANESE BRONZE, 
PHOSPHOR BRONZE, ALUMINIUM BRONZE, WHITE ANTIFRICTION METALS. 4265 
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PATENT WATER-TUBE STEAM BOILERS. 


BABCOCK « WILCOX, Lia 


11,100,000 HP. Land Type, for Stationary purposes, 3,800,000 HP. Marine Type Afloat. 
BABCOCK & WILCOX also Supply as Joint Manufacturers and General Licensees with J. SAMUEL WHITE & CO., Ltd., 


the WHITE-FORSTER Boilers for Destroyers, Torpedo Boats, Pinnaces, &c. 
ALSO 








AGSTUREaES OF :— 8887 


Goliath Cranes, Transporters, Portal Cranes, Jib Travelling Cranes, Winches and Capstans, Coal Handling Cranes, Foundry 


Cranes, Ladle Cranes, Scrap Magnet Cranes, Pig Bed Cranes, Section Handling Cranes, Box Handling Cranes, 
Open Hearth Chargers, Vertical Ingot Chargers, Horizontal Ingot Chargers, &c. 





HEAD OFFICES: ORIEL HOUSE, FARRINGDON ST., LONDON, E.C. 


TeLeEarams—BABCOCK, LONDON. Works: RENFREW, SCOTLAND. TELEPHONE No.—6470 CITY (8 Lines.) 





























PIONEERS in the 
Design & Manufacture of 





UGAN — RAILWAY. 


Covered Yiagen with 
—) s Pressed. Stes Soci Stee! Under. 

rame an jes, and Lane's 
Patent yore canon Pressed 


RAILWAY PASSENGER 
CARRIAGES and WAGONS. 








w ' 
PRESSED-STEEL ESTMINSTER 
UNDERFRAMES & BOGIES, ad 
and ALL-STEEL 


THE LEEDS FORGE CO., LTD., LEEDS. 


LONDON HOUSE— 
CAXTON HOUSE, 











PONTIFEX & WOOD, Litd., 


REMOVED from Farringdon Works, Shoe Lane, LONDON, to LJNION FOUNDRY DERBY. 









STILLS ano 
= DISTILLING PLANTS - 


: FOR ALL PURPOSES. Od 1448 





Awarded Grand Prix, Franco-British Exhibition, London, 1908, 


Lonpon Orrice: 175-177, SALISBURY HOUSE, LONDON WALL, E.C. 


























MANUFACTURERS OF 
ALL SIZES OF ROLLED STEEL SECTIONS 


I From 3°14" to 29"x 74" 
[ From 3”x1}" to 15”x4” 
"LL. Equal Sides 1”x1" to 8"x"# 
Unequal Sides 13” x1” to 
L ven 10” x4” 


in weight. 


1”x1" to 7” x3 
Plats from 9” to 18” 


ALSO 


BLOOMS FOR FORGINGS UP TO.20 TONS 


Output 15,000 TONS PER MONTH. 
CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, ETC. 
HEAD OFFICE :—LANARKSHIRE STEEL Works, MoTHeRwe.t, N.B. 


{, Prom 4” x24” to 12”x4” 
T Prom 6” to 12” 
@ From?” dia. to 12” dia.” 






$595 
Other Branch Offices at GLASGOW, NEWCASTLE, BIRMINGHAM and MANCHESTER. 





Slabs up to 14” x 60” and 20 tons 


3”x24"x3" tole’ xay xa” 


T 
! 


NUMEROUS RAIL and 
OTHER SPECIAL SECTIONS 


56 & 701bs. per yd. Bridge Rails 
@ Squares from 4” to 6” LONDON OFFICE:—LONDON House. New LONDON Street, E.C. ALWAYS KEPT IN STOCK. 
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Telephone .. eo oe 044 VICTORIA. 
& 0 Telegrams... PERCUSSIVE, LONDON, 
* % : 


91, VICTORIA ST., WESTMINSTER, S.W. 


WORKS :—BEDDINGTON, near CROYDON. 


a COMPRESSORS 


— AND — 4168 


1 VACUUM PUMPS 


FOR IMMEDIATE DELIVERY. 


NORTH BRITISH LOCOMOTIVE CO., Li. 


HYDE PARK WORKS QUEEN’S PARK WORKS ATLAS WORKS 
(Late NEILSON, REID & Co.) (Late Duss & Co.) (Late SHARP, STEWART & Co., Ltd.) 


ADMINISTRATION BUILDING, 110, FLEMINGTON STREET, SPRINGBURN, GLASGOW. 


LONDON OFFICE :—I!7, VICTORIA STREET, WESTMINSTER, S.W. Telegrams—LCCO., GLASGOW. 

































BUIL PANS OF ALE EINDODS OF 3524 


LOCOMOTIVE ENGINES AND TENDERS SUITABLE FOR ANY GAUGE OF RAILWAY. 


Annual Capacity, 700 MAIN LINE LOCOMOTIVES. Output now exceeds 20,000 LOCOMOTIVES. Workshops Equipment, 8000 MEN, 
THE LARGEST LOCOMOTIVE WORKS IN EUROPE. 


THE HUNSLET ENGINE CO., Ltd., 


LADS. 


MAKERS OF 


LOCOMOTIVE ENGINES 


Adapted to every variety of work and gauge. 

















DESIGNS & SPECIFICATIONS 
supplied or worked to. 
QUOTATIONS AND SPECIFICATIONS ON APPLICATION. 


Telegraphic Address—‘‘ENGINE, LEEDS.” 
Telephone—Nos. 3430 to 3434 inclusive. 4269 


LTD., STAFFORD, ENGLAND. 


BUILDERS OF LOCOMOTIVES 
weighing from 3 to 50 tons, for any gauge, 
of highest-class workmanship and material, 
at competitive prices. 




















W. G. BAGNALL, 


MAKERS OF 
Sugar Cane Wagons, 










Tipping Trucks, 
Turntables, 
Switches, &c. 






















_ June 25, 1915.) ENGINEERING. (SUPPLEMENT page Xxrx] 73 


KERR, STUART 8 CO. 


LIMITED. 

WORKS : 
STOKE-ON-TRENT. 
OFFICES : 

5, BROAD ST. PLACE, E.C. 











All Communications to 
London Office. 


JAMES FAIRLEY & SONS rss 
other Governments. 
General Steel Manufacturers and SPECIALISTS in T T 
Invite attention to their Unrivalled Self-Hardening Steel. | OOL 3 EELS 


. FAIRLEY’S SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds, 


is considered to be the HARDEST and TOUGHEST Steel yet made (although the Cheapest ijn the Market. 3 Small ae commhess free to approved buye: 
NOTE.—JAMES FAIRLEY & SONS’ WORKS (Bramall Lane |SHEFFIELD, and Mill St. Forge and Rolling Mills, GHAM) are merely Branch Departments and 


eo All Coumunioatinns should be addressed to the Head Oficese—OLD MINT, SHADWELL STREET; Bm nets tee Od 1719 


R. & W. HAWTHORN, LESLIE & CO., LTD. 


Locomotives 


Of every description for Home and Foreign Railways. 


TANK ENCINES & COMBINED CRANES & LOCOMOTIVES 


ALWAYS IN STOCK AND IN PROGRESS. 





















































N. For Collieries, Ironworks, Railway Depots, Braneh Lines, Contractore, de. 
PS Ase alae ag ees ial a i ae a ) Telegraphic Address: ‘‘ Locomorivs, NuwoasT.z-on-Trxs.” ESTABLISHED 1817, 
= MARINE ENGINEERS & SHIPBUILDERS. NEWCASTLE-ON- y Y NE. 4322 
, YORKSHIRE ENGINE CO., LTD 
& s e 
Builders of LONDON OFFICE—15, Caxton House, Westminster, S.W. HEAD OFFICE & WORKS—SHEFFIELD, Eng. 


STEAM, ELECTRIC & COMPRESSED AIR 


LOCOMOTIVES 


A ed 





S COAL CUTTING MACHINES 
HAULAGE ENGINES 


OF ALL TYPES. 
) | FORGINGS & MACHINE WORK. 


Telegrams—ENGINE, SHEFFIELD. 4106 


























On ADMIRALTY, WAR OFFICE and COLONIAL LISTS. 


WHEELS 


OF ALL DESCRIPTIONS. 
MACHINE MOULDED AND MACHINE CUT. 


RAW HIDE AND COMPRESSED PAPER PINIONS 


THOUSANDS OF MODELS to select from. 
URGENT BREAKDOWN WHEELS a Specialty. 


URQUHART, LINDSAY aCO., Ld., "Act" DUNDEE 
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TheClayCross Company, L* Clay Cross, Derbyshire. 


Telegrams :—JAOKSON, OLAYOROSS, -—— ESTABLISHED 1837. Telephone :—147, CHESTERFIELD. 


MAKERS OF STANDARD-TYPE 


FUEL ECONOMISERS 


For Utilising the Waste Heat from Steam Boilers of all Types. 


SAVES IN COAL FROM 15 To 25 PER Cent. 


Adopted by Steam Users throughout the World. 





























The Burckhardt Engineering Works, Limited, 


BASLE, SWITZERLAND. 


COMPRESSORS & VACUUM PUMPS. 


Single and more staged, for all purposes. 


First-class References in England. 


30 Years’ Experience. Large Stocks always kept. 


3941 


































Crow’s 
Patent. 


A. @P. W. McONIE, 


GOVAN, Glasgow. 





MAKERS OF 
PUNCHING AND SHEARING MACHINES, 
PLATE EDGE PLANING MACHINES, 
HYDRAULIC PUMPING ENGINES, 
FLANGING AND FORGING PRESSES, 
eS: <ockity rs , ACCUMULATORS, RIVETTERS, AND 
Bak Siediattintns, Casitas ent Pelican Maltin. gpa ALL CLASSES OF SHIPBUILDING TOOLS. 





























SUSPENSION BULB. FURNACE, | === 














BOARD OF TRADE BOARD OF TRADE 
SRF ot 
16,000. "14,000. 

The HIGHEST 
FURNACE UNIFORM 

THIGKNESS. 
MANUFACTURED. LONDON OFFICE:— CAXTON 


House, WESTMINSTER. 


GREATEST DIAMETER OF FURNACE Mr. J. W. HAWwtey. 


EVER OFFICIALLY TESTED TO 4330 SEPRERENTATIVE. 
COLLAPSE. Tele. Address :—Exerrco, Loni 


THEE LEDs FORGE = .rmirrEp, T.E1EIDS. 








———< 























NES, 


ON 
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VARNISH ron SHELLS 


Manufacturers of Shells are invited to apply for 
sample, price and details of SHELL VARNISH 


as approved by the WOOLWICH AUTHORITIES 


MANDER BROTHERS. 


Varnish Manufacturers, 


WOLYERHAMPTON. 


L. SMIT & ZOON, 


SHIPBUILDERS AND ENGINEERS, 


KIN DE RDId K, oe ROTTERDAM, HOLLAND. 


Telegrams—SMIT-ZOON, KINDERDIJE. 




















Dredging 
Plant. 


LATEST & MOST IMPROVED 
TYPES. 












ENT SUCTION HOPPER DREDGERS 


With: Special arrangement to discharge Hopper by suction without 
using a water pump. 

With: Special system of hauling inboard the suction-tube. 

With: Special comnection with shore-piping. wm 
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THE GRANTHAM BOILER & CRANK CO., a 


pa say: GRANTHAM. 
STEAM ae 


Vertical, 
Portable, 

Cornish, 
Colonial, ; 
Field” Tube, Sm: 
and Loco. al 


(of all types 
and powers). 


Feed-water 
“Heaters. 


On Admiralty List 





HYDE WINDLASS CO., 


. Manufacturers of 
WINDLASSES, STEERING 
GEARS, CAPSTANS, DECK 
WINCHES (Steam or Electric), 
PUMPS. 


HYDE MANGANESE 
BRONZE PROPELLERS. 








we We are furnishing Auxilliaries 
— ga for Battleships, “PENNSYLVANIA,” 
“IDAHO,” “MISSISSIPPI,” and ‘ ARIZONA,” now under construction 


for the UNITED STATES GOVERNMENT. 


Main Office and Works-BATH, MAINE, U.S.A, 
NEW YORK OFFICE-17, STATE STREET. 4512 




















MOND GAS. 


FOR POWER & HEATING. 


FOR PARTICULARS OF THE GASIFICATION OF BITUMINOUS 4872 
FUELS, AND THE RECOVERY OF SULPHATE OF AMMONIA, 
&c., WRITE TO:— 


THE POWER-GAS CORPORATION, Lro., "zi csr" 


STOCKTON- elk TEES. 








We hold Large STOCKS of HAND TAPS 
in Whitworth Standard Threads, right and left hand, 
British Standard Fine Threads, Metric Threads, 
Bntish Association. Machine Taps. Pipe Taps. 


SPECIALS MADE TQ .ORDER. 


BROOKE TOOL MFC. 6O., LTD., 

















BIRMINGHAM. a7 


























Hoaporate, Copz—A B 0, 5th Edition. A. 8 W. D N. DALGLISH. 
ss WEST OF 
SCOTLAND’ BOILER 
conn.| ~@ EDWIN COTTAM & CO., [2 
CLASCOW ‘ CARDIFF & ROTHERHAM. 
. . LAMINATED RAILWAY CARRIACE AND WACON SPRINGS, 
DRYBACK, VOLUTES, CONICALS, SPIRALS, &c. 
LOCOMOTIVE and 
\ conor) =| STEEL CASTINGS 
(4 ie \, “ne ‘*STOCK PROCESS.” 
( 4 > ALL SIZES. Bute STEEL AND Sprina Works, CARDIFF. 
a. Don Sprina Works, ROTHERHAM. 
( 2 MADE BY THE Don STEEL Founpry, a 
, MOST 
aes IMPROVED 
ee ES ie ee ee MACHINERY. 
















































For Hardness Testing 
in shop and laboratory use the 


Standard ype 


Universally es 
inexpensive, an the A cooeaas 
that agrees with others of its kind in 
all parts of the World, thus solving 
problems of ordering materials to 
specification. 

BOOKLET FREE. 





Heated objects as seen 
through Pyroscope. 





THE SCLEROSCOPE. 


Heat Indication, 


by optical means is fast becoming the correct thing. The PYROSCOPE 
bas solved the problem. Perfect constancy, inexpensive, no electricity 


used, Built to stand rough 


pee upon common-sense lines. Used 
by the Governments and best 


SHORE INSTR UMENT & MFG. CO., New York. 


Agents for Mare s—COATS MACHINE TOOL CO., 
34, Victoria Street, London, S.W. 





THE PYROSCOPE. 














aeeaaea « 








a vob =. er cnt _ A. Mad ditto *42, 000.000) 





DRAG-LINE EXCAVATORS C=") 


ANAL EXCAVATION, RAILWAY CONSTRUCTION, GRAVEL PITS PLACER MINING 
= and other work where long reach and wide d dump is requ 
STEAM SHOVELS. RIVER and HARBOUR DREDGERS. GOLD DREDGES. 
Over 100 PLACER DREDGES built or designed by the Bucyrus Company to date. 
Sole British Agency: GEORGE F- WEST & CO., 507, Caxton House, Westminster: 410 





























sti 


Ut 
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Large Stocks for Prompt Despatch. 


JAMES WILEY & SONS, Ltd., 


Eagle Works, Darlaston. 88657 


“CONQUEROR” wo “INVINGIBLE” 


NQUE 
co ROR Bi i 


HIGH SPEED STEELS 


**Invineible” Steel is the outstanding 
brand for exceptionally hard cutting. 


It is offered for the production of tools 

above the average high speeds and 

a = authorities upon steel production cutting eo) and is anew Canfas’ 
quality. in speed efficienc 


Ask for Official Report, No. 11919a, giving test. details. 


BALTIC 
STEEL 
WORKS, 
SHEFFIELD. 











general purposes at the price we offer. 


Is in universal favour with practical 


“Conqueror” Steel has no superior for 
users and the various technical and 





LONDON 


J. BEARDSHAW & SON, Lid., .. orc: 


OFFICE 
SEE" =EIEX.r>. WESTMINSTER. 


OSTER SCREW PLATES 


FOR MACHINISTS. 


ain easy-operating tools of wide 
ity, assembled in convenient and 
tantial cases. A simple adjust- 
mer enables you to bring worn 
3 $ bolts to size. 38 38 


CATALOGUE ON REQUEST. 
For Sale by Leading British Dealers. 


Manufacturers Representative :— 
J. RICKARD, 4, Perryn Road, 
East Acton, LONDON, W. 


** OSTER MANUFACTURING CO, 


CLEVELAND, OHIO, U.S.A. 








4390 











Stop Valve 


NO RE-GRINDING. 


Only Wearing Part is the SEAMLESS 
COPPER RING which can be REPLACED 
without Tools in a few minutes WHILE VALVE 
IS IN POSITION. 


4 APPROVED BY THE ADMIRALTY. 
Used by most English Railways for its 
ECONOMY. 


WRITE FOR FULL PARTICULARS AND PRICES. 











S 4495 
St. Benet Chambers, Fenchurch St., E.C, 











Snel 





HANDRAIL 
STANCHIONS. 








EDWIN RICHARDS & SONS, 


Portway Works - WEDNESBURY. 








4376 





BEST QUALITY | 
TAPS, 
STOCKS 
_& DIES 


“ Have stood the 
test of time,” 

































JOHN H. WIDDOWSON, 

16 years Manager at Sin Josern Warrwortn's & Co. 

EsTaBLIgHED 
187, 





Britannia Street, 
Ordsal Lane, 
Salford, Manchester. 


4248 











EXCAVATING DITCHES AND CANALS 


Loading Wagons, Building Levees, Embankments and Roadways with 


WESTERN ELEVATING GRADERS 


Mean better and faster work and less cost. 


This machine plows the material on 
to an endless belt conveyor, which carries it 15 to 30 ft. from plow. Thousands 
Simp!e, economical, durable. 


in use in America. Send for illustrated catalogue. 





WESTERN WHEELED SCRAPER CO. 


EARTH AND STONE HANDLING MACHINERY, 
AUTRONRA, IE.LINOIS, U.S.A. 


Codes Used: Al and ABO 4th and 
6th Editions: Western Union, 








Cable Address : 
WEETERN, AURORA, ILLINOIS: 8085 














FOUNDRY PLANT 


Cupolas, Staging, Hoists, 
Ladles, &c. 


Up-to-date design and construction. 





Welded & Rivetted Steel Work 


of all kinds, 


Oxy-Acetylene Welding & Cutting. 
Light Constructional Iron Work. 


DERBY BOILER CL” peney. 









re 
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Cro. 


—— 


Central House, Kingsway, LONDON, W.C. 
ELECTRICAL SWITCHGEAR, 
Instruments, Heating & Cooking Apparatus. 


TRANSFORMERS and METERS. | % 


Write for H/G Lists. 4463 


CONTRACTORS’ PLANT. 


CRANES. 


PILE DRIVERS. 
Whitakers (Engineers) Limited, 


HORSFORTH, LEEDS. 


PFPuU MFP BS. 
Direct-acting, Peed, Air and Service Pumps, Duplex 
and Ocntrifagal Pumps, Auxiliary Oondensing Plant. 


NICHOLS PUMP & ENGINEERING C0., 


4450 (Lars NICHOLS BROS.) 
OAKWELLGATE, GATESHEAD- ON- cm. 




















——— 
MERCHANT BARS, FLATS, ROUNDS, SQUARES, ANGLES, 





The Motherwell Iron 
and Steel Co., Ld., Motherwell, x.» 


NOYES _ BROS. 


(MELBOURNE) PROPY., Limited, 
MACHINERY MERCHANTS AND CONTRACTORS 
499, Bourke Street, 

MELBOURNE. 


NOYES BROS. 


(SYDNEY), Limited, 


MACHINERY MERCHANTS AND CONTRACTORS 
115, Clarence Street, 


a0 SYDNEY. 


ELECTRO-MAGNETIC 
CHUCKS 


FOR ACCURATE GRINDING. 


RAPID MAGNETTING MACHINE C0., Ltd., 


Crescent, BIRMINGHAM. _ 526 


IM AILSA SHIPBUILDING CO. 


Shipbuilders, | re 


and Repairers, 


TROOMWN and AYR. 
See Displayed Advertisement last week and next week. 


Entwisle & Gass, Ltd., 


Engineers, BOLTON, Lancs. 


RUBBER machinery. 


Special Patent Washing Machinery 
for Plantation Use. 1192 


JOHN SPENCER, L 


WEDNESBURY. 
“IRoOmw é& STHEL 


TUBES 


POLES. STEAM MAINS, TUBULAR PILES, &c. 

































a 























The 

_ Most Accessible 
_ \ Superheater 

= upon the Market. 





Each tube is detach- 
able and all parts 
are strictly inter- 
changeable. 


This Superheater can 
be supplied to suit 
any type of boiler. 





v 


No tube expanders required. 





/ Ample provision for drainage. 


/ Saves from 10% to 25% in 
your fuel bill. 


SUPERHEATER UNITS, Limited, 


4, CASTLE SQUARE, SWANSEA. 4219 








‘MOTORS? @& 


BYNAMOS ‘Si 
a 
MAVORECOULSONE 4LBRoNS" GLASC ow, 


SHIPBUILDERS, _ 
MARINE ENGINEERS. 
SEE DISPLAYED ADVERT. ALTERNATE WEEKS, 


CRABTREE & CO., Lt. 


GREAT YARMOUTH. 4125 


GAS WORKS PLANT 
D.B.PATENT HOT COKE CONVEYORS 
COAL BREAKING & SCREENING 
PLANTS. 
cosh 
WAGGON TIPPERS 


GENERAL STEEL 
STRUCTURAL WORK 


ya 
Se | Ls.ff 

































RETFORD,NOTTS 


pat BROTHERS, Lté. 


GLASGOW & JOHNSTONE. 
Makers of— 


HIGH CLASS MACHINE TOOLS 
or 4042 


Railway, Marine & General Engineering Work, 








THE DUAL” 
OIL 
SEPARATOR 








(Brooxke’s Patent). 


WRITE For List 231, WHICH EXPLAINS THE SUPERIORITY 
OF THE “DUAL” OVER ALL OTHER SYSTEMS, 


HOLDEN & BROOKE, Lrp., 


— Sirius Works, West Gorton, MANCHESTER. —— 





BULLIVANT 2 CO.. L” 


Stee! Wire Rope Makers, 
BULLIVANT’S AERIAL ROPEWAYS, Ltd, 


72, MARK LANE, LONDON, E.C. 3607 
: Muiwatt, E. Tele.: 2108 Avenue (3 lines). 


DANIELS GAS PLANTS 
DANIELS GAS ENGINES 
DANIELS HIGH-SPEED PUMPS 


Complete Pumping Installations. 
T. H. &J. DANIELS, Ltd., Engrs., Stroud, Eng, 


See displayed Advt. last and next week. 5% 


Works 




















DAWSON & DOWNIE, 


CLYDEBANK. 


BFwUMSE Ss isu 
FOR LAND anp MARINE PLANTS. 


SEE ILLUSTRATED ADVT., JUNE 18. 


THE LATEST coop THING. 


LOCKYER’S BALANCED DOUBLE-BEAT 


RECULATOR VALVES FOR LOCOS. 

















Sole Owners and Manufacturers :— 44%) 


ABC. COUPLER, Lro., S.W. 
CAMPBELL & CALDERWOOD, 


Boho Engine Works, quo 









Illustrated Advertisement 
Last Week and Next Week. 


KENNICOTT 
WATER SOFTENER Co., 


WOLVERHAMPTON. 


Telephon wettr- Wet lv: ramet. 
Telegrams— 


WATER TUBE BOILERS 
Richardson, Westgarth & C°.L! 


HARTLEPOOL, MIDDLESBROUCH & SUNDERLAND. 
See large Advertisement April 9th, 4588 


DIXON'S GRAPHITE 
SPECIALITIES. 


GRAPHITE PRODUCTS Ltd., 





4100 














4159 











pon Accee? ore aM .'-R N 
gf ORVSDALE 2 A C8 ue Nonens 














218-220, QUEENS ROAD, BATTERSEA, 
» « LONDON, S.W- 















TT cue eee  ( 
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THE MOTHERWELL BRIDGE CoO. }/ WALTER NEWBOLD: c~ 


~ (Proprietors of Newbold’s Machine Tool Oo.), 
=. 


107, Upper Thames 8t., London Bridge, E.C. 
Telegraphic Address :—NEWBOLD, LONDON. 




























Telegraphic Address—‘' BRIDGE.” 


BRIDGES, ROOFS, 
PIERS, TANKS, 


National ey 7a 40. 


DOCK GATES, 


AND SIMILAR 


STRUCTURAL WORK. 
















co 


LATHES and MACHINE TOOLS 
of every description. 4081 


Also WOODWORKING MACHINERY. 






































— tin ae — 


PREGISION LATHES °° *°rc'cxcneemna won 


Gear wheel cutting machines and cutters (generating process). 
















LONDON 
OFFICE 


60. QUEEN 
VICTORIA ST 
E.C. 








BENCH LATHES. TURRET LATHES. aed 


MIKRON Ltd., Machine Works, 
Madretsch, BIENNE, Switzerland. 





WIRES 
GAS, LEEDS 


























Ps, 


Ltd, 
3607 


(3 Lines). 








S 
S$ 
MPS ENGLISH AND Soammenn MACHINE. 


CROAK AAE< 








i bg 














IE, 


22 ft. long, 56 in. wide, 56 in. high, with FOR IMMEDIATE DELIVERY / 


three tool boxes. Motor driven. By the was 


CINCINNATI MACHINE COMPANY. Oo XYGE N 




















EAT HIGH SPEED PLANING MACHIN E, to plane For the Welding and Cutting of Metals, 
C0S. 8 ft. long, 28 in. wide, 28 in. high, with two 
a tool boxes. By the WILSON MACHINE _ — 
3M C0,, U.S.A British Oxygen Go., Ld. 
of The oldest and most extensive Oxygen 
3 HIGH SPEED RADIAL DRILLING MACHINES, by the WESTERN MACHINE CO. producing aa business 
e world, 


Capacity 48 in. and 60 in. 





Factories in all important Engineering 











nent NORTON PLAIN GRINDER. Capacity 14 in. x 72 in, ' centres equipped exclusively with modern 
se LIQUID AIR PLANTS, PRODUCING OXYGEN 
— BROWN & SHARPE GRINDER. Capacity 10 in. x 48 in. OF UNRIVALLED PURITY, entirely free from 
Hydrogen o: other combustible: residuals. 
CLEVELAND AUTOMATICS, 6 in. and 1} in. 
0., ; MANUFACTURERS OF 
CINCINNATI GEAR CUTTING MACHINE. 48 in. capacity. Oxy-Acetylene Welding 
4100 ; e 
7 BAKER COLBURN KEYSEATING MACHINE. No. 2. BLOWPIPES, 
ERS OXYGEN METAL CUTTERS 
. ‘ UNIVERSAL MACHINE CO.’S HORIZONTAL BORING MACHINE. REGULATORS, 
70. [i FOSDICK HORIZONTAL BORING MACHINE. Any other won as ange 
“— NEW “CISCO” ENGINE LATHES, with quick change gears, asse Gen ee ee 


ELVERTON Street, Westminster, 8.W. 
TUNNEL AVENUE, East Greenwicn, 8.E, 
SAVILE SrReer, SHEFFIELD. 

SALTLEY Works, BIRMINGHAM. 


os Great MARLBOROUGH STREET, MANCHESTER, 
tephone 7. JOHN MACNAB, Mary ST., HYDE.  teicgrams—Larues, HYDE. Salata Gare, Mevoseeis-o6 Sem 
fa sro, SW 
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= Asquith ” Drills Pay. 


Ask the User! 
Special deliveries on many sizes. 


Te "4.22 3) 
Wm, ASQUrTe, tits. It ie toe com 














MAXWELL 2. FAGE. 


to BRUCE & STILL, Lap ,) 

49, Sefton Street, LIVERPOOL. 
CONSTRUCTIONAL ENCINEERS & CONTRACTORS 
for Steel Buildings, Bridges, Girders, and all 
descriptions of Structural Work. Timber 
Buildings designed for use at home & abroad. 
See IUustrated Advertisement Preceding and Following Weeks. 

Catalogues, Designs & E on applicati 4112 
Tele.: No. 1817 Royal. Telegrams: “ Galvamizer,” Liverpool. 


THE STEEL PIPE 60. 


LIMITED, 
KIRKCALDY, N.B. 


See our large Advertisement on alternate weeks. 

















If you want a really simple and efficient 
n rify the 


Hindley Gas Engine 
High-speed, Enclosed Vertical type. 


E. 8S. HINDLEY & SONS, 


11, Queen Victoria Street, London. 








xZuUDYpDsOoON 
PATENT CYLINDRICAL and WATER-TUBE 
BOILER. 


THOMAS HUDSON, Limited, 
Sheepford Boiler Works, COATBRIDGE. 
See Illustrated Advt. page 69, June 11. 3404 


ai "Wizz 
ss 











LIDGERWOCD 
PileDrivers, Hoisting Engines 


—_—_—_—_—__ 4046 
LIDGERWOOD MANFG. CO., 
Caxton House, Westminster, LONDON, S.W. 


576. \) 
1 pYLOR ' nara 
STEAM & ELECTRIC. 


PURE WATER 


for all purposes. 
Partioulars from 4361 


The BUHRING’S Patent WATER PURIFYING Co., 
60, Wilson Street, H.C. 


A. BEEBEE, 
Studs, Bolts, Nuts, «. 


WEDNESBURY. 


THE VACUUM BRAKE C6., Ltd 


82, Queen Victoria Street, 


LONDON, E.C. 
Telephone: 5534, Bank. Telegrams: So.urion, Lonpon. 
AB OC and A 1 Codes used. 4231 


Por Large Advt. see page 7, June 11. 


“CROWN” BOILER COVERINGS 


OF OUTSTANDING SUPERIORITY. 


96°". SAVING 
IN RADIATION-HIGHEST EFFICIENCY. 


SUTCLIFFE BROS., 


Soho Works, Godley, near MANCHESTER, 






































CONTRACTORS TO HIS MAJESTYS GOVERNMENT 


GRICE.GRICE &SON le. 
BRASS & COPPER, LOCO & CONDENSER Wj} 






















HENDERSON & GLASS, LIVERPOOL. 
ana JL. > d Extensive "EX" Cy ES. S&S of all descriptions and Sections 
Plates, Tees, Angles, &c. 36 
Ro 
PLAIN AND CHEQUERED PLATES. 
SHIPMENT ORDERS PROMPTLY EXECUTED. CORRESPONDENCE SOLICITED 
MARSHALL. FLEMING &£ CO., 


=X i MALLBABLE IRON AND STEEL 
Rite 508 
T Ir ed Girders & Joists, 3in, to 20 in.deep. 
e 
a Boller and Tank Plates in Iron or Slemens-Martin Steel, all sizes 














Including all sizes, Round, Square and Flat Bars, Flitch 
COMPOSITE GIRDERS MADE TO SPECIFICATION. 
|—~— |} QUOTATIONS AND SECTION SHEETS ON APPLICATION. 











ENCINEERS, MOTHERWELL. 


ELEOTRIC & HAND TRAVELLERS. 
































150-TON FOUR-MO7OR 


LONDON OFFICE: Palace Chambers, Bridge St., Westminster,S. W. 
NEWCASTLE-ON-TYNE OFFICE: 1, St. Nicholas Buildings. 


ELECTRIC CRANE. 


ELECTRIC GOLIATH CRANES. 4334 
ELECTRIC WHARF CRANES. 
LOCO. STEAM CRANES. 


gas: (OTE AECES), Ka E TED, %s3 23 
WELDED AND FLANGED WORK WEWARK-ON-TRENT, 


OF EVERY DESCRIPTION. 
EN@LAND. 


CUSTOMERS’ OWN PLATES WORKED AND FLANGED UNDER ADMIRALTY ——- 
BOARD OF TRADE. OR LLOYD'S SURVEY IF REQUIRED, DEGREASING PLANTS 


MOTOR YAN 


















CONTRACTORS 
Sagan BOILERS, 
ADMIRALTY, soon 
WAR | ; 
OFFICE, REPAIR 
os FIRE - BOXES. 
OFFICE, EVAPORATOR 
wotlisd SHELLS, 
CUSTOMS, 
AIR RECEIVERS, 
CROWN 
AGENTS, YULCANISING PANS, 
&c., &, &e. 





FROM PHOTO. 


4454 





i ies on 
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Berets 





amy WD 


OF ALL TYPES, 


BLwOTRIEO, 
BYrhPRAUILEIC, 


CRAN ES! 




















WIREBOUND BOX FACTS. 














. Cost less. 
tions 
Weigh less. 





Superior strength. 





Pilferage prevented. 





Occupy less storage space. 





Process suitable for wood or cardboard. 
Machinery supplied on rental basis, = 








For further particulars apply to the Manufacturers :— 


HEALY BOX COMPANY, LTD. 





General Buildings 
ALDWYCH . W.C. 








|| WOODWORKING 


MACHINERY 


of every description for the manufacture of- 


Ambulance Bodies - - Ammunition Boxes of all kinds, 





Aeroplanes - - - - Wagons for Military Purposes, 
: Woodwork of irregular profile, as Gunstocks, Spokes, &c. 
ANTS, Small Plants for repairing woodwork of all kinds. 
t VAN Complete Woodworking Plants for the manufacture and repair 
ERS, of rolling stock. 
RO Portable electrically driven Saw Benches for Pit Props 
G8, and other purposes. 
™ Railway Sleeper Preparing Plant, portable and stationary. ~ / 
OXES. Small Tools for use on Woodworking Machines. a 
RATOR 
LS, 
BRS, Thos. ROBINSON & Son 
PAR ROCHDALE. LIMITED 
















FIRST ORDERS ‘‘ON APPROVAL.” 


LANCASTER &TONGE, Ld. sawcutstee 


8926 








PATENT ROTARY 
PUMP. 


SUITABLE FOR ALL LiQuiDs. 





THOS. SHORE & SONS, 


ETRURIA, 
STOKE-ON-TRENT. 

















[JOHN-STIRK | 
|; & SONS LC”: | 


| Make the BEST | 
| of Ay KINDS| 

































KERMATH MARINE ENGINES. 


Built in 4 aa} 4 .S Seer types only. 
Medium Duty : Medium 8 
for — 20 to 86 a 


‘CES — = 
Depending on Equipmen - 


EXCLUSIVE DEALERS SOLICITED. 


KERMATH MPG. CO., 























(Dept. E.) 
DETROIT, MICH., U.S.A. 
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_BROUGHTON COPPER C® L?| 








MANCHESTER. 


SPEOIALITY s—Patent Double-Header Wrought Steel 


Steam Superheaters 


For Lancashire, Cornish, and all types of Water-tube Boilers, 
Tubes evenly distributed. 














NO LARGE JOINTS. NO STUDDED JOINTS. EACH TUBE ACCESSIBLE 
WITHOUT DISTURBING INSTALLATION. LEAKAGE IMPOSSIBLE. 


ESTIMATES AND FULL PARTICULARS ON APPLICATION. 
This Superheater has stood the test of many years, superseding all 


= McPHAIL & SIMPSON, Ltd., Wakefield. 


LARGE ECONOMY IN FUEL. | POWER PLANT EFFICIENCY INCREASED. . Londen Otten: Cumnuay Pameny mimes ae 


P J. P. HALL & CO. 


LIDEITTED, 


Telegrams:—DYNAMO, OLDHAM. a D r A 
Telephone :—300 (2 Lines). s 


ELECTRIC WARPING 
WINCHES va 


lz to 6 TONS at 50 FT. PER MINUTE 


te sill with DIRECT or ALTERNATING CURRENT 
Fig. No. 337a. STANDARD ELECTRIC WARPING ‘WINCHES. ' MOTORS. 


= — ee 
eae ee SAAT RAR NATE IEEE ESN ARSE ER IRAE IANO NINTNOON, RTRERRRNNOONE E 


























The SILVERTOWN COMPANY have specialized in Direct- 
Current Dynamos and Motors for upwards of 30 YEARS, and 


have acquired a high reputation for the efficiency of their machines. 


A number of SILVERTOWN DYNAMOS and MOTORS 
installed over 20 years ago are still doing good work. 





Every Silvertown Machine develops its guaranteed rated output. 
ESTIMATES ON APPLICATION. 


The India Rubber, Gutta Percha & Telegraph Works Co., Ld. 


(The SILVERTOWN Co.) 
Nine Sets similar to that illustrated were Head Office: Works: 3907 
supplied to One Shipbuilding Yard for 106, Cannon Street, London, E.C, Silvertown, London, E. 
Lighting and Power on Board Ship. BRANCHES :—Belfast, Birmingham, Bradford, Bristol, Cardiff, Dublin, Glasgow, 
Liverpool, London, Manchester, Newcastle-on-Tyne, Portsmouth, ~ Sheffield. 
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ne “KEYSTONE”. BRITISH-MADE 200 uLLEYS 
STAMPED STEEL PULLEYS. IN STOCK. 

















ADVANTAGES: “ KEYSTONE” INTEROHANGEABLE STAMPED STEEL BUSHES. 


| The only Stamped Steel Pulley guaranteed to run true on the Shaft. 
As strong as Wrought or Cast Iron; and as light as Wood Pulleys. 
Greatly reduced power required in driving Shafting. 
4048 
W. A. WALBER & CO., 
Engineers & Machine Tool Specialists, (PATENT.) 


38, VICTORIA STREET, WESTMINSTER. __swepnone No, 8190 VICTORIA @ tins. 


-_ BROS. & HILL, LTD., sonncYoms WEST cape 


—t Ptreaent Shs to the Admiralty, War Office, India Office, —— 
Crown Agents for the Colonies, English and Foreign Railways. 
’Phone: 125 Westbromwich. Tel. Add.: **Srries,” 








Telegrams: “VILVALLE, LONDON.” 














DARLING®SELLERS, KEIGHLEY 
PATENT HIGH-SPEED LATHES 


HAVE SPECIAL FEATURES POSSESSED BY 
NO OTHERS. 


FULL PARTICULARS SENT ON .APPLIOATION. 


THE ILLUSTRATION REPRESENTS OUR 7 in. 
LATHE, WITH CONE DRIVE, HOLLOW 
SPINDLE and FRIOTION GEARED HEAD. 


BUILT IN FIVE STANDARD SIZES :—7 in., 9 in., 
104 in., 124in., and 164in. OENTRES. 

WITH CONE, ALL GEARED SINGLE PULLEY 
OR MOTOR DRIVE. 


3022 NATIONAL TELEPHONE Wo. 38. 
——_——— = 











ALY EI’ Paras 


3ERRATED SEAMLESS STEEL OIL CAN 


FITTED WITH ALL BRITISH MADE. 
New Patent Thumb Button, Seamless 
Spout, and Slide Feed Hole. 


| Also IN COPPER OR BRASS, FOR ELECTRICAL PURPOSES. 





Contractors to H.M. Navy, War Dept.. Home Office, and Indian State Railways. 
SOLE MAKERS :— 


JOSEPH KAYE & SONS, Ld., Lock Works, LEEDS. 


Managing Director - - - W. K. KAYE, M. 1. Mech. E. 
anD os, BIGEH HBoOrLBormWm, t.0mbpDown, w.c. 4386 
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as powerful factors in the problem of power costs reduction. 


Ask for Catalogue FL-2 from the Manufacturers :— 


THE WESTINGHOUSE BRAKE CO., LTD., 82 York Road, Lenpen, N. 


DIVING 








On Admiralty and War Office Lists. 











ALEX. FINDLAY @ C0., Ltd., 


Stee! Roof and Bridge Bullders, “ MOTHERWELL, N.B. 


Structural Engineers, - . 


Contractoes for all the Main Buildings lee the FRANCO-BRITISH EXHIBITION, 
cguanunhade =o a total area of 560,000 square feet; also for 
e Grand Stadium, area 200,000 square feet. 


ALL ae? or Sres. Srructrures DesianeD AND EXsouTED. 


SPECIALITY :—HYDRAULIO — ~_— Tova FLOORING FOR BRIDGES AND BUILDINGS. 


Head Office MOTHERWELL, N.B. 
London Office - 9, VICTORIA STREET, S.W. 
TuL“orams : FINDLAY, MOTHERWELL. PARKNEUK, LONDON. 9262 


ARMSTRONG 
COMBINATION KITS 


MADE UP AS FOLLOWS— 

» One GENUINE ARMSTRONG STOCK 
AND DIES 3 to lin. R. or L.; 

One MODEL B PIPE CUTTER; 

One JUNIOR HINGED PIPE VISE; 

One STILLSON PIPE WRENCH; 


ALL PUT UP IN A HARDWOOD BOX. 
Manufactured by: 


THE ARMSTRONG MFG. CO., 


838, KNOWLTON STREET, BRIDGEPORT, CONN., U.S.A. 


NEW YORK-—248, CANAL STREET. 
Catalogue Mailed on Request. 4426 


























CONTRACTORS TO H.M. GOVERNMENT, INDIA OFFICE & COLONIES, 


Condensing, 
STEAM ENGINES 2« 
and Compound. 
Also fitted with Piston Valves for high-pressure and 


superheated steam. 


VERTICAL ENGINES AND BOILERS, 
combined or separate. 


Haulage Gears, Winding & Hauling Engines. 


ELECTRIC GENERATING SETS, 5 to 40 HP. 
for Ship Lighting, &c., or for use on land. 2872 


; aR LEES, Engineer, HOLLINWOOD, *". MANCHESTER. 


Telegrams :—Lees, Hollinwodd. ghesibce: No. 16, Faileworth. Codes used: A 1, A B C and Private. 


























SMOKE HELMETS. 
RESCUE APPARATUS (Siinm). 
AIR PUMPS and COMPRESSORS. 


cz 
High and Low Pressure. 1 cabic foot 








<i. rds. 


SIEBE, GORMAN & CO., Lt», 


“« Neptune ”’ Works, LONDON, S.E. 


Trixerams: ‘“‘SIEBE,” Lonvon. 4341 TxLernone : Hor 3401 (Two Lis), 
Copzs:—A 1, ABC (4th & 5th Raition), Western Union, Engineering, and Private. 


THERMOMETERS 


RECORDING. 

















O° to 1800° Fah. 
ALI TWYTPBS. 


CAPILLARY TUBING, 
Up to 650 yards from Source of Heat. 





4440 


_ ENGINEERING SUPPLIES, Lto, 
28, Victoria Street, LONDON, S.W. 


Telegrams: “ PROELLS, LONDON.” Telephone No. : 1565, VICTORIA. 
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‘HIGH-SPEED AUTOMATIC... ™ 


We offer to the Trade a line of THIRTY STANDARD 
MACHINES for SPRING COILING, SPRING SETTING, 
SPRING HOOKING & SPRING GRINDING. Send us your 
inquiries for any kind of WIRE COILING AUTOMATIC. 


oe & H ARTLEY, INC, WORCESTER 


Mass., U.S.A. 

















“pl a Slava. 


NO VALVES 
TO GET OUT 
OF ORDER. 
POSITIVE ACTION: 





THE DRUM ENGINEERING C2\! 











+ / 33 BROOK St BRADFORD. | 
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HIGH-CLASS MACHINE TOOLS. 





TURRET MILLING 
AND AND 

AUTOMATIC SPECIAL 
SCREW & " MACHINES. 

MACHINES SCREW- 

AND CUTTING 

TOOLS. LATHES. 
4107 





speciatity:-CAPSTAN LATHES. 


CONTRACTORS TO H1.M. WAR OFFICE. 


tHe TIMBRELL & WRIGHT fésc'8s be” 











Telegrams: “REVOLVING,” BI RM I N GHA: P 


Telephone: CENTRAL 3733 





via] 
[JUNE 25, 1915. 


“APPARATUS, 


SPRING MAKING MACHINES) § 


a oan 


— 4 





. Ow 


Honest mm but ARAM 1 eS 








TJ || 


1107 


Ds 


OL 








7) 


ee eae 








5, Fenchurch Street, 
LONDON WORKS: 
Orchard Place, Blackwall, E. 


BLACK STEEL SHEETS 


E.C. 





GALVD. CORRUGATED | 


AND PLAIN SHEETS. 


STEEL FRAMED 
ROOFS & BUILDINGS. 


TANKS 10 
CISTERNS 


OF ALL DESCRIPTIONS. 


GALV®: WATER BUTTS 


New Registered Design (No. 680746). 
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Also Sole Makers of 


THE “ PHOENIX” GALYD. 


PETROL STORAGE ' 


ome 





"Which PETROL under 
LOCK and KEY, excludes risk of 
FIRE, and meets all the requirements 
of the PRIVATE OWNER. 

Mace in to hold 12 2-Gallon Cans. 
Sizes 


keeps your 


” ss ” te 
‘ . ” " 


Write for prices and particulars. 


GALVD: IRON 
CORN BINS. 


IRON KE KEGS, “ 





‘DRUMS & CANS 





GALVANIZERS 


of all kinds of IRONWORK. 











EJECTORS 


RANGOON, KARACHI, BOMBAY, 
EASTBOURNE, NORWICH, GOS- 
PORT, HOUSES OF PARLIAMENT, 

Westminster, and many other places. 








MACHINERY 


AIR COMPRESSING | 


COMPRESSED AIR 


For Raising Water from 
LIFTS Wells, Boreholes, &c. 








For Pamphlets and full particulars apply to the Manufacturers— 


HUGHES & LANCASTER, 


Ld., 16, Victoria St., LONDON, S.W. 











ROBERT STEPHENSON & CO., 


LOCOMOTIVE BUILDERS, DARLINGTON. tro. 
London Office :—Sanctuary House, Westminster. 
LOCOMOTIVES £27, 22. sa2ses 

aad services. 
Telegrams—Rocket, Darlington; Altiscope, London. 


Nat. Te].—2700 Durlington ; 650 Victoria. 
Codes—A B C 5th Edition, Secines bs Standards, 
1] 


srock 
PATENT OIL-FIRED CONVERTER 
For Steel Castings and Alloy Steels. 
Built in four sizes of 4, 1, 2, and 3 tons capacity. 
Full particulars and information from— 
E. CAPPER ROBSON & CO., Lrp., 
1, North Road, DARLINGTON. 


Engineering Telegra Sole Agents for Tus STOCK CONVERTER ©O,, Lrp. 
See our Illustrated Advt. last and next week. See last and next week’s Illustrated Advertisement 
tee 











FACTORIES EXTENDING 
ror WAR SERVICE. 


DELIVERIES FROM STOCK. 
SWITCHGEAR & ACCESSORIES. 


A.REYROLLE?¢,: 








HEBBURN-ON-TYNE. 








The CLYDE STRUCTURAL IRON C0., Ltd., 


Clydeside Ironworks, Scotstoun, Glasgow, 
MANUFACTURERS OF 4518 


Iron & Steel Roofs, Buildings, 
Workshops, &c., &c. 


LONDON OFFICE: 48. Cornhill, E.c. 


EDWARD HAYES, 


Od 2174 Watling Works, 
Stony Stratford. 








‘ 
1 


Marine Engines 
Now Ready. 





oo 
ILLUSTRATED 


ADVERTISEMENT IN 
4405 ISSUE OF 4th Jone. 


THE “STONE-LLOYD” SYSTEM 


OF 
HYDRAULICALLY OPERATED 
WATERTIGHT DOORS. 

As fitted to latest Mail and Passenger Steamers, 


J. STONE & CO., LTD., 


Deptford, London, S.E. 4681 


PULSATING PUMPS 


TURNSTILES, 
AND GENERAL ENGINEERING 

















|W. T. ELLISON & 60., Ltd., 


Irlams-o’-th’-Height, 9806 
MANCHEST Tm. 
Telegrams:—‘ Ellisons Ltd., Irlams’-o’th’-Height,” 





Telephone: No. 30, Pendleton. 














BOILERS 


LANCASHIRE, CORNISH, UNDERFIRED MULTITUBULAR, 
DRYBACK AND’WATER TUBE TYPES FOR HOME OR EXPORT. 


WILLIAM WILSON & CO. sn 
LILYBANK BOILER works, GLASGOW. 
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BALDWINS EF) oan FORRASNG SEWAGE, SLOG, one NS 
PAIL CONTENTS, &c., JOSEPH ASH & SON, 
“LONDON OFFICE: PNEUMATIC RE Bike 2 Sn Rea Street South. BIRMINGHAM, 


R¢. White & Sons, Widnes, 


FOR a AILS Lancs. 


POINTS, AND CRO SINGS. 
AERIAL ROPE WAYS. 


CONSOLIDATED BRAKE & ENGINEERING 
COMPANY, LIMITED 


41, Moorfields, _ LONDON, E.c. 
STANDARD ‘AUTOMATIE VACUUM BRAKE 
Rapid Acting Service & Emergency Accelerators. 


See Illustrated Advertisements last and next issue. 
Telegrams : *‘ Vacuo, London.” Telephone No.; 2710, Loodon Wall. 


THe 6” & 8” 
LATHE 
SPECIALISTS. 


Catalogue by 
return on request. 


SMITH, BARKER WILLSON & CO. 
HALIFAX, Great Britain. 


DRY ist and | 2nd nda in. to 20 In. 
’ seasoning, about two stds., £90 std., or let ae! 
and 2nd quality strips, 14 in. “to 3 in. wide, 1 in. to 1} in 

212.10, std., or lst only selected, £15. TEAK ~ iD: 

‘Alao 200 to 300 stds, ETCHPIN lying at Barry, half of 
it in 8 by 2and 6 by 2. Cheap ch to cut 4 by 2 and 3 by @ for 
hut scantlings, and half wider oune table prime pitch pine joinery. 

Also Plywood and-other Timber for pattern-1 making, case- 
making, and fixing hinery, and ed wood work of 
any deecription for War Office ‘col other work, 
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C. JENNINGS & CO., 4391 
Timber Merchants, General Woodworkers, 
832, Pennywell Road, Bristol. 


GREAVES’ PORTLAND 


CEMENT 


for Highest Class Engineering Work. 
70 years’ reputation. 


GREAVES, BULL‘LAKIN, L® 
HARBURY, LEAMINGTON. 
Depots—Lonpon AND BIRMINGHAM. 





Od 6364 





IMPORTANT NOTICE. 
To Drawing Office Instrument Makers, Engincers 

and others whom it may convern 

WE ARE MANUFACTURERS OF 
ENCINEER’S SLIDE RULES AND SCALES ON 
IVORINE, PROTRACTORS ON CELLULOID, 
NAME PLATES ON BRASS AND ALUMINIUM, 
as previously made in Germany. 

UNITED Metal Engraving Co.,Ld. 


40, High Bridge, Newcastle-on-Tyne. 





WATER TURBINES, 
PUMPS, PIPE LINES, 
COUPLINGS, &c. 


4176 


BOVING & CO., LTD., 
Union Court, Old Broad St., E.C, 


























} Telephone—Central 78). 


SCRIBBLING BLOCKS 


at Scrap Paper 


mre ELSO “23” SCRIBB 


is the last word in economy and consists of 80 sheets of good ruled paper, 
8 x 5, perforated by patent machinery, 
| Weare the Producers and offer them direct to the Censumers at under 14d. 
| each in gross lots, carr. paid to nearest Railway Station, cash with order. 


| This cutting price is only rendered possible by the special 
| machinery we have installed for their manufacture. 


One. Gross (144 Scribbs.) - - - 
Only Srom 
LswokhkTH BERoOos., 
—— SCRIBBLING BLOCK SPECIALISTS 
BOW MAT LAN B®, 








Prices. 


and mounted on a strong board. 


17s. 





4620 


LEBDs. 
Please quote this paper. {| 











High-grade Castings 


in special Metal. ' 
ALSO 


Malleable Castings 


(“ Silver Grey’’), 
FOR 


General Engineers, Shipbuilders, 
Lorry Transport Manufacturers, 
&c., Be. 


A. HANDYSIDE & CO. 
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ot a 













































2 


(JUNE 25, 1915. | 














HEAD OFFICE and WORKS :— : : 1 iV ae le: =iL apace ra Dhanbad , 
GAINSBOROUGH, ENGLAND. fi > q PORTABLE ENGINES | 
LONDON DEPOT: eng : SIMPLE AND COMPOUND TYPES. ff _ 


79, age Road, E.C. Bama ; . SIZES UP TO 40 N.HP. 


INDIAN BRANCHES :— Be. 4 F . = < 2 > ‘ae UNEQUALLED FOR 
Calcutta, Bombay, Lahore, Madras, jie 2m — rr ww =, HIGH-CLASS CONSTRUCTION, 

CANADIAN DEPOT :— AS Pe , ECONOMICAL WORKING 
ao» saskatoon, Sask. : vol Bogs: , AND DURABILITY. 


a = CRANE ES “a 
STEAM, AND and 60., Ltd, — 
cette —— 


OUR MACHINES HAVE NO 
ICE MAKING COMPLICATIONS AND ARE EASIER 
AND TO RUN THAN ANY ON THE MARKET. SIM PLEST 


THEY ARE EXCEPTIONALLY 


COOLING eS ee a Te 
MACHINES. MARKET. 


RESULTS GUARANTEED. 


Pulsometer Engineering C212 


LONDON: READING : 
Offices, 11, Tothill Street, Works, 
Westminster, S.W. Nine Elms Iron Works. 


(fy 
S4 4 (ms — CORES N&< wn aoe akan Cnt ¢ (4 












































HAMMERS « STAMPS 


FOR SHELLS & OTHER WAR MUNITIONS. 


B. & S. MESS) @ Le MANCHESTER 


—~ 
— 











21, Bedfordbury Se eh S8. Ele, eee ; 


Printed by the Proprietors at their Printing Offices, The Bedford Press, 20 —Friday, June 25th, 1915. 


and 
86 & 86, Bedford Street, in the Parish of St. Paul, Covent Garden, both im the Coun’ 




















